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PREFACE
The pioneers in the history of chemistry, J. F. Gmelin, 

Thomas Thomson, Ferdinand Hoefer and Herman Kopp, 
devoted much able and serious labor to the early develop­
ments in the growth of the science. Later historians of the 
science have laid the emphasis upon the more modern 
development, and have depended largely upon the earlier 
histories for their summaries of early chemists.

In the mean time, however, much serious attention has 
been given to ancient and medieval writers by certain mod­
ern scholars, and their conclusions have altered, in import­
ant respects, the story of the growth of chemical knowledge 
and speculation. Such investigators are M. Berthelot, 
Pierre Duhem, Edmund von Lippmann, B. Haureau, John 
Ferguson, Otto Lagercrantz, Karl Sudhoff, F. Dieterici, 
and many others.

The desirability and importance of a re-writing of the 
history of early chemistry was brought home to the present 
Writer during the fifteen years in which he conducted an 
advanced class in the history of chemistry at this Uni­
versity. Retirement as emeritus in 1917 offered the oppor­
tunity for time and study; and the fortunate presence in 
the library of the University and in the Medical Depart­
ment, of an unusual collection of early books, journals, and 
proceedings of scientific academies, encouraged the ambi­
tion. The large private library of Mr. Herbert C. Hoover, 
relating to early chemistry, metallurgy and mining, made 
freely accessible to the writer, added importantly to the 
resources of valuable works.

The endeavor has been to tell the story of the develop­
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ment of chemical knowledge and science, from the earliest 
times to the close of the eighteenth century, in a connected 
and systematic way, not as a condensed encyclopedia, but 
rather by placing the emphasis upon such discoveries and 
speculations as have made a decided impress on the growth 
of the science. Thus the names of many chemists are miss­
ing which occur in the earlier histories. None, however, of 
real significance in the growth of chemical science is inten­
tionally omitted.

For the benefit of critical readers of this book, the author 
has thought it desirable to append a bibliography of the 
principal works consulted in its preparation, not including 
journals or proceedings of standard societies. In general, 
it has seemed advisable to translate into English the many 
quotations from ancient and modern languages, with such 
references as would enable those interested to verify the 
accuracy of the translators.

The author also takes this opportunity of acknowledging 
his indebtedness to many friends and colleagues for friendly 
assistance, in particular to the President of the University, 
Dr. Ray Lyman Wilbur, to Librarian George C. Clark, and 
to the Department of Chemistry for many needed facilities; 
to Dr. Wm. F. Snow (A. B. Chemistry, ’96), for the gener­
ous donation of a fund used for supplying stenographic as­
sistance. Also especial acknowledgment is due to Professor 
B. 0. Foster, of the Department of Classical Literature in 
this University, for his cordial aid in translating and revis­
ing many translations from ancient or medieval Latin; and 
to my colleagues of the Department of Chemistry: Profes­
sors S. W. Young, E. C. Franklin, and R. E. Swain, for their 
generous assistance in reading the manuscript in progress 
and for their many valued suggestions in connection 
therewith.
Stanford University

California



CONTENTS
CHAPTER PACE

Preface...................................................................................... v

I. The Practical. Chemistry of the Ancients ... 1

II. The Earliest Chemical Manuscripts................................... 78

III. Theories of the Ancients of Matter and Its 
Changes..........................................................104

IV. The Early Alchemists.........................................................135

V. Chemical Knowledge of the Middle Ages . . . 184

VI. Chemistry in the Thirteenth Century .... 230

VII. Chemistry of the Fourteenth and Fifteenth 
Centuries................................................. 273

VIII. The Progressive Sixteenth Century.......................300

IX. Chemical Currents in the Sixteenth Century . 353

X. Chemistry of the Seventeenth Century . . . 379

XI. The Eighteenth Century—Rise and Fall of the 
Phlogiston Theory....................................... 424

XII. The Development of Pneumatic Chemistry in the 
Eighteenth Century...............................461

XIII. Early Ideas of Chemical Affinity..................................... 499

XIV. Lavoisier and the Chemical Revolution .... 511

Bibliography............................................................................ 540

Index.......................................................................................... 555

vii





FOREWORD
Shortly before the first proofs of the “Story of Early 

Chemistry” were received from the publishers, the author, 
John Maxson Stillman, passed quietly away at his home 
at Stanford University after only a few hours of 
acute illness. On this account it has seemed desirable that 
the book should be prefaced by a brief sketch of the life 
and character of its creator, and I have gladly undertaken 
■this labor, with the hope that more than thirty years of 
close association as colleague and friend may have reason­
ably qualified me for the task.

Professor Stillman was born at New York on April 14, 
1852. His early years were spent at Sacramento, California, 
and later at San Francisco. In 1874 he was graduated 
from the University of California, to which, after two 
years of study at Wurzburg and Strassburg, he returned 
as instructor in chemistry. In 1885 his Alma Mater 
granted him the degree of Doctor of Philosophy, and later 
in his life, in 1916, conferred upon him the degree of Doc­
tor of Laws. After some years of service at the Univers­
ity of California, he accepted a position as superintendent 
and chief chemist at the Boston Sugar Refinery, a position 
which he held for ten years, when he resigned to become 
the first executive head of the Chemistry Department of 
the newly founded Leland Stanford Junior University. 
He assumed the responsibilities of the new position in 
January, 1891, and was continuously active until 1917, 
when he retired as professor emeritus. He died on De­
cember 13, 1923.

ix
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Professor Stillman was a man of broad and diverse in­
terests and activities, and whenever he undertook a thing, 
it was with fine a enthusiasm and great energy. He had, 
first of all, a profound respect for sound scholarship, and 
this not only led him to equip himself as thoroughly as 
possible in matters of learning, but it also became a living 
influence upon those with whom he came into contact, an 
influence which awakened in others aspirations for self­
improvement and carried with it a realization of the value 
of knowing things well. He had a keen eye for the beauti­
ful in art, and his collector’s instinct brought him many 
fine books and etchings, and particularly a large collec­
tion of Japanese prints and carvings, all of which he loved 
solely because of their aesthetic appeal to him. In social 
affairs and usages, he had a keen and discriminating taste, 
which, together with an unembarrassed social manner, 
made him a charming host and a gracious presiding of­
ficer at social gatherings, where he was master of a genial 
humor that put everyone at ease, and though his ready wit 
and repartee sometimes grazed the skin slightly, they 
never punctured it, and above all never humiliated.

Stillman’s participation in all things having to do with 
the day’s work was always very active and very effective, 
and he was frequently called upon to do more than his 
share. But he never stinted himself in the response. A 
vigorous honesty with himself and an unusually keen in­
stinct in divining the possible and probable results of an 
administrative policy, combined with a fine idealism and 
a high sense of duty and responsibility to his superiors 
in administration made his counsel and executive skill in­
valuable during the formative period of the young univers­
ity. He gained much pleasure from this general admin­
istrative work, and was by nature well constituted for it, 
being able, on occasion, to enforce an unpopular ruling 
with so much of diplomacy as to arouse a minimum of 
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antagonism. He was for several years vice-president of 
the University, and often acting president. Here, within 
the limitations of his power he always stood for sanely 
progressive policies, and a goodly store of worldly wisdom 
told him when to fight, when to bide his time, and when, 
if necessary, to yield.

As a department executive, where his authority was 
almost autocratic, his attitude was always forbearing, 
kindly, conciliating and helpful, but he was nevertheless 
a jealous guardian of his rights and prerogatives. His 
■willingness to freely discuss questions of policy, to listen 
patiently to opposing views, and his always unruffled, dig­
nified and gentlemanly bearing were largely responsible 
for an almost ideal atmosphere in the faculty of which he 
was the chief. It was never a pleasure to him to make 
a showing of his power, although if necessary he never 
shrank from it, but he preferred always, even though it 
took time, to settle things by peaceful methods.

There was something in Stillman’s art as a teacher that 
almost invariably commanded the respect, admiration and 
devotion of his pupils. It was not merely that he lectured 
Well, and taught well in the laboratory; nor was it merely 
that he was painstaking, patient and generous to a fault 
of his time and energy. That he had a strong, inborn 
instinct for teaching and took great delight in fathoming 
the workings of immature and even slow minds is quite 
true, and that he was invariably affable and courteous 
is equally true, but all these things do not quite explain 
the high esteem in which he was held by so many of his 
students. If it is to be explained at all, I think it was 
due to a fine power that was his, of keenly discerning the 
deeper spiritual characteristics and mental traits of each 
of those with whom he came into contact, and thus of subtly 
distinguishing between individuals and meeting each on 
his own ground. I doubt if any serious student ever had 
cause to feel that he was just a specimen of the Genus 
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Studiosus consulting the professor, but rather that he was 
himself going to talk over his work or his affairs with a 
good friend who was better informed and wiser than he. 
But whatever the explanation, the relation was always a 
most admirable one, based on mutual respect and friendli­
ness.

It was out of Professor Stillman’s labors as a teacher 
that “The Story of Early Chemistry’’ was born and grew 
to what it is. For much of his life he had given increasing 
attention to the history of chemistry, and for many years 
taught the subject to small classes. Gradually covering 
new ground and extending his knowledge of the field, he 
finally gained a breadth of view which he felt might justify 
some contributions to the literature of the subject. These 
began with a number of shorter articles, namely:

1912. Basil Valentine, a 17th Century Hoax. (Popular 
Science Monthly)

1915. The Dawn of Modern Chemistry. (Popular Science 
Monthly)

1917. Contributions of Paracelsus to Medical Science and 
Practice. (The Monist)

1918. Chemistry in Medicine in the Fifteenth Century. 
(Scientific Monthly)

19119. Paracelsus as a Reformer in Medicine. (The Mon­
ist)

Paracelsus as a Theological Writer. (The Open 
Court)

Paracelsus as a Chemist and Reformer in Chemis­
try. (The Monist)

The Character and Ethics of Paracelsus. (The 
Open Court)

1923. Petrus Bonus and Supposed Chemical Forgeries. 
(Scientific Monthly)

In 1920 “Theophrastus von Hohenheim, called Para­
celsus’’ came from the press and finally, during the later 
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years of the emeritus professorship, although there were 
still many other demands on his time and energy, he com­
pleted “The Story of Early Chemistry.” In this book 
he planned to develope in parallel from the earliest known 
beginnings the history, on the one hand of the chemical 
arts, on the other hand of chemical thought and theory, 
concluding the work with the downfall of the phlogiston 
theory. He aimed at a book that should be found readable 
by those whose knowledge of the science was not profound, 
as well as by those professional chemists who find little 
time to delve into such matters for themselves.

Stewart W. Young

Stanford University

California





THE STORY OF 
EARLY CHEMISTRY

CHAPTER I

THE PRACTICAL CHEMISTRY OF THE ANCIENTS

The beginnings of the arts we call chemical are lost to us 
in the buried civilizations that have left no records suffi­
ciently decipherable to afford us definite knowledge, but so 
far as remains and records of the oldest civilizations exist, 
they give evidence of the great antiquity of many chemical 
arts.

These earliest evidences are naturally those that relate 
to the practical arts rather than to the natural philosophy 
or speculations which the practical workers of those 
times used to explain or interpret the facts as known to 
them. These theories and speculations, if indeed they 
were recorded at all, were in the form of records which 
Were peculiarly liable to destruction from the elements.

The human mind is so constituted that it finds a need to 
attempt to account for observed phenomena, so that theory 
and practice are inseparable. The natural curiosity we 
entertain to know what, for example, the earliest natural 
Philosophers thought about the nature and changes of sub­
stances finds little satisfaction until a time when written 
records exist, as in Greece in the fifth or sixth century 
before Christ, or in India at very early dates.

Our knowledge of the very earliest developments of 
chemical arts is dependent upon the discovery of products

1
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of these arts which have been preserved under circum­
stances which permit reasonably reliable estimates of their 
origin and approximate age.

Such products are, for example, articles of metal, pot­
tery, glass, cements or mortars, pigments and dyed mate­
rials. Analyses of such articles give much valuable infor­
mation as to the development of certain arts at various 
periods. Remains of tools, factories or furnaces, etc., also 
furnish information at times.

Thus M. Berthelot analyzed a small votive figure from 
the excavations at Tello in Ancient Chaldea, and found it 
to consist of nearly pure copper. The age of this figure 
is variously estimated at from 3000 to 4000 B. C. A small 
metal cylinder from Egypt of a period estimated at about 
4000 B. C. was also of copper. Thus the mining and metal­
lurgy of copper is at least 5,000 years old, and as to how 
much older, evidence from dependable chronology may be 
lacking.

It appears from evidence from many localities that 
copper was in use for a long time before bronze came into 
use. The readiness with which bronze can be cast and its 
greater hardness for articles of use afforded manifest ad­
vantages when once known. Bronzes of copper and tin 
seem also to have been of great antiquity. Somewhat later 
lead was utilized, and much later we find zinc entering 
into their composition.

Angelo Mosso1 analyzed metal from the statue of Pepi, 
dating from the sixth dynasty (estimated about 2500 B. 
C.), and found it to consist of copper with 6.56 per cent 
tin; while a bronze plate of the same period contained 9 
per cent tin. A metal plate attributed to the first dynasty 
(3400 B. C.), contained 3.75 per cent tin.

i The Dawn of Mediterranean Civilization, London, 1910.
z Beitrdge aus der Geschichte der Chemie. Edited by P. Diergart, Leipzig 

and Vienna, 1909, p. 212-213.

Rathjen and Schulz2 analyzed various articles of Egyp­
tian origin of periods from about 3500 B. C. to 350 B. C.
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The earliest of these, a chisel-shaped tool of about 3500 
B. C., was of pure copper (99.9 per cent). So also a small 
figure of about 1300 B. C. was of pure copper. Some fif­
teen other articles, dating from 1900 B. C. to 350 B. C., 
were of copper alloyed with tin, ranging from 3 to 14 per 
cent tin, or with tin and lead, the lead ranging from small 
quantities, probably unintentional, up to 25 per cent. One 
figure, of 700 B. C., was of copper with 1.72 per cent ar­
senic. All of these bronzes contained small quantities of 
iron, and often small quantities of nickel, cobalt and ar­
senic, probably unintentional constituents.

Bronzes of copper and tin were found by Schliemann in 
the ruins of Troy, Tyrins and Mykenae, indicating origins 
of as early as 2000 B. C.

Layard3 gives the composition of bronze articles found 
in the ruins of Nimroud which show fairly uniform com­
position of the alloy of copper and tin.

~ __
3 Layard, Nineveh and Babylon, 1859, p. 571.

Bronze Found in Nimroud

Object Per Cent 
Copper

Per Cent 
Tin

Bowl......................................................... 89 51 10 63

Hook............ 89 85 9 78

•Figure of a bull.................................... 88.37 11.33

Bell........................................................... 84.79 14.10

Berthelot also found that the most ancient articles of 
Egyptian origin are of copper without addition of other 
metals. Bronzes of copper and tin he finds as early as 
the sixth dynasty. Indeed, in a weathered metal fragment 
from a tomb of the third dynasty, according to Masperot, 
he found a very considerable admixture of tin, the quan­
tity being sufficient to serve as rather conclusive evidence 
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as far back as some 3000 years B. C. tin bronzes were 
made.4

< Berthelot, ArchSologie et Eistoire des Sciences, p. 6 ff.
5 Berthelot, op. cit., p. 75 ff.
« Von Lippmann, Entstehung und Ausbreitung der Alchemic, pp. 578, 579.

Berthelot also found that articles of metal from ancient 
Chaldea, dating from 1000 B. C. to 3000 B. C., were com­
posed of copper alone, while a statuette of about 2600 B. C. 
was of copper and lead in the ratio of about one of lead to 
four of copper; while another article of Chaldean origin of 
similar antiquity was of copper and tin with about 12 per 
cent tin.5

The ancient use of tin in bronze is established by many 
such data from many localities.

That the ancients recognized tin itself as a distinct metal 
is not, however, to be inferred. It is quite probable that 
the tinstone (oxide) was used directly in the furnaces, not 
previously reduced and added as a metal, because, so far 
as can be inferred, alloys which were manufactured by the 
ancients were generally made by mixing the ores in the 
furnace, not by melting together the metals themselves. 
The Greeks named tin “Kassiteros,” though probably this 
name includes the ores as well as the metal.

There has been much speculation as to the sources whence 
the ancient Egyptians obtained the tin for their bronzes. 
No nearby sources have been discovered. Geologic evi­
dence is to the effect that tin occurred in Persia, and it 
may have been from this region that the earliest supplies 
came. It is also possible that sources of tinstone from 
farther south on the African continent may have been 
drawn upon, but any evidence to that effect is also lacking.

The Greek name “kassiteros” is allied to the more an­
cient names for tin among Assyrians, Acadians and Baby­
lonians (kazazatira, ikkasduru, kastira).0 The Sumer­
ians in Southern Babylonia (Shinar), evidently possessed 
a knowledge of tin as a constituent of bronze as early as 
about 3000 B. C., and it is not impossible that this region 
was the earliest source of tin for Egypt and the Mediter­
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ranean countries.7 Just when the sources of tin in Britain 
became available to the ancient world about the Mediter­
ranean is difficult to determine. References in ancient 
authors, however, make evident that certainly by the fifth 
century B. C. tin was received from that region. The 
price of the metal was lowered and the uses of bronze much 
expanded by the opening up to trade of the rich deposits 
of the British Islands.

7 Von Lippmann, op. cit., p. 552.

So late as the first century of our era, tin was called 
by the Latins white lead (plumbum candidum or album), 
as distinguished from our lead (plumbum nigrum). The 
metal by itself seems not to have been used for making 
articles of use or ornament, though its use for coating cop­
per vessels to protect them from rust or corrosion in use 
Was known to Pliny and to Dioscorides. According to 
Pliny, this art was supposed to have been introduced from 
Caul. Pliny says that white lead is naturally more dry, 
while black lead is always moist; consequently, the white 
without being mixed with another metal is of no use for 
anything. This is a curious attempt to explain physical 
properties on the basis of the Aristotelian theory of the 
elementary qualities of matter—moist, dry, hot and cold.

The word “stannum” (modern Latin for tin) is used 
by Latin writers of later ancient periods not to designate 
tin, but an alloy of lead and tin in varying proportions, 
practically our pewter.

Lead, called by the Greeks “molybdos,” by the Latins 
“plumbum,” by reason of the wide occurrence of its ores 
and the readiness of its reduction, was known at a very 
early period. It was used by the Babylonians in the form 
of thin plates for engraving inscriptions, and by the Egyp­
tians and other early civilized peoples for a variety of 
purposes. We have already noted its use by the Egyptians 
as a constituent of bronzes, a use which Pliny also records 
m Roman times. The Egyptians called lead the mother of 
metals, an idea which may have arisen from the frequent —----------------- --- -------- --------------------- -------------- - 
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occurrence of silver in lead ores, leading to the belief that 
the silver grew from or was generated from lead. This 
idea in turn may have been the germ of the idea of the 
later alchemists that mercury instead of lead was the gener­
ator of other metals.

The metal iron and articles manufactured from iron were 
also known from very early times. The great perishability 
of iron as compared with the other useful metals known 
to the ancients makes difficult the settlement of the much 
disputed question as to whether copper or iron was first 
made use of. It seems, however, to have been known to 
the Egyptians as early as 2500-2900 B. C., and in Babylon 
also it was evidently known at a very ancient epoch. Ac­
cording to Von Lippmann, the earliest manufactured ar­
ticle of iron whose age is approximately established was 
found in the pyramid of Cheops (about 2500 B. C.), though 
earlier mention is found in Egyptian inscriptions. A lance 
head from a tomb of about 1800 B. C. is said to be the 
earliest known iron weapon of established age.8

a Von Lippmann, op. cit., p. 610.
9 Von Lippmann, op. cit., p. 616.

The applicability of iron to the making of weapons would 
depend upon the time at which its more or less perfect 
conversion into steel was effected, a period which though 
several centuries before our era, yet probably was not as 
early as when good bronze weapons were in use. By about 
1300 B. C., however, steel seems to have been used by the 
Egyptians.

Greece seems to have first received iron from Asia Minor 
about 1500 B. C., and to have used it on a large scale some 
three or four centuries later.9

That gold and silver were known and greedily sought by 
the most ancient of the civilized nations is too well known 
from the evidence of manufactured articles of the greatest 
antiquity to require confirmation here.

Gold articles are amongst the ornaments from the pre­
historic stone age of Egypt; and in the earliest dynasties 



PRACTICAL CHEMISTRY 7

of the historic period, the working of gold was evidently 
wide-spread, and the art well developed.

In other countries of the ancient world, gold appears to 
have been in use from their earliest civilizations for orna­
mental purposes.

Articles of gold from ancient sources vary much in purity 
as the frequent occurrence of notable quantities of silver 
in. the native metal was in earlier times not recognized, nor 
Were methods of separating silver from gold adequately 
developed. Gold, as obtained by the Egyptians, was often 
especially rich in silver, so that the color was notably light, 
and was considered by them as a different metal—a white 
gold or “asem.” Beads and gold leaf of the twelfth dy­
nasty (perhaps 2000 B. C.), analyzed by Berthelot, gave 
82.94 per cent gold to 16.56 per cent silver, and 85.92 per 
cent gold to 13.78 per cent silver.

That silver should have been of later discovery, as it ap­
pears to have been in Egypt, is not surprising, considering 
that it does not occur free to any extent, but has to be re­
covered by chemical processes from its ores. In Egypt, 
therefore, from about 3000 to 1500 B. C., it seems to have 
been rare and more valued than gold.

Mercury (Greek—hydrargyros, liquid-silver; Latin— 
argentum vivum, live or quick silver) is stated to have 
been found in Egyptian tombs of from 1500 to 1600 B. C. 
Ancient Hindu and Chinese literature also gives evidence 
of their familiarity with it, but reliable data as to the 
period when it was first recorded are lacking, owing to the 
frequent revisions and additions to the ancient Hindu and 
Chinese authorities. In early times, mercury was not gen­
erally classified among the metals (which were, in fact, in 
no way very definitely characterized). From its Greek 
and Latin names, it may be inferred that its relation to sil­
ver was something of a problem in their theory.

The concept of a “metal” in the sense in which we use 
A—a distinct elementary substance of fixed and character­
istic properties, chemical and physical—was never attained 
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by the ancients. The word itself originally meant the 
mines, and was later interpreted to designate the products 
of the mines. When Dioscorides, for instance, says that 
quicksilver is found tv nerdWois10 he does not mean that mer­
cury is found in all metals—an alchemistical idea—but that 
it is found native in the mines.11

10 Dioscorides, V, 110.
11 On the origin and development of the word metal. Cf. Strunz Fr. 

Ueher die Vorgeschichte und Anfange der Chemie, 1906, p. 31 ff.
12 Beitrdge aus der Geschichte der Chemie, p. i29 ff.

Such groupings of substances as we may call attempts 
to classify them were on the basis of their properties— 
luster, malleability, stability; or of their applicability to 
similar purposes, and naturally varied much at different 
times and places.

P. C. Ray, in his History of Hindu Chemistry, quotes 
from the Chakara, “gold and the five metals—silver, cop­
per, lead, tin and iron. ’ ’

According to Oppert12 various Hindu classics give classi­
fications differing in many respects. Thus the Sukraniti- 
sara gives gold, silver, copper, tin (and zinc), lead and iron. 
The Bhavaprakasa names gold, silver, copper, tin, mercury, 
lead and iron. The Danasagara gives gold, silver, bronze, 
copper, lead, tin (and zinc), iron and brass. The Sukha- 
boda classes gold, silver, brass, lead, copper, tin, iron, 
bronze and the lodestone.

Latin and Greek writers of ancient epochs apparently do 
not make any attempt to classify the metals as such. In 
the early centuries of our era, however, there gradually 
developed a mysticism among chemical writers due to Egyp­
tian and Chaldean religious doctrines or magical ideas, and, 
among these, there developed a fanciful relation of the 
metals as such to the sun and the planets, and as a conse­
quence there arose the notion that it was necessary to 
confine the number of metals to seven. Thus, Olympi- 
odorus, in the sixth century of our era, gives the following 
as the metals and their relation to the planets:
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the Sun 
the Moon 
Jupiter 
Mars 
Venus 
Mercury- 
Saturn

Gold............................................................
Silver.........................................................
Electrum........................ ;.........................
Iron............................................................
Copper.......................................................  
Tin.............................................................. 
Lead...........................................................

When electrum, alloy of silver and gold, was rejected as 
not being a distinct substance, tin became attributed to 
Jupiter, and mercury was permitted to enter the mystic 
circle and was attributed to the planet Mercury. This 
classification served as a catalogue and definition of the 
so-called metals for many centuries, in fact, throughout 
the middle ages of Europe.

The ancients and the chemists of the medieval period 
had indeed no such rational basis as we have to-day for 
distinguishing certain substances as possessing constant 
and invariable proportions. When Pliny, for instance, 
speaks of several kinds of “aes” (copper, bronze or brass 
being included under that term), of two kinds of silver, 
etc., he is expressing an idea common to the thinkers of his 
time, that all substances might vary in properties accord­
ing as the four so-called Aristotelian elements, fire, air, 
earth and water, entered in varying proportions into their 
constitution. Even so late as the sixteenth century, we 
find Paracelsus voicing the traditional belief when he says 
that there are many kinds of gold, just as there are many 
kinds of pears or of apples.

Not only were methods of quantitative analysis lacking, 
but there existed no hypothesis in their philosophy which 
could have suggested the possibility of such methods. For 
an understanding of the chemical ideas of ancient and med­
ieval chemists, it is important that this fact be kept con­
stantly in mind.

Of other common metals, it does not appear that the 
ancients had any distinct recognition. Zinc either was 
never obtained in the metallic state, or, if so, it was never 
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distinguished from lead or tin. Its ores were used in 
the manufacture of brass, and the term “cadmia” seems 
to have been applied to such ores as well as to the oxide of 
zinc obtained as crusts or dust from the brass furnaces. 
The use of zinc ores as raw material in the manufacture of 
brass cannot be definitely traced beyond the first or second 
century before Christ.

A passage quoted from a work ascribed to Aristotle, 
■nep! davpaaiwv aKovcr/xdrwv (Latin, De Mirabilibus Auscultation- 
ibus'), has been by Kopp and later writers adduced as an 
indication of an earlier origin for brass from copper and 
zinc. The passage says that “it is said that Mossynoican 
bronze (x^^) is very brilliant and light colored, not be­
cause it has tin added to it, but because an earth occurring 
there is fused with it.”

The passage, to be sure, would not be very conclusive 
even if authentic, though a fair question might be raised. 
The work in question, however, seems to give very scanty 
evidence in support of the claims that it originated with 
Aristotle, for it contains among other evidences of a later 
origin, a reference to the Pantheon at Athens built by 
Hadrian, which fact locates its authorship at a period as 
late as the first century A. D. when brass from zinc was in 
frequent use.13

13 Cf. Wilhelm von Christ, Geschichte Her Griechischen Literatur, 5th ed., 
Munich, 1908-1913, Th. I, p. 686.

Aurichalcum (Greek 6puxa^Ko^), meaning a gold-colored 
bronze, is applied by Latin writers of that time, Strabo, 
Pliny and others, to the alloys of copper and zinc which we 
call brass. The same Greek word was used by Homer and 
other earlier writers, but there is no evidence that the 
“golden bronze” of their times contained zinc. The ques­
tion as to what the writers of the period from Homer to 
Aristotle meant by the gold bronzes has been much de­
bated, but the writer knows of no specimens of bronzes of 
their period which contain zinc as a constituent, except in 
such very small and insignificant quantities that they are 
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evidently accidental constituents of their ores.14 The name 
zinc first appears in Paracelsus in the sixteenth century, 
“Zincken,” and it is characterized by him as a bastard 
metal.

The me>tal antimony seems not to have been recognized 
by the ancients, though the sulphide of antimony, called 
“stimmi” or “stibi,” was known and used by them for 
blackening the eyebrows and for medicinal purposes, as 
"was also the crude oxide obtained by roasting the native 
sulphide. Yet small ornamental articles discovered in an 
ancient necropolis of Transcaucasia (Redkin-Lager) were 
analyzed by M. Virchow10 and found to consist of almost 
Pure antimony; and M. Berthelot found the cylindrical 
spout of a vessel from the ruins at Tello, estimated to be 
°f a period of between 3000 and 4000 B. C., to consist of 
Practically pure antimony. In this connection, it is inter­
esting to note that both Dioscorides and Pliny, in describing 
the preparation of medicines by roasting the sulphide, note 
that, if the process is not conducted with care, the substance 
changes into lead. It is therefore probable that the metal 
■when obtained was not distinguished as other than a kind 
of lead.

The art of glass making is of very ancient origin with 
the Egyptians, as is evident from the glass jars, figures 
und ornaments discovered in the tombs. Paintings on the 
tombs of the early dynasties have been interpreted by ear­
lier archaeologists as descriptive of the process of glass­
blowing.16 Flinders-Petrie, the eminent archaeologist, con­
siders these illustrations, however, as representing smiths 
blowing their fires by means of reeds tipped with clay. 
This interpretation, though not universally accepted, is held 
by many modern critics, and there is certainly no evidence 
existing in the form of blown-glass vessels of such early

14 Cf- pau] Diergart, Journal fur Praktische Chemie, Neue Folge, Vols. 61, 
Zeitschift fur Angeivandte Chemie, 1903. Cf. also J. A. Phillips, 

Metals and Alloys Known to the Ancients,” Journal of the Chemical 
Society, Vol. 4, p. 252 ff.

™ Ferhandlungen der Berliner Gesellschaft, fur Anthropologic, 1884. 
6 Cf, Sir Gardner Wilkinson, Ancient Egyptians, 3d ed., 1847, III, p. 89.
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dates. Glass-blowing is apparently of Egyptian origin, but 
of a date approximately at the beginning of our era.

The remains of glass furnaces discovered by Flinders- 
Petrie at Tel-El-Amarna (Eighteenth dynasty, about 1400 
B. C.) illustrate the manufacture of rods, beads and jars 
or other figures, formed apparently by covering clay cores 
with glass and later removing the cores. Egyptian glass 
articles—beads, jars, figures, mosaics—were of colored 
glass, often beautifully patterned. Transparent and color­
less glass seems not to have been manufactured until the 
centuries approaching the beginning of the Christian era.

Glass manufacture in India was also of ancient origin, 
but definite data are difficult to ascertain. So also Chinese 
glass manufacture is doubtless many centuries old, but 
satisfactory chronological data are difficult to obtain.

Schliemann discovered glass beads in the mines of Ti- 
ryns, and notes that lead was present in considerable quan­
tities in certain specimens.

From analyses of ancient Egyptian and Roman glass 
articles, it is shown that generally the glass from these 
sources was a soda-lime glass with rather high soda con­
tent as compared with modern soda-lime glass.

The analyses of Egyptian and Roman glass on the next 
page illustrate the general character of their composition.17 
Potash from wood ashes does not appear to have been used 
by either the Egyptians or Romans in ancient times, native 
sodium carbonate being found in arid districts of Egypt. 
The given analyses do not differ from those of some soda­
lime glasses of modern times, though the better mod­
ern grades show somewhat higher silica, higher lime and 
lower soda content, yielding a glass more resistant to 
weather and acids than were the glasses above described.

17 Muspratt, Chemie (Ate Auflage), 1888—1905, III, 1366.
78 Berthelot, op. cit., p. 17.

Lead was used in glass from very ancient times. Ber­
thelot18 analyzed a vase of the Fourth dynasty in Egypt 
which contained about one quarter lead.
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Analyses of Egyptian and 
Roman Glass SiO3 Na3O CaO Fe3O3 A13O3 MnO MgO SO8

Analyzed by Benrath
Egyptian glass rod, colorless. 72.30 20.83 5.17 .51 1.19
Egyptian disk used in games. 70.58 20.70 6.54 .99 1.19 .44 .. . . . .
Egyptian disk, bottle green.. 71.15 18.76 8.56 .25 .84 . . . . . .

Analyzed by Schuler
Egyptian glass rod, brown.. . 65.90 22.33 8.42 .94 1.44

.94

Analyzed by Benrath 
Roman bottle..................... 70.16 17.47 8.38 1.24 2.25 1.98
Roman ampulla, greenish.... 68.10 20.53 6.51 1.09 1.30 1.67 .49
Roman ampulla, green.......... 67.96 22.39 5.12 .68 1.86 .87 • • . .32
Roman urn............................. 70.32 21.95 3.04 1.92 1.61 .29 . . .

Analyzed by Schuler 
Roman urn......................... 70.58 18.86 8.00 .53 1.80

.48

.17
Roman tear bottle................. 71.45 16.62 6.14 1.02 2.55 ... . - .

Analyzed by Sigwart 
Roman glass from tomb.... 64.25 23.22 7.54 3.'

_______ J

52 1.44 ...

Pottery, its manufacture and decoration, is an industry 
of prehistoric antiquity, and the application of glazes and 
enamels is a work of the most ancient origin in the earliest 
civilizations in Egypt, India, China, and Asia Minor. So 
also the beginnings of the art of weaving and of the art 
of dyeing are lost in antiquity. Mummy cloths of varying 
degrees of fineness, still evidencing the dyer’s skill, are 
preserved in many museums. Some of the finest are of 
the period of 3000 B. C. or earlier. The invention of the 
royal purple, which appears to be of Cretan origin, was 
Perhaps as early as 1600 B. C.

From the painted walls of tombs, temples and other struc­
tures which have been protected from exposure to weather, 
and from the decorated surfaces of pottery, chemical anal­
ysis often is able to give us knowledge of the materials 
used for such purposes. Such data also serve at times 
to assist in the interpretation of the often unclear or in­
complete descriptions given by extant ancient writers.

Thus pigments from the tomb of Perneb, which was 
Presented to the Metropolitan Museum of New York City 
in 1913, were examined by Maximilian Toch.19 The date 
°f the structure is estimated at 2650 B. C. A red pigment

111 Journal of Industrial and Engineering Chemistry, 1918, X, p. 118. 
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proved to be the red oxide of iron, haematite; a yellow 
consisted of clay containing iron or a yellow ochre; a blue 
color was a finely powdered glass; and a pale blue was a 
copper carbonate, probably azurite; greens were malachite; 
black was charcoal or boneblack; gray, a limestone mixed 
with charcoal; and a quantity of pigment remaining in a 
paint pot used in the decoration, contained a mixture of 
haematite with limestone and clay.

Pigments of Greek origin, dating from 1500 to 500 B. C., 
examined by A. 0. Rhousopoulos™ showed red pigments to 
be cinnabar, and iron oxide; a black pigment was the black 
oxide of manganese; blues were due to copper or to mix­
tures of copper and iron; whites were carbonate and phos­
phate of lime.

Rammelsberg21 analyzed a blue powder used as a pig­
ment in an ancient Egyptian tomb, and found it to con­
sist of silica 70.50 per cent; lime 8.53 per cent; copper oxide 
13.00 per cent; ferric oxide 3.71 per cent; magnesium oxide 
4.18 per cent.

20 p. Diergart, Beitrage aus der Geschichte der Chemie, Zum GedaeMniss 
von G. W. A. Kahlbaum, p. 172 ff.

21 Quoted by Lepsius, Abhandlungen der Alcadamie der Wissenschaften zu 
Berlin, 1871, p. 63.

The analysis of a dark blue glass bead found in an Egyp­
tian tomb reported by Lepsius (loc. cit), as analyzed by 
Clemm and Jahn, gave 2.86 per cent cobalt oxide, while a 
bead of lighter blue contained 0.95 per cent cobalt oxide.

Sir Gardner Wilkinson brought samples of pigments 
from the walls of Thebes which were examined by Dr. 
Ure. A green pigment, not dissolved by hydrochloric acid, 
became a brilliant blue color when it was so treated, a 
small quantity of yellow ochre being dissolved out. The 
blue residue was a powdered blue glass, which on analysis 
showed copper and iron as its coloring constituents. A 
blue pigment was a similar glass unmixed with any ochre. 
A red pigment was mainly iron oxide with some alumina, 
‘ ‘ a red earthy bole. ’ ’ A black pigment consisted of bone- 
black mixed with a little gum. A white pigment was a 
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practically pure chalk; and a yellow was a yellow ochre.22

22 Wilkinson, Ancient 'Egyptians, III, p. 301 ff.

Pigments of a later Roman period from the baths of 
Titus (first century A. D.) were examined by Sir Hum­
phrey Davy. Red colors he found to consist of cinnabar, 
red lead (minium) and red ochre (ferric oxide). Yellows 
were yellow ochre and chalk mixed with some red lead 
°r with litharge. Green was due to copper carbonates 
which for lighter shades were mixed with chalk. A blue 
Pigment was a blue glass (a copper silicate) mixed with 
chalk. Blacks and browns were of carbon or of black 
oxide of manganese, sometimes mixed with iron oxide. 
A sample of pigment of pale rose color in a broken pottery 
jar was found to owe its tint to some organic dye.

Davy found that he could reproduce the blue glass 
above mentioned by fusing together fifteen parts of sodium 
carbonate, twenty parts powdered flint and three of 
copper filings. This is of interest in connection with a 
statement of Vitruvius to which reference will be made 
later.

The foregoing examples will serve to illustrate the char­
acter of the evidence furnished by chemical analysis of 
surviving samples of the products of early chemical indus­
tries.

It is, after all, comparatively a narrow range of prod­
ucts of chemical arts that, through their analytical exam­
ination, can give us evidence as to the materials and, in- 
ferentially sometimes, as to the processes in use before any 
literary remains from ancient times are to be found. From 
such few ancient writings as touch upon the arts and manu­
factures in comprehensible detail, and which have sur­
vived the destruction of time, we may learn much that is 
inore specific regarding the chemical knowledge of the an­
cients.

Of such writings as deal more or less with subjects in­
volving the chemical arts, those of most importance are 
certain works of Theophrastus of Eresus (about 372-288 
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B. C.), Vitruvius, a Roman architect of the first century 
B. C., Dioscorides Pedanus, a Greek physician of the first 
century A. D., and the Elder Pliny, also of the first century 
A. D. Some brief allusions are contained also in the writ­
ings of Plato (died 347 B. C.), Aristotle (384-322 B. C.), 
Diodorus Siculus (about the first century B. C.), and 
Strabo, the geographer, though Dioscorides and Pliny have 
incorporated in their later writings the important facts 
of these writers.

While the great Greek philosopher, Aristotle, contributed 
to a dominating degree toward the development of the 
theory of matter and its changes, and exerted a great in­
fluence upon the chemical philosophy of the Middle Ages 
as well as of the ancients, his writings contribute little 
of information as to the chemical knowledge of his time. 
He refers to some of the substances used for pigments 
such as ochre, minium, and sandarach. He states that 
from the crude iron from the smelting furnaces a more use­
ful product is obtained by re-fusing several times, whereby 
a slag separates and the iron becomes tougher or more 
malleable. He states that sea water is made fresh and fit 
for drinking by percolation through clay, though he does 
not explain the basis of his belief. Aristotle’s writings 
speak of a wax vessel as used for this purification, but 
Diels and von Lippmann have shown that the fact alluded 
to was doubtless originally described by Democritus and 
his word Kepdpcvo^ (clay) probably was changed by the care­
less of some copyist to Kypivos (wax), and this is account­
able for Aristotle’s error and for similar errors by his 
commentators.23 His references, however, are more casual 
than descriptive.

23 Cf. E. von Lippmann, Abhandlungen und Vortrage zur Geschichte der 
Naturwissenschaftev, 1913, II, pp. 98, 99, 162—167.

Plato also has some allusions to facts of chemical interest, 
though his interest in such matters lay rather in the 
theories of the structure of matter in general than in facts 
of a practical character. He considers gold as consisting 
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°f particles which were homogeneous in character, differing 
only in size. This might be considered as an approach to 
the modern concept of an element, but Plato, like Aristotle, 
accepted the theory of the four elements constituting all 
other substances. He refers to the work of the artisans 
m the separation of foreign matter, earth and stones from 
gold, thus leaving the gold associated only with silver or 
copper (xaAKos) and sometimes iron. From these, it is 
separated only by repeated fusions until the pure gold 
remains behind. He speaks of the formation of the rusts 
of copper and of iron, interpreting these changes as caused 
by the loss of some of their elementary earth. It is quite 
possible that this notion of Plato’s backed by his great 
authority may have contributed to the idea long prevalent 
among the early chemists that what we call oxidation was 
accompanied by a loss of something from the substance 
burned.

Plato mentions white lead, sulphur, oreichalcos (golden 
bronze), and other common substances obtained by chemical 
Processes.24

24 Of. E. von Lippmann, ‘ ‘ Chemisettes und Physikalisches aus Plato,” 
°^rnal fiir Praktische Chemie, Neue Folge, 76, p. 513 ff.

Plato and Aristotle in their voluminous writings on 
many subjects evidence a knowledge of the common prop­
erties of metals and other substances, but nowhere do they 
give any indication of knowledge other than such as was 
common among all well-informed men.

Theophrastus of Eresus was a philosopher of importance 
m the history of the natural philosophy of the ancients, 
but he also wrote some works upon subjects more or less 
closely related to certain chemical facts. These are: his 
brief work upon rocks or minerals, twv Xi'ftw; a treatise 
upon plants, </>vrwv ivToptas-, and a fragment “Upon 
Odors.” As the earliest author whose works have come 
down to us dealing more or less circumstantially with cer­
tain phases of chemistry, his data are of particular in­
terest.
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In his work upon minerals or stones, Theophrastus25 
describes many natural minerals and products derived 
from them in ways clearly recognizable, though many others 
are so ill-defined as to be not now readily identified.

25 Theophrastus of Eresus irepi rwv \lOwv, with English translation by John 
Hill, London, 1746.

The ideas of Theophrastus as to the nature and origin 
of minerals were based upon the theories of his master, 
Aristotle, but in this surviving work he does not enter 
into theories of the origin. His treatise begins by stating 
that of things formed in the earth, some have their origin 
from waters, others from earth. Water is the basis of 
metals; earth of stones, whether precious or common. This 
early statement, brief as it is, is interesting as the ideas 
of the origin of metals and of minerals from earth, water, 
air and heat or fire dominated chemical philosophy for 
nearly two thousand years after its first promulgation by 
Plato.

Our cinnabar was known to Theophrastus under that 
name (Kwd^apis). He states that it is found in Spain. 
Quicksilver (hydrargyros) can be obtained from cinnabar 
by rubbing it with vinegar in a copper vessel with a copper 
pestle. He also states that an artificial cinnabar (an 
imitation) is washed from the sands at Ephesus. This 
latter statement occurs also in later writers, though what 
it may mean, unless it is bright red haematite or red ochre, 
is hard to say. From Pliny’s statement, referring to the 
above from Theophrastus, it appears that he considered it 
to be a red pigment used in painting ships, and it was 
probably essentially red oxide of iron.

“Chrysocolla” is applied by Theophrastus to malachite, 
the native copper carbonate, though other green-colored 
minerals may have been included. He states that chryso­
colla and smaragd are thought by many to be the same 
thing. The latter term was used for the emerald, but also 
was manifestly applied to malachite. Both chrysocolla 
and smaragd are used for soldering gold, says Theophras­
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tus. The carbonates of copper, verdigris and malachite 
were so used, while the smaragd (emerald) could not have 
had any such use. The ancients were evidently confused 
by the green-colored minerals and had difficulty in dis­
criminating between them.

Cyanos was a blue gem of much value, and it has been 
identified as the stone called lapis lazuli, though Theo­
phrastus also refers to another kind of cyanos, which has in 
it chrysocolla. This doubtless refers to our azurite, a 
hydrated copper carbonate, used by the ancients as a blue 
pigment, and known to the Latins as armenus, so named 
after the locality, Armenia, from which it was largely ob­
tained.

Among red and yellow earths used in pigments, Theo­
phrastus mentions miltos “found sometimes in iron mines.” 
Pliny mentions this same substance under the name of 
rubrica, used for painting ships. “The Greeks,” says 
Pliny, “call this red earth miltos.” This miltos may be 
essentially the same substance that Theophrastus else­
where calls an artificial or imitation cinnabar. The 
yellow ochre, mentioned by Theophrastus, was doubtless 
clay containing ferric hydroxide which we have previously 
seen from analysis of pigments from ancient buildings to 
have been largely used for yellow paint. Theophrastus 
says that, if it is heated, it yields a purple color. The 
“purple” of the ancients comprised a wide range of tints 
from red to brown, as well as our purple, and the change 
of the yellow to red or brown red by heating the yellow 
ochre is what occurs in the baking of bricks from yellow 
clays. The synopis of Theophrastus was a red ochre.

Orpiment and realgar were known to Theophrastus under 
the names of “arrhenikon” (or “arsenikon,” whence later 
^as derived our “arsenic”), and “sandarach” respectively. 
Cerussa (our white lead), used as a pigment, and externally 
m medicine, was obtained by submitting lead to the action 
of the fumes of vinegar in closed vessels for ten days, 
after which time the “rust” was scraped off, and the
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process repeated. The material so obtained was powdered, 
boiled for a long time with water, and allowed to settle 
out. The common so-called Dutch process for the man­
ufacture of white lead is then at least as old as Theophras­
tus, and the directions for the preparation as given by 
him are frequently repeated by later writers in almost the 
same terms for many centuries.

In a similar manner is prepared “ios” (our verdigris). 
Copper is placed over the lees of wine and the rust which 
forms is removed.

The magnetis lithos of Theophrastus (Latin, magnes), 
was a term which was applied to a variety of substances, 
and produced great confusion in ancient writings. Theo­
phrastus names it among stones that may be easily cut 
or engraved, and describes it as a stone of elegant appear­
ance, and much admired. It bears a resemblance to silver, 
though really a stone of an entirely different kind. In 
Pliny’s time, the word was used to designate several dis­
tinct substances. More often Pliny means the loadstone 
or magnetic iron oxide, over whose mysterious attractive 
power for iron he rhapsodizes. He states, however, that 
there are several kinds of magnes—red, black, blue (the 
best), “and the most inferior of all are those from Mag­
nesia in Asia. They are white, have no attractive influence 
on iron, and resemble pumice in appearance.” A black 
magnes which is ‘ ‘ female, ’ ’ and has no attraction for iron, 
is in all probability manganese dioxide (pyrolusite), known 
to have have been used by the ancients as a pigment and 
in glass making.

Pliny, in describing the manufacture of glass, states 
that it is made from soda (nitrum), sand, and magnes, 
“from the belief that it attracts the liquid of glass as it 
does iron” 28 It is evident that Pliny is here confused as to 
the substance used, but whether the magnes here mentioned 
was the black magnes (black oxide of manganese), or the 
white magnes (possibly a calcium carbonate or sulphate or

20 Pliny, Book XXXVI, Chap. 66.



PRACTICAL CHEMISTRY 21

magnesite), there is no means of knowing, as both these 
substances were used in glass previous to Pliny’s time.

That Theophrastus knows the lodestone also is plain, 
though he merely alludes to it in passing, “Electron also 
is a stone. It is dug from the earth in Liguria, and has, 
like the before-mentioned,27 a power of attraction. But 
the greatest and most evident attractive power is in that 
stone which attracts iron. But that is a scarce stone and 
found in but few places. It should however be ranked 
With these stones as it possesses the same quality.”

The “haimatites” of Theophrastus, “seeming as if 
formed of concreted blood” and used as a pigment, was 
doubtless our haematite, formerly called “bloodstone.” 
Pliny also says that in Ethiopia the “magnes called haim­
atites” is found, a stone of blood-red color, which when 
ground yields a pigment like that of blood.

The analyses previously quoted from Maximilian Toch 
Would seem to show that haematite was used as a pigment 
by the Egyptians more than twenty-two hundred years 
before the time of Theophrastus.

The subject of glass-making was not particularly ger­
mane to the work of Theophrastus on stones, but there is 
a reference to it in connection with a statement that some 
earths may be melted by heat and become harder on 
cooling. He says that if glass is made, as some say, from 
glass-sand (velitis), that this also takes place by a com­
pacting. “But most peculiar is that [glass] which is 
mixed with copper, for in addition to the melting and 
mixing, it has the additional property of causing a beautiful 
difference in color.” This is apparently the first reference 
in literature to the use of copper in coloring glass.28 —----- — _________________________________________

The before-mentioned stone was a legendary stone produced from the 
urine of the lynx and which, from ancient references to it, was possibly the 
gem. now called hyacinth. Theophrastus calls it the lyncurium (Xvysovpior).

28 Theophrastus, irepi tup XWwr, LXXXIV.
In the English translation of Theophrastus (irepl tuv Xi-Ow} John Hill as- 

sumes that the original manuscript probably contained the word chalcites 
instead of chalkos, that is, flint, instead of copper. The assumption seems 
o be without authority, and the resulting interpretation less reasonable, 
p.cit., pp. 117-119 and footnote.
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“Plaster of Paris’’ was familiar to Theophrastus.
“The stone from which gypsum is made by burning is 

like alabaster. Its toughness and heat when moistened is 
very wonderful. They prepare it for use by reducing it 
to powder and then pouring water on it and stirring and 
mixing well with wooden tools, for they cannot do this by 
hand because of the heat. They prepare it in this manner 
immediately before using, for in a very little while it be­
comes hard and not in condition to be used.”

He mentions its strength as a cement for walls, and its 
use for whitewash and making images. It seems, he says, 
to have the heat and tenacity of lime and the viscous 
earths (clays?), but possesses these qualities in a higher 
degree than either.

It will be noted that the term “gypsum” is used by 
Theophrastus, as indeed by later ancient writers, to indi­
cate the dehydrated sulphate of lime (plaster of Paris), 
father than the mineral (gypsum) from which it is ob­
tained, though he elsewhere alludes somewhat vaguely to 
certain natural earths under that name.

In his work, taroptas (or Enquiry into Plants),™
Theophrastus catalogues a large number of plants with 
discussions of their habitat, products, and uses for food, 
medicine and other purposes. There are comparatively 
few references to products or processes that are distinctly 
applications of chemistry, but there are a few of interest.

The “burning” of charcoal by the method still much used 
of submitting wood to partial combustion in earth-covered 
mounds is mentioned. The recovery of pitch from resinous 
trees was either by making incisions in the living tree and 
collecting the pitch which accumulated, or by a process 
somewhat similar to the charcoal burning, a process inter­
estingly described by Theophrastus as follows:

“Having prepared a level piece of ground, which they 
make like a threshing floor with a slope for the pitch to run

20 Edition used is Theophrastus of Eresus, Enquiry into Plants, and minor 
works on odours and weather signs, Greek and English text, Sir Arthur Hort, 
London and New York, 1916.
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toward the middle, and having made it smooth, they clean the 
logs and place them in an arrangement like that of the char­
coal burners, except that there is no pit, but the billets of 
wood are set upright against one another, so that the pile 
goes on growing in height, according to the number used. 
And they say that the erection is complete when the pile 
is one hundred eighty cubits30 in circumference and fifty 
or at most sixty in height, or again when it is a hundred 
in height, if the wood happens to be rich in pitch. Having 
then thus arranged the pile and having covered it with 
timber, they throw on earth and completely cover it, so that 
the fire may not by any means show through, for if this 
happens, the pitch is ruined. Then they kindle the pile 
where the passage is left, and then, having filled that part 
np, too, with timber and piled on earth, they mount a ladder 
and watch wherever they see the smoke pushing its way 
out, and keep piling on earth, so that the fire may not even 
show itself. And a conduit is prepared for the pitch right 
through the pile, so that it may flow into a hole about 
fifteen cubits off, and the pitch as it flows out is now cool 
to the touch. The pile burns for nearly two days and nights. 
On the second day before sunset, it has burnt itself out and 
has fallen in; for this occurs if the pitch is no longer flow­
ing. All this time, they keep watch and do not go to rest, 
in case the fire should come through; and they offer sacri­
fices and keep holiday, praying that the pitch may be 
abundant and good. Such is the manner in which the 
People of Macedonia make pitch by fire.”31

In the treatise “Concerning Odors,” Theophrastus 
enters into a considerable discussion of the nature, causes 
and sources of odors in general, and then describes the 
making of perfumes and unguents, with a rather full ac­
count of the various spices and odors, and of the oils used 
as vehicles for retaining the perfumes. While the cata­
logue of these is of no special interest here, the methods 
of extraction and preservation of the odoriferous materials 
are pertinent. In the first place, it is of interest to note -- —____________________________________ _________

30 The cubit varied in ancient times according to locality and period, from 
about seventeen to twenty-six inches.

31 Theophrastus, Enquiry into Plants. Hort’s Translation, II. pp. 229-233. 
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that no process of distillation was used. The odor-bearing 
materials were often used in dried and powdered form, 
and many different substances were often mixed in these 
powders. “In fact,” says Theophrastus, “powders are 
better the more ingredients they have.”

For unguents or ointments, the perfumes were extracted 
by subjecting the materials to treatment with warm or hot 
oils, which dissolved and preserved the essential oils which 
imparted perfume. The oils so employed were numerous. 
Benoil (balanos) was considered one of the best because 
it possessed no odor of its own, and because of its superior 
keeping qualities. Olive oil, sesame oil and the oil of bitter 
almonds were also used, the last named because of its own 
pleasant odor. The perfume-bearing plants or parts of 
plants used were very numerous, some of those most 
familiar to us being frankincense, myrrh, cassia, cinnamon, 
sweet-marjoram, cardamon, sweet-flag, thyme, myrtle, iris, 
rose, lily, and many others. Pliny, who evidently drew 
directly or indirectly largely from Theophrastus, treats 
extensively of unguents and of their uses and abuses in his 
time. He gives an illustration of the complexity of some 
of these mixtures. Not all of the substances mentioned are 
identifiable at present.

“A ‘regal’ unguent, so-called because it was first com­
posed for the Parthian kings, was composed” he says, “of 
myrobalanus, costus, amomum, cinnamon, comacum, carda- 
mum, spikenard, marum, myrrh, cassia, storax, ladanum, 
opobalsamum, Syrian calamus and Syrian sweet-rush, 
oenanthe, malobathrum, serichatum, Cyprus, aspralathus, 
panax, saffron, cypirus, sweet marjoram, lotus, honey and 
wine. Not one of the ingredients in the compound is pro­
duced either in Italy, that conqueror of the world, or indeed 
in all Europe, with the exception of the iris, which grows in 
Illyricum, and the nard which is to be found in Gaul; as 
to the wine, the rose, the leaves of myrrh, and the olive oil, 
they are possessed by pretty nearly all countries in com­
mon.”32

32 Pliny, Book XIII, Chap. 2, Translation from Bohn’s ed., Ill, p. 166.
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In connection with the making of unguents, Theophrastus 
gives us the first notice in literature of the application of 
the principle of the water-bath.

“But in all cases, the cooking, whether to produce the 
astringent quality or to impart the proper odor, is done 
m vessels standing in water and not in contact with the 
fire, the reason being that the heating must be gentle, and 
there would be considerable waste if these were in actual 
contact with the flame, and further the perfume would 
smell of burning. ’ ’33

A Greek philosopher and writer of about 400 B. C., 
Democritus of Abdera, was held in high esteem by writers 
°n natural science and arts of the period of the Roman 
Empire, and by the early chemists or alchemists. Unfor­
tunately, none of his writings have come down to us except 
m the form of citations or abstracts by later writers. His 
ideas upon the nature of matter, transmitted in this way, 
find their place in the history of ancient chemical philos­
ophy. If we were to trust statements of Pliny and other 
■Writers of about that period, Democritus wrote treatises 
upon plants, and upon magic. Synesius in the fourth cen­
tury A. D. states that he wrote four books on the colors, 
or tinctures, on gold and silver, on gems and on purple dyes. 
However, the authenticity of the contributions of Democ­
ritus of Adbera to chemistry or chemical ideas is much 
complicated by the fact that at a period probably a little 
earlier than the beginning of our era, a writer assumed the 
name of Democritus, who was a devotee of magic and mys­
ticism, a pioneer among the early Greek alchemists. It 
seems very probable that many of the writings quoted by 
Pliny and accessible to Pliny were by the pseudo- Democ- 
ntus. Pliny indeed has a passage which suggests the 
Probability of such a confusion,34 when he says that it was 
Democritus who sought the works of Dardanus in the tomb 
°f that personage, and his own were composed in accord­
ance with the doctrines there found.----- — ______________________________________________ _

33 Theophrastus, op. cit., p. 347.
34 Pliny, Book XXX, Chap. 2,
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“All the particulars there found are so utterly incredible, 
so utterly revolting, that those even who admire Democritus 
in other respects are strong in their denial that these works 
were really written by him. Their denial, however, is in 
vain; for it was he, beyond all doubt, who had the greatest 
share in fascinating men’s minds with these attractive chim­
eras. There is also a marvelous coincidence in the fact that 
the two arts, medicine, I mean, and magic, were developed 
simultaneously; medicine by the writings of Hippocrates, 
and magic by the work of Democritus, about the period of 
the Peloponnesian War which was waged in Greece in the 
year of the City of Rome 300” (about 450 B.C.).

In the light of modern criticism of scholars of early 
chemistry, we may be justified in disagreeing with Pliny 
that the magical and mystical writings attributed to Democ­
ritus of Abdera are by that same philosopher whose notions 
of the atomic structure of matter and of other problems of 
natural forces have given him a place in the history of 
chemical theory.

The allusions to Democritus by Vitruvius, writing a cen­
tury or more before Pliny, seem to apply to the real 
Democritus. Vitruvius says he wrote several works on the 
nature of things. Seneca attributes to him the invention of 
the reverbatory furnace, and the art of imitating natural 
gems, particularly the emerald, though it is probable that 
here also the real Democritus is confused with the pseudo­
Democritus.

It is not improbable that more than one writer wrote 
under the name of Democritus, and that works of an al­
chemical character were written at a later period than the 
works on magic which Pliny alludes to, but even the latest 
period to which they can be ascribed is somewhere near the 
beginnings of our era.35

as Qf. Berthelot, Les Origines de I’Alchimie, Paris, 1885, p. 145 ff.

At any rate, we may safely assume that whatever is 
assigned to Democritus that is related to the practical arts 
of chemistry, is attributable to the pseudo-Democritus and 
belongs, in so far as it has significance, to the earliest 
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literature of alchemy. We shall later have occasion to 
consider this literature.

In the first century B. C., as nearly as the internal evi­
dence of his writings establishes their date, a Roman 
architect, Vitruvius, wrote the work through which he is 
known, Ten Books on Architecture.™

In the discussion of the materials used in various struc- 
lares, and of pigments and colors used in their decorations, 
he often furnishes more specific information than is con­
tained in earlier Greek or Latin writers. Pliny mentions 
him among his authorities and apparently cites him at 
times quite literally. It is also quite evident that Vitruvius 
does not always depend upon knowledge gained by personal 
observation or experience, but himself depends upon pre­
vious writers. In particular, it is evident that while he is 
familiar with the use of pigments, he is often dependent 
upon previous writers for his accounts of their sources and 
methods of preparation. He was, in other words, in no 
sense a practical chemist of the period. Nevertheless his 
contributions to our knowledge of the chemical arts of the 
lime are valuable.

Bricks were used by the ancients both as sun-dried and 
as baked or burned bricks. Of the sun-dried bricks, Vitru- 
V1us says they should not be made of sandy or pebbly earth, 
for they are then too heavy and fall to pieces in the wall. 
Ike straw does not hold them together on account of the 
roughness of the material. They should be made of white, 
chalky or red earth, being then durable, not heavy to work 
Vnth, and easily laid. They should be made in the spring 
°r autumn, so that they will not dry out too quickly and 
crack; and they should not be used for two years after 
making. In Utica, he says, it was against the law to use 
them before five years. Sea sand is bad for mixing with 
the earth (terra) because it renders the bricks slow in dry- 
lng, and a salty efflorescence is caused on the walls.
lat’^ consuUed are: Vitruvius, The Ten Books on Architecture, trans- 
ed'r m Morgan, London, 1914; Vitruvii de Architectura Libri Decern, 

1 ion of Valentinus Rose and Hermann Miieller-Strubing, Lipsiae, 1867.
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Burned bricks, he says, are used for topping walls and 
for laying floors (tiles).

Lime for mortars or cements should be burned from 
stone which whether hard or soft is at least white. Lime 
from close-grained stone of the harder sort is best for 
structural parts, while lime from porous stone is adapted 
to stucco work.

After slaking, he directs to mix three parts of pit sand 
to one of lime, but if river sand or sea sand is used, then 
to mix two parts to one of lime, but to use with this a third 
part of burned brick pounded fine and sifted.

His explanation of the loss of weight in lime burning 
is characteristic of the idea prevalent in his time. “When 
lime is burned, the elements water and heat are ejected, 
hence the stone loses weight, though the bulk remains the 
same.” He is here referring to the Aristotelian theory 
that all substances are composed of the four elements—■ 
water or moisture, fire or heat, air, and earth. The stone 
loses about one third of its weight in burning, says Vitru­
vius, which is fairly close to actual results, since perfectly 
pure limestone burned to a pure calcium oxide would lose 
forty-four per cent of its weight, a limit never reached 
in practice. When lime is to be used in stucco work, he 
specifies that it should be slaked a long time before using, 
otherwise crude bits are left and the stucco blisters and 
the smooth surface is spoiled.

The natural cement now known as Pozzuolan is clearly 
described by Vitruvius:

“There is also a kind of powder which from natural 
causes produces astonishing results. It is found in the 
neighborhood of Baiae and in the country belonging to the 
towns around Mount Vesuvius. This substance, when 
mixed with lime and rubble, not only lends strength to the 
structures of other kinds, but even when piers are built of 
it in the sea, they set hard under water.”

The hydraulic character of Pozzuolan was therefore 
clearly recognized as well as intelligently applied by the 
early Roman builders.
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Gypsum, he says, should not be used in stucco, because 
sets too rapidly and thus interferes with even drying. 

Vitruvius, like Theophrastus, uses the word gypsum not in 
the sense of the native mineral, but rather to indicate what 
We call the plaster of paris which is produced by its 
* ‘ burning. ’ ’

The Egyptians, Greeks and Romans used many colored 
Pigments for the decorations of buildings both externally 
and internally, and they were very much concerned with 
their properties, especially their durability so that it is, 
therefore, natural that Vitruvius should devote consider­
able attention to their description. Many of these had been 
Previously described by Theophrastus, and probably by 
other writers whose works are lost to us. Thus yellow 
ochre and red (iron) earths from various localities, the 
red ochre from Synopis, orpiment (“auripigmentum which 
in Greek is called arsenikon”) our realgar—“sandarach,” 
mentioned by Vitruvius—have been described by Theo­
phrastus. With reference to sandarach, however, Vitru- 
vius states that the sandarach obtained by heating white 
lead (cerussa) is more serviceable than that dug from the 
mines, thus evidencing a failure to distinguish clearly any 
essential difference between the native sulphide of arsenic 
°r realgar, and the red lead obtained by igniting white lead.

The term “minium,” as used by Vitruvius, denotes the 
red sulphide of mercury or cinnabar.

“Minium [he says], is an ore. During the digging, it 
sheds tears of quicksilver which the miners collect and 
save. The masses of ore as taken from the mine are so 
full of moisture that they are thrown into a furnace or 
°ven in the laboratory to dry, and the fumes that are driven 
off from them by the heat of the fire, settle down on the 
floor of the oven and are found to be quicksilver (argentum 
vivum). When the lumps of ore are taken out, the drops 
which remain are so small that they cannot be gathered 
up, but they are swept into a vessel of water, and there 
they run together and combine into one.”
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Four pints of quicksilver, says Vitruvius, will be found to 
weigh one hundred pounds.37

st This is Morgan’s translation. Vitruvius says: “id autem cum sit quat- 
tuor sextariorum mensurae cum expendunter invenietur esse pondo centum.’’ 
Vitruvius, VII, 8.

Assuming the sextarius to be 34.4 cubic inches, and the pondo centum to 
be 495,000 grains (Encycl. Brit, article, “Weights and Measures”), the 
specific gravity of mercury would be from the data of Vitruvius 14.2 as 
against present value of 13.59, a fair approximation. The value of the libra 
or pound varied more or less at different times. The value above given may 
not have been exactly the one used by Vitruvius.

Neither silver nor gold can be properly gilded, says 
Vitruvius, without the use of quicksilver. When gold has 
been woven into a garment, and it becomes worn out, the 
cloth may be burned and the ashes thrown into water and 
quicksilver added. The quicksilver attracts all bits of gold 
and makes it combine with itself. The water is poured 
off, and the quicksilver squeezed through a cloth (pannum). 
The gold brought together by squeezing is retained, while 
the liquid quicksilver passes through. The recovery of 
gold by amalgamation is thus of ancient origin.

Pliny, a hundred years later, gives this process in much 
the same terms, but in place of the cloth (pannum), says 
“skins that have been well tawed.” It may well be that 
Vitruvius may have originally written “pellem” instead of 
“pannum,” and some later copyist may have ignorantly 
or inadvertently changed the word.

It is interesting to note that neither Vitruvius nor Pliny 
mentions the further necessary step of driving off by heat 
the mercury from the amalgam which is separated from the 
liquid mercury by the process they describe. Though this 
necessarily was done, they may have been uninformed upon 
that detail.

It may be recalled that Theophrastus uses the word 
“cinnabar” as we use it to-day, while Vitruvius uses the 
word “minium” to denote our cinnabar. There was much 
confusion in the writings of the ancients due to their dif­
ficulty in recognizing fundamental differences in many 
of the substances used as red pigments. So Vitruvius, 
still discussing his minium, explains that when used in 
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decorating open apartments where the bright rays of the 
sun and moon can penetrate, it is spoiled by contact with 
them, loses the strength of its color and turns black. 
Among others, the secretary, Faberius, who wished to have 
his house in the Aventine furnished in elegant style, ap­
plied minium to all the walls of the peristyle; but after 
thirty days, they turned to an ugly and mottled color. He, 
therefore, made a contract to have other colors applied in­
stead of minium. Vitruvius explains how this change of 
coloi' may be prevented by covering the surface of the 
Wall after painting with wax applied hot and rubbed down. 
It is quite evident that the wall in question was not colored 
hy cinnabar, which does not so blacken by exposure, but 
Was probably covered by red lead.

Vitruvius gives a test for detecting adulterations or 
substitutions for minium by heating a sample upon an 
lr°u plate until the plate is red hot. When the heat makes 
the color change and turn black, remove the plate from the 
hre, and if the minium returns to its former color, it is 
unadulterated; if it remains black, it is adulterated.

Both the red sulphide of mercury and the red lead have 
this property, and the test above given would not distin­
guish between them, but would give evidence of adultera­
tion of either by many possible additions.

Vitruvius knows of the formation of a red substance ob­
tained by heating white lead, but calls it a kind of sanda- 
rach, not minium.

The red coloring matter gave much confusion to the 
ancient writers generally. The term “cinnabar” («iwd/?a/>is) 
Was used to indicate the blood-red resin, dragon’s blood, 
and by Theophrastus for our cinnabar. The term, “min- 
lUm” was used by later writers for our cinnabar, but often 
also for red lead, and evidently the users did not know 
how to distinguish between them.

Dioscorides (first century A. D.), speaking of cinnabar 
says, “Some incorrectly think that cinnabar is the same 
as minium for minium, from a certain stone in 
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Spain, is mixed with silver-sand. Elsewhere it is not known. 
When heated in the furnace, it turns to a brilliant flame­
like color. The vapor it gives off is suffocating. It is 
used by painters.” This description leaves room for doubt 
as to whether red lead or cinnabar is referred to. But 
the real “cinnabar,” he goes on to explain, is the red resin, 
Dragon’s blood.

Pliny uses the word minium to denote our cinnabar. In 
describing “rubrica,” a red iron pigment, he says,

“The Greeks call this red earth miltos, and give to min­
ium the name of cinnabar, and hence the error caused by the 
two meanings of the same word, this being properly the 
name given to the thick matter which issues from the 
dragon when crushed beneath the weight of the dying ele­
phant [dragon’s blood]. Indeed this last is the only color 
which in painting gives a proper representation of blood. 
This cinnabar, too, is extremely useful as an ingredient 
in antidotes and various medicaments. But, by Hercules, 
our physicians,because minium also has the name of cinna- 
baris, use it as a substitute for the other and so employ 
a poison.”

Red lead, obtained by heating white lead, Pliny calls a 
spurious kind of sandarach.

The above is a typical illustration of many confused 
notions of the ancients due to the fact that they possessed 
no knowledge of the elementary constituents of substances. 
The criteria for classification and nomenclature were based 
upon superficial phenomena, or upon the sources or the 
applicability of the substances to particular purposes. So 
long as the, concept prevailed that all substances consisted 
of variable quantities of the four Aristotelian elements, 
and that their properties were determined by the propor­
tion of these elements, it was not possible for them to con­
ceive of the possibility of a method of analysis based upon 
elementary compositions of bodies as understood in mod­
ern times.

The realization that substances are made up of definite 
masses of elementary substances, and that these might be 
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separated from one another by analytical methods so as 
determine the chemical constitution of bodies, was to 

wait many centuries for development.
Chrysocolla, Vitruvius says, is a green pigment brought 

Hom Macedonia and dug up in the vicinity of copper mines. 
As with Theophrastus, this is doubtless our malachite. 
Vitruvius states that those who cannot use chrysocolla on 
account of its cost employ a blue color (coeruleum) mixed 
with the plant called lutum, and obtain a very vivid green, 
ffiiny also states this fact, but adds that it gives a very 
mferior color.

This word “chrysocolla” of the ancients, which denotes 
malachite, was not confined to that mineral, as appears 
Particularly from the extended description of Pliny. He 
mentions the substance dug from the mines in proximity to 
gold, but he also states that it is a liquid found in the shafts 
°f mines—a slime hardened by the cold of winter till it 
lias the hardness of pumice. The most valued is from 
copper mines, the next best from silver mines, and that 
from, the gold mines is inferior. In the mines also an arti­
ficial chrysocolla is made by allowing water to percolate 
mto the veins during the winter and spring, and evaporat- 
lng these in July and August.

The goldsmiths make a chrysocolla of their own from 
fhe rust of Cyprian bronze (copper), urine and soda (ni- 
trum). This they use for soldering gold. It will be re­
called that the word “chrysocolla” means a solder or 
cement for gold. From Pliny’s description, not only mala­
chite but the evaporated residues from copper and iron 
vifriols produced by the weathering of sulphide ores, and 
carbonates of copper, verdigris, or mixtures of carbonate 
and acetate of copper more or less pure, all passed under 
the name of chrysocolla. In fact, anything which was 
green and would serve as a solder for gold, or could sub­
stitute for malachite as a pigment, might pass as chryso­
colla.

Vitruvius, like Theophrastus, describes the formation 
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of verdigris (ios) by the action of vinegar on copper, or 
on “burned copper” (oxides of copper), or by hanging 
copper plates over vinegar, or burying the copper in old 
and sour lees of wine. “Coeruleum,” a blue pigment, is 
described by Vitruvius as having been first made in Alex­
andria, afterwards at Pozzuoli.

“The method [he says], is strange enough. Sand and 
the flowers of nitrum are brayed together to a meal, and 
copper is grated by means of coarse files over the mixture. 
This is made into balls by rolling in the hands. The dried 
balls are put into an earthen jar and this into a furnace. 
When they have lost their properties through the intensity 
of the fire, they yield coeruleum. ’ ’

As the “flowers of nitrum” were a superior grade of 
carbonate of sodium, the result of the treatment would be 
a blue glass, more or less soluble to be sure. It will be 
remembered that just such a glass was analyzed by Sir 
Humphrey Davy from the baths of Titus, and imitated 
by him through fusing powdered flint, soda and copper 
filings. We know also that the Egyptians, at least, also 
used some cobalt ore for giving blue colors to glass.

Pliny says there were formerly three kinds of coeruleum: 
the Egyptian, most esteemed of all; the Scythian, which is 
easily dissolved; and the Cyprian, which is now preferred 
as a color to the preceding; but Pliny sheds no new light 
on their nature or preparation.

Pliny also states that coeruleum is a kind of sand. It 
seems probable that besides the blue glass, native blue 
minerals were also used, as for instance the cyanos of 
Theophrastus and of Pliny, probably lapis lazuli, and azur­
ite, the other kind of cyanos referred to by Theophrastus 
as containing chrysocolla.

Armenium, a blue pigment, merely alluded to by Vi­
truvius, is probably azurite, for Pliny says that armenium 
is a thinner color than coeruleum and very much cheaper.

Indicum, mentioned by Vitruvius and described by Pliny 
and Dioscorides as a production of India, being a slime 
which adheres to certain reeds there, is our indigo. When 
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Powdered, says Pliny, it is black in appearance, but when 
diluted in water, it yields a marvelous combination of pur- 
Ple and blue (“coeruleum”). Pliny says the proper test 
for indicum is to lay it on hot coals. If genuine, it pro­
duces a fine purple flame. This is an early application of 
the well-known volatilization of indigo by heat. It was 
frequently adulterated by staining pigeon’s dung with 
indigo, or imitated by coloring certain earths or chalks 
■with woad.

Usta (burnt ochre), used for coloring stucco surfaces, is 
said by Vitruvius to have been obtained by heating sil 
(yellow ochre) to a white heat and quenching in vinegar. 
Theophrastus also gives this preparation, though omitting 
the quenching with vinegar. It is hard to understand how 
Quenching with vinegar could have had any value unless 
t° dissolve out any chalk or limestone constituents which 
*f present might dilute the color appreciably. Pliny, giv- 

the same method for obtaining usta, states that it was 
first discovered accidentally by the burning of white lead. 
Here red lead is confused with ferric oxide; as we have 
Previously seen, it has been confused with cinnabar and 
With realgar (sandarach).

The manufacture of white lead is described by Vitruvius 
as previously by Theophrastus, and as later by Dioscorides 
and Pliny. The process of making verdigris from copper 

also given by Vitruvius as in Theophrastus and as later 
by Dioscorides and by Pliny. Theophrastus and Diosco- 
rides name it ios. Vitruvius and Pliny call it seruca (bronze 
°r copper rust).

The ostrum of Vitruvius, a beautiful and costly purple 
c«lor, was obtained from certain marine shell fish. It 
paries in shade according to the regions where found, be- 
iiig black in the north, as Pontus and Gaul, red in the south 
as at Rhodes, and blue or violet in the intermediate regions. 
The shellfish are collected and broken with iron tools, and 
fhe purple fluid exudes. “On account of its saltness, it 
s°on dries up unless honey is added to it.” Large quanti­
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ties of the shellfish were collected for a very small quantity 
of the dye.

This is a description of the color obtained from certain 
varieties of murex. As Tyre was one of the cities where 
it was prepared and used with skill, “Tyrian purple” be­
came a name familiar to literature. Pliny gives a much 
more specific account of the varieties of “murex” and 
“purpura” used and the method of collecting the dye. 
He also tells of its use in dyeing wool, though from this 
account there is not much to be gained except that the dye 
was boiled down in vats to a relatively small volume after 
adding a certain quantity of salt, and that the wool, 
cleansed from grease, is soaked for some five hours in the 
boiling dye, being again soaked if the color is to be deeper. 
To produce the Tyrian hue, says Pliny, the wool is soaked 
in the uncooked juice first of the variety of shellfish called 
“pelagian,” and afterwards in that of the “buccinum.” 
The color is best when it resembles the color of clotted 
blood.

Black pigment described by Vitruvius was made from 
lampblack or charcoal. He describes in detail the method 
of manufacture of lamp black for this purpose.38

“A place is built like a laconicum [this structure he else­
where describes as a circular chamber with domed ceiling, 
used for vapor baths], and nicely finished in marble 
smoothly polished. In front of it a small furnace is con­
structed with vents into the Laconicum and with a stoke­
hole that can be very carefully closed to prevent the flames 
from escaping and being wasted. Resin is placed in the 
furnace. The force of the fire in burning compels it to 
give out soot into the laconicum through the vents and 
the soot sticks to the wall and curved vaulting. It is 
gathered from there and some of it is mixed and worked 
with gum for use in writing ink, while the rest is mixed 
with glue and used on walls by fresco painters.”

A good black may also be obtained more simply by char-
88 Vitruvius, Morgan, p. 218. 
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ring shavings and splinters of pitch pine and pounding 
them in a mortar with size [glue].

The lees of wine dried and similarly charred and ground 
With glue yield an excellent black and the better the wine 
from which it comes, the better the imitation, not only of 
the ordinary black, but even of indicum. By indicum in 
this connection Vitruvius doubtless refers to India ink 
°r China ink, for Pliny also, in describing black pigments, 
after mentioning soot and lampblack and charcoals as 
above, says after Vitruvius that the black from wine lees, 

the wine is of good quality, will bear comparison with 
that of indicum. He further states that indicum is a sub­
stance imported from India and that the composition of 
*t is unknown to him.39

Bohn ed., Book XXXV, Chap. 25.
pliny, Book XXXV, Chap. 51.

As both Vitruvius and Pliny have described under the 
same name indicum, the blue or purple indigo, this black 
indicum is doubtless India ink, known to have been made 
!n China before our era. It is also probable that the an- 
C1ents in Europe did not know whether the black and the 
blue indicum were of essentially different origin or not. 
As a matter of fact, the India ink also has lampblack as its 
base.

Pliny mentions other black pigments used for various 
Purposes—bitumen for painting statues and protecting 
c°pper vessels;40 burnt ivory (boneblack) and a black ob­
tained by dyers; a black inflorescence which adheres to 
the brazen dye-pans (copper oxide). The saepia also se­
cretes a black liquid, but from this he says no color is pre­
pared. That black oxide of manganese was used by the 
ancients as a pigment, we know from analyses already re­
ferred to, but no clearly recognizable reference to this sub- 
Aance has been identified in the ancient authors.

In the treating of water supplies and the conduction of 
Water, Vitruvius touches upon items of chemical interest, 
■thus in digging wells, he emphasizes cautions to be ob­
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served, for sometimes sulphur and bitumen are present, or 
alum (a term covering a number of soluble astringent salts 
of different character), and sometimes, “currents of air, 
which coming up in a pregnant state through porous 
fissures to the places where wells are being dug, and find­
ing men engaged in digging there, stop up the breath 
of life of their nostrils by the natural strength of the 
exhalation. So those who do not quickly escape from 
the spot are killed there. To guard against this, we 
must proceed as follows: Let down a lighted lamp, and if 
it keeps on burning, a man may make the descent without 
danger. But if the light is put out by the strength of the 
exhalation, then dig air shafts beside the well on the right 
and left. Thus the vapor will be carried off by the air 
shafts as through nostrils.”

This is interesting as an early record of methods of 
recognition of the danger from carbon dioxide and a method 
for safeguarding the workers. Empirical knowledge of 
ventilation methods in mines was doubtless of very ancient 
origin, because of the mining experience of the ancients.

Vitruvius recommends that pipes of earthenware and not 
of lead be used for conducting water, for lead is harmful, 
because white lead is formed from it, and this is said to 
be hurtful. Hence if what is produced from it is harmful, 
no doubt the thing itself is not wholesome. This we can 
exemplify from the workers in lead smelters (ab artificibus 
plumbariis), since in them the natural color of the body 
is replaced by a deep pallor. For when lead is smelted in 
casting, the fumes from it settle upon their members and 
day after day burn out the virtues of the blood.

Lead poisoning was familiar to the ancient medical au­
thorities, but the application of that knowledge in discour­
aging the use of lead pipes for water supplies on sanitary 
grounds is of very modern origin.

In the first century of our era, two works important for 
their records of early chemical knowledge were written. 
These are the treatise in five books on Materia Medica by 
Dioscorides Pedanus, a Greek physician, a work considered 
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by modern critics to have been completed about 75 to 80 
A- D., and the Historia Naturalis of the Elder Pliny com­
pleted about 77 A. D. Both these works were received as 
authorities and were extensively copied so that copies have 
come down to us that may be considered reasonably free 
from additions or interpolations of later dates. They 
both, in so far at least as facts pertaining to chemistry are 
concerned, depend upon previous authors, and there is a 
decided similarity in their descriptions, so much so that 
H. Kopp in his early history of chemistry considered that 
Pliny copied from Dioscorides. It may now be safely as­
sumed, however, that neither of the two writers was cog­
nizant of the other’s work, as their manuscripts were too 
nearly contemporary, and it has been shown by M. Well- 
mann41 that the principal source from which they drew for 
the subjects they treat in common was a work by Sextius 
Niger, an author mentioned by both writers, and several 
times specifically quoted by Pliny. He wrote in the early 
Part of the first century A. D., but his writings have not 
been preserved to our day.

41 Hermes, Vol. 24, p. 530 ff.
42 For authorities on the Chemistry of Dioscorides cf. Kopp, Geschichte der 

Chemie, 1843; Hoefer, Histoire de la Chimie, Paris, 1842.
E. von Lippmann, Zeitschrift fiir Angewandte Chemie, XVIII, p. 1209 ff. 
Text of Dioscorides used by the author is Pedanii Discoridies Anazarbei De 

Materia Medica, Edition of C. Sprengel, Leipzig, 1829. Greek text with 
Latin translation.

Dioscorides Pedanus was born at Anazarba in Cilicia 
in Asia Minor. He apparently served as military physician 
in the Roman campaigns in Asia Minor, and his work, 
Materia Medica, was held in high repute, its influence ex­
tending in Asia Minor even to comparatively recent times.42

As the materia medica of the ancients included almost 
everything conceivable in the vegetable, animal and mineral 
kingdoms, the writings of Dioscorides include consideration 
of many substances prepared by chemical arts, or serv­
ing as raw materials for chemical arts. His point of view 
is that of the medicinal uses of substances, and there is 
no reason to suppose that he personally had any experience 
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with chemical operations. On the contrary, the evidence 
appears that he is depending upon some previous writers 
and notably apparent is his dependence upon the above- 
mentioned Sextius Niger. The range of subjects and the 
scope of his treatment of chemical subjects is necessarily 
limited by the pharmacological character of his book.

Caius Plinius Secundus, the “Elder Pliny,” was born 
23 A. D., and died in 79 A. D. at Stabise in the eruption of 
Vesuvius which overwhelmed Herculaneum and Pompeii. 
In early manhood, he was a cavalry officer; in later life 
he held the office of Procurator in Nearer Spain under the 
Emperor Nero. His official duties evidently left him much 
leisure for study, for he was said to have been a constant 
reader, and was himself a prolific author. His nephew, the 
“Younger Pliny,” has listed the works of his uncle as 
follows:

The Use of the Javelin by Cavalry, a work in one book.
The Life of Q. Pomponius Secundus, in two books.
The Wars in Germany, in twenty books.
The Student, in three books.
On Difficulties in the Latin Language, in eight books.
Continuation of the History of Aufidius Bassus, in thirty- 

one books.
Natural History, in thirty-seven books.
Of all these writings, none has been preserved to our day 

except the last named, and that was completed about two 
years before his death, or about 77 A. D.

It might be inferred from the variety and extent of these 
writings that comprehensiveness rather than a high degree 
of scholarly accuracy would characterize the work of Pliny, 
and the evidence furnished by the Natural History bears 
out the justice of such an inference. An industrious stu­
dent of Greek and Latin manuscripts by earlier writers, 
with a real enthusiasm for all facts pertaining to the phe­
nomena of nature, he intended this latest product of his 
genius to be an encyclopedia of the facts, arts and sciences 
depending upon or related to natural phenomena. Thus 
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the geography of his time, the productions of the various 
countries, descriptions of known plants, animals, minerals, 
niateria medica, agriculture, mining, metallurgy, and the 
industries having to do with naturally occurring raw ma­
terials, were all germane to and more or less completely 
discussed in this work.

In the preparation of his work, he used apparently all 
accessible authorities, and he lists the names of over five 
hundred of them. Of these, a large proportion are not 
represented by works remaining to us.

Pliny supplements the data compiled from these authori­
ties by the results of his own knowledge and observation.

His work is not merely a record of facts, but is also full 
of the legends, myths, and superstitions of the time, often 
indeed recorded with protests against their absurdity, but 
often also soberly accepted. This feature, however, is of 
ttiuch human interest in giving an understanding of ancient 
Points of view on many subjects. Taken all in all, the 
Natural History of Pliny is an extremely valuable com­
pendium of the knowledge of his time, and in scope and 
comprehensiveness it far exceeds any other work which 
has come down to us in the domain it covers.

The work of Pliny includes many subjects related to the 
chemical knowledge and industries of his time. But Pliny 
evidently had very little knowledge himself on such sub­
jects and his accounts taken from other writers are fre­
quently lacking in accuracy. Whether this inaccuracy was 
due to imperfect interpretation of his authorities, or to 
the fact that the earlier writers were themselves but im­
perfectly informed upon the subjects treated, it is not pos­
sible to say, though the latter is in all probability at least 
u contributing cause. It follows that many of the descrip­
tions of technical operations as described leave much room 
for conjecture as to important details.

Gold is treated by Dioscorides not from the point of 
view of mining or metallurgy, but from certain properties 
Pertaining to its use in medicine. He mentions that it is 
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capable of extremely fine subdivisions, and that, in the 
form of thin flakes or leaf, it serves as an antidote for 
quicksilver poisoning. This would appear to suggest car­
rying the idea of the formation of an amalgam into medical 
practice, though that inference may not be in accordance 
with any established facts.

Copper (xaXKos) characterized by its red color, yields by 
ignition either by itself or after the addition of sulphur, 
salt, or alum, a burned copper, a substance of astringent 
properties used as an emetic. This burned copper is best 
for medicine when it is red and gives a red powder when 
ground. If it is black, it has been overburned. This seems 
clearly to be a discrimination between the red cuprous ox­
ide and the black cupric oxide. “Flowers of copper” ob­
tained by pouring water on heated copper in the form of 
red scales is doubtless also cuprous oxide. It is easily 
powdered. It is sometimes adulterated by the addition of 
copper filings, and this adulteration may be detected by 
adding vinegar which with the genuine article gives ios 
(verdigris). This ios is also obtained by hanging copper 
plates over vinegar. This method is given by Theophras­
tus, it may be recalled.

Copper, burned copper and flowers of copper with vine­
gar also yield ios. It may be assumed that as between 
verdigris (carbonate) and acetate of copper, no distinction 
was made; ios of the Greeks and chrysocolla of the Latin 
writers cover both. Also the method of obtaining ios by 
rubbing copper and vinegar in a copper mortar is given by 
Dioscorides as previously by Theophrastus. When Theo­
phrastus speaks of chrysocolla, he refers to malachite or to 
some other copper salts or mixtures of salts, vitriols, etc.

Chalcanthon (Latin chalcanthum) is evidently used by 
Dioscorides to designate the sulphate of copper (blue vit­
riol), and also to include mixtures of sulphates of copper 
and iron, or even the sulphate of iron itself (green vitriol). 
The best, he says, is blue and transparent, and obtained 
by evaporation to blue crystals, but also it is obtained as 



PRACTICAL CHEMISTRY 43

exudations from ore bodies in the mines. To detect adul­
teration of ios by chalcanthon, he says to heat it on an 
lron shovel. If chalcanthon is present, it becomes red in 
color. Such a test, however, could only indicate the pres­
ence of iron, for verdigris so heated turns black, to be 
sure, but so also does copper sulphate, while if green vit- 
ri°l (ferrous sulphate) is added in considerable propor­
tion as would take place in adulteration of the green verdi- 
gris by green vitriol, the resulting substance after ignition 
18 red or reddish brown. Dioscorides also says that while 
the best chalcanthon is blue, the boiled is not so good for 
Medicine, but better for black colors. What this may mean 
^ay be inferred from Pliny’s information that chalcan­
thum is atramentum sutorium, shoemakers’ black. It is 
Prepared in Spain from the water of wells or pits which 
contain it in solution. This water is boiled with an equal 
Quantity of pure water and then poured into large wooden 
reservoirs. Across these reservoirs there are a number 
of immovable beams, to which cords are fastened and sunk 
nito the water by means of stones; upon which cords a 
V1scous sediment attaches itself in drops of a vitreous ap­
pearance, somewhat resembling a bunch of grapes. Upon 
being removed, it is dried for thirty days. It is of an azure 
c°ior, and of a brilliant luster, and is often mistaken for 
glass. When dissolved, it forms the black dye that is 
Used for coloring leather.

The value of chalcanthum in coloring leather black, 
doubtless in conjunction with tannin, would depend upon 
the iron present, and as both Dioscorides and Pliny refer 
t° variations in color of different grades of chalcanthum, 
ff is evident that both green and blue vitriol and mixtures 
°f the two passed under that designation.

Pyrites is described by Dioscorides as a kind of stone 
from which copper is made. It resembles brass in color, 
and strikes sparks easily. There is no evidence that any 
discrimination was made by Dioscorides between iron and 
e°pper pyrites.
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By cyanos, Dioseorides, as Theophrastus and Pliny, 
means our lapis lazuli, and by armenion our azurite, both 
being blue-colored minerals. Pliny refers to these also. 
Cyanos, he refers to as a kind of iaspis (jasper) of a blue 
color, and armenium as a mineral of blue color, thinner 
in color and cheaper than coeruleum.

Iron is obtained from misy, a yellow, gold-appearing, 
hard stone (pyrites'?). Pliny vaguely describes under the 
same name a product formed by roasting a copper ore. 
According to Berthelot, the misy of Pliny is the product of 
a gentle oxidation of copper pyrites, a mixture of basic 
sulphates of iron and copper.43

« Berthelot, Introduction d I’Etude de la Chimic, pp. 14, 15.

Quicksilver (hydrargyros) is obtained in Spain, accord­
ing to Dioseorides, from minium (a^iov) falsely called cin­
nabar. From this falsely called cinnabar, it is obtained by 
heating in an iron dish placed in an earthen vessel which 
is provided with a domed cover that is luted on with clay. 
The quicksilver collects in drops on the domed cover. This 
crude method of distillation is of interest as being one of 
the earliest notices of distillation as a method of separat­
ing a substance. Quicksilver, he says, is a violent poison 
when taken internally, perforating the intestines by its 
weight. The fumes given off in its smelting are also 
poisonous.

In the smelting of lead, there is produced a lead slag, 
yellow, vitreous and dense, and a spodos. Spodos with early 
writers was a general term for any condensed dust or ash— 
like the substance resulting from the condensation of vola­
tilized products in the furnace. In this case, both the slag 
and the spodos were evidently more or less pure oxide of 
lead. Lead, heated to melting, with constant stirring, either 
by itself or after the addition of sulphur or of white lead, 
yields first a black powder (suboxide ?), and then molyb- 
daena (litharge). The molybdaena of Dioseorides and of 
Pliny usually means litharge, but sometimes also is used 
as synonymous with galena, the native sulphide.
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Dioscorides notes44 that litharge treated repeatedly with 
common salt and warm water gives a white product which 
18 separated and used as medicine. This, according to 
K°pp, is the earliest reference to the formation of lead 
chloride.

44 Dioscorides, V, 102.
40 Dioscorides, V, 85.

White lead, its preparation, uses, and the fact that heated 
K gives a red substance resembling sandarach, are de­
scribed by Dioscorides just as previously by Theophrastus.

_ Zinc, as previously stated, was not recognized by the an­
cients as a distinct substance. As its ores (calamine) were 
much used in the manufacture of brass, it is difficult to 
conceive that it was never obtained in the metallic state, 
owing to the readiness with which its ores are reduced. 
Dut if obtained, it is probable that it was not considered as 
other than a variety of lead or tin, not well adapted to the 
Uses made of these metals.

Cadmia is described by Dioscorides as produced in the 
manufacture of brass (or bronze) in the form of crusts or 
cakes of varying color, particularly when too much “cad­
mia” has been used in the furnaces, meaning here too much 
°f the native ore of zinc. Lighter forms of the same sub­
stance are pompholyx and spodos. Cadmia, pompholyx and 
spodos are used in medicine, when ground and washed.

. Pompholyx was prepared for medical purposes by a spe­
cial process of re-fusing the crude cadmia.45 A furnace 
^as placed on the first floor of a two-story structure, the 
furnace opening at the top into a settling chamber con­
stituting the second story. The cadmia in small pieces was 
fed in at the top of the furnace together with charcoal, 
and a blast maintained by bellows. The fine dust settled 
°n the walls and ceiling, white in color. A coarser dust, 
settling on the floor, was distinguished as spodos. The 
Process was then that the crude zinc oxide was reduced 
Dy the heated charcoal, reoxidized to oxide, settling in the 
chamber—a refining process. Pliny also, speaking of cad- 
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mia, evidently includes both the ores and the oxide under 
that title. He says, “For as the stone itself from which 
brass is made is called cadmia, so necessary for the fusion 
and useless in medicine, so also it is found in the furnaces. ’ ’

And again, discussing aes (here meaning bronze or 
brass), “It is also made from a stone containing aes (e lap- 
ide aeroso) which they call cadmia.” As any definite 
knowledge of the composition of ores was lacking in Pliny’s 
time, this statement may be interpreted as meaning that 
one of the raw materials from which brass was made was 
a stone called cadmia.

Tests for detecting adulteration of pompholyx, as given 
by Dioscorides, are to add vinegar which imparts to it a 
brassy odor, a color like pitch and a disagreeable taste, 
and to throw it upon glowing charcoal in which case it 
heats up giving an appearance like air. Doubtless the lat­
ter test depends upon the fact that if the zinc oxide is pure 
it is reduced by the charcoal, volatilizes and oxidizes again 
as a bluish white smoke. White substances usually used 
as substitutes or adulterants would behave differently.

Tin (kassiteros) is mentioned casually by Dioscorides, 
as used for covering vessels of copper, and as one of the 
substances which may be used for vessels to contain mer­
cury without being attacked, a curious error.

Arsenikon and sandarach mean to Dioscorides, as to 
Theophrastus, respectively orpiment and realgar. The 
former, “yellow scales or plates,” is used in medicine as a 
depilatory and a caustic. Heated alone, or with charcoal, 
it loses color and leaves a mass which cooled and pow­
dered is a deadly poison (arsenious oxide). Curdled milk 
is said to be an antidote. Sandarach, red like cinnabar 
(dragon’s blood, he means), behaves when heated like ar­
senikon, and in general has properties similar to that sub­
stance. He notes that it gives a sulphureous odor when 
roasted.

Stimmi (the native black sulphide of antimony) is used 
for staining the eyebrows. Heated with charcoal, it yields 
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“lead.” Pliny, who calls it stibi, states that it is prepared 
for medicinal use also by heating, covered with cow dung 
m a furnace, after which it is quenched with woman’s milk 
and pounded with rain water in a mortar. The turbid 
liquid is poured off from time to time into a copper ves­
sel and purified by soda (nitrum). The lees from it which 
are rejected are recognized by their being full of lead and 
falling to the bottom.40 It is evident that the metallic anti­
mony when thus reduced by roasting with charcoal or 
other organic matter was not distinguished from lead.

Quicklime (do^eoros —unslaked) obtained by burning 
naarble, or shells of marine shellfish, is described as being 
sharp, burning and caustic. Its activity is increased by 
long burning. It is slaked by standing overnight in water 
yielding a heavy white mass. Quicklime is capable of mix­
ing with oil.

Gypsum (plaster of Paris), Dioscorides says, is poison­
ous taken internally, though it is added to wine of helle- 
bore. He deprecates the use of gypsum in adding to wines, 
as such wines are injurious to the body and especially to 
the nerves. The custom of “plastering” wines by the use 
of calcium sulphate was evidently in use quite extensively. 
Pliny says it was added to correct acidity. The custom is 
still in vogue, particularly in the south of Europe, though 
controlled by law in many countries. Its value consists, 
not in correcting acidity, but in promoting clarification and 
improving the color and keeping qualities of the wine.47

'"’Pliny, Book XXXIII, Chap. 35.
47 Cf, Thorpe, Dictionary of Applied Chemistry, article on wines.

It is interesting with reference to the above statements 
of Dioscorides, to note in S. P. Sadtler’s Industrial Or­
ganic Chemistry, written 1800 years afterward, the state­
ment that the practice of plastering “undoubtedly has an 
injurious effect upon the consumers of wine.”

Common salt used as a condiment and as a preservative 
^vas known from time immemorial. In the time of Diosco­
rides and Pliny, it was described as derived from various 
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sources and in various commercial grades, depending on 
the sources of its occurrence and the locality whence im­
ported. Rock salt from mountains, mined in blocks or 
masses, sea salt, salt from evaporation of waters of saline 
springs and lakes are discussed in much detail by Pliny 
in particular, who catalogues also the many uses to which 
it is put. A flos salis, or flower of salt, seems to have been 
a very fine flour of salt, perhaps obtained from the dried 
foam of the sea beach. Pliny’s descriptions of various 
kinds of salt suggest possibilities of other than common 
salt, but do not characterize such in terms that render them 
intelligible to us. The “ammoniacal salt” of Dioscorides 
is not, as was sometimes supposed, our sal ammoniac, but 
was common salt from Egypt in the vicinity of the temple 
of Ammon. Pliny, discussing common salt and the places 
where it is found, says:

“King Ptolemaeus discovered salt also in the vicinity of 
Pelusium when he encamped there, a circumstance which 
induced other persons to seek and discover it in the scorched 
tracts that lie between Egypt and Arabia, beneath the 
sands. In the same manner, too, it has been found in the 
thirsting deserts of Africa as far as the oracle of Ham­
mon. ’ ’48

48 Pliny, Book XXXI, Chap. 39.
49 Kopp, Geschichte der Chemie, III, p. 237.
00 Kopp, Geschichte der Chemie, III, pp. 237, 238.

Apicius says that sal ammoniacum should be roasted be­
fore using in the kitchen. This would bar any interpreta­
tion as a salt of ammonium. Arrian (second century A. D.) 
mentions ammoniacal salt as essentially the same as com­
mon salt, but as used in sacrifices because it was considered 
purer.40 Later writers for many centuries used the term 
“ammoniacal salt” to indicate a preferred grade of com­
mon salt. The application of the term in a modern sense 
of ammonium chloride has not been traced in literature 
earlier than to the works of perhaps the tenth or eleventh 
century A. D., and was not in common use until as late as 
the thirteenth century.50 Pliny also states that the dis­
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tricts of Cyrenaica are distinguished by the production of 
hammoniacum, a salt so called because of its being found 
beneath the sands there. He describes it as of unpleasant 
flavor, but highly useful in medicine. It occurs in long 
pieces not transparent.51

51 Berthelot thinks that the description of the sal ammoniacum of Dios­
corides and Pliny might sometimes apply also to sodium carbonate. Introduc­
tion d I’Etude de la Chimie, p. 237.

Under the designation of styptaria in Greek and alumen 
in Latin, Dioscorides and Pliny include a number of more 
or less soluble substances occurring in nature, or artificially 
prepared, and which are of a more or less well characterized 
styptic or astringent character. There are several vari­
eties, liquid and solid, black and white. Every kind of 
alumen, says Pliny, is a liquid product exuding from the 
earth, the concretion of it commencing in winter and being 
completed by the summer sun. Liquid alumen, if genuine, 
should turn black when pomegranate juice is added. The 
solid alumen is pale and rough in appearance and turns 
black on application of nutgalls. Alumen is astringent and 
corrosive. White alumen is used in the dyeing of wool with 
bright colors. A kind of alumen called by the Greeks 
“schiston” splits into white filaments and is produced 
from the mineral chalcites from which bronze (aes) is 
produced.

From such information as this, it seems evident that any 
naturally occurring astringent salts were called alums, and 
that these may possibly have included our alum, though 
there is no certain evidence of the fact; but they certainly 
did include iron sulphate and mixed sulphates of iron and 
other metals, as the test for iron by nutgalls or pome­
granate juice is quoted as a test of genuine character. 
Whether the white alum used as a mordant in dyeing wool 
bright colors was our alum or a white vitriol (zinc sul­
phate), there is no evidence to determine. Delafosse thinks 
that Pliny’s alum was more commonly a double sulphate of 
iron and aluminum. Beckmann (History of Inventions') and 
Kopp do not believe that our alum was known to the an-
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cients. Berthelot thinks that white liquid alum was prob­
ably a sulphate of aluminum more or less pure.02

The nitron of the Greeks and the nitrum of the Latin 
writers, was carbonate of sodium, generally as obtained 
from evaporation of alkaline waters in arid regions, and 
with such natural impurities or admixtures as were inci­
dental to its occurrence. Early translators were often con­
fused by the word, interpreting it as our niter, potassium 
nitrate, but the evidence of ancient writers describing 
properties and uses is very conclusive that the terms apply 
to carbonate either of sodium or potassium. If niter it­
self was known to them, there is no certain evidence that 
they distinguished it from the common alkali salts known 
as nitrum.

Dioscorides states that nitron occurs as an exudation 
from the earth, and from certain waters, particularly from 
certain lakes in Egypt. It varies in color from whitish to 
reddish. It is of fatty consistency or feel, caustic, and of 

Triting taste. Its activity is increased by heating. When 
purified, it is white and dissolves in water. Pliny says it 
is not changed by the action of fire. This would not apply 
to the nitrate. Very similar to the natural nitron, says 
Dioscorides, are the ashes obtained by burning plants (po­
tassium carbonates mainly).

Pliny states that the lees of wine when dried will burn 
without the addition of other fuel, and that the ashes so 
produced have very much the nature of nitrum.03

The uses of nitrum, as given by Pliny, include its use in 
glassmaking; in making bread; internally for colic pains; 
and, when mixed with oil or by itself, for skin eruptions. 
All these uses unmistakably indicate sodium carbonate. He 
states also that it is destructive to vegetation, destroys the 
shoes of the laborers, intensifies the green color of vege-

52 Berthelot, op. cit., p. 237.
os The English translation (Bohn ed.) translates here “nitrum” by 

“niter” and comments upon this by stating that “they are tartrates and 
have no affinity at all with niter.” (XIV, 26) Vol. Ill, p. 268. The same 
misinterpretation occurs elsewhere in this translation, though the original 
word “nitrum” is very frequently used instead of any attempted translation.
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tables, and that it mixes with oil. Different commercial 
grades had special names, among which were foam of ni­
trum (spuma nitri) and flowers of salt (flos salis), though 
the properties of these appear to be the same in all es­
sential particulars as nitrum. Dioscorides states that for 
certain medicinal uses, it is taken up with vinegar (sodium 
acetate). Vinegar is the only acid reagent distinctly recog- 
nized by the ancients. Dioscorides states that it is formed 
°n standing, from wine—date wine, fig wine, and similar 
liquids “whose power is not sufficient to keep the sweet­
ness of the original juice.” He mentions its use in dis­
solving soda (nitron), plant ashes and iron rust for medic­
inal purposes, and its use for preparing white lead and 
Verdigris. This latter use has already been alluded to.

Pliny also mentions its preparation from wine and figs. 
Ke states that poured upon rocks in considerable quantities, 
it has the effect of splitting them. This statement perhaps 
has its basis in the disintegrating effect which vinegar 
■Would have on rocks which are carbonates, or which contain 
carbonates, though Pliny has an exaggerated notion of its 
ase in that way, a legendary idea shared by some other 
early writers.

He also says that poured upon earth, it foams, though 
bere also he gives no indication of any knowledge that a 
limestone chalk or other carbonate rock is necessarily a 
condition for such effervescence.54

54 Pliny, Book XXIII, Chap. 27.

Pliny and Dioscorides give extensive catalogues of the 
applications of vinegar to a great variety of medicinal uses, 
both internally and externally.

Dioscorides also notes that numerous plants or parts of 
plants, as the bark, leaves and roots of the oak, nutgalls, 
smnac, etc., contain a substance sour and astringent, 
which is used in medicine and for tanning leather, and for 
coloring and darkening the hair. The tannin, which is the 
essential constituent, was not, however, more definitely 
1(lentified. It will be recalled that in the form of juices or 
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extracts, it was used in tests in which the black color formed 
with iron salts was the determining factor.

Starch (Greek, amylon, Latin, amylum), is said by Dios- 
corides and Pliny to be made from wheat, the best coming 
from Egypt and Crete. It was prepared by soaking the 
grain in water about five times until thoroughly softened, 
the water finally drawn off and the wheat trodden out. 
The starch thus separated is washed, sieved and dried in 
the sun on new bricks. It must be dried quickly as when 
wet it soon sours.

Oils and fats are discussed by Dioscorides, though little 
of interest is added to the earlier statements of Theo­
phrastus. Fats of the bear, lion, panther, stag, elephant, 
camel, ass, fox and serpent, are mentioned on account of 
special virtues they are supposed to possess in healing. 
Dioscorides mentions, as Theophrastus had already done, 
that certain fats and resins are heated, not over free fire, 
but inclosed in tight vessels suspended over or set in a 
vessel of heated water—the principle of the water-bath. 
He notes the interesting fact that to prevent fats from be­
coming rancid, they were covered with honey.

Naphtha, occurring in Babylon, Dioscorides says, is 
white in color, though sometimes found black. Fire attacks 
it with great energy, so that it even seizes upon it from a 
distance.55

Bitumen (asphaltos), the best from Judaea, occurs in 
Phoenicia, Sidon, Babylon and Zacynthos. In Agrigentum 
in Sicily, it swims as a liquid on the surface of springs 
where it is used instead of oil for lamps and is falsely 
called oleum siculum (Sicilian oil), though it is a kind of 
liquid bitumen.56 It will be remembered that the lamps of the 
ancients were open lamps, not with closed oil reservoirs.

Herodotus writing in the fifth century before Christ, 
describing the method of the building of the walls of Baby­
lon, tells that for a cement for setting the bricks, they em-

55 Dioscorides, I, 101.
60 Dioscorides, I, 99.
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Ployed hot bitumen. The source of the bitumen was the 
Is, a small stream flowing into the Euphrates, eight days’ 
Journey from Babylon. Lumps of bitumen are found, he 
says, in great abundance in this river.

. The same author refers to a well near Ardericca in Cis- 
sia, whither Darius had transported his Eretrian prison- 
ers, from which they get produce of three kinds.

“For from this well they get bitumen, salt and oil, pro­
curing it in the way that I will now describe. They draw 

th a swipe, and instead of a bucket, make use of the half 
of a wine skin; with this the man dips and after drawing 
Pours the liquid into a reservoir wherefrom it passes into 
another and there takes three different forms. The salt 
and the bitumen forthwith collect and harden, while the oil 
is drawn off into casks. It is called by the Persians 
rhadinace,’ is black, and has an unpleasant smell.”

This is probably the earliest unmistakable reference in 
literature to a petroleum industry.

In connection with the recovery of certain oils from tar 
and resin, Dioscorides describes a crude process of distil­
lation. The vessel in which the heating takes place has 
flocks of loose wool in the throat or upper part above the 
boiling liquid, and the distilled oil condensing in this wool 
18 obtained by removing and squeezing out the oil. Pliny 
also describes this method for obtaining turpentine oil from 
the resin. These contemporaneous records of Dioscorides 
and Pliny, both very probably borrowed from Sextius 
bliger, are of interest as the earliest records of a crude 
Process of distillation as a method of isolating a chemical 
Product. The recovery of quicksilver from the domed 
cover of the vessel in which “minium” (our cinnabar) was 
heated, as given by Dioscorides, and already noted, is of 
similar significance.

Glue is mentioned by Dioscorides as made from oxhides 
and a better quality from the stomachs of certain fishes 
found in the Black Sea (fish glue).

Sakkaron is described as a kind of solidified honey from 
India and Arabia Felix, similar to salt in consistency, and 
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crushing like salt between the teeth. It is soluble in water. 
Pliny also, doubtless quoting from the same authority as 
does Dioscorides, says, “Arabia, too, produces saccharon, 
but that of India is the most esteemed. This substance is 
a kind of honey which collects in reeds, white like gum, and 
brittle to the teeth. The larger pieces are about the size 
of a filbert. It is only employed, however, as medicine.” 
Von Lippmann, the authority on sugar and the history of 
sugar, does not think that this is an allusion to cane sugar, 
as there is no evidence that sugar entered into use in Eu­
rope for centuries later. Its production in India is, how­
ever, of great antiquity, and it is not impossible that the 
substance described was, in fact, cane sugar, which was 
really known to writers anterior to Pliny and Dioscorides, 
even if its importation from India had been discontinued 
at an early period. The brief and almost identical de­
scription by Dioscorides and Pliny would seem to show 
that they had no further knowledge of it than they obtained 
from the common source of their information.

Poisonous substances described by Dioscorides include 
conium, strychnia, colchicum, aconitum, the poppy, helle­
bore, and the mandragora. From the last named, a wine 
is made which produces so heavy, long continued and un­
conscious a sleep that physicians perform difficult opera­
tions by its use. Pliny also says that it is given before 
incisions or punctures are made in the body, in order to 
ensure insensibility to pain.

Dyestuffs of organic origin, known to Dioscorides, were 
numerous, among them being alkanna, madder, kermes, 
woad and indigo.

Ink (melanos) was made from lampblack or soot from 
burning resins, mixed with gum or glue. Dioscorides men­
tions that chalcanthum is added. This addition is difficult 
to understand. Chalcanthum as we have seen was a term 
including copper sulphate, ferrous sulphate and mixtures 
of the two. If a solution of nutgalls or other solution of 
tannin were used, the addition would be comprehensible 
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as forming a black tannate of iron, but no such addition is 
mentioned.

Likewise we find that Pliny describes ink, which he calls 
atramentum, as a product made from lamp black and glue, 
but he also makes no mention, whatsoever concerning the 
addition of chalcanthum.

Fermented liquors, wines, meads and beer were known 
111 all countries from the most ancient times. Their use 
at the time of Dioscorides and Pliny was extensive and 
excessive. They naturally entered largely into medicine. 
It is worthy of note that Dioscorides ascribes injurious 
action to their continual use, and advises they be used only 
as occasional stimulants. The effect of new wine in ac­
celerating the pulse may be avoided, he says, by adding 
Water and boiling until this is again evaporated. That 
the reason for this lies in the elimination or reduction of 
the alcohol content was beyond the understanding of the 
time.

Beer, from grain, especially barley, he considers as es­
pecially deleterious, as it bloats, promotes obesity, attacks 
the kidneys through its diuretic properties, and irritates 
the nervous system and the brain.

Many contributions of Pliny to our knowledge of the 
chemistry of the ancients have been already mentioned in 
relation to subjects discussed by his predecessors or by his 
contemporary Dioscorides, but many subjects are treated 
by him which were not included in the works of these 
authors.

Of the chemistry of the metals, Pliny writes much more 
extensively and in much greater detail than do the other 
authors of his period or of earlier periods. In introducing 
Ihe subject, he says:

“We are now about to speak of metals (metalla), of 
real riches, the standards of value of things, objects for 
which we diligently search within the earth in many ways, 
lor in some places it is dug up for gold, silver, electrum, or 
copper, elsewhere for riches in gems and pigments, to 
decorate our fingers and oui1 houses; elsewhere we rashly 
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seek iron more esteemed than gold amidst wars and car­
nage.” 67

C7 Pliny, Book XXXIII, Proemium.
os Les Origines de l’Alehimie, p. 211 ff.

It is not apparent that the word “metal” with Pliny 
had any such definite meaning as we apply to it. Origi­
nally the word meant the mine itself, gradually extended to 
the products of the mine, and probably in a more restricted 
sense to the more valuable products of the mine, the pre­
cious and useful metals, without attempting to draw any 
clear distinction between these and other mineral products. 
According to Lepsius, quoted by M. Berthelot in his chap­
ter on “Metals with the Egyptians,” 58 the Egyptians dis­
tinguished in their inscriptions eight mineral products, 
particularly precious, arranged in the following order: 
gold, electrum, silver, lapis lazuli, emerald, copper (or 
bronze), iron, lead. Here also the classification is of prod­
ucts of the mines with no distinction, such as we recognize, 
of metals as such. It is probable that this also was the 
understanding of those of Pliny’s time. The various sub­
stances which Pliny writes of in the book beginning with 
the above quotation, include many substances from the 
mines which are not metals as well as the metals them­
selves, a fact which seems to confirm the indefiniteness of 
the designation “metal” at this time.

Gold, its occurrence, mining, properties and uses are 
treated at length by Pliny. Gold is obtained in the form 
of grains found in running streams, the Tagus in Spain, 
the Padus (Po) in Italy, the Hebrus in Thracia, the Pac- 
tolus in Asia, the Ganges in India, “and there is no gold 
in a more perfect state than the gold so found.”

A second method is by sinking shafts in the earth, or 
seeking it amongst the debris of mountains. It is often 
located by washing the surface outcrop of the veins. The 
covering of earth which gives indication of gold is re­
moved, a bed is constructed, and the earth washed, and 
according to the residue, the richness of the vein is con­
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jectured. Shafts being sunk, the gold is found running in 
vems. It is found adhering to the gritty crust of marble 
(quartz?) and interlaced with the particles of the rock. 
Wooden pillars are placed to prevent the earth from fall- 
lng into the shafts. The ore extracted is crushed and 
Washed, then heated by fire and powdered. The dust or 
scoria escaping from the furnace chimneys is again crushed 
and melted. The crucibles used for this are of a white 
earth similar in appearance to potter’s clay, there being 
no other substance capable of withstanding the strong cur- 
rents of air, the action of the fire and the intense heat of 
the melted metal.

The third method of obtaining gold, he says, “surpasses 
the labors of the giants. ’ ’ It consists in driving long gal­
leries into the mountains, the miners working by the light 
°f torches, many of them never seeing the light of day for 
many months together. Not infequently clefts are sud­
denly formed, the earth sinks in and the workmen are 
crushed beneath the weight of the mountain above. 
Arches are left at intervals to support the galleries. Bar­
riers of quart (silex) are sometimes met and penetrated 
by fire and vinegar.

. This latter statement of Pliny’s appears to be the repeti­
tion of a prevalent tradition, for Livy and Plutarch credit 
Hannibal with this method of splitting rocks during the 
Passage through the Alps.50 Building fires for the purpose 
°f cracking and loosening rock was doubtless in use, for 
Hiodorus Siculus mentions this fact also. It is also said 
by later writers that at a much later period the practice 
existed of heating the rocks with fires and then deluging 
them while hot with water. This practice may possibly 
be the basis of Pliny’s evidently incorrect statement. It 
^ay be recalled that Pliny, speaking of vinegar, says that 
ti has the power of splitting rocks, evidently referring to 
the process he here describes.

50 Cf. Pliny, Bohn’s ed., IV, p. 480, footnote,

Such rock barriers are also broken, he explains, by the •—■-- —____________________________________________, 
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use of heavy iron-shod beams, weighing often a hundred 
and fifty librae (equivalent to approximately one hundred 
and seven pounds avoirdupois), and certain tough layers 
are attacked with hammers and wedges. The broken frag­
ments are passed out from hand to hand to the mouth of 
the gallery. When operations are completed, beginning 
with the last they cut away the wooden pillars that sup­
port the roof. When symptoms of yielding are observed 
by sentinels stationed for the purpose, alarms are given, 
the workmen called from their labors, and the mountain 
is cleft asunder “hurling its debris to a distance with a 
crash, which it is impossible for the imagination to con­
ceive.”

Another great labor is that of bringing rivers from 
mountains of higher elevation by aqueducts and by cutting 
away the rocks, sometimes for a distance of a hundred 
miles, for washing this mass of mountain ruin. The water 
is received in reservoirs constructed with sluices, and re­
leased so as to wash the heavy debris to lower levels, where 
trenches or ditches are provided, in the bottom of which 
are layers of ulex, (a plant) “rough and prickly,” for 
arresting and holding the gold that may be carried along. 
These plants are afterward dried and burned to recover 
any gold left in them. The gold obtained from these wash­
ings, he says, is very pure and often in large lumps, some­
times weighing ten libra or more.

The water and suspended earth finally arrive at the 
sea—a cause, says Pliny, which has greatly tended to 
extend the coasts of Spain by these encroachments upon 
the sea.

For comparison with the account of gold mining in Spain, 
there is an interesting account of Egyptian gold mining 
by a Greek writer of a century or more earlier than Pliny, 
Diodorus Siculus. He bases his knowledge, he tells us, 
not merely upon accounts given by Agacarthades and Arte- 
midorus and some others “who have in their writings 
nearly followed the truth,” but upon his own observations,
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“having sojourned in Egypt, associated with many of the 
Priests and conferred with ambassadors and others from 
Ethiopia.” His account is moulded, he claims, upon the 
agreement of all these sources.00

The mines are situated in the confines of Egypt and in 
Ethiopia, and in neighboring regions of Arabia. The gold 
occurs in white veins in the earth, which is there black in 
color. These white (quartz?) veins are followed in the 
mining. Multitudes of slaves, criminals, or captured prison­
ers of war—men, women and children, are employed in 
the work. They are chained and fettered, and are cruelly 
driven by barbarian soldiers. No rest is given them, not 
even if feeble or sick, but by blows they are kept at work 
till they drop dead in the midst of their insufferable labors.

The workers in the galleries carry lamps on their fore­
heads as the galleries are not otherwise lighted. The large 
Masses of ore are broken out by picks and by loosening 
the rock by fires. Boys take the loosened lumps and carry 
them to the surface. Here men take them and break them 
mto small pieces with iron mortars and pestles. These 
small pieces are taken by old men and women and ground 
to powder in hand mills placed in long rows. The fineness 
°f grinding is determined by samples given the workers. 
The finely powdered ore is then taken by the masters of 
the work, placed upon slightly hollowed wooden boards or 
inclined planes, and skillfully washed with water to remove 
all earthy particles and leave the clean gold. This gold 
18 then mixed with lead, salt, a little tin and barley bran, 
placed in an earthen pot, the cover luted on, and the 
Pot heated in the furnace for five days and nights. When 
cooled, only refined gold remains, the other matter has 
disappeared and the gold diminished a little in weight.

From this description of the metallurgical operation, it 
^vould appear to be a process of cupellation, which would 
remove base metals, though not silver. The lead oxide

_____ ______ _____________________________________________ ____ _
00 Diodorus Siculus, The Historical Library, Translation of G. Booth, Lon- 

d°n, 1814, I, p. 157.
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must have been volatilized and some slags formed adhering 
to the crucible. The cover could not have been closely 
luted if the process is otherwise correctly described.

As to whether or no the ancients had a method of sepa­
rating the silver from the gold is not certain, though a more 
or less complete separation was perhaps made. Strabo 
states that such was accomplished in Spain by repeated 
heatings or fusions. Pliny says that gold is melted with 
twice its weight of salt and three times its weight of misy, 
and again melted with two parts of salt and one of a stone 
called schistos. This process, he says, leaves the gold 
pure and incorruptible. He does not mention this oper­
ation in connection with the separation for silver, however.

If we assume with Berthelot, that misy was partly oxi­
dized pyrites, containing basic sulphates of iron and cop­
per, and that schistos wras a rock related to hajmatite or an 
alum schist, the operation would have some action in 
converting silver to chloride and the process would re­
semble the now obsolete cementation process of separating 
silver and gold. This process consisted in heating the 
alloy in granulated form with a “cement” consisting of 
two parts brick dust and one part salt in a porous earthen 
pot for thirty-six hours at a temperature below melting. 
The silver is converted into silver chloride and afterwards 
removed by washing.01

The customary tests for the purity of gold with the 
ancients were color, weight (specific gravity), and the 
streak made by rubbing the metal upon the touchstone, a 
black silicious stone. Pliny states that by this method 
the experts could tell to a scruple how much gold, silver 
or copper was present—“their accuracy being so mar­
velous that they are never mistaken. ’ ’02

It is not improbable that the ancient metallurgists by 
their somewhat crude methods, succeeded in removing silver 
from its natural alloys with gold, at least to the extent

01 Cf. T. K. Rose, Metallurgy of Gold, 5th ed., 1906, p. 397.
02 Pliny, Book XXXIII, Chap. 43.



PRACTICAL CHEMISTRY 61

Pocessary to bring the gold to a degree of purity which 
satisfied the requirements of their tests of color, specific 
gravity and streak.

Gold ornaments, articles and coins of very early and 
established antiquity are not abundant, and chemical 
analyses of them are not numerously recorded. Such 
analyses as have been made show wide variations in the 
Purity of the gold, from a pure gold to gold with 
Very high silver content, and the proportions of the two 
Vary much between these limits, just as they do in the 
native gold from placers or mines, so that the analyses do 
not afford satisfactory evidence as to ancient standards of 
Purity nor as to the results of their methods of separation.

Concerning the properties of gold, Pliny emphasizes the 
facts that it is the only substance that suffers no loss by 
the action of fire, and that the oftener it passes through 
fire, the purer it becomes. He mentions its difficulty of 
fusion, and that it does not wear away by handling, other 
nietals soiling the hands by the substance which rubs off. 
He notes its malleability and its capability of extreme 
subdivision, so that an ounce may be beaten into seven 
hundred and fifty leaves of more than four fingers in length 
by the same in breadth. It can also be spun and woven 
like wool. “I have myself seen Agrippina, the wife of the 
Huiperor Claudius, on the occasion of a sham naval combat 
which he directed, seated by him attired in a military 
scarf made entirely of woven gold without any other ma­
terial.” 03 Gold also resists the corrosive action of salt and 
vinegar “things which obtain the mastery over all other 
substances.” Gold forms no rust. Gold found as dust 
Or m masses (nuggets) is in a state of perfection, but all 
other kinds of gold have to be purified by art.

That Pliny knew of the use of mercury for recovering 
gold from the ashes of textiles containing it, has been pre­
viously noted.

The use of gold leaf for gilding of metals or other mate- 
•—-—__ -_______________________________________ __________________ - 

63 Pliny, Book XXXIII, Chap. 19.
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rials is described by Pliny. Metals, particularly silver and 
bronze or copper, were gilded by applying a film of quick­
silver to the metal surface after cleaning with a mixture 
of salt, vinegar and “alum,” then laying on the gold leaf 
and heating to a high heat to expel the quicksilver. For 
gilding marble or other substances which “do not permit 
of being brought to a high heat, ’ ’ the white of egg was used 
to attach the gold leaf, and for gilding wood, a substance 
called “leucophoron.” This substance seems from his 
description to be a mixture of earths, practically a red or 
yellow clay.

Pliny does not explicitly state that the metals are heated 
after gilding to expel the mercury from the amalgam, but 
when he states that the white of egg is used on marble and 
other substances which cannot be heated to high heat, the 
inference seems clear that such was the process.84 Even 
in the case of copper, Pliny says the white of eggs was 
sometimes fraudulently used instead of mercury.88 Gilded 
bronzes of ancient origin still in existence bear testimony 
that the ancient artisans knew how to do very good work 
in the gilding of metals.

The mining and metallurgy of silver are treated of by 
Pliny in a manner rather suggestive than clearly descrip­
tive. He states that silver occurs in almost all provinces, 
but the richest mines are in Spain. It is never found except 
by sinking shafts, for it does not, like gold, give evidence of 
its presence by shining particles. The earth in which it 
occurs may be ash-colored or red. He mentions a mine in 
Spain where the mountain has been penetrated to the dis­
tance of fifteen hundred paces, and that laborers are kept 
busy in shifts baling water night and day. He says that 
exhalations from silver mines are dangerous, especially 
to dogs. Evidently carbon dioxide is the exhalation re­
ferred to, especially dangerous to dogs, because the heavy 
gas is more concentrated near the floors of the drifts.

o* Pliny, Book XXXIII, Chap. 20; Book XXXV, Chap. 17.
os Pliny, Book XXXIII, Chap. 32.
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Silver is not to be melted except with lead or galena, 
a name given to the vein of lead that is mostly found 

running near the veins of silver ore.” Submitted to the 
action of fire, part of the ore is precipitated as lead, 'while 
the silver is left floating on the surface like oil on water. 
Certainly not a very lucid description, but many such faulty 
descriptions illustrate Pliny’s vagueness of knowledge of 
technical operations. By scoria of silver, Pliny generally 
means the oxide of lead obtained in the smelting of silver 
ores with lead, for he says the scoria (several varieties are 
named), are used like molybdaena (litharge) for making 
plasters to promote cicatrization of wounds. Scum of silver 
Or foam of silver (spuma argenti) in several varieties of 
color or density was also evidently litharge. The scum of 
silver, he states, is obtained by melting the silver and al­
lowing it to flow into a lower receptacle where it is lifted 
hy iron spits or stirrers in the midst of the flame in order 
1° make it lighter. The process he attempts to describe, 
can hardly be other than an operation to get rid by oxida- 
tmn of any lead mixed with it, and the volatilization of the 
lead oxide formed.

Pliny describes a method used by the Egyptians for 
darkening the surface of silver vessels. The silver is 
mixed with two thirds of finest Cyprian aes, and a propor­
tion of sulphur equal to that of the silver. This mixture 
18 melted in an earthen vessel well luted with potter’s 
earth. This custom, he adds, has now passed to our 
triumphal statues, the value of the silver being enhanced 
hy deadening its brilliancy. Silver may also be blackened, 
he says, by the yolk of a hard-boiled egg, but this color is 
easily removed by the application of vinegar and chalk. 
That silver becomes stained by contact with mineral waters 

and the salty exhalations from them,” is doubtless an 
observation dependent upon the presence of hydrogen 
ealphide in some spring waters.

There are two kinds of silver, says Pliny—on placing a 
piece of it upon an iron shovel and heating it to a high 
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heat, if the metal remains white, it is of the best kind; if it 
turns red, it is inferior; if black, it is worthless. This test 
is evidently to distinguish silver from white alloys made 
with intent to deceive—the red and black colors are per­
haps the oxides of lead or of copper present in such alloys, 
though we must always remember that Pliny’s descriptions 
are not always reliable in details.

Fraud, however, Pliny tells us, has invented a method of 
stultifying this test by immersing the shovel in urine, “the 
piece of silver absorbs it as it burns and so displays a 
fictitious whiteness.” This addition of organic matter may 
be supposed by its reducing action to prevent the oxida­
tion for a time and so interfere with the test as to impose 
on the unexpert.

Electrum (Egyptian-asem) was by the ancients con­
sidered as a distinct metal—just as silver and gold were 
distinct metals. It is supposed that it was first known to 
the Egyptians in the form of an alloy, either native, or as 
the product of the working of a naturally occurring ore. It 
was sufficiently different in appearance and weight from 
either gold or silver to receive a distinctive name. In 
Pliny’s time, the word was also in use, though recognized 
as an alloy of gold and silver. In all gold, says Pliny, 
there is some silver, a tenth part in some, an eighth part 
in others. In one mine only, at Albucrara in Gelaecia, 
(Spain), the proportion of silver is only one thirty-sixth; 
hence this gold is more valuable than any other. “When­
ever the proportion of silver exceeds one fifth, it does not 
resist on the anvil” (becomes brittle?). An “artificial” 
electrum, he says, is also made by mixing gold and silver.

Concerning quicksilver, Pliny adds little to what has 
been already stated. It is of interest, however, to note 
that he considers the native quicksilver as different from 
that obtained by heating “minium” (cinnabar). He calls 
the latter “hydrargyros,” a substitute for the native 
argentum vivum. There are two methods of obtaining this 
substance, either by pounding “minium” with vinegar, with



PRACTICAL CHEMISTRY 65

mortar and pestle of bronze or copper (aes), or by put­
ting “minium” into flat earthen pans, covered with a lid, 
and then enclosed in an iron pot well luted with potter’s 
clay, and the latter heated by fire maintained with bellows. 
The vapor (condensed) is then removed, that is found ad­
hering to the cover. This vapor is like silver in color and 
like water in fluidity.

Pliny notes the poisonous character of quicksilver, and 
that it even pierces vessels “by the agency of its malignant 
properties.” All substances except gold float upon the 
surface of quicksilver.

Iron, its sources, varieties and uses are discussed quite 
at length by Pliny without contributing anything very 
specific as to its metallurgy or properties. He refers to 
the hardening of the metal by plunging it while hot into 
Water, and states that the differences in value of various 
kinds of iron are due to some extent to the ores, but the 
main differences come from the quality of the water into 
which the heated metal is plunged. Smaller articles are 
often quenched in oil, as they become too brittle if water 
is used. Iron rust is spoken of and its uses in medicine 
described. Also the product of the action of vinegar upon 
iron rust [acetate] is said to be a remedy for erysipelas. 
S'or protecting iron structures from rusting, a coating 
of a mixture of white lead (cerussa), gypsum and tar was 
used.

Pliny, like all other ancient Latin writers, uses but one 
term “aes” to designate copper, bronzes, and brass. Nor
18 it to be concluded from anything he says that he realizes 
any fundamental difference between these substances. 
Greek writers used the term chalchos (x“A.ko\) in the same 
sense. That there are many different kinds of aes, he 
knows, distinguished by varying colors, malleability and 
especially by the locality where manufactured. The Corin­
thian aes was highly valued and apparently rare, as Pliny 
Says there was a mania for collecting it. It existed in three 
v&rieties, white like silver, yellow like gold, and a third in 
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which there is an equal mixture of aes. He states that 
formerly gold and silver were melted together with aes. 
Delian aes, much used for statues, and Aeginetan aes were 
also much valued. Cyprian aes, from the various refer­
ences to it and its uses, was probably copper, pure or nearly 
pure. From chemical analyses of ancient bronzes, we have 
seen that the oldest are either alloys of copper and tin or 
pure copper; that later, lead often enters into their com­
position, and that in Pliny’s time, zinc alloys (brasses) 
were in use, but except in a few special instances, Pliny 
gives no information that would permit the inference that 
he, or the authorities from whom he draws, has any knowl­
edge of what constituted the differences between the alloys 
comprehended under the designation of chalchos or of aes, 
or that the difference in properties was caused by par­
ticular constituents.

M. Berthelot well expresses the fundamental ignorance 
of the ancient writers in matters of this kind.

“Let us insist upon this point, that neither the Greeks 
nor the ancient Romans have ever employed two distinct 
and specific names for copper and bronze, and that we 
should not look for two words among the ancient Orientals. 
The word “aes” was applied to copper and to its alloys 
with tin, lead and zinc. In order properly to understand 
the ancient texts, it is necessary to eliminate from our minds 
precise definitions acquired by the chemistry of our time; 
for elementary bodies have not, at first sight, any specific 
character which distinguishes them from compound bodies. 
Nobody in antiquity considered the red copper as an ele­
ment which it was necessary to isolate before combining it 
with others. The ancients, I repeat, never conceived of 
alloys as we do by referring them to the association of two 
or three elementary metals, such as our copper, our tin, 
our lead, elementary metals which we melt together to ob­
tain bronzes or brasses. But they operated chiefly upon 
the ores of these metals more or less pure, ores called 
cadmias or chalcites; they mixed these before the operation 
of manufacture and casting of the metal proper. Some­
times, though rarely, they mixed with these, alloys and 
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metals obtained from the first casting (jet). Every metal 
and alloy, red or yellow, which was alterable by fire was 
called xa^K^ or aes; every white metal and alloy fusible 
and alterable by fire was called originally lead. Later two 
varieties were recognized, black lead, which comprised our 
lead and more rarely antimony, and white lead, which com­
prised our tin and certain alloys of lead and of silver.”00

When Pliny attempts to describe the ores of aes, he does 
not understand that these substances contain the metal 
which is to be made. He understands only raw materials 
used in their making. Thus cadmia is mentioned. We know 
that this cadmia was a zinc ore, but Pliny mentions it as 
a source of aes, in the same way that he mentions the real 
copper ore or “chalcites.” They were for him and his 
times merely raw materials whose treatment in the furnace 
resulted in the making of the product, a variety of aes.

Cyprian aes is itself of two kinds according to Pliny— 
coronarium and regulare, both of them ductile. The former 
can be made, he says, into thin leaves and is therefore prob­
ably copper itself. In other mines, they prepare the regu­
lare and also the caldarium which breaks when hammered, 
but all kinds if sufficiently melted and heated will become 
malleable.

Pliny mentions the making of certain bronzes for special 
purposes by adding to the bronze and melting with it, cer­
tain proportions of silver-lead, or of lead and silver-lead.07 
This silver-lead he elsewhere08 says is made of equal parts 
of black lead and white lead, that is, lead and tin.

The compounds of copper, known to Pliny, are prac­
tically the same as already discussed, and his information 
has been there referred to.

The plumbum candidum, (white lead), of Pliny is tin. He 
states that it is more valuable than the ordinary or “black” 
lead, that there is a “fabulous story of its having been 
brought in boats of osiers covered with hides from islands

00 Berthelot, op. cit., pp. 230, 231.
07 Pliny, Book XXXIV, Chap. 20.
08 Pliny, Book XXXIV, Chap. 48. 
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in the Atlantic.” The story was not entirely fabulous, for 
such were the coracles of the ancient Britons, and the 
Scilly Islands and Cornwall were ancient sources of tin, 
as they still are. Tin was also alleged to be obtained from 
Lusitania and Gallaecia in Spain, occurring as heavy peb­
bles in old river beds and collected by washing in connec­
tion with the gold occurring there. When melted in the 
furnace, they are converted into tin (plumbum candidum). 
It was in the Gallic provinces, says Pliny, that the method 
was discovered of coating articles of copper (aes) with tin 
so that they were scarcely distinguishable from silver. Tin 
was tested by pouring it when melted upon paper (charta), 
which then gives the appearance of being broken not by the 
heat, but by the weight. This test it would appear must 
have depended upon the low melting point of tin as com­
pared with other white metals or alloys; thus when prop­
erly applied not burning or scorching the paper though 
breaking it. The paper was then made from the papyrus; 
hence the modern name.

The term “stannum,” as used by Pliny, does not mean 
tin, but alloys of tin and lead, or silver and lead, alloys 
which were used instead of tin, probably in covering copper- 
utensils, or for other purposes, as solder.

Lead, plumbum nigrum, its occurrence in connection with 
silver, its uses in making certain bronzes, for making lead 
water pipes, and in sheet form, are described by Pliny. 
Its oxide (Pb 0) is described under the names of molyb- 
daena, lithargyros, and galena, as the product of roasting 
lead in the air, and as produced in the furnaces where silver 
and gold are smelted. White lead (cerussa) and our red 
lead were also known and described by Pliny, much as by 
authorities already quoted.

Gypsum (plaster of paris), quicklime, cements, are dis­
cussed by Pliny, but little of interest added to information 
given by Theophrastus and Vitruvius.

Pigments are discussed in much detail by Pliny. Red 
pigments were minium (our cinnabar); cinnabaris, mean­
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ing dragon’s blood, though he notes that the same term 
is sometimes applied to minium; sandarach (realgar), but 
including red lead (our minium) as a spurious kind of 
sandarach; rubrica, and sinopis, both evidently red oxides 
of iron or earths containing these; ochra obtained by burn­
ing rubrica ;60 usta, obtained by heating sil which is a yellow 
ocher reddened by heating as in burning bricks. Sandyx 
is a red color obtained by heating a mixture of equal pro­
portions of rubrica and sandarach, a cheaper substitute for 
sandarach (realgar).

Yellow pigments were auripigmentum, our orpiment, the 
arsenikon of the Greeks; sil or Attic sil, a clay colored 
yellow by ferric hydroxide.

White pigments were paraetonium (from Egypt), the 
most unctuous of the white colors. “It is sea-foam, 
they say, solidified with slime and hence it is that minute 
shells are often found in it:” “melinum—the best from 
the isle of Melos,” a white earth occurring in veins; 
cimolian earth, also used for scouring cloth and prob­
ably a white clay; eretria, white or sometimes ash-colored, 
an earth used as a pigment; cerussa or white lead. 
From Pliny’s descriptions, it is difficult to guess whether 
any one of the white earths is a chalk or a clay, or possibly 
a magnesite or a meerschaum.

Green pigments were chrysocolla, malachite, or other 
basic carbonates of copper; and appianum, a green earth 
or chalk said to be a cheap and inferior color.

Blue materials used as pigments or dyes, were the lapis 
lazuli (ultramarine), azurite (armenium). Both of these 
sometimes were called caeruleum. Indicum was indigo im­
ported from India. “Purpurissium” was the name given 
to a pigment made from chalk colored with a purple dye, 
but whether from murex, indigo or woad does not seem 
definitely stated.

Of sulphur, Pliny states, there are four kinds, but he
nn Theophrastus says the opposite and Pliny may be, and probably is, in 

error.
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makes no very intelligible characterization of their differ­
ences. “Live” sulphur (sulphur vivum), occurring in 
masses or blocks is the only kind used in medicine. The 
others are used respectively by fullers, for the fumigation 
of wool, and the preparation of lamp wicks (the latter 
evidently used for kindling as we use it in matches). 
Sulphur was also used in religious ceremonies, and for 
fumigating houses, and for fumigating (bleaching) cloth. 
The virtues of sulphur are to be perceived in certain hot 
mineral springs, and there is no substance that ignites more 
readily, “a proof that there is in it a great affinity for 
fire. ’ ’

Bitumen, or asphalt, and naphtha are described much 
as Dioscorides describes them. “Maltha” is a product of 
similar character, will take fire and burn even upon water, 
and can be extinguished only by earth. The uses of bitu­
men were for medicines; for coating the inside of vessels 
of copper or brass for the purpose of protecting them from 
the action of fire; for staining bronze statues; as a cement 
instead of mortar for buildings, as in the walls of Baby­
lon ; for varnishing iron and the heads of nails to prevent 
their rusting.

It will be recalled that a crude form of distillation was 
described by Dioscorides and by Pliny where flocks of wool 
were used to condense the more volatile constituents of 
pitch or bitumen.

Pliny gives a description of a process a little more sys­
tematic for the recovery of tar from the “torch tree.” The 
wood is chopped into small billets, placed in a furnace which 
is heated by fires lighted on every side. The first liquid 
that exudes flows like water into a reservoir made for its 
reception. In Syria, this substance is known as cedrium, 
and it possesses such remarkable power that in Egypt the 
bodies of the dead after being steeped in it are preserved 
from corruption. The liquid that follows is of thicker con­
sistency and constitutes pitch properly so called. This is 
apparently a somewhat elaborated method of melting out 
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the pitch from wood, similar to the process previously 
given by Theophrastus, but less crude and wasteful.

The industry of dyeing, a very important industry in 
ancient times, is rather slighted by Pliny. The reason for 
this is to be found in his own statement: “I should not 
have omitted to enlarge upon the art of dyeing, had I found 
that it had ever been looked upon as forming one of the 
liberal arts.” There is room for doubt whether there ex­
isted any works sufficiently informing on this subject that 
Pliny might have used, for processes of this nature were in 
general rather carefully guarded secrets of the artizans 
who practiced them.

Nevertheless, there are some allusions in Pliny that per­
tain to the raw materials used. Thus are mentioned kermes, 
a species of coccus giving a red dye; anchusa, which is the 
alkanna or orcanet of more modern practice, used for im­
parting rich colors to wool; madder, of which alizarine is 
the color-giving constituent; besides indigo and murex 
purple to which allusion has already been made. Of the 
madder, he says large profits were made from it, and that 
it was used for dyeing wool and leather. Walnuts and 
seaweeds are also mentioned as dyestuffs. There is a 
reference in Pliny to the use of mordants as practiced by 
the Egyptians, which is interesting as showing that their 
methods were developed to a greater degree than might 
otherwise be supposed:

“In Egypt they dye clothing in a remarkable way. The 
white material is treated not with the colors, but with 
medicaments which absorb the colors. This done, the ma­
terials appear unchanged, but when immersed in a cauldron 
of boiling dye and immediately removed, they are colored. 
It is remarkable that though the dye in the cauldron is of 
one color only, the materials when taken out are of various 
colors according to the quality of the medicaments applied.” 
And the colors so applied, Pliny says, will not wash out 
and the goods so treated are rendered more durable by the 
operation. The description, though lacking in specific de­
tail, yet bears evidence to a considerable understanding 
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by the dyers of the time of the influences of different mor­
dants in modifying the colors fixed.

The manufacture of glass, as has been already stated, is 
of very ancient origin, thousands of years before the time 
of Pliny; and the period of its discovery as an art is too 
early to be determined with certainty. Pliny, however, 
repeats an ancient fable of its discovery by accident through 
merchants who moored their boats loaded with soda (ni­
trum) on the sands of a tidal river in Phoenicia in Syria. 
When preparing their meal on the sandy shore, they lacked 
stones to support their pots, and took instead lumps of 
soda from their cargo. When the fire became hot, they 
beheld transparent streams of an unknown substance flow­
ing from the fire “and this, it is said, was the origin of 
glass.” The story preserved in Pliny’s record has been an 
often repeated tale in more modern literature. In the days 
of the Roman Empire, glass was extensively manufactured 
for ornaments, statues, imitation gems, and for drinking 
vessels.

Pliny says that glass is made not merely from sand and 
soda, but that later, magnes lapis began to be added, “from 
the idea that it attracts liquid glass as well as iron.” Pliny 
here confuses the various minerals which passed under the 
name of magnes. It will be recalled that in speaking of 
the magnetis lithos of Theophrastus, facts were stated 
which might easily explain this confusion in the writing of 
an author who had no personal knowledge or understanding 
of the art. While magnes more often meant the lodestone 
or magnetic oxide of iron, it also included pyrolusite or 
black oxide of manganese, and a white magnes, which 
might have been a marble, a dolomite or lime sulphate. We 
know that manganese and lime are found in ancient glass 
articles, and whether the magnes here referred to was 
pyrolusite, or a limestone cannot be decided. Pliny also 
says that many other substances are used, shells and fossil 
sand and brilliant stones of various kinds.

It is melted, he says, by wood fuel, Cyprian aes being 
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added. The fusion takes place in contiguous furnaces, as 
with copper, and a dark mass of viscid appearance is the 
result. This mass is again subjected to fusion for the pur­
pose of coloring it, after which it is blown into various 
forms, turned in the lathe or engraved like silver. Here 
again Pliny’s account is confused. Copper was added for 
coloring blue, though Pliny has it added in the original 
fusion before coloring.

For imitating gems and semiprecious stones, Pliny says 
that glass was extensively used, and that it was with great 
difficulty that the imitations could be distinguished from the 
genuine. Obsidian, topaz, beryl, carbuncle, sapphire, 
jasper, opal, onyx, and emerald were thus imitated.

“Nay more than this, there are books, the authors of 
which I refrain from mentioning, which give instructions 
how to stain crystal (quartz) in such a way as to imitate 
emeralds and other transparent stones . . . and there 
are no frauds which bring greater profits.

“Still [says Pliny], the highest value is placed upon 
glass that is entirely colorless and transparent, as nearly 
as possible resembling crystal. For drinking vessels, glass 
has quite superseded the use of silver and gold, but it is un­
able to stand heat unless a cold liquid is first poured in. 
And yet, we find that globular glass vessels filled with 
Water, when brought into the sun’s rays become heated to 
such an extent as to cause articles of clothing to take 
fire.’’70

70 “In tan turn cxeandescunt ut vestes exurant,’’ Book XXXVI, Chap. 67.

Pliny also states that some authors say that in India 
glass is made from broken crystal (quartz) and that in 
consequence there is none that can compare with it. It is 
■well known that in China the glass industry was of very 
early development though the chronology of early arts of 
China is difficult to determine with exactness.

The manufacture of glass mosaics for decoration of 
buildings, still an important Italian art, Pliny describes as 
a recent invention, and as evidently not known when 
Agrippa constructed his baths, or he certainly would have 
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used them. Pavements of mosaic tiles were certainly of 
earlier invention and Pliny thinks they date from the time 
of Sylla.

Tests for distinguishing natural gems from their imita­
tions in glass, as described by Pliny, depended upon ob­
serving them in sunlight, upon relative weights (specific 
gravities), the feeling of coolness in the mouth (conduc­
tivity), and differences in hardness, though the last named 
test was often not permitted by dealers, naturally enough.

Oils, wines and perfumes or unguents are treated at 
great length by Pliny, but few items of information ger­
mane to our subject are here contained which are not found 
in Theophrastus and Dioscorides. One observation of Pliny 
in connection with wines deserves attention. He says :71 
“There is now no known wine that ranks higher than the 
Falernian; it is the only one, too, among all the wines that 
takes fire on the application of a flame.” This statement 
is very interesting if true, for no wine obtained by direct 
fermentation can contain a sufficiently high alcohol content 
to so take fire. If the alcohol content were sufficient for 
this, it must have been produced by some distillation 
process, by adding an alcohol produced by distillation, or 
in some other way increasing the alcohol content above that 
resulting from fermentation. Yet the history of distil­
lation contains no evidence of any such process, and the 
method of “fortifying” wines by the addition of alcohol 
so far as we know dates from a much later period. Either 
then the makers of Falernian wine possessed a knowledge 
of this process which remained a secret with them, or the 
fact recorded by Pliny must be otherwise explained. It is 
conceivable that the addition of plaster of Paris might be 
carried so far as to increase the alcohol content to 
a high degree by removing water. Whether this could 
have taken place and the Falernian enjoyed its high 
reputation is a question not to be answered offhand. We 
know that the Falernian wine was a strong wine, for both 

7i Pliny, Book XIV, Chap. 8,
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Pliny72 and Dioscorides73 in describing the medicinal 
properties of wines call attention to the unusally active 
influence of this wine in quickening the pulse. Pliny 
says indeed that no other wine so stimulates the 
venous system. It is conceivable also that as Falernian 
wine was a strong wine, that the phenomenon of 
taking fire may have been observed when the wine was 
heated and thus the vapor of alcohol was sufficiently con­
centrated to take fire when the flame was approached. That 
Pliny should make this statement unless some basis existed 
does not seem reasonable, but as to the correct interpreta­
tion of it, the field of conjecture lies open, for there is else­
where apparently no record of facts related to the subject 
in ancient writings which help us to interpret Pliny’s state­
ment. In connection with this subject, it is interesting to 
note the previously cited method given by Dioscorides for 
reducing the stimulating effect of new wine by adding water 
and boiling it off again.

72 Pliny, Book XXIII, Chap. 20.
73 Dioscorides, V, Chap. 10.

Water is a subject treated by Pliny very extensively 
from many points of view. Its physics, geophysics, the 
different kinds and sources of water, mineral springs of 
all kinds in a great number of localities are described, and 
there is much dealing with the marvelous, and current 
superstitions with respect to particular waters are ac­
counted in great numbers. Some of his observations are 
pertinent to the scope of our inquiry. He states that some 
Waters are impregnated with sulphur, some with “alum,” 
some with salt, or soda or bitumen. Some deposit a thick 
crust on vessels when boiled. Such are not to be preferred 
for drinking water. Some waters have the property of 
petrifying twigs and branches of trees which are exposed 
to them. Bricks placed in certain waters “change to stone.” 
In caverns in Mt. Corycus, the drops of water that trickle 
down from the stone harden to stone, and at Mieza the water 
Petrifies as it hangs from the vaulted roof of the rocks. In 
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other caverns, the water petrifies both as it hangs and after 
it falls, making columns.

The deposit made by the separation of dissolved car­
bonate of calcium from hard waters is thus interpreted by 
Pliny as an actual change of the water to the stone, a point 
of view entirely consistent with the theories of matter ex­
istent at the time. Thus Diodorus Siculus74 says of crystal 
(quartz), “It is said that it is produced of the purest water 
congealed and hardened not by cold but by the power of the 
sun, so that it continues forever, and receives many shapes 
and colors, according as the spirits are exhaled.”

As to the wholesomeness of water for drinking, he states 
that physicians consider running water more wholesome 
than stagnant or sluggish waters, that that water is best 
which has neither smell nor taste, that it is generally admit­
ted that all water is more wholesome when it has been boiled, 
that well water is generally more wholesome than that from 
other sources, but only in the case of wells in which it is 
kept in agitation by repeated drawing and by percolating 
through the earth. Rain water, and water from melting 
snow or hail, were considered by not a few medical men 
as injurious for drink. Snow water and hail water, they 
explained, were injurious because all the refilled parts had 
been expelled by agitation, which sounds like many other 
attempts to explain observed facts by hypotheses that do 
not explain.

Rain water, says Pliny, putrefies with great rapidity and 
keeps but badly on a voyage.

“It was the Emperor Nero’s invention to boil water 
and then inclose it in glass vessels and cool it in snow; a 
method which insures all the enjoyment of a cold beverage 
without any of the inconveniences resulting from the use 
of snow. ’ ’75

The danger in digging deep wells from “sulphureous” 
and “aluminous” effluvia which kill the well diggers, the 
test for danger by lowering a lighted lamp, and the digging

^Book II, Chap. IV. (Booth’s Translation, I, p. 143).
to Pliny, Book XXXI, Chap. 23.
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of wells to right and left for ventilation in case noxious 
vapors are present are described much as by Vitruvius, 
previously cited.

That the ancients had some definite idea of the sterili­
zation of water by heat is indicated by Diodorus. He is 
discussing the possible source of the Nile and opposing 
the theory that it comes from the antipodes through the cen­
ter of the earth, a theory advanced by certain natural philos­
ophers puzzled by the fact that high water came during 
the rainless period in Egypt, and by the fact that the water 
Was sweet, which suggested the influence of the hot regions. 
The waters of the Nile teemed with fish and were believed 
to breed mice and other animals: Diodorus says:

“As to causes alleged for the sweetness of the water, 
they are absurd, for if the water be boiled by the parching 
beat and thereupon become sweet, it would have no produc­
tive quality either for fish or other kinds of creatures and 
beasts, for all water whose nature is changed by fire is 
altogether incapable of breeding any living thing.”

For the perfected philosophy of sterilization of water, 
the world was to wait for the results of the researches of 
Louis Pasteur.

The foregoing discussion is believed fairly well to illus­
trate the scope and character of the knowledge of practical 
chemistry possessed by the ancients, in so far as extant 
literature gives evidence.

It is obvious, however, that the practical chemists of 
the time, metallurgists, jewelers, glass makers, dyers, etc., 
Must have possessed more specific and detailed knowledge 
than the authors whose works have come down to our 
times, but no contemporary records from their pens are 
preserved. From a somewhat later period, about the third 
century of our era, two very interesting original manu­
scripts have been preserved, which are of this character. 
These are trade manuals, so to speak, of chemists. These 
Manuscripts are of much importance in the history of 
chemistry and deserve special consideration.



CHAPTER II

THE EARLIEST CHEMICAL MANUSCRIPTS

Though Egypt is generally recognized as the mother 
country of the chemical and alchemical arts, her monuments 
and literature have left little of early records to explain 
them to us. It is through Greek and Roman sources mainly 
that some of these ideas have been transmitted to us, but the 
character of these sources is not often such as to enable 
us to discriminate between the matter derived from Egyp­
tian science and the confused interpretation or additions 
of the early Greek alchemists. At about 290 A.D. the 
Emperor Diocletian passed a decree compelling the destruc­
tion of all works upon alchemical arts and on gold and 
silver throughout the empire, so that it should not be 
possible for the makers of gold and silver to amass riches 
which might enable them to organize revolts against the 
empire. This decree resulted in the disappearance of a 
mass of literature which doubtless would have furnished us 
with much of interest in the early history of chemical arts 
and ideas.

By a fortunate chance, however, there have been saved 
to our times two important Egyptian works on chemical 
processes, the earliest original sources on such subjects. 
They were discovered at Thebes, and both formed part 
of a collection of Egyptian papyrus manuscripts written in 
Greek and collected in the early years of the nineteenth 
century by Johann d’Anastasy, vice consul of Sweden at 
Alexandria. The main part of this collection was sold 
in 1828 by the collector to the Netherlands government and 
was deposited in the University of Leyden. In 1885, C. 
Leemans completed the publication of a critical edition of 

78
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the texts with Latin translation of a number of these manu­
scripts, and among these was one of the two works above- 
mentioned. It is known as the Papyrus X of Leyden.

The eminent French chemist and student of the history 
of early chemistry, Marcelin Berthelot, subjected this work 
to critical analysis and published a translation into French 
with extensive notes and commentaries.1

On the basis of philological and paleological evidence, its 
date is established as written about the end of the third 
century A. D. It is, however, manifestly a copy of a work 
previously written, as slight errors evidently due to a 
copyist are found. That the original is later than the first 
century A. D. is certain, as there are included in it ex­
tracts from the Materia Medica of Dioscorides. The work 
is a collection of chemical recipes and directions for mak­
ing metallic alloys, imitations of gold, silver or electrum, 
dyeing and other related arts.

In 1913 at Upsala, Otto Lagercrantz published the Greek 
text with critical commentary and with translation into 
German of a similar Egyptian papyrus, the “Papyrus 
Graecus Holmiensis.” This work like the Leyden manu­
script is a collection of recipes for alloys, metal working, 
dyeing, imitations of precious stones and similar arts. In­
vestigation developed that this manuscript also came from 
the Swedish vice consul at Alexandria, d’Anastasy, pre­
sented by him to the Swedish Academy of Antiquities of 
Stockholm, as in its records appeared a letter of thanks 
of date 1832. Here it slumbered apparently unnoticed un­
til 1906 when it was transferred to the Victoria Museum at 
Upsala. Examination and comparison with the Leyden 
Papyrus made it evident that the new papyrus was not only 
contemporaneous, but in all probability was in part at least 
Written by the same hand.

Both papyri were in remarkably well preserved condi­
tion. Both give internal evidence of having been copied 
— __ _______________ ________ —___________________ _

1 See Les Origines de l’AlcMmie, 1885; Collection des Anciens Alchimistes 
^ecs, 1887—1888; Introduction a I’Etude de la Chimie, 1889. 
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from other originals. Berthelot has suggested that the 
Papyrus X had been preserved in the mummy case of an 
Egyptian chemist, and Lagercrantz concurs in the opinion, 
and is convinced that the two works were the property of 
the same person, and that these copies were probably made 
as copies de luxe for the purpose of being entombed with 
their former owner in accordance with a common custom 
of placing in the tomb articles formerly owned or used by 
the deceased.

The two manuscripts taken together form an interesting 
collection of laboratory recipes of the kinds which Diocle­
tian ordered destroyed and which apparently were very 
generally destroyed. The date ascribed to them is about 
the time of the decree of Diocletian, and it may be pre­
sumed that, in the mummy case, they escaped the execu­
tion of that decree.

The laboratory manuals from which these copies were 
made were written not for public information but for the 
guidance of the workers. The recipes themselves are often 
very detailed directions, but often also were mere hints or 
suggestions, sometimes elliptical to such an extent as to 
give no clear idea of the process as carried out.

The Leyden papyrus comprises about seventy-five rec­
ipes pertaining to the making of alloys, for soldering 
metals, for coloring the surfaces of metals, for testing the 
quality of or purity of metals, or for imitating the precious 
metals. There are fifteen recipes for writing in gold or 
silver or in imitation of gold and silver writing. There 
are eleven recipes for dyeing stuffs in purple or other 
colors. The last eleven paragraphs are extracts from the 
Materia Medica of Dioseorides, relating to the minerals or 
materials used in the processes involved.

Berthelot notes that the artisan who used these notes 
while a practical worker in metals, especially the metals 
used by the jewelers, seemed to be a stranger to the arts 
of enamels and of artificial gems. It is, therefore, of great 
interest to discover that the Stockholm papyrus supple-
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merits the Leyden recipes in this direction. The Stockholm 
manuscript contains in all about a hundred and fifty reci­
pes. Of these, only nine deal with metals and alloys, 
while over sixty relate to dyeing and about seventy to the 
production of artificial gems. Some ten others deal with 
the whitening of off-color pearls or the making of artificial 
Pearls.

There is considerable that is practically only a duplica­
tion of recipes contained in each of the manuscripts, and 
very similar recipes occur in both. The recipes in both are 
empirical with no evidences of any occult theories, nor any 
of that obscurity of language which is so characteristic of 
the later alchemists.

The parts dealing with the metals are largely concerned 
with producing passable imitations of gold, silver or elec­
trum from cheaper materials, or with giving an external 
°r superficial color of gold or silver to cheaper metal. 
There seems to be no self-deception in those matters. 
On the contrary, there are often claims that the product 
Will answer the usual tests for genuine products, or that 
they will deceive even the artisans. The vocabulary of ma­
terials used is practically that of Dioscorides, with few 
changes in the meaning of such terms as are used by him, 
nithough at times the Latin equivalents of Vitruvius and 
Tliny have been employed.

There is little to be found in these manuscripts which 
suggests that there has been any advance in the practical 
arts as known in the times of Dioscorides and Pliny and 
Which had been less specifically described by them, but the 
Papyri, in the more definite and detailed directions they 
^ve, throw a very interesting light upon.the somewhat 
limited fields of industrial chemistry, of which they treat.

Examples will best serve to illustrate the character of 
Ihe recipes and of the knowledge of practical chemistry 
^ich underlies them. The following are from the Papyrus 
cf Leyden, as found in the previously mentioned transla- 
i°n of Berthelot.
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5. Manufacture of asem (electrum).2

2 The numbers prefixed to the recipes arc the serial numbers of the rec­
ipes in the manuscript in Berthelot’s Collection des Anciens Alchimistes 
Grccs. See also Berthelot, ArcMologie, Greek text and translation, p. 268 ff.

a The weights and measures used in these recipes are those which were cur­
rent both in Egypt and Greece at the period, and though the values of the 
particular units, varied very considerably at different times and in different 
places, the following values given by Berendes in his translation of Dioscorides 
are probably not far from those attaching to the units used in these recipes.

Kotyle..........................................about 274 cubic centimeters
Chu................................................ “ 3282 cubic centimeters
Obole............................................. “ -568 gram
Drachma........................................ “ 3-411 grams
Stater............................................ “ 6.822 grams
Alexandrian Mina....................... “ 546 grams

Tin, 12 drachmas;3 quicksilver, 4 drachmas; earth of Chios, 2 
drachmas. To the melted tin add the powdered earth, then add 
the mercury, stir with an iron, and put it into use.

This, then, is a tin amalgam intended to give the appear­
ance of asem or silver. The earth of Chios as described by 
Pliny appears to have been a white clay. Pliny says it was 
used by women as a cosmetic.
6. The doubling (diplosis) of asem.

This is the way the doubling of asem is accomplished. Take 
refined copper (chalchos) 40 drachmas, asem 8 drachmas, button 
tin 40 drachmas. The copper is first melted and after two heat­
ings the tin and finally the asem is added. When all is softened, 
remelt several times and cool by means of the preceding compo­
sition. (No. 5?) Clean with coupholith (talc or selenite according 
to Berthelot). The tripling (triplosis) is effected by the same 
process, the weights being proportioned in conformity with what 
has been directed above.

This recipe would yield a pale yellow bronze containing 
mercury if, as seems probable, the preparation No. 5 is 
added.)
4 . Purification of tin.

Liquid pitch and bitumen, one part of each. Throw it on and 
melt and stir.

Of dry pitch 20 drachmas, bitumen 12 drachmas.

This is manifestly a process of obtaining an unoxidized 
clean tin for further use.
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8 - Manufacture of asem.
Take soft tin in small pieces, four times purified. Take of it 

four parts and three parts of pure white copper (or bronze, “chal- 
chos”), and one part of asem. Melt and after casting, clean several 
times and make what you will with it. This will be asem of the 
first quality which will deceive even the artisans.

Copper was whitened by the ancients sometimes by al­
loying with arsenic. A recipe in this papyrus gives direc­
tions for this whitening of copper. No. 23.
16 & 17. Augmentation of gold.

To augment gold, take Thracian cadmia, make the mixture with 
the cadmia in crusts; or cadmia of Gaul,4 misy and sinopian red, 
equal parts to that of gold. When the gold has been put into the 
furnace and has become of good color, throw in these two in­
gredients and removing [the gold] let it cool and the gold will be 
doubled.

4 Thus Berthelot. Von Lippmann translates yaXariKos as ‘ ‘ Galatian, ’ ’ 
from Asia Minor. Cf. Von Lippmann, Entstehung und Ausbreitung der 
Alchemic, p. 4.

Cadmia, it will be remembered, is the impure zinc oxide, 
containing sometimes lead and copper oxides, from the 
furnaces in which brass was smelted. Misy was the partly 
oxidized iron or copper pyrites, essentially basic sulphates 
of iron and copper. Synopian red was haematite. This 
mixture, assuming the reducing action of the fuel in the 
furnace, or of any other reducing agent not specified in the 
recipe would yield an alloy of gold and zinc, with some 
copper and perhaps some lead.
U- To make asem.

Carefully purify lead with pitch and bitumen, or tin as well; 
taix cadmia and litharge in equal parts with the lead. Stir till 
the mixture becomes solid. It can be used like natural asem.

Reduction in the furnace must here also be assumed. The 
soft white alloy so obtained must have been a cheap and 
poor substitute for electrum or silver.
61. Preparation of chrysocolla (solder for gold).

The solder for gold is prepared thus: Copper of Cyprus 4 parts, 
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asem 2 parts, gold 1 part. The copper is melted first, then the 
asem and finally the gold.

It will be recalled that the term “chrysocolla” was ap­
plied also to malachite, verdigris and copper acetate, all 
of these being used for soldering gold.
32. To determine the purity of tin.

Having melted it, place paper (papyrus) underneath it and 
pour it out. If the paper is scorched the tin contains lead.

36. To make asem black as obsidian.
Asem, 2 parts, lead, 4 parts. Place in an earthen vessel, throw 

on it a triple weight of native sulphur, and having put into the 
furnace, melt. After withdrawing from the furnace, beat and 
make what you will. If you wish to make figured objects of beaten 
or cast metal, polish and cut it. It does not rust.

This process yields a metallic mass blackened with sul­
phides of lead and silver, similar to the black silver bronze 
as described by Pliny.5

b Pliny, supra, p. 68.

38. To give objects of copper the appearance of gold, so that 
neither the feel, nor rubbing on the touchstone can detect it, to 
serve especially for a ring of fine appearance.

Here is the process. Gold and lead are reduced to a fine powder 
like flour, 2 parts lead to 1 of gold. When mixed, they are mixed 
with gum and the ring covered with this mixture and heated. The 
operation is repeated several times till the article has taken the 
color. It is difficult to detect because rubbing gives the mark 
(or “scratch”) of a genuine article, and the heat consumes the 
lead but not the gold.

This is an interesting process of gold plating by using 
lead instead of mercury, the lead being oxidized and volatil­
ized in the heating.
43. Test for purity of gold.

Remelt and heat it. If pure, it keeps its color after heating, and 
remains like a coin. If it becomes whiter, it contains silver, if it 
becomes rough and hard, it contains copper and tin, if it softens 
and blackens it contains lead.
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56. To gild silver in a durable way.
Take quicksilver and gold leaf, making to the consistency of 

wax. Clean the vase with alum, and taking a little of the waxy 
material, spread it on the vase with the polisher and let it stand 
to fix. Do this five times. Take the vase with a linen cloth so 
that it be not soiled, and removing it from the coals, prepare ashes, 
smooth with the polisher and use it as a gold vase. It will stand 
the test for real gold.

The recipes for writing with letters of gold vary much 
according to the material upon which they were to be ap­
plied, as also with respect to their relative durability.

The following one was doubtless for decoration of ar­
ticles which could be subjected to action of heat to expel 
mercury.
34. To write in letters of gold.

Take quicksilver, pour it into a suitable vase and add gold leaf. 
When the gold appears dissolved in the quicksilver, shake well, 
add a little gum, one grain for example, and letting it stand, 
write in letters of gold.

Other methods of manipulation for the preparation of 
gold amalgam appear in the manuscript, as for instance 
grinding the quicksilver and gold leaf in a mortar. One 
recipe directs drying and grinding the gold leaf to powder 
with gum, thus avoiding the use of quicksilver, but furnish­
ing a writing which was evidently not so durable, and 
which could not be heated. Cheaper imitations of gold 
Writing were also used as illustrated in the following.
58. Orpiment of gold color, 20 drachmas; powdered glass, 4 stat­
ers ; or white of egg, 2 staters; white gum, 20 staters; safran
After writing, let it dry and polish with a tooth. (An animal s 
tooth used by jewelers for polishing.)

In other recipes, the yellow or gold color is obtained by 
sulphur mixed with gum; the “bile of the tortoise,” or of 
the calf, “very bitter,” serves also for the color. These 
may be secret trade names for some substances of different 
character.

The processes of dyeing are treated much more fully in 
the Swedish papyrus than in the Leyden, and can better 
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be discussed in connection with that work. It will suffice 
here to give one example, and in connection with it, one 
very similar in the Swedish papyrus, as illustrating the 
close connection between the two collections of recipes.
From Papyrus X:
94. Preparation of purple.

Break in small pieces Phrygian Stone; bring to a boil and hav­
ing immersed the wool leave it till it becomes cool, then throwing 
into the vessel one mina of algae,0 boil and throw in the wool and 
letting cool, wash it in sea-water to the purple coloration. The 
Phrygian stone is roasted before breaking.

Berthelot considers the Phrygian stone probably to have 
been an alunite, or basic sulphate of aluminum and potas­
sium. Pliny describes it as a porous stone resembling 
pumice which is saturated with wine and then calcined 
at red heat and quenched in sweet wine—the operation 
being three times repeated. Its only use is in dyeing 
cloths. If it were an alunite, this process, consisting es­
sentially of roasting and lixiviating, would yield a solution 
of sulphate of aluminum valuable as a mordant.

The algae above-mentioned are manifestly the source of 
the dyestuff and as suggested by Berthelot were probably 
lichens such as were formerly much used and which yield 
the dyestuff called archil or orseille.

The recipe in the Swedish manuscript is as follows :T
Purple—Roast and boil Phrygian Stone. Let the wool stay in 

till cold. Then take it out; put into another vessel orseille8 and 
amaranth, one mina of each, boil and let the wool cool in it.

It is pretty evident that the two recipes are practically 
the same, the one helps us to understand the other.

The Papyrus Holmiensis, contains but few recipes relat­
ing to the working of metals, and these are very similar

« This apparent duplication is in the text.
r Lagercrantz, Papyrus Holmiensis, p. 206.
s The Greek word Qvkos—sea-weed or algae—is interpreted by Lagercrantz 

and, as above noted, by Berthelot, as “orseille.” 
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in form and content to some of those of the Papyrus X.9 One 
peculiarity of the Swedish work, however, is worthy of 
note, namely, that recipes which are there given for imi­
tation of silver (argyros), are essentially the same as those 
given for asem (electrum) in the Leyden Papyrus. This 
would seem to indicate that at the time of these papyri, 
from the point of view of these artisans, the two terms 
were more or less interchangeable, or that they used both 
terms loosely to indicate the white or nearly white alloys. 
It is of interest in this connection to note that in modern 
Greek the word “argyros” and “asemi” both mean silver.

9 The work of Lagercrantz has been made the subject of a summary with 
critical commentary by Von Lippmann, the distinguished scholar of early 
chemical history, and corrections or emendations made by him have been con­
sidered where pertinent to this treatment of that work. Von Lippmann’s 
papers are contained in the Chemilcer Zeitung for 1913, Vol. 37. Cf. Lipp­
mann, Entstehung und Aushreitung der Alchemic, pp. 1-27.

The methods for whitening pearls are sometimes very 
simple. If they have a brownish tint as if smoked, it is 
directed to make a solution of honey in water, to add fig 
roots pounded fine, and to boil down the mixture. Spread 
it on the pearls and let it harden, then remove it and wipe 
off with a linen cloth. If the pearls are not yet white, re­
peat the process. Another method is to mordant or 
roughen the pearls by letting them stand in the “urine of 
a young boy,” then covering them with “alum,” and let 
what remains of the mordant dry. They are then put into 
an earthen vessel with “quicksilver” and “fresh bitch’s 
milk.” Everything was then heated together, the process 
being regulated. It was cautioned to apply the fuel ex­
ternally and to maintain a gentle fire.

This recipe is rendered obscure by the use of the term 
“quicksilver” in an unusual sense. As suggested by Lipp­
mann, it cannot be mercury, but was probably some finely 
divided substance of pearly or silvery character, calculated 
to give the pearly luster.

It is of course pure conjecture that it might have been 
the silvery particles from the scales of certain fishes, used 
in much more recent times in the making of artificial pearls, 
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and sometimes called “Oriental pearl essence,” and which 
in suspension in water resembles quicksilver or silver in 
appearance. It might also have been mineral particles, 
mica or “glimmer.”

The use of trade names for the purpose of concealing 
the character of the substance used where secrecy seemed 
desirable was not unknown at that period.

In one of the Egyptian papyri at Leyden, contempo­
raneous with those we are considering (Papyrus V), there 
is a passage which says :10

10 Berthelot, Collection des Ancicns Alchimistes Grecs, Vol. I, p. 10.

“Interpretation drawn from the sacred names, which the 
sacred writers employ for the purpose of putting at fault 
the curiosity of the vulgar. The plants and other things 
which they make use of for the images of the gods have 
been designated by them in such a way that for lack of 
understanding they perform a vain labor in following a 
false path. But we have drawn the interpretation of much 
of the description and hidden meanings.”

The secret names in this manuscript which are placed 
with the real names are thirty-seven in number. They are 
such names as the later alchemists used extensively: “blood 
of the serpent,” “blood of Hephaistos,” “blood of Vesta,” 
“seed of the lion,” “seed of Hercules,” “bone of the phy­
sician,” etc.

It is very probable that the term “quicksilver” in the 
preceding recipe’ takes its name from a similarity in ap­
pearance rather than from the deliberate attempt to mys­
tify, for these recipes are for the artisan himself, not for 
the public, but it is also possible that some special con­
stituents of these recipes were intentionally so named as 
to avoid advertising unnecessarily the more valuable se­
crets of their business.

The “blood of the dragon” for the red resin of the ptero- 
carpusdraco is doubtless a surviving remnant of the fan­
ciful names used for mystification. The Swedish papyrus 
has a few other names of the same character, though in 
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general its vocabulary is plain and direct. Thus the Greek 
word for garlic <rKopo8ov is used to designate human feces, 
sometimes used in mordanting wool. The manuscript it­
self gives this translation.11

11 Lagercrantz, p. 185.
12 Von Lippmann, Chemiker Zeitung, 1913, p. 902.

The term “blood of the dove” used in the papyrus, Von 
Lippmann has identified from other sources as meaning red 
lead or sometimes cinnabar.12

A curious method given for whitening a pearl is that of 
causing it to be swallowed by a cock, afterwards killing 
the cock and recovering the pearl, “when it will be found 
to be white.”

The Swedish papyrus gives us what is apparently the 
earliest account of methods of making artificial pearls. One 
recipe is as follows:

Mordant or roughen crystal in the urine of a young boy and 
powdered alum, then dip it in “quicksilver” and woman’s milk.

The word “crystal” often meant with the ancients quartz 
crystal, but it is very evident that with the authors of these 
notes the term was used in a more comprehensive sense to 
include other transparent or translucent stones. This use 
is very evident in the many recipes for imitation of precious 
stones, where the processes involve a degree of porosity or 
absorbent power towards colored solutions not possessed 
either by quartz crystal or by glass, while certain agates, 
micas, alabasters or other stones possess this property. 
In case of the above recipe, it is doubtful whether any such 
mordanting would in a reasonable time roughen the sur­
face of real quartz crystal adequately. The ‘ ‘ quicksilver ’ ’ 
here mentioned is evidently the same substance of pearly 
luster previously referred to.

A more elaborate process for making artificial pearls is 
the following, suggesting the modern “Roman pearls.”

“Take a stone easily pulverized, as glimmer, and pulver­
ize it. Take gum tragacanth and soften it for ten days in 
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cow’s milk. When it is softened, dissolve it till it becomes 
thick like glue. Melt Tyrrhenian wax. Take also the white 
of an egg and “quicksilver.” There must be two parts of 
“quicksilver” and three parts of stone, but of all other 
materials one part each. Mix (the stone and wax), and 
knead the mixture with the “quicksilver.” Soften the 
paste in the solution of gum and the contents of the egg. 
Mix in this way the whole liquid with the paste. Then 
make the pearls which you wish according to pattern. The 
paste will soon be like stone. Make deep round impres­
sions and bore them while moist. Let the pearls solidify 
and polish them well. Treated as they should be, they will 
excel the natural. ’ ’

It may be remembered that Pliny speaks of the uses of 
glass for imitating precious stones, and that he also re­
marks that “there are books, the authors of which I re­
frain from mentioning, which give instructions how to stain 
crystal in such a way as to imitate emeralds and other 
transparent stones . . . and there are no frauds which 
bring greater profits. ’ ’

It is just this art of staining “crystal” which is repre­
sented very fully in the Swedish papyrus. There is no 
reference to colored glass gems as manufactured by the 
glass workers. This manuscript gives us the detailed ex­
planations which make Pliny’s statement more intelligible.

The processes start with some stone presumably cut to 
form before coloring. The stone whether mica or so-called 
“crystal,” or other stone, is either submitted after clean­
ing and mordanting to a color bath, whereby color is ab­
sorbed into the texture of the stone, or in some cases sub­
mitted only to a superficial stain or varnish. It is evident 
that some of these stains must have been more or less 
evanescent, depending upon vegetable dyes, while others 
may have been relatively permanent. It is not to be taken 
for granted that all the stones used were transparent or 
colorless before treatment, as many of the precious or 
semiprecious stones valued by the ancients were not trans­
parent.
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The substances used for cleaning and roughening the sur­
face of the stone so as to facilitate the absorption or ad­
herence of the color are various. “Alum,” which doubt­
less comprised as with Dioscorides and Pliny salts of iron 
as well as of aluminum, is frequently used, although white 
alum is here often specifically mentioned. Urine is fre­
quently used, its efficiency being doubtless due to the car­
bonate of ammonium formed on standing. Limewater, 
sodium carbonate, vinegar, and a solution of sulphur and 
lime (polysulphides of calcium) are other constituents of 
the mordanting solutions.

The stones thus prepared are then heated for a consider­
able time in color baths until the requisite coloring effect 
is obtained, when they are very carefully cooled to avoid 
cracking. The staining materials are of both mineral and 
vegetable origin—copper salts, especially acetate, for green 
as emerald; alkanna (orcanet) for red as garnet; indigo, 
used with resin, for “beryls.” Pliny says the best beryls 
are of sea-green color, others are paler, amethystine or 
yellow. He says that, in India, they have a method of imi­
tating precious stones, particularly beryls, by coloring crys­
tal.13 Armenian blue (azurite) dissolved in vinegar (yield­
ing copper acetate), dragon’s blood, cheledonium, orseille, 
the bile of the tortoise, or of the calf, or of the ox, are 
among the colors used, and there are others whose identity 
it is not easy to establish.

For the preparation of the verdigris, to be used for green 
stones, the directions are on the same line as described by 
Theophrastus, and later writers, but more specific.

A well-made sheet of Cyprian copper is cleansed with 
pumice and water, dried and lightly rubbed with a little 
°il. It is then hung in a cask over sharp vinegar in such 
manner that the vinegar does not touch it. The cask is 
carefully closed to avoid evaporation. If put in in the 
morning, the verdigris is carefully brushed off in the eve­
ning. When put in in the evening, it is brushed off the

18 Pliny, Book XXXVIT, Chap. 21. 



92 THE STORY OF EARLY CHEMISTRY

following morning. The sheet is then returned to the 
cask, and the process continued till the copper is consumed. 
But each time that it is removed, a little oil is rubbed on 
the copper. The vinegar used in the process is rendered 
useless.

A clearer understanding of the art will be conveyed by 
a few typical recipes of this character.
To make a garnet.

Dissolve alkanna in oil. Add the “blood of the dove,” fine 
Sinopian earth (essentially ferric hydroxide), and enough vine­
gar to keep the dye bath sufficiently fluid. Place mica (glimmer) 
in it, close the vessel and place it for ten days “under the dew.” 
(?) If you wish it very clear wrap horsehair around it, tie it and 
hang it in the color bath.

It does not seem probable that in this recipe the “blood 
of the dove ’ ’ is red lead or cinnabar as interpreted in other 
connections by Von Lippmann, for neither of these sub­
stances would be held in solution by vinegar. It is more 
probable that it is some vegetable red dye stuff. The value 
of the ferric acetate produced by the action of vinegar upon 
the Sinopian earth was perhaps that of fixing or render­
ing more permanent the color absorbed. Alkanna is the 
red dye from the roots of anchusa tinctoria.

To make an emerald, it is directed to take a stone called 
tabasis. This is interpreted by Lagercrantz as topaz, but 
as Von Lippmann suggests, it is more correctly translat­
able as the stone called tabaschir, an iridescent concretion 
of practically pure silica deposited in the joints of an In­
dian bamboo, and which from ancient times was endowed 
in popular belief with mystical medicinal properties. Its 
loose structure would permit of its absorbing colored stains, 
a property not belonging to the topaz. Whatever may 
have been the stone actually used, the process was as 
follows: The stone is soaked in liquid “alum” for three 
days. It is then placed in a solution of verdigris and vine­
gar (copper acetate), and gently heated for six hours. 
“Take it out and let it cool slowly, otherwise it will break.” 
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Immerse the stone in oil for seven days. “The resulting 
stone will equal the natural.”

Another recipe for emerald says to take iridescent In­
dian crystal and form stones from it. This very probably 
refers to the same stone as the one above-mentioned, and 
tends to confirm the interpretation of von Lippman. In 
this recipe the stone when shaped (cut) is immersed for 
three days in a paste made from alum schist, human feces 
and vinegar.

Then add vinegar to make the paste fluid, pour it out into a 
“foreign” pot (imported, and probably strong). Hang the stones 
in this in a basket so that they do not touch the bottom of the pot 
and boil gently over the coals. The pot must be covered and sealed 
with tallow. Blow with the bellows so that the fire may not be 
extinguished. Heat for two hours. Take then Macedonian chryso­
colla and verdigris in equal parts, and the bile of a calf one-half 
part, and rub them together very fine. Pour on oil from unripe 
olives as measured by the eye. Then take wax and cover the 
stones and leave them in oil alone or with addition of Ricinus oil, 
put in a pot. Again hang the stones in a basket and heat for six 
hours. Again hang the stones on a horsehair and let them stay 
in the mixture overnight. Then take them out and you will find 
that they have become emeralds.

Though somewhat confused as to details, this recipe 
again depends evidently upon copper acetate for the green 
color, but uses olive oil as the medium for penetrating the 
pores or laminations of the stone.
Production of a beryl.

Mix black indikon (indigo—or India ink?) with resin and heat 
the crystal. If you let it cool in the mixture, it will become ex­
cellent beryl.
Preparation of chrysolith.

Heat ‘ ‘ crystal, ’ ’ dip it into liquid pitch and cedar oil, and it will 
become chrysolith.

The chrysolith according to Pliny is a yellow or gold- 
colored stone. The above recipe merely covers the clear 
crystal with a yellow varnish.
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The following is an interesting laboratory note:
Substitute for rieinus oil.

All crystal becomes dark by boiling in rieinus oil. Do not use, 
therefore, that material where it says “with rieinus oil,” for the 
material is to be replaced; Use olive oil instead of rieinus oil.

The opening up of the texture of the stone so as to facil­
itate the absorption of color evidently was a matter of im­
portance. Besides the slight corrosion by processes as 
above-mentioned, gentle and careful heating was evidently 
deemed useful. The following recipe is for that purpose:
Loosening up of stones.

Make sure that the stones are receptive and that the dense 
stones are loosened up. Insert (the stone) into a soft fig, lay it 
on the coals and the stone will be immediately changed.

The notes on dyeing form an important part of the Stock­
holm papyrus, and furnish more specific information as to 
methods and materials employed than any other source of 
information as to the dyeing processes in use in Egypt in 
ancient times.

The recipes are almost exclusively devoted to the dyeing 
of wool. The colors range from purples and reds to rose, 
yellow, green and blue, though the greater number of reci­
pes have to do with purple. That term with the ancients, 
included deep red and even red brown as well as purples 
proper.

It is interesting to note that the purple from the murex, 
which is discussed at length, though not very clearly, by 
Pliny, is not used by these dyers. On the other hand, cer­
tain of their purples are characterized as successful imi­
tations of the “Tyrian” or the “foreign” (imported) pur­
ple.

The processes described cover methods of cleansing the 
wool and freeing it from fats, various mordanting opera­
tions, and the dyeing proper. The dyeing was sometimes 
in two stages, a preliminary color being first given, and then 
modified by a second color bath.
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For the cleaning of the wool, the customary reagents ap­
pear to have been ashes (alkaline carbonates), the water 
from potter’s clay, probably a fine suspension of clay par­
ticles, these two substances being usually used together, or 
there was used a “soap-plant” (struthion), crushed and 
warmed with water. It is directed to put the wool into 
such an infusion, stir it around a little, take it out and dry. 
(Pliny describes a plant which he calls radicula “but called 
by the Greeks struthion.” It furnishes a juice, he remarks, 
that is much used in washing wool, and that it is quite 
wonderful how greatly it contributes to the whiteness and 
softness of the wool.) Nitron (sodium carbonate), and 
clear lime-water, described as obtained by adding water to 
unslaked lime and after allowing it to stand until clear, 
pouring off the clear liquor, are other cleansing agents 
used.

The materials used as mordants are many. Alum, lime­
water, milk of lime, ironrust and vinegar, alum and vine­
gar, nutgalls, solution of the roasted Phrygian stone, misy, 
copper and iron vitriols, blood-stone (hematite) and vine­
gar, the juice of unripe grapes, and the juice of pomegran­
ates are among the common mordanting substances. The 
dyestuffs are numerous. For so-called purples were used 
alkanna (from anchusa tinctoria), safflower (carthanus 
tinctorius), komari (comarum palustre), orseille, woad, 
madder, kermes (a coccus from quercus coccifera of 
Southern Europe), hyacinth (?), mulberry juice, pome­
granate blossoms, the root of the henbane (hyoscyamus), 
“krimnos, ” much used but not at present identified, and 
other materials. By the use of these singly or in combina­
tion and with different mordants, a wide range of colors 
was obtainable. By the use of some of these same dyes by 
different treatment, rose, scarlet and blue colors were ob­
tained. A yellow color was produced by crushing together 
safflower blossoms and oxeye (buphthalmum), soaking in 
Water, immersing the wool and drying.

A deep yellow was to be obtained by using gold-colored 
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litharge and quicklime in specified proportions, covering 
with water, stirring well and adding the wool with constant 
stirring. It may be presumed that this was a rather un­
satisfactory process, and indeed the directions are followed 
in the manuscript by the remark that “the color changes 
after a time. If you add alkanna, the color is better.” In 
another note elsewhere, we find a statement very pertinent 
to the above: “Lime ground with litharge gives many 
colors, nevertheless such that the wool does not retain 
them—first, milk white, then natural (wool-color), then 
deep (by dyeing in the cold).”

Hints for testing the quality of dyestuffs are given.
Woad should be heavy and dark blue if good, if light and whit­

ish, it is not good. Syrian Kermes—crush those which are best 
colored and lightest, those which are black or spotted with white 
are bad. Rub up writh soda and dissolve the fine colored.

Rub up the best colored madder and so make the test.
Purple colored and fast orseille is purple snail-colored, but the 

white spotted and the black is not good.
When you rub up very fine colored orseille, take and hold it 

in your hand. (A rough color test on the palm of the hand?)
Alum must be moist and very white, but that which contains salt­

ness is not fit.
Of “flowers of copper” that fit for use should be either dark 

blue, a very green leek-color or in general possess a very fine 
color.14

It will be recalled that the chalcanthum of Pliny and 
Dioscorides was either blue vitriol, green vitriol or ap­
parently more commonly a mixture of the two, obtained 
by the weathering of wet iron or copper-pyrites. The 
above specifications would appear to recognize these varie­
ties of “flowers of copper.” Some specimen recipes will 
perhaps convey a more adequate understanding of the 
processes employed.

14 Flowers of copper (xaXxou Mos'), the flos aeris of Pliny, seems generally 
to be used for the copper oxide. In this manuscript, it seems, however, to be 
used as synonymus with chaleanthos, the blue or green vitriol. Otherwise, the 
above characterization would have no intelligible meaning.
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A dye bath for three colors.
A color bath from which three colors can be obtained.
Crush and mix with water two thirds parts krimnos and one 

part dyer’s alum. Put the wool in and it will be scarlet red. 
If it is to be leek green, add powdered sulphur with water. If it 
is to be quince yellow, add soda and water.

Mordanting for Sicilian purple.
Put in the kettle eight chus of water, half a mina of alum, one 

mina chalcanthum, one mina of washed wool. When it has boiled 
two or three times, take out the wool, for if you leave it longer, 
the purple will become red. Take the wool out and rinse it, and 
it will be mordanted.

Mordanting and dyeing of genuine purple.
To the stater of wool, put in the vessel five oboles of alum, two 

kotyls of water, boil and let it become lukewarm. Leave it till 
early morning. Take it off and cool it. Then prepare a secondary 
mordant by putting two kotyls of water and eight drachmas pome­
granate blossoms in a vessel. Let it boil and add the wool. After 
you have dipped the wool several times, lift it out. To the pome­
granate blossom water, add about a ball of “alumed” orseille, 
and color the wool as judged by the eye. If you wish the purple 
io be dark, add a little chalcanthum and let the wool stand long 
in it.

A recipe for mordanting for purple.
After the wool has been mordanted, take twenty drachmas of 

good Sinopian earth, boil it in vinegar and add the wool. Add 
two drachmas of chalcanthum. Lift the wool and place it in a 
kettle of warm water and leave it one hour. Take the wool out 
and rinse it.

This process is evidently a supplementary mordanting 
with acetate of iron and copper or iron sulphate. The Sino­
pian earth was essentially ferric hydroxide or oxide.

Another recipe is essentially similar.
Reddle (ferric oxide) dissolved in vinegar produces purple.

This can only mean that this mordant gives purple color 
to some dye which otherwise gives a plain red.
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Dyeing of Tyrian or guaranteed excellent purple.
7 drachmas alkanna.
5 drachmas orpiment.
1 ounce urine.
5 drachmas unslaked lime.
1 kotyl water.

The mordanting and dyeing seem to be here combined in 
one operation.
Dyeing scarlet.

Take and mordant the wool with woad which blues it. Wash 
and dry it. Then take and crush kermes in water until dissolved. 
Then mix with it domestic orseille and boil. Put the wool in and 
it will become scarlet.

The foregoing will serve to illustrate the character and 
content of these two earliest known chemists’ manuals. 
Written in the third century of our era, they nevertheless 
doubtless embody methods which had been without radical 
changes in vogue for centuries before, as many statements 
of Pliny and other writers of earlier date, while not so 
definite or specific, yet manifestly refer to just such proc­
esses.

To what extent these chemical arts originated in Egypt 
or to what extent they were dependent upon Asia Minor, 
Persia or perhaps India, it is difficult to determine, for we 
have no documentary evidence relating to these subjects, 
which is specific, of established antiquity and demonstrably 
free from later interpolations.

Traditions of ancient writers attribute some discoveries 
in these lines to India or Persia, or other Asiatic countries, 
but as to whether any of these countries contributed in any 
important way to the development of Egyptian chemical 
knowledge, or whether at some time these countries learned 
their arts from Egypt, we cannot safely determine from 
such tradition. It is quite certain that both in China and 
in India the chemistry of the metals and alloys, methods of 
dyeing and the use of certain chemicals in medicine were 
practiced at ancient periods, but their chronology is diffi­



EARLIEST CHEMICAL MANUSCRIPTS 99

cult to determine with certainty. In so far as western 
chemistry is concerned, it is generally admitted that the 
Greeks and Romans received their chemical arts mainly 
from Egypt.

In so far as concerns the processes described in the two 
manuscripts considered above, it will be observed that they 
are severely practical. In general they are easily com­
prehensible, expressed plainly in the language and com­
mon vocabulary of the time.

In treating of the making of gold, silver or electrum, 
there is no illusion as to any transmutation of the baser 
metals into precious metals. Their purpose is to produce 
an imitation that for practical purposes of the jeweler’s 
trade will pass for the more expensive materials and yet 
will cost less.

The recipes in these manuscripts give evidence of a very 
considerable empirical chemical knowledge and the prac­
tices in the art of dyeing wool are rational and not essen­
tially different from processes in vogue up to the time of the 
introduction of coal-tar colors or of better dyestuffs of 
vegetable origin than were known to the ancient world. 
They are entirely devoid of any evidences of mysticism or 
occultism which so characterize the writings of the later 
alchemists. There is no reference to the elements nor to 
any of the philosophical theories of matter, which were 
very generally entertained by earlier or contemporary 
authorities.

It is somewhat remarkable that these notes of an Egyp­
tian artisan, assumed by Berthelot and Lagercrantz to 
belong to the priestly caste, because in Egypt such arts 
appear to have been strictly monopolized by them, should 
contain no traces of the mystery and secrecy with which 
they invested the practice of their science. The practice 
°f magical arts, and the dependence upon superstitious 
observances were widely prevalent. But with however 
much mystery and secrecy these chemical workers may 
have invested their arts as concerned the uninitiated pub-
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lie, it is evident that there was little if any self-deception 
as to the nature of their processes.

Considering the character of their methods for “produc­
ing” gold and silver, and the claims they make as to their 
products standing the customary tests for genuineness, it 
is not difficult to understand why the Emperor Diocletian 
ordered the destruction of all such works as these under 
the fear that the standards of monetary value in the Em­
pire might be threatened and that insurrections in the prov­
inces might be financed by the production of artificial gold 
and silver; for at that time the means of distinguishing the 
purity of gold and silver, by weight or color or streak on 
the touchstone, were too imperfect to make sure of the 
possibility of detection of the fraudulent metal. At any 
rate, the risk was too great.

With the fourteen loose leaves which constituted the 
Stockholm papyrus, there was another leaf, not paged with 
the others, and which may or may not have been a part of 
the same lot as the two papyri. The writing on this un­
paged leaf, though in uncial Greek like the others, is not 
by the same hand or hands, and the content is very dif­
ferent. All it contains is a magic formula or invocation 
which translated reads (according to Lagercrantz):

“Sun, Berbeloch, Chthotho, Miach, Sandum, Echnin, Za- 
guel, protect me while I make the composition. . . . 
And then annoint thyself and thou shalt observe the result 
with thine eyes.”

The interpretation of this passage by Lagercrantz has 
been disputed by other philologists and the meaning ac­
cording to Rubenstein15 would be “Sun, Berbeloch, Chtho­
tho, Miach, Sandum, Echnin, Zaguel, accept me who come 
before thee. Trust thyself [to the God], annoint thyself 
and thou shalt see him with thine eyes. ’ ’

is Cf. Lippmann, op. cit., p. 600.

If, as is not certain, this leaf belonged with the other 
leaves and was part of the notes deposited in the mummy 
case of the former owner, the inference would lie near that
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this owner probably belonged to the priesthood and that 
this was part of a ritual they were accustomed to use when 
about to perform certain experiments or operations. The 
words with which the invocation begins appear, according 
to Lagercrantz, much like the magic words which appear 
in magical papyri.

Berthelot, from the study of the Leyden papyrus and of 
other contemporaneous papyri of a nonchemical nature, 
concludes that the arts of magic and of these chemical arts 
Were practiced by the same persons, though in both these 
manuscripts the text is free from magical or mystical con­
tent. If true, this fact would have very interesting bear­
ing upon the mystical character of the works of later al­
chemists.

Pliny devotes considerable attention to magic and magi­
cians, and though his historical data are not to be ac­
cepted as other than largely legendary, yet they doubtless 
well represent views prevalent in his times. Speaking of 
magic, he says:

“That it first originated in medicine, no one entertains a 
doubt; or that under the plausible guise of promoting health, 
it insinuated itself with mankind as a higher and more sac­
red branch of the medical art. Then in the next place, to 
promises the most seductive and the most flattering, it has 
added all the resources of religion, a subject upon which at 
the present day, man is still entirely in the dark.

“Last of all, to complete its universal sway, it has incor­
porated with itself the astrological art, there being no man 
who is not desirous to know his future destiny, or who is 
not ready to believe that this knowledge may with the 
greatest certainty be obtained by observing the face of 
the heavens. The senses of men being thus enthralled by 
a three-fold bond, the art of magic has attained an influence 
so mighty, that at the present day even, it holds sway 
throughout a great part of the world and rules the King 
of Kings in the East.”18

Pliny attributes the origin of magic to Persia and par-
10 Pliny, Book XXX, Chap. I, Bohn ed. “King of Kings” was the title 

Of the Persian Kings.
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ticularly to Zoroaster, supposed by him to have existed 
some “six thousand years before the death of Plato.” 
Prominent writers on magic, according to Pliny were Osth- 
anes, Pythagoras, Empedocles, Democritus and Plato, and 
“there is another sect also adepts in the magic art who 
derive their origin from Moses, Jannes, and Latopea, Jews 
by birth, but many thousand years posterior to Zoroaster.”

Democritus is frequently cited by Pliny in connection 
with magical arts, and Democritus is a name high in author­
ity with later alchemists. It is interesting to note that in the 
Stockholm papyrus, one recipe which seems to be a process 
for purifying copper by fusing with alum and salt is de­
scribed as having been ascribed by Anaxilaus to Demo­
critus.

Pliny apparently does not associate the arts of magic 
with the chemical arts, though a writer of a century later, 
Tertullian, affords evidence that such an association was 
present in legendary lore. Alluding to the legend of the 
angels who fell in love with mortal women and married 
them, and who were supposed to have taught magic arts 
to man, he says:

“They taught them the secret of worldly pleasures, they 
revealed to them gold and silver and their working, they 
taught them the art of dyeing cloths
They laid bare the secrets of the metals, they made known 
the virtues of plants and the power of magical incantations 
and described those singular doctrines which extend to the 
science of the stars.”17

Among the papyrus manuserpits in the Leyden collec­
tion, is one, Papyrus V, determined on paleographic basis 
to be of the same period as the manuscripts above-described. 
It also came from Thebes. This manuscript has been criti­
cally studied by Berthelot. It contains two chemical recipes 
of a character very similar to those in the other works.

One of them is a recipe for purifying gold by treatment 
with alum schist, salt and vinegar, vitriol and litharge. The

17 Berthelot, Les Origines de l’Alchimie, p. 12. 
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other is a recipe for ink, which is composed of misy, chal- 
canthum, nutgalls, gum and some other substance desig­
nated by Z Z. Except for the last substance, it is a plain 
black ink, produced by tannate of iron in a solution of gum. 
The substance Z Z may, as Berthelot thinks, refer to the 
magical seven flowers and seven perfumes, the letter Z 
being used for the number 7. However this may be, the 
same manuscript which contains these two chemical reci­
pes also contains magical formulae, recipes for philters, 
incantations, divinations and dreams. It contains the 
names of Greek, and Egyptian divinities, and the names of 
Ostanes, Democritus, Moses, Abraham, Zoroaster and 
Pythagoras, traditional authorities among both magicians 
and alchemists.

While the recipes are like the others clear and practical, 
yet again it would seem probable that astrology, magic and 
the chemical arts were practiced by the same cult, probably 
the priestly caste of Egypt. And we may also reasonably 
infer that these operators, however willing they were to 
deceive others, were not self-deceived in the character of 
their work, nor confused in these operations to any con­
siderable extent by metaphysical or mystical ideas.

The later chemistry, however, was the product of the in­
fluences of these practical chemical arts, combined with 
the mysticism of Asiatic or Egyptian origin, and the philos­
ophy of the East and of Greece, respecting the nature of 
matter and the elements which impart to it its varying 
forms and properties.

The philosophy of the ancients as to the constitution of 
matter and the changes it undergoes, we will next con­
sider.



CHAPTER III

THEORIES OF THE ANCIENTS ON MATTER 
AND ITS CHANGES

From any evidences in the writings of the ancients hav­
ing to do with chemical knowledge and arts, it would seem 
that their knowledge was empirical, little guided by theo­
retical concepts. Yet we are not therefore justified in as­
suming that theories were without influence, for experience 
teaches us that some sort of working hypothesis is a neces­
sary accompaniment of progress in any experimental 
science.

Though the writers upon whose works we are mainly de­
pendent for our knowledge of practical chemistry have lit­
tle to say of the prevalent theories of matter, yet from 
other sources we know that speculations on such subjects 
have earnestly occupied the minds of men since the earliest 
period of recorded philosophy. Especially in the earliest 
records of India and of Greece are met serious efforts to 
account for the origin and changes of the material uni­
verse by consistent theories of the nature of matter and 
its changes.

These two nations developed the most consistent and 
logical theories, strangely parallel indeed in their develop­
ment. Scholars are not agreed upon the question as to 
whether the development of the philosophy of nature in 
the two ancient civilizations has been entirely independent. 
Certain it is that, up to the present time, no historical 
evidence has been discovered which indicates any direct 
contact of Hindu and Greek thought, though it is not there­
by rendered impossible nor even improbable that through 
Persian mediation Hindu concepts may have found their 
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way to Greek thinkers, if only in the form of imperfect and 
incomplete suggestions. Scholars differ on this probability. 
Thus Max Muller1 says:

1 Six Systems of Indian Philosophy, 1899.
2 The Philosophy of Ancient India, 1897, p. 37, 38.
8 Allgemeine Geschichtc dor Philosophic, Bd. I, 1906-1908.

“It seems to me that until it can be proved historically 
that the Greeks could freely converse with Indians in 
Greek or in Sanskrit on metaphysical subjects or vice 
versa, or until technical philosophical terms can be dis­
covered in Sanskrit of Greek, or in Greek of Sanskrit 
origin, it will be best to accept facts and to regard both 
Greek and Indian philosophy as products of the intellec­
tual soil of India and of Greece and derive from their 
striking similarities this simple conviction only, that in 
philosophy also there is a wealth of truth which forms the 
common heirloom of all mankind.”
Professor Richard Garbe2 thinks:

“It is a question requiring the most careful treatment to 
determine whether the doctrines of the Greek philosophers 
• . . were really first derived from the Indian world of 
thought, or whether they were first constructed independ­
ently of each other in both India and Greece, their resem­
blances being caused by the natural sameness of human 
thought. For my part, I confess I am inclined toward the 
first opinion without intending to pass an apodictic deci­
sion. . . . The historical possibility of the Grecian 
world of thought being influenced by India through the 
medium of Persia must unquestionably be granted, and 
with it the possibility of the above-mentioned ideas being 
transferred from India to Greece.”

Professor Paul Deussen3 who with Professor Garbe is 
credited by Max Muller with having placed his name in 
the front rank of Sanskrit scholars in Europe, is distinctly 
of the judgment that the developments are independent, as 
for instance, speaking of the Hindu theory of the five ele­
ments, he says:
“As in the Greek philosophy of Philalaos, Plato, and Aris­

totle, so also most Hindu thinkers distinguish five elements, 
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a fundamental concept. Thus it seems that the Hindu 
philosophy assumes that matter is indestructible and eter­
nal, and motion, also, real or potential, is assumed as eter­
nal. The premise that not any thing can come from noth­
ing and that not any thing can become nothing seems early 
to have been accepted as a fundamental hypothesis. So 
also we find very early the idea of some primal substance 
from which all others are produced quite frequently ac­
cepted.

In the Hindu classics of an early period, there appears 
the notion that water is this primal matter. Thus in the 
Chandogya Upanishad, quoted by Deussen,4

“Only this water in solidified form are this earth, the at­
mosphere, the heavens, the mountains, plants and trees, wild 
animals, even to worms, flies and ants—they are all only 
this water in solidified state.”

It is a curious coincidence that the earliest Greek philos­
opher whose speculations on matter have come down to 
us, Thales, also held that water is the primal matter, and 
even as late as the sixteenth century Van Helmont ad­
vanced a similar hypothesis on the basis of certain experi­
ments.

Later still in Hindu writings appear references to three 
elements, fire, water and earth, then a fourth, air, appears. 
Finally, the number of the elements is accepted as five. 
The four elements, air, fire, earth, water, are recognizable 
by the senses, the fifth element, ether, being not recogniz­
able by the senses, but a logical necessity for the manifesta­
tion of sound.

It is not possible to state whether the Hindu concepts of 
the four elements or of the five elements antedated the 
four elements of Empedocles or the five elements of Phila- 
laos or Aristotle. This is largely because chronological 
data rarely enter into Hindu literature and the dates of 
the early classics are difficult to determine, as also the 
extent of changes and interpolation by later copyists.

* Deussen, op. cit., I, 2, p. 172.
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The atomistic theory of matter appears in well estab­
lished and elaborated form in various systems of Hindu 
philosophy, differing in more or less essential character­
istics in the various schools. The oldest of these systems 
which has come down to us in detailed character appears 
to be that of the Vaiseshika, attributed to Kanada, of whom 
little if anything in particular is positively known as to 
his life history. Whether or no the atomic theory of Kan­
ada antedates the theory of Democritus, in Greece, is 
again uncertain. Professor Garbe’s opinion is that beyond 
doubt the Indian theory is a long time after the theory of 
Leucippus and Democritus. L. Mabilleau,r“ on the other 
hand, considers the Vaiseshika system as several centuries 
earlier than Democritus. Reasons on both sides are ap­
parently matters of inference rather than of demonstra­
tion. The atomistic theory of the Vaiseshika is too com­
plex to be adequately presented here. Certain features 
of it are worthy of presentation for purposes of compari­
son with the development of the Greek theories.

This theory recognizes nine distinct entities constitut­
ing the universe. These are earth, water, fire, air (or 
wind), ether (akasa), time, space, soul, and “manas.” The 
first four only are distinctly recognizable by the senses, 
while the fifth, akasa, though not directly recognizable by 
the senses, yet, as the medium of the transmission of sound, 
its existence is a necessary inference from data of sense. 
Time, space, and soul are not material, though existent. The 

Dianas” is the medium through which impressions of 
sense are conveyed to the soul. The first four, therefore, 
correspond to the four elements of Empedocles; the fifth, 
ether, can be compared with little similarity to the ether 
of Aristotle. The first four elements are composed of 
atoms which are eternal, never created nor destroyed. 
Each of these four elements exists as atoms and also as 
aggregates of atoms. As atoms, they are imperishable.

,5 Histoire de la Philosophic atomistique, Paris, 1895: Ouvragc couronne par 
$ -Academic des Sciences morales ct politiques.
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The elements which we see or feel are aggregates of atoms 
and as such are subject to change, but the atoms, which 
are invisible, do not change. The element earth possesses, 
as its specific quality, odor, but it also has taste, visi­
bility (color), and may be felt. Water has for its distin­
guishing quality coolness; it does not possess odor, but 
visibility, and may also be apprehended by the sense of 
touch. When water has odor, it is due to the earth present 
in it, it is not pure. Fire (or light) has no taste nor 
odor, its specific quality is heat and it possesses visibility. 
Air without odor or visibility has for its characteristic 
quality feeling, but not hot like fire nor cold like water, 
but mild.8

Akasa, or ether, is assumed not to consist of atoms, but 
is infinite in extent, continuous and eternal. It cannot be 
apprehended by the senses, but is the carrier of sound. It 
is also described by certain authorities as all-pervasive, 
occupying the same space that is occupied by the various 
forms of matter, and therefore devoid of the property of 
impenetrability, characterizing the atoms of other ele­
ments. In this respect, it resembles the modern concept 
of the ether which conveys light. Deussen quotes from 
the Upanishad a passage which conveys an idea of akasa 
as the primal element from which the others were evolved.

“From the Atman (the universal soul or Brahma) arose 
akasa, from the akasa the wind (air), from wind fire, from 
fire water, from water earth. When this earth shall pass 
away, the reverse order of changes will take place, earth 
to water, water to fire, fire to air, air to akasa, akasa to 
Brahma.” 7

7 Deussen, op. cit., I, 3, p. 597.

The atoms of the elements unite to form aggregates, first 
of two, then three of these double atoms. Thus the visible 
or tangible elements are formed and so compounds. While 
single atoms are eternal, aggregates of atoms are subject

o Pliny writes in his Natural Hi story, Book XV, Chap. 32: "It is a sin­
gular thing that three of the principal elements of nature—water, air and 
fire—should have neither taste noi- smell, nor indeed any flavoring principle 
whatever. ’ ’
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to change, to birth and decay, which characterizes all the 
material things of the universe.

It would exceed the scope of this work to discuss further 
the complicated details of the atomic theories of the Hin­
dus, or the variations existing in the different systems.8 It 
is, however, pertinent here to emphasize that certain fun­
damental premises underlie these Hindu theories of mat­
ter.

These are; that matter is essentially eternal and in­
destructible; that matter in its essential constitution con­
sists of a few elementary substances and that from these 
by combinations all the varied forms of matter in the uni­
verse, as well as all organisms have been evolved; that 
in these elementary particles or atoms, are inherent the 
properties which endow them with the possibilities of this 
development, and that this development is independent of 
any interference from supernatural sources, at least after 
the creative will has set in motion the process of develop­
ment.

The Hindu philosophy is not atheistic, inasmuch as the 
great final source which set in motion the atoms, or which 
gave rise to ether, akasa, is Brahma or the impersonal soul 
or will of the universe. Through the soul (atman) which 
is not material, but yet an entity, the soul of the individual 
is linked to the universal soul. The atman is like ether 
and space unlimited and eternal, so that it does not travel 
from place to place like a material body, but is all pervad­
ing. The manas is the medium through which this om­
niscient and all-pervading atman is interpreted to the 
sense-impression of the individual.

Materialistic schools indeed evidently did exist in India, 
but they have left no literature and our knowledge of 
their existence seems to depend on arguments and criti­
cisms by their opponents. ____ _____

8 Interesting descriptions may be found in Max Muller, The Six Systems of 
Bindu Philosophy; in R. Seal The Positive Sciences of the Ancient Hindus, 

in Pau] Deussen, Allgemuine Geschichte der Philosophic, -te Autlage, 
Rd. I,
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We shall when considering the theories of matter of the 
Greeks, have occasion to note how the ideas of the Hindus 
are in many respects, curiously paralleled, though the 
course of development is characteristically different.

Greek philosophy of nature, so far as its history has 
been traced, may be said to begin with Thales in the sev­
enth century before Christ. The early philosophers, 
Thales, Anaximander, Anaximenes, Pythagoras, Parmeni­
des, Heraclitus, Empedocles, Anaxagoras, Leucippus, Dem­
ocritus, whose names are connected with the theories of 
matter and its changes, have left no original literary re­
mains, except in scattered quoted fragments of more or 
less probable authenticity. For our knowledge of their 
theories, we are dependent upon later chroniclers and 
critics.

A more fortunate fate befell the writings of the later 
and greatest of Greek philosophers, Plato and Aristotle, 
whose works were so widely copied and so highly estimated 
that they have in large measure been preserved to our 
day.

To Plato and Aristotle are we mainly indebted for our 
knowledge of the physical theories of their predecessors, 
whose views they present apparently quite fully and fairly 
while subjecting them to the analysis and criticism of the 
agreeing or differing points of view of their own philo­
sophic standpoint.

The Greek city of Miletus in Asia Minor furnished a 
little group of men who considered with seriousness the 
nature of causes and processes concerned in the develop­
ment of the material universe. Only fragmentary knowl­
edge of the nature of their speculations has come down to 
us, though from the brief accounts and references in later 
writers it is evident that they made an impression upon 
the thought of the time and contributed largely to the in­
terest of other thinkers in the great problem. These Ionian 
philosophers are Thales (ca 624-545 B. 0.), Anaximander 
(ca 611-546 B. C.) and Anaximenes who lived at about 
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550 B. C. Thales is credited in Greek tradition with hav­
ing traveled in Egypt, with some inventions of theses in 
geometry, and with having predicted a certain eclipse of 
the sun. Plato relates that Thales, gazing upward to ob­
serve the stars, fell into a stream and was derided by a 
girl because in seeking what took place in the heavens, he 
overlooked what lay at his feet. Thus early, at least, was 
absentmindedness associated with the philosophic mind.

To Thales is credited the theory that the primal matter 
from which originated everything material is water, that 
water was the beginning and will be the end of all things. 
He is said also to have declared that everything is full of 
divinities. The lodestone has a soul because it attracts 
iron, and soul is defined by him as that which possesses 
the power of eternal motion.

From fragments of information such as these we may 
infer rather than positively know that Thales assumed 
that matter is eternal, that in the last analysis it is sim­
ple—one substance—and that it bears within itself cer­
iain inherent powers (souls or gods) by virtue of which 
the universe of matter is developed. This one simple sub­
stance he believes to be water, though why seems to be a 
matter of conjecture rather than of knowledge.

Anaximander appears to have accepted the same funda­
mental concept of the essential unity of matter, and of its 
eternal existence, as did Thales, but differs from his el­
der townsman in his views as to what that simple primal 
matter may be. Instead of water, he assumes a qualita­
tively undetermined primal matter, the apeiron. The 
apeiron is eternal and unlimited in extension. It is not 
any of the known elements; it is possessed of eternal mo­
tion, in consequence of which worlds are developed from it 
in space. As this world has so originated from the apeiron, 
80 in time it will again be absorbed into it. There is 
something suggestive here of the akasa or ether of cer­
tain ancient Hindu concepts.9

9 See ante, p. 110.
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Anaximander’s apeiron may be considered as something 
analagous to the akasa, though not yet had the idea of the 
other four elements come to the Greek mind.

Anaximenes, the youngest of the trio from Miletus, and 
reputed by tradition to be a pupil of Anaximander, follows 
his alleged master in the concept of a primal matter, un­
limited in space and eternal in time which by its inherent 
energy of motion forms all other matter. Instead, how­
ever, of leaving this primal matter qualitatively undeter­
mined, he sees in air this simple first substance from which 
all others are generated. Fire, he thought, was produced 
from air by a rarefaction process and other substances 
by condensation processes.

Heraclitus of Ephesus (about 490 B. C.), on the other 
hand, considered fire as the primeval element, but ap­
parently viewed fire as also the moving and creative force 
of the universe, as a divinity indeed.10

10 Cf. Clemens Baeumker, Der Problem der Materie in der Griechischen 
Philosophic, Munster, 1890, pp. 19-33.

The theories of the Ionian philosophers are not of the 
nature of scientific theories in the modern sense, for they 
were not intended as hypotheses to be tested by observa­
tion or experiment. They belong to the domain of specu­
lation rather metaphysical than physical, but, let it be 
noted, very reasonable speculations such as the human 
mind must content itself with until more specific knowledge 
admits of scientific deduction. They were attempts to 
harmonize the evidence of the senses with the demands of 
human reason, without assuming the arbitrary acts of 
gods or devils as the causes of phenomena. In other words, 
they were attempts to account for the visible universe by 
process of natural law, rather than by supernatural agen­
cies.

The school of philosophers which recognized Pythagoras 
(ca 570-490 B. C.), as its leader, attempted to reduce the 
theory of matter to a mathematical and geometrical basis. 
Pythagoras seems to have been primarily interested in 
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mathematics and astronomy. In the school of Pythagoras, 
it is said, the relation of numbers to the musical scale 
was first discovered. Many geometrical relations were first 
observed by Pythagoras or his followers. They seem in­
deed to have been so impressed with the power of numbers 
and of geometric forms that they endeavored to make these 
the basis of the physical universe, even, it is related, to 
the extent of holding that numbers and forms were the 
only realities. In so far, however, as can be judged by 
what we at present know, their efforts in this direction 
brought no constructive idea into the theories of matter 
and its changes. A Pythagorean follower, Philalaos (prob­
ably about 460 or 470 to 400 B.C.) is credited by a writer of 
a later century with the assumption that the five regular 
Polyhedra determined the particles of the five elements. 
Thus the earth is made of cubes, water of ikosahedra, air 
°f octahedra, fire of tetrahedra and ether of dodekahedra 
the most inclusive form of all. If this can correctly be 
credited to Philalaos instead of to some later Pythagorean, 
A is interesting as the earliest recorded acceptance in the 
Greek philosophy of nature of five elements including ether. 
This formulation is usually credited to Aristotle. Phila­
laos could easily have obtained the idea of the four ele­
ments from his contemporary, Empedocles, but not the 
fifth element, ether. Pythagoras himself was credited by 
later writers11 with having studied magic and occult 
sciences in Egypt, Arabia and Persia. The Pythagoreans 
also held the theory of metempsychosis, and practiced 
Mystical rites. In the absence of original writings of this 
school, it is uncertain what the exact nature of their theory 
°1 matter is, but it is evident that, fanciful and meta­
physical as it is and in no tangible way connected with 
reasoning based upon observed phenomena, its tendency 
ls rather confusing than promoting to clear thinking in 
Physics. The historical importance of the Pythagorean 

As for instance by Diodorus Siculus, first century B. C., and Pliny the 
■hlder. J
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concepts of matter lies in the fact that it strongly in­
fluenced the views of Plato, and through him emphasized 
for many centuries a scholastic rather than scientific atti­
tude toward physical problems.

Four natural philosophers of the fifth century, B.C. ad­
vanced ideas which were to leave a deep impress upon 
theories of matter for many centuries.

Empedocles of Agrigentum in Sicily (ca 490-430) is 
credited with the first announcement of the concept of the 
four elements, earth, air, water and fire, as by their com­
binations forming all other substances in the universe. 
Empedocles, like the Ionian thinkers, assumes that matter 
is eternal and indestructible, but abandons the idea of the 
unity of matter—the materia prima—he assumes for the 
elements the attributes of immortality and therefore that 
each of the four is through all changes unchangeable in 
quantity. All other substances may perish, but they are 
merely resolved into their constituent elements. The differ­
ent properties of all substances which we perceive by our 
senses are dependent on the different proportions in which 
these elements are combined. As to the causes which 
produce these combinations and separations, Empedocles 
assumes specific attractions or repulsions which he typi­
fies as love and hate. It does not appear that he considers 
these forces as intrinsic properties of the elements, but 
rather as eternal forces acting upon them.

Many ideas attributed to Empedocles, as to the develop­
ment of the universe, including living organisms, are fan­
ciful and would seem to show that he was not a close or 
logical reasoner, though we must remember that no writing 
of Empedocles has come down to us, and we are dependent 
only upon accounts of later authors for what we know of 
his theories.

The formulation of the theory of the four elements 
credited to Empedocles is however the first clear notion of 
elements in a modern significance of the term which is found 
in Greek or Western thought. It is namely a clearly ex­
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pressed concept that the great variety of substances and 
bodies which we know are produced by the union of certain 
elementary units differing in their properties, but not them­
selves resolvable into simpler constituents.

Adopted with some important changes by Plato and 
Aristotle, the doctrine of the four elements became the 
generally accepted theory of matter until the rival doctrine 
of the three principles, the “tra prima” of Paracelsus, 
appeared, in the sixteenth century.

Anaxagoras, of Klazomenae in Asia Minor, (ca 500-427) 
considered the universe as consisting originally of infinite 
space filled homogeneously with a mixture of small par­
ticles, (seeds or as called by Aristotle homeomeria), of 
infinite variety and infinitely divisible. These particles 
inay be considered as elementary particles of all known 
substances, air, gold, water, bone, flesh, etc. Upon this 
uniform but complex mixture acted an intelligence or a 
'will, the “nous.” By virtue of the “nous,” the particles 
of like kind are brought together to form any substance 
which is produced, and when any substance is destroyed or 
Perishes, these substances are again resolved by the nous 
into their constituent particles. The theory of Anaxagoras 
owes its historical interest to the abandonment of any at­
tempt to account for the evolution of the material universe 
by physical properties of matter, and by frankly positing 
an external though perhaps impersonal intelligence as the 
organizing and directing force. It was Anaxagoras, says 
■Mabilleau, who introduced the notion of an ordering and 
directing intelligence as the supreme cause of the universe 
which after him became the thought of the world and di­
verted the Greek spirit from the physical to the meta­
physical.12

12 L. Mabilleau, op. cit. Cf. also citation from Plato’s Phaedo, Trans, of 
Henry Cary, Everyman’s Library, No. 456, p. 158.

To Leucippus and Democritus the Greeks and the West­
ern world are indebted for the first clearly defined atomic 
theory of matter. Leucippus was the teacher of Democritus,
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and is credited with the origination of the theory, though 
little is known of him. He apparently wrote nothing and 
taught only verbally. The dates of his birth and death are 
unknown. Only from the better known data of his pupil, 
Democritus, is it inferred with reasonable probability that 
he was born about 500 or was contemporary with Empe­
docles and Anaxagoras.

Democritus of Abdera, in Thrace, (ca 460-370) was re­
puted to have traveled much in Egypt, Persia, Babylonia 
and even in Ethiopia and India, though these reports, while 
not improbable are not to be too easily credited. In a frag­
ment of his own which has come down he alludes to a five 
years’ residence in Egypt.13 Many works by Democritus 
are named and cited by later writers, though only scattered 
fragments of not too certain authenticity are at present 
extant. It is again chiefly upon Aristotle and other com­
mentators that we have to depend for our understanding 
of the atomic theory of Leucippus and Democritus, but 
Aristotle did not accept the atomic theory, though he enters 
quite at length into the analysis of the doctrines which he 
endeavors to refute. We may assume that in so far as that 
atomic theory has interest today, our information is fairly 
reliable.

The theory of the atomists starts again from the assump­
tion that matter is eternal, and that nothing material can 
originate from nothing, nor can anything material pass 
into nothing.

They assume, however, that things material in the ulti­
mate analysis consist of very minute but not infinitely 
small indivisible particles, atoms. These atoms are as­
sumed by Democritus to be of the same kind or substance, 
qualitatively, but to differ in size, shape, position and pre­
sumably also in mass. The atoms exist in a vacuous space 
which separates them, and because of this space they are 
capable of movement. This concept of vacuous space was a 
troublesome idea for the ancient metaphysicians, for if it

is Cf. Deussen, op. cit., 2, I, p. 137.
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was vacuous space only, it was nonexistent, and how could 
we assume the existence of the nonexistent. The Eleatic 
school of philosophers (Parmenides and others) had as­
sumed for this reason, that matter must be continuous in 
the universe. Aristotle later rejects the atomic theory 
partly at least because of this difficulty of conceiving a 
vacuum as existent. The atoms of Democritus are, how­
ever, capable of motion, and are indeed in ceaseless motion. 
As to the nature of this motion and the causes of atomic 
motions, Democritus is not very clear. Later atomists 
assumed that the cause was collisions as they were falling 
through space toward the center of the universe, or rising 
upward, but this concept cannot be traced to Leucippus 
and Democritus. Aristotle gives us to understand that they 
consider them to have been from eternity endowed with 
motion. From the motions of the atoms result their coming 
together to form combinations, or their separating to de­
compose substances. From such combinations of these 
atoms—essentially of the same substance, but varying in 
size, shape and position—arise all the changing phenomena 
°f the material universe. They are all due to combinations 
and separations of atoms.

Since with Democritus these atoms are qualitatively the 
same, the four eternal elements of Empedocles have no 
fundamental significance. These also are caused by the 
combinations of the same atoms, and to his interpretation 
the four elements are merely more common or stable types 
°f such aggregations, and to that extent only to be con­
sidered as different from the multitude of other sub­
stances.

Empedocles was tending toward the concept of an ele­
ment as we define an element, Democritus toward the con­
cept of an atom as we understand it, but there was 
apparently no thought of combining the ideas as we do 
When we speak of the atom of an element.

The atom of Democritus presents in its relation to the 
four elements, a certain analogy to the modern concept of 
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the electron in its relation to the atoms of the elements, the 
elements being more stable aggregations than others, just 
as our atoms are often considered as relatively stable ag­
gregations of electrons. But a world of experience and 
exact measurements lies between the metaphysical con­
cepts of Democritus and the atomic theory of to-day.

Probably the concept of atomism could have gone little 
further than with Democritus so long as exact experi­
mental means of questioning nature were not employed. 
The atomic theory of matter and indeed the effort to ac­
count for the phenomena of nature by physical causes were 
to lose in interest to the ancient philosophers through the 
influence of the two greatest philosophers of ancient times, 
Plato and Aristotle.

This was not because their theories of matter were more 
advanced than the ideas of Democritus or of Empedocles. 
Indeed, in a very essential particular, their views were less 
in line with scientific advance than their predecessors. For 
Plato and Aristotle were not so much concerned with ac­
counting for phenomena by the operation of properties 
inherent eternally in matter as they were in interpreting 
the phenomena of nature as the expression of design, har­
mony and beauty, as the expression of a directing will and 
intelligence.

They abandoned the effort to account for physical phe­
nomena by physical forces exclusively, and in this their 
logic differs from the modern scientific point of view.

It was by the weight of their great authority achieved by 
their importance in other lines of thought rather than by 
the merit of their theories of physical phenomena, that these 
two Greek thinkers acquired their dominion in the theories 
of matter which endured with increasing authority for 
nearly two thousand years.

Plato (427-347 B.C.), the great idealistic philosopher of 
Athens, and for some eight years the pupil of Socrates, 
contributed little of permanent influence in the specific 
doctrines of the nature of matter and its changes. Adopt­
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ing something of the fanciful geometric concept of ele­
mentary matter from the Pythagorean school, along with 
the acceptance of the point of view of Anaxagoras that a 
directing intelligence was the cause of phenomena, he laid 
little stress on physical explanations of such phenomena.

His point of view in such matters is well illustrated in 
considerations which he puts into the mouth of Socrates in 
the Phaedo.

“Having once heard a person reading from a book writ­
ten, as he said, by Anaxagoras, and which said that it is 
intelligence that sets in order and is the cause of all things, 
I was delighted with this cause, and it appeared to me in a 
manner to be well that intelligence should be the cause 
of all things, and I considered with myself, if this is so, 
that the regulating intelligence orders all things and dis­
poses each in such a way as will be best for it. If any one, 
then, should desire to discover the cause of everything, in 
what way it is produced, or perishes, or exists, he must 
discover this respecting it, in what way it is best for it 
either to exist, or to suffer, or do anything else; from this 
mode of reasoning then, it is proper that a man should con­
sider nothing else, both with respect to himself and others, 
than what is most excellent and best; and it necessarily 
follows that this same person must also know that which 
is worst, for that the knowledge of both of them is the same. 
Thus reasoning with myself, I was delighted to think I had 
found in Anaxagoras a preceptor who would instruct me 
in the causes of things, agreeably to my own mind and that 
he would inform me first whether the earth is flat or round, 
and when he had informed me would moreover explain the 
cause and necessity of its being so, arguing on the principle 
°f the better and showing that it is better for it to be such 
as it is, . . . and if he should make all this clear to me, 
I was prepared no longer to require any other species of 
cause.” 14

14 Plato’s Phaedo, op. cit., p. 177,

This point of view is manifestly the antithesis of the 
standpoint of modern science. This point of view which 
dominates the views of Plato was shared also by his pupil, 
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Aristotle, so that harmony, beauty, design, logical consist­
ency came to be considered the criteria of the acceptability 
of theories rather than the data of observation or experi­
ment.

Plato’s concept of the nature of the universe is that of 
a duality, a material body and a soul or intelligence. His 
notion of matter is not easy to understand. It closely re­
sembles that of Pythagoras, an indefinite something which 
does not differ demonstrably from space. When portions 
of this space are enclosed by bounding triangles or squares, 
the elements are formed differing according to the nature 
of these bounding surfaces and the resulting form of these 
elementary bodies. If the bounding surfaces are squares, 
then a cube results and the element earth is formed, be­
cause earth is the more stable or solid element and the cube 
is the most stable figure of all the regular polyhedra. If 
the bounding figures are such triangles that a tetrahedron 
results, fire is the element formed, because the sharpness 
of the points characterizes the penetrating power of fire. 
Air is formed of octahedra, water of icosahedra. Conceiv­
ing that some mathematical relation must exist between 
these and because a proportion is the most perfect of such 
relations, he forms the proportion:

Earth (cube): water (icosahedron):: water: air (octa­
hedron) :: air: fire (tetrahedron), 
a strangely illogical use of mathematics, the absurdity of 
which has often been emphasized by critics. Manifestly 
this is all suggested by the Pythagorean concept of the 
geometric basis of matter. As rearrangements of these 
enclosing triangles might change the forms of the bodies, 
it was conceivable that elements might be changed one to 
another, except the cube which is the only figure bounded 
by squares, and square surfaces cannot bound other regular 
bodies except the cube.

This concept -while accepting the four elements of Em­
pedocles, yet introduces the idea of a possible change of 
one element to another. They are not, as with Empedocles, 
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eternal as such, but functions of surfaces liable to re­
arrangement. For the motive of any fundamental changes, 
we are to look to the directing intelligence, not to physical 
causes.

The four elements by their manifold combinations make 
up all the material universe. Water, thinks Plato, by heat 
is converted to vapor and eventually into air; by cooling, 
on the other hand, it is converted into snow or hail or ice; 
and under the earth, by heat or cold and pressure, it may 
be converted into rocks or stones.

The theories of Plato, as expressed principally in his 
Timaeus, while contributing little of permanent value to 
science, exerted a great influence upon ancient and medi­
eval notions of matter and its changes, largely through the 
Neoplatonism of the Alexandrian school of Philosophy. The 
Timaeus will be considered more in detail in connection 
with the growth of the alchemical theories.

Aristotle (384-322 B.C.) of Stagyra in Macedonia, a 
pupil of Plato for some twenty years, developed a theory 
of matter which starts from Plato’s fundamental concept of 
the reality of ideas and the less reality of material phenom­
ena. Ideas are eternal, matter is subject to change. The 
study of the laws of nature with Aristotle was as with Plato 
the attempt to fathom the design of the universe, to show 
that it is for the common good and that its phenomena 
are in accord with the demand of the human mind for 
harmony and logical order. With Plato, he accepts the 
four elements of Empedocles, but rejects the Pythagorean 
idea of geometrical relations as accepted by Plato. He re­
jects the assumption of Empedocles of the eternal nature 
°f the four elements, believing them capable of changing 
from one to another. He rejects the atomic theory of 
Democritus partly because he cannot conceive as logical 
the existence of a vacuum and hence the atoms with their 
inherent motion must be rejected. Matter, he holds to be 
continuous and to be indefinitely divisible, therefore again 
there can be no gtoms whether in the Democritean 01’ the
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Pythagorean sense. He looks, as do Anaxagoras and Plato, 
to a world intelligence directing the development of the 
universe, and his efforts are not to trace physical effects to 
physical causes so much as to interpret relations so that 
they may seem intelligent, harmonious, logical.

The Aristotelian concept of the universe of matter is 
very elaborate. He assumes that the universe, including 
the heaven of stars, is spherical, that the earth is the center 
and that the universe revolves around this center. The 
universe is eternal in time but not indefinite in extent. 
Outside of the sphere of the universe there are no such 
things as space or time. It is spherical because that is the 
perfect form and representative of perfection, uniformity 
and eternity.

The four elements as such are subject to change. There 
must be something, however, back of these that is eternal 
and unchangeable. What this is, with Aristotle, it is not 
easy to understand. It is apparently not merely space as 
Plato seems to think, but something with at least latent 
power. It may be considered not as matter, for then it 
would be only another form of matter; perhaps the nearest 
interpretation is that it is the potentiality of matter.

The kinds of matter are five, an ether being added to the 
four elements of Empedocles and Plato. This ether is, 
however, not supposed to exist as a constituent of sub­
stances of this world, but to be the substance from which 
are formed the heavenly bodies and the sphere of the 
heavens in which these are set. This ether is eternal and 
unchangeable. Below the zone of the heavens lies the zone 
of fire, lightest of the four elements, and below this the air, 
and then water between the air and the earth which is 
the heaviest of the four. Characteristic motion is the 
property of the five elements. The most perfect motion is 
circular and this belongs to the ether, which has no tend­
ency to approach the center of the universe nor to fly away 
from it, and the circular motion belongs to the eternal and 
unchangeable. All other motions may be resolved into 
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combinations of circular and rectilinear motions, and to the 
four elements belong characteristic rectilinear motions, 
which would naturally be either toward the center of the 
universe, if intrinsically heavy, or away from the center 
if intrinsically light. Thus earth and water have motion 
toward the center or are heavy, while fire and air have 
motions away or are essentially light. This explains their 
existence in the relative positions they occupy in the four 
zones. The ether with its circular motion has no tendency 
either to approach or recede from the center of the uni­
verse and therefore is neither light nor heavy.

All natural things in this middle zone which we inhabit 
consist of mixtures of the four elements, in varying quan­
tities. Thus the element water is not water as we know 
it, nor the element air the same as the air we feel. These 
are substances in which the real elements, water and air, 
Predominate. Nor is the Aristotelian idea of combination 
of the elements the same as that held by Empedocles, nor 
by us at the present time. We conceive the various ele­
ments in a combination, however intimately combined, as 
still existent quantitatively unchanged, so that if we have 
the necessary power or skill, we may recover them un­
changed in quantity from their combinations. Aristotle, 
however, considers these elements as combinations of cer­
tain qualities rather than as definite masses of unchange- 
able substances. The elements themselves may be converted 
mto other elements by modifying the relations of their 
Properties. Thus Aristotle considers water as an element 
Possessing two qualities which constitute it water, viz., 
coldness and moisture (or liquidity). Air, as an element, 

characterized by warmth and moistness; earth by cold­
ness and dryness (or solidity); fire by warmth and dryness. 
So if water for instance can have its quality, coldness, con­
verted to warmth, it would become the element air. The 
familiar phenomena of evaporation and boiling probably 
gave color to such an explanation.

These properties, cold, moist, dry, warm, are by Aris-
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totle apparently considered as forces, which are pair-wise 
antagonistic forces, and if any one of them overcomes its 
opposite, the elements themselves are changed.

This curious notion of the nature of the elements and 
the fact that there are just four elements in the terrestrial 
zone of the universe, Aristotle arrives at somewhat in this 
way. The only absolute criterion of the existence of matter 
is the sense of touch. Sight and hearing are subjective 
phenomena dependent upon our senses, liable to errors 
of interpretation. The phenomena which affect the tactile 
sense may be analyzed into four elements, hot and cold, 
moist and dry. All other properties, color, odor, rough­
ness, smoothness, he asserts are either nonessential or 
combinations of these four. From these four properties 
there may be made six pairs:

Cold and moist 
Warm and moist 
Cold and dry

Warm and dry
Warm and cold 
Moist and dry

The last two pairs, however, are contradictory; the first 
four are the only possible combinations in matter, and 
these evidently constitute the four forms of elementary 
matter, and of these warm and dry characterize fire; cold 
and dry characterize earth; cold and moist characterize 
water; and warm and moist characterize air.

When these four elements combine to form the many 
substances that make up the material universe, their prop­
erties then blend into a composite in which the elements lose 
their identity. Aristotle makes it clear that he considers 
compound bodies homogeneous even in their smallest con­
ceivable parts, so that the ultimate particle of flesh is still 
flesh. This is also the idea of Anaxagoras, already cited. 
To these simple substances of like particles Aristotle gives 
the name “homoiomere.” It logically follows that the com 
cept of the four elements of Aristotle differs fundamentally 
from that of Empedocles, for the smallest particle of a 
given substance would, by the theory of Empedocles, be 



THEORIES OF THE ANCIENTS 127

■ultimately divisible theoretically into elementary particles 
or atoms which are no longer the same substance as that 
from which they are separated. The four elements of 
Aristotle are manifestly not elements, either in the sense 
of Empedocles or in the modern sense of the definition.

The above is not a complete statement of the theory of 
matter of Aristotle, but will, it is hoped, give an idea of 
the elaborateness and complexity of the Aristotelian con­
cept, and serve to illustrate how far removed was his 
method of developing the theory from the inductive methods 
°f modern science. The concept of the four elements as 
qualitative factors in the constitution of other bodies, with 
their inherent forces of heat, cold, moist, dry, became ac­
cepted by later centuries as basic truth. His notion of a 
fifth element, variously interpreted, also held a place in the 
thought of later times, but his more complex notions of 
the nature of the elements and matter had little influence on 
the later development of natural philosophy.

The teleological point of view of Aristotle was in har­
mony with the doctrines of the great religions which dom- 
mated the thought of later centuries—Christianity, 
-Mohammedanism, as well as of the older Hebrew theology 
"-and this fact had much influence in maintaining the great 
authority of Aristotle into the period of the Renaissance. 
His influence on the development of physical science was 
Probably on the whole rather retarding than stimulating, 
m that it tended to emphasize the interpretation of phenom- 
cua according to preconceived notions of fitness or design 
rather than by a rigid logic based on the determined facts or 
observed phenomena of nature. It emphasized the meta- 
Physical rather than the physical considerations.

The Aristotelian theory of the elements according to 
Miich any element might be changed to another by changing 
one of its inherent qualities, hot, dry, etc., to its opposite, 
apparently helped to keep alive with the alchemists the 
fiope of changing base metals into precious metals, a belief 
Hi the first instance dependent on failure to understand 
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the nature of changes involved in processes employed for 
imitating gold and silver by cheaper alloys.

Indeed Aristotle himself seems to make a similar inter­
pretation of changes, where speaking of making bronze, 
consisting of copper and tin, he states that the tin (or tin 
ore as kassiteros may have meant), vanishes almost en­
tirely as if it were an immaterial condition of the resulting 
bronze, and escapes leaving behind with the copper a color 
only.

Aristotle marks the end of Greek influence upon the de­
velopment of theories concerning the nature of matter and 
its changes. After his time, Greek philosophy spread in 
increasing circles, but in so far as the theories we are con­
sidering are concerned it lost rather than gained in interest 
and in clarity of thought.

The Stoics rejected the idealism of Plato and the teleo­
logical point of view of Aristotle, adopting a materialistic 
philosophy. Matter and nature they considered as 
eternal and even the soul was material. They however 
contributed nothing to constructive theories of matter or 
nature.

Epicurus (342-270 B.C.), revived the atomic theory of 
Democritus, though the efforts of his school to expound or 
develop it, appear not to have been very successful. Their 
theory is expounded very fully by the Latin poet Lucretius 
in his De Rerum Natura. Indeed it is said that it was 
this work that inspired Gassendi in the seventeenth cen­
tury to revive the Democritan atomic theory as part of his 
campaign against the authority of the Aristotelian phil­
osophy of nature.

The most notable feature of the Epicurean theory was 
an attempt to endow the atoms with a property which should 
account in the evolution of organic life and of man, for the 
accepted fact of free will. It attempts this by assuming 
in the atoms that their motions are due to gravity and 
therefore would be in parallel vertical lines, never colliding, 
except for the assumed fact that they have an inherent 
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power of tending to swerve slightly, a beginning of volition. 
Lucretius thus interprets ideas :15

“When first bodies (atoms) are being carried downward 
straight through the void by their own weight, at times quite 
■undetermined and at undetermined spots, they push a little 
from their path: yet only just so much as you could call 
a change of trend. But if they were not used to swerve, all 
things would fall downward through the deep void like 
drops of rain, nor could collision come to be nor a blow 
brought to pass for the first beginnings, so nature would 
never have brought aught to being. . . . Once again if 
every motion is always linked on and the new always arises 
from the old in order determined, nor by swerving do the 
first beginnings make a certain start of movement to break 
through the decrees of fate, so that cause may not follow 
cause from infinite time, whence comes this power of free­
dom for living things all over the earth, whence I ask 
is it wrested from fate, this power whereby we move 
forward, where our will leads each one of ns, and swerve 
likewise in our motions neither at determined times nor 
111 a determined direction or place, but just where our mind 
bas carried us?”

Upon his contemporaries, the Epicurean atomic theory 
seems to have exerted little influence, and the same seems 
t° be true of its revival by Lucretius. For writers of fol­
lowing centuries who are not philosophers seem to take no 
Merest in the atomic theory, but follow Plato or Aristotle.

How generally the theories of Aristotle were accepted by 
fbe public at about the time of the beginning of the Chris­
tian era by Greek and Roman writers, is evidenced by 
illusions in prominent writings of the time on many sub­
jects, though it must be admitted that the forms in which 
these ideas had been assimilated seem to have been em- 
Pirical and elementary.

Hor instance, Diodorus of Sicily, Greek historian of the 
first century B.C. in describing the customs of the Egyp- 

------ ---------------------------------------- -------------- ---------------------- .-------------— 
, nV Lucretius, On the Nature of Things, translation of Cyril Bailey, Oxford, 
r919, p. 72 ff.
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tians, attributes to them the personification of the elements 
with properties attributed to them which are apparently 
loosely formulated Aristotelian qualities. After mention­
ing Osiris and Isis as gods typifying the sun and moon, 
Diodorus says:

‘ ‘ They say that these gods in their natures do contribute 
much to the generation of all things, the one being of hot 
and active nature, the other moist and cold, but both having 
something of the air, and that by these all things are 
brought forth, and nourished, and therefore that every 
particular being in the universe is perfected and completed 
by the sun and moon whose qualities as before are five: 
a spirit of quickening efficacy, heat or fire, dryness or 
earth, moisture or water, and air, of which the world does 
consist as a man is made up of head, hands, feet and other 
parts. These five they reputed for gods; and the people of 
Egypt, who were the first that spoke articulately, gave 
names proper to their several natures according to the 
language they then spoke. They, therefore, called the 
spirit Jupiter which is such by interpretation because a 
quickening influence is derived from this into all living 
creatures. . . .”ia

While the personification of the four elements as deities 
may well have been in Egyptian mythology earlier than 
Aristotle, yet the description of qualities of the elements 
are manifestly Aristotelian, though inadequately repro­
duced. That religious beliefs of oriental origin in which 
the elements are personified are older than Aristotle, and 
even than Empedocles, the earliest proponent of the four 
elements as constituents of matter, is evident because 
Herodotus (484—424 B.C.), a writer contemporaneous with 
Empedocles, in discussing the customs of the Persians, 
states that they make sacrifices to Jupiter “which is the 
name they give to the whole circuit of the firmament,” and 
also to the sun, moon, to earth, fire, water and wind.

Strabo, the Greek writer on geography (ca 64 B.C to 20
Diodorus Siculus, Historical Library, Book I, Chap. I, translation of G. 

Booth.
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A.D.) in referring to the universe as a whole—this refers 
to the zones of which earth is the central element, fire the 
outermost and air and water the intermediate—says, “and 
particularly in view of the hypothesis by which the four 
bodies which of course we also call elements are made 
spheres.” 17

17 Geography of Strabo, translated by II. L. Jones, 1916, Vol. I, Book I, 
3, 12, p. 205. The suggestion of the translator that the above refers to the 
Pythagorean concept of spherical atoms is far-fetched.

18 Vitruvius, op. cit., Book VIII, Introduction.
10 Op. cit., Book I, Chap. IV.

The author of Ten books on Architecture, Vitruvius 
Pollio, of the first century, B.C. alludes in places to the ele­
ments, as for instance in the following historical sketch:

“Among the seven sages, Thales of Miletus pronounced 
for water as the primordial element in all things, Heraclitus 
for fire, Euripedes, a pupil of Anaxagoras, and called by 
the Athenians ‘the philosopher of the stage,’ for air and 
earth. . . . But Pythagoras, Empedocles, Epicharnos 
and other physicists and philosophers have set forth that 
the primordial elements are four in number—air, fire, earth 
and water—and that it is from their coherence to one 
another under the moulding power of nature that the 
qualities of things are produced according to different 
classes.” 18

Again from Vitruvius:19
“For while all bodies are composed of the four elements, 

that is, of heat, moisture, earth and air, yet there are mix­
tures according to natural temperament which make up the 
natures of all the different animals of the world, each after 
its kind. Therefore, if one of these elements, heat, becomes 
predominant in any body whatsoever, it destroys and dis­
solves all the others with its violence. . . Again, 
“The reason why lime makes a solid structure on being 
combined with water and sand seems to be this: that rocks 
like all other substances are composed of the four elements. 
Those which contain a larger proportion of air are soft, 
of water, are tough from the moisture, of earth, hard, of 
fire more brittle. Therefore, if limestone without being 
burned is merely pounded up small and then mixed with 
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sand and so put into work, the mass does not solidify nor 
can it hold together. But if the stone is first thrown into 
the kiln, it loses its former property of solidity by exposure 
to the great heat of the fire and so with its strength burnt 
out and exhausted, it is left with its pores open and empty. 
Hence the moisture and air in the body of the stone being 
burned out and set free and only a residuum of heat being 
left lying in it, if the stone is then immersed in water, the 
moisture makes its way into the open pores, then the stone 
begins to get hot, and finally after it cools, the heat is re­
jected from the body of the lime.” 20

20 Vitruvius, op. cit., Book IT, Chap. V.
21 Pliny, op. cit., Bohn ed., Book II, Chap. IV. Cf. also ante p. 110, footnote.

These attempts of Vitruvius to account for observed 
phenomena on the basis of an imperfectly comprehended 
Aristotelianism, would hardly have been approved by Aris­
totle himself. They serve to illustrate, however, how the 
fundamental ideas of matter of Aristotle were accepted as 
the basis upon which facts of experience must be explained 
if at all.

Pliny also in his Natural History, while he is not much 
concerned with this class of considerations, yet also evi­
dently accepts the Aristotelian concepts as they had be­
come conventionalized in his day.

“I do not find it doubted [he says], that there are four 
elements, the highest being fire, whence the eyes of so many 
shining stars, next that spirit which the Greeks and we 
call by the same name, air, that vital substance permea­
ting all things and mixed in all, by the force of which, the 
earth and the fourth element, water, are balanced in the 
middle of space.”21

In his theory of the development of the universe, Pliny 
follows the Stoics in discrediting the directing intelligence 
as adopted by Plato and Aristotle.

“The universe (mundus) and by whatever other name 
we please to call the heavens (coelum), by the vault of 
which all things are enclosed, is to be believed a divinity 
(numen)—eternal, without bounds, never created and 
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never to perish. To enquire what is beyond it, is no con­
cern of man, nor can the mind of man form any conjecture 
respecting it. It is sacred, eternal and without bounds, all 
in all, indeed including everything in itself, infinite yet like 
what is finite; the most certain of all things, yet like what 
is uncertain. Externally and internally embracing all 
things in itself, it is the work of nature and itself is 
nature. ’ ’22

22 Pliny, op. cit., Bohn eel., Book II, Chap. I.

These illustrations will serve to indicate very clearly how 
in about three centuries after the time of Aristotle, the 
Greeks and Latins had incorporated into the common 
thought of the period an apparently well conventionalized 
belief in the actual existence of the four elements with their 
characteristic qualities as constituting the great variety of 
substances making up the material universe. At this epoch, 
it does not appear, however, that there was any considerable 
question or serious dispute concerning the authoritative­
ness of these theories. Like insects in amber, those ideas 
derived from the natural philosophy formulated by Aris­
totle were preserved by custom and tradition until a time 
many centuries later, when the accumulated experimental 
data and new points of view which had been acquired in­
vested the problems of the constitution of matter with fresh 
interest. It may be recalled that so late as the seventeenth 
century, Robert Boyle in writing his “Sceptical Chemist,” 
considered the surviving faith in the four elements an 
object worthy the weight of his trenchant criticism.

In the domain which is covered by modern experimental 
sciences, the point of view of the ancients as compared 
with the present, is much the same as expressed by a stu­
dent of the history of medical science, “The Greek process 
of reasoning was observation, speculation, deductive hy­
pothesis; while the modern method is observation, exper­
ience, inductive conclusions.” In medicine, Dr. Magnus 
points out that the Greek method of reasoning prevailed 
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from the sixth century B. C. to the nineteenth century 
A. D.23

23 Dr. Hugo Magnus, “Der erkenntnis-thcoretische Prozess in der vorhip- 
pokratisehen Naturauffassung besonders bei Alkmaeon. ” In Beitrdge aus der 
Geschichte der Chemie, herausgegeben von Paul Diergart, 1909, p. 59 ff.

For chemistry the same may be said, except that the 
modern point of view may be said to have been fairly well 
inaugurated by Robert Boyle in the seventeenth century 
A. D.



CHAPTER IV

THE EARLY ALCHEMISTS

The chemistry of the ancients, as expressed by the writ­
ers from Theophrastus to Pliny and Dioscorides, was 
thoroughly practical. Their theories of the origin and 
changes of matter were based on their interpretation of 
the four elements as constituents of matter, principally as 
formulated by Plato and Aristotle.

There was no attempt at classification of phenomena or 
theories of chemistry in ancient times. There was no name 
to distinguish facts or ideas which we call chemical. The 
Greek word “Chemeia” first made its appearance in 
about the fourth century, A. D. and appears then to have 
been used to designate the arts of metal working particu­
larly with reference to the supposed making of gold and 
silver from base metals. This supposed art does not seem 
to have been known to Pliny, nor does it appear that that 
art was known to other writers of his time. The two 
papyri from Thebes are the earliest manuscripts which 
give us any knowledge of the practices which seem to have 
given rise to the notion of transmutation of base metals 
into gold and silver, and these documents do not convey 
any idea that the practitioners were troubling themselves 
about any theories of transmutation. They were occupied 
in making alloys just as good, though very probably they 
knew no reason why their products under proper condi­
tions might not turn out to be real gold or silver or elec­
trum.

Other writers of about the same or of somewhat later 
date whose writings have been preserved to us in manu­
scripts in copies of about the eighth to eleventh centuries, 
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were however, wholly convinced of the reality of transmu­
tation. The earliest allusions to the art call it the sacred 
art, or the divine art, and the word “Chemeia” gradually 
replaced these, and under later Arabian modification be­
came “alchemeia,” a word therefore of Greek origin with 
the Arabic article prefixed. Primarily applied to the 
processes supposed to be used for transmutation, the term 
“alchemy” came ultimately to include the arts of chemistry 
in general.

The origin of the word “Chemeia” has been the subject 
of much discussion. Zosimos, an Alexandrian Greek al­
chemist of about the end of the third or the beginning of 
the fourth century A. D. relates a myth which accounted in 
his belief for the origin of the word. According to this 
legend, the sacred or divine arts were revealed to man by 
angels who fell from their high estate through their love 
for mortal women. These secrets were revealed in the 
book called Chemu, the book of Chemes or Chymes, whence 
he says the art is called Chemeia. This Chemes is, how­
ever, not a historical personage and later scholars place 
no credence in any basis for the legend. It is considered 
probable that Chemeia was derived from the Greek word

(Chemi) signifying black. Whether because of the black 
soil of the Nile Valley, which gave to the Greeks the name 
Chemi or Kemi for Egypt, or because of a “blackening” 
which the early alchemists sometimes mention as a pre­
liminary stage to the yellowing or whitening in the 
“making” of gold or silver, is not certain.1

i Of. Hofmann in Ladenburg’s, Handworterbuch der Chemie, Bd. 2, Article 
"Chemie,” and especially V. Lippmann, Entstehung und Ausbreitung der Al- 
chemie-Herkunft des Namens Chemie, p. 293 ff.

Certain it is that, by about the fourth century, the word 
was used to designate the art of making the precious 
metals from base metals, the actuality of which was the 
common belief of the alchemists.

The actual basis for the belief in transmutation con­
sisted in just such operations as we have seen illustrated 
in the two Theban papyri. That these arts in Egypt were 
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originally under control of the priesthood and by them 
were carefully guarded and surrounded with secrecy and 
mystery seems beyond question. The testimony of early 
writers and of legends and traditions point to Egypt as the 
source of the earliest notions on the sacred art. The 
legends and myths of early alchemy, however, give evidence 
also of influences from Persian, Chaldean and Hebrew 
sources as well as Egyptian and Greek.

All this points to Alexandria as the probable locality 
where the ancient alchemy took form and developed into a 
cult. When Alexander the Great conquered Egypt in 330 
B.C. and his general Ptolemy became King of Egypt, the 
Greek city of Alexandria was founded, and soon became 
not only the most important city of Egypt, but through 
the foundation of schools and the accumulation of libraries 
became the acknowledged center of the intellectual world. 
The collection of manuscripts is estimated at from 400,000 
to 500,000 works. Scholars from all parts of the then 
civilized world thronged there to take advantage of its 
books and its teachers. The culture which developed 
was a blending of Greek, Egyptian, Chaldean, Hebrew and 
Persian influences. Greek philosophy, Egyptian arts, 
Chaldean and Persian mysticism met and gave rise to 
strange combinations not always conducive to improvement 
upon the relative clarity of the Greek foundation.

As the power of Rome grew, Greek and Egyptian power 
declined. Egypt became a Roman province in 80 B.C. A 
fire, started, it is recorded, from ships burning in the 
harbor during Caesar’s conquest of Alexandria, burned an 
important part of the collection of manuscripts of the 
Alexandria libraries. Under the Roman Empire, Alex­
andria, however, still exerted great influence and in the 
reign of Augustus was a metropolis second only to Rome 
itself, but in the succeeding centuries when Rome was 
suffering from internal disintegration and the Roman 
Empire was crumbling from successful barbarian inva­
sions, Alexandrian culture also yielded to the general de­
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moralization. In the third century, the conditions through­
out the Empire were such as to justify the statement of a 
competent critic—“In the tempest of anarchy during the 
third century A.D. the civilization of the ancient world 
suffered final collapse. The supremacy of mind and of 
scientific knowledge won by the Greeks in the third century 
B. C. yielded to the reign of ignorance and superstition in 
these social disasters of the third century A.D.”2

2 J. A. Breasted, Ancient Times, p. 674.

In the light of present knowledge, it was in the period of 
the first to the third centuries that the mystical cult which 
cultivated the fantastic ideas of that kind of chemical phil­
osophy which later came to be called alchemy, first de­
veloped. The beginning seems to have been the develop­
ment of a secret cult of Alexandrian mystics bound by oath 
never to reveal to the uninitiated the mysterious knowledge 
which they claimed to have. That the members of the cult 
were originally of the Egyptian priesthood or foreign 
scholars initiated by them, seems probable, for Egyptian 
deities or mythological personages are prominent as 
authorities in their writings. That the cult was of com­
paratively late development is evidenced by the prominence 
of Persian, and Hebrew authorities which were also 
frequently cited in their early writings. All this points 
to the cosmopolitan influence of the Alexandrian schools, 
the melting pots of Greek, Egyptian, Hebrew, Persian and 
Chaldean philosophies, sciences, religions and supersti­
tions. The universal sway of the Roman power and the 
pax Romana had also the effect of spreading the various 
cultures and national religions, but at the same time of 
weakening their authority.

In the early centuries of our era, Rome and Athens con­
tained temples of Egyptian Isis, and shrines to Mithra, the 
Persian sun god, were frequent in Greek and Roman cities, 
symptoms of a decline in the power of the ancient religions 
in the centers of civilization under the Empire.

There was rising also the new and at first persecuted 
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sect of Christians destined soon to supplant the old faiths. 
Recognized and protected early in the fourth century under 
the Emperor Constantine, the new sect as it gained influ­
ence waged war upon the schools of ancient pagan philos­
ophies. In 389 A.D. the Serapion of Alexandria was de­
stroyed, and its library destroyed or scattered under an 
edict of Theodosius calling for the destruction of all 
pagan temples within the Empire, an order executed 
with much severity and cruelty. In the same year, 
Zeno, Emperor of the East, closed the important school 
at Edessa and its Nestorian teachers were banished, 
finding refuge in Asia. The Museum of Alexandria, 
a real university, still maintained a precarious existence 
until 415 when in riots incited by the Christians, the last 
remnants of Alexandrian schools of philosophy and science 
were swept away and the last notable teacher and philoso­
pher of that school, Hypatia, fell a victim to the violence 
of the mob.

The frequently repeated assertion that the library at 
Alexandria was destroyed by Amru, the Arabian conqueror 
in 640 A.D. is a story that lacks basis of truth. The partial 
destruction by fire during Caesar’s siege, the ruin oc­
casioned by disciplinary measures under Aurelian 273 A.D., 
the mandate of Diocletian ordering the destruction of all 
books relating to the working of metals for fear of the 
debasement of the currency, and the destruction of the 
Serapion and the Museum above alluded to, had doubtless 
left little to be destroyed. Indeed the Arabs at that time 
seem not to have been disposed to destroy but rather to 
protect the remains of ancient science. The story seems to 
be based upon the narrative of an Arabian historian, Ibn 
Khaldun, concerning the conquest of Persia. The com­
manding general asked the Caliph Omar what was to be 
done with a mass of books there found, and the Caliph is 
reported to have answered “Throw them into the water. 
If they contain anything of truth, we have received from 
God a better guide. If they contain falsehood, we are well 
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rid of them.3 This story whether true or false has been 
by error transferred to Alexandria.

With the suppression of the schools of ancient science 
and philosophy and the banishment and scattering of their 
savants and disciples, scientific activities in the Christian 
countries became for many centuries dormant. The up­
building of the doctrines and organization of the Christian 
Church dominated during the early middle ages the philos­
ophy of life of civilized Europe and absorbed the attention 
of its scholars. The influence of the church was during that 
period not conducive to the advance of natural or physical 
science. Not indeed on account of any active hostility to 
natural science as such, but because of two fundamental 
points of view which under the influence of the early fathers 
as St. Adrian and St. Augustine dominated Christian 
thought. To the church of that day, this earthly life was 
only of importance as a discipline and preparation for the 
life after death. Only those things were worth while which 
were necessary preparation for the life to come and for the 
avoiding of the eternal torments of the unredeemed. What 
mattered, therefore, such trivial matters as the nature of 
the material universe and the laws and causes pertaining 
to it? In the second place, the neoplatonic philosophy of 
the late Alexandrian school which dominated whatever re­
mained of the philosophy of nature itself tended to 
discourage the scientific inquiry into the physical causes 
of observed natural phenomena. This tendency was owing 
to the fact that this philosophy encouraged the belief in 
the mysterious and occult as complicating factors in the 
simplest and most ordinary events. When things mystical 
or miraculous might always be present in phenomena of the 
universe, there was little stimulus to study the operations 
of physical laws upon the continuity or invariability of 
which dependence could be placed.

Thus the study of nature from the scientific point of
8 Cf. Friedrich Dannemann, Die Naturwissenschaften in ihrer Ent wicklung, 

etc., Leipzig, 1910, I, p. 223, 
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view was neglected. Even ancient Greek science with its 
early attempt at scientific reasoning became almost forgot­
ten and its literature neglected. Speculations as to natural 
phenomena were largely confined to endeavors to harmonize 
observed facts with the Scriptures, or with their interpre­
tation by church authorities, for the scholarship of Europe 
was largely absorbed in the problems of theology. Those 
arts were largely studied which were in harmony with the 
intellectual and emotional motives in religious life—logic, 
rhetoric, dialectics, grammar, etc.

Some attention was given to the study of arithmetic and 
geometry. Natural sciences—astronomy, botany and zool­
ogy—received some attention from a classificatory point of 
view, but the writings upon these subjects were curiously 
mingled with fabulous and mystical matter. Anything 
that may be considered as any material revival or contin­
uation of the scientific interest in the study of nature in 
Christian Europe was to wait until the twelfth and thir­
teenth centuries.

It may well be that even the science as developed by the 
ancients, except in its practical applications, might have 
been lost to the world had its continuity not been maintained 
through other channels than the newly developing Christian 
civilization, so devoid of any scientific literature are these 
early centuries of Christian Europe.

The traditions of the ancient pagan schools and their 
literature were, however, preserved and cultivated especi­
ally by the Syrian scholars who took refuge in Persia, after 
the closing of the Alexandrian schools, and there founded 
and maintained schools modeled after the Alexandrian. By 
these scholars, the classical works of Plato, Aristotle, Galen, 
Dioscorides and others, and of some early chemical and 
alchemical writers, as the pseudo-Democritus and Zosimos, 
were preserved and translated into Syrian. Astronomy, 
astrology, medicine, alchemy, were among the subjects 
taught in their schools.

When the Mohammedan invasion of Asia Minor took 



142 THE STORY OF EARLY CHEMISTRY

place, these Syrian scholars were patronized by the Caliphs, 
were employed in influential positions as physicians, as­
tronomers, mathematicians, engineers, etc., and the Syrian 
manuscripts of Greek and Alexandrian authors were trans­
lated into Arabian. The early Mohammedan culture was 
more hospitable to these ancient sciences and philosophies 
than the early Christian, and thus Arabians became in 
medieval times the best trained scholars in mathematics, 
astronomy, medicine and chemistry. As the wave of Mo­
hammedan conquest in the seventh and eighth centuries 
swept over Egypt and Morocco to Spain, Spain became the 
seat of a high degree of Mohammedan culture which en­
dured until the final expulsion of the Moors in 1492 put an 
end to the Moslem rule in Western Europe. From Spain, 
however, the classical culture preserved by Syrian scholars 
and by them transmitted to Arab scholars, found its way 
to Europe, and Arabian mathematicians, physicians, al­
chemists, were held in high esteem as scientific experts. 
Arabian translations, elaborations and commentaries from 
ancient Greek and Greek-Egyptian authors received from 
Syrian versions and finally translated into Latin in the 
twelfth and thirteenth centuries, became the great authori­
ties in natural science. So completely had the original 
Greek writings disappeared from sight in the middle ages 
of Europe that later centuries quite generally assumed that 
the Arabians were originators of very much that they had 
acquired and transmitted from original Greek and Alex­
andrian writers through Syrian and Arabic translations. 
Particularly was that true in the field of chemical knowl­
edge, though modern research has made it clearer that the 
additions in that domain to the knowledge possessed by 
Alexandrian writers of the third and fourth centuries is of 
very subordinate significance. In the history of chemical 
science in Europe, Arabian influence is of importance be­
cause it was through this channel that interest in the science 
was again introduced to Latinized Europe. As previously 
noted, it was in Alexandria at about the beginning of our
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era, so far as we can ascertain, that that phase of chemical 
activity and speculation which we call alchemy originated. 
The earliest alchemical writers whose writings have been 
in part at least preserved to us were manifestly Alexan­
drian Greek-Egyptians. They wrote in Greek and their 
writings contain allusions and traditions connecting with 
the ancient Greek philosophy of nature, with Plato- and 
Aristotle, but also allusions and ideas related to Jewish, 
Persian and Egyptian culture. In so far as these writings 
contain references to the devices and methods of experi­
mental chemistry, these early alchemists allude to just such 
practical operations as we have seen in the Egyptian papyri 
from Thebes, although they are rarely so definite and clear 
as the latter descriptions and directions, and are mingled 
with a confused mass of obscure allegorical narratives and 
descriptions. These find their analogies in the fantastic 
notions of the later Alexandrian neoplatonic philosophers 
and related mystical cults belonging to the transition period 
of the fall of the Egyptian and Greek culture and the 
rise of the Christian philosophy with its mixture of tradi­
tions and ideas from many different ancient cults and 
religions.

Internal and external evidence are to the effect that the 
phase of chemical activity and interest which so long held 
the stage not only in Europe but in Arabia and Asia, 
spreading even to India and China, had its origin in the 
practices of the metal workers of Egypt and in the theories 
of matter and its possible changes as developed in the neo­
platonic school of natural philosophy.

In so far as the neoplatonic philosophy as applied to 
alchemy possessed a basis in ancient Greek philosophy, it 
Was based mainly upon Plato’s conceptions as formulated 
in his work entitled “Timaeus.”

This metaphysical physical science of Plato, imaginative 
and fantastic in itself, became even less logical and more 
fantastic by the elaborations and interpretations of the later 
neoplatonists who “based their philosophy on revelations 
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of Deity and they found those in the religious traditions 
and rites of all nations.”4

4 Harnack and Mitchell, Encycl. Britannica, (11th ed.), “Neoplatonism.”
5 Citations from ‘ ‘ Timaeus ’ ’ are taken from the English translation by R. 

D. Archer-Hinds, Macmillan and Co., 1888.

As the Timaeus of Plato appears to have furnished the 
more fundamental concepts which dominated the ideas of 
matter and its changes to the early and later alchemists, it 
will be of help in understanding some of these ideas if this 
work is explained in some detail.

In the form of dialogue, though substantially a mono­
logue, Timaeus is represented as explaining to Socrates 
his formulation of the generation and development of the 
physical universe.

It will be remembered that the inductive method of 
modern science is not the method of Plato. The criteria 
which justify his conclusions are their reasonableness to 
the human mind. Ideas are the realities, the changing 
phenomena of the physical universe are but their transient 
images. Very illustrative of Plato’s attitude in this respect 
is his discussion respecting the origin of the universe.5

“Now as to the whole heaven or order of the universe, 
. . . we must first ask concerning it the question which 
lies at the outset of every inquiry, whether did it exist 
eternally, having no beginning of generation, or has it 
come into being starting from some beginning? It has 
come into being, for it can be seen and felt and has body. 
And all such things are sensible and sensible things appre­
hensible by opinion with sensation belong as we saw to 
becoming and creation. We say that what has come to be 
must be brought into being by some cause. Now the maker 
and father of this all it were a hard task to find and having 
found him, it were impossible to declare him to all men.”

Questioning as to whether this maker created the uni­
verse upon the model of the eternally existent or upon the 
transient material thing, he says:

“If now the universe is fair and its artificer good, it is 
plain that he looked to the eternal, for the universe is 
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fairest of all things that have come to be, and he is the 
most excellent of causes.

“If then, Socrates, after so many men have said divers 
things concerrling the gods and the generation of the uni­
verse, we should not prove able to render an account every­
where and in all respects consistent and accurate, let no 
one be surprised, but if we can produce one as probable as 
any other, we must be content, remembering that I who 
speak and you my judges are but men, so that on these 
subjects we should be satisfied with the probable and seek 
nothing further.”

How fundamentally this point of view differs from that 
of modern science and how accordant it nevertheless is 
with the greater part of medieval logic in such matters, it 
is needless to emphasize. Plato places all the emphasis on 
deductive logic, and his employment of inductive logic is 
almost subconsciously applied, so little effort is made to 
control his notions of the causes of things on the basis of 
observed facts. He is mainly endeavoring to interpret the 
will of the creative power through his own ideas of har­
mony, beauty and beneficence.

“Because the Artificer saw that nothing could be fairer 
than that which has reason, and that without soul reason 
cannot dwell in anything,” Plato deduces “that the universe 
is a living creature in very truth possessing soul and reason 
by the providence of God.” Because to Plato a sphere is 
the most perfect figure, the universe is spherical, and be­
cause it is made in the image of the eternal, that is of God, 
d is one and alone. Because rotation on its axis is the 
most perfect motion, it is so established, and since for this 
rotation there is no need of feet, he made it “without legs 
and without feet.” “—for its excellence, it was able to 
be company for itself as acquaintance and friend. For all 
these things, he created it a happy god.”

Confining our attention to those concepts more directly 
related to subsequent neoplatonic and alchemical views of 
Physical phenomena, it is to be noted that he first formu­
lated notions of the four elements, which, elaborated by his 
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great pupil Aristotle, gave to later times one of the most 
influential concepts of the nature and changes of matter. 
The assumption of four elements was at least as early as 
Empedocles, but his less imaginative ideas were not the 
ones that directly influenced the neoplatonists of Alexan­
dria.

Plato explains why there should be four and only four 
elements in a very characteristic logic. After assuming that 
the universe must be material because it is visible and 
tangible, he proceeds:

“Apart from fire and light, nothing could ever become 
visible, nor without something solid, could it be tangible, 
and solid cannot exist without earth; therefore did God 
when he set about to frame the body of the universe, frame 
it of fire and of earth. But it is not possible for two 
things to be fairly united without a third, for they need 
a bond between them which shall join them both. The best 
of bonds is that which makes itself and those which it binds 
as complete a unity as possible, and the nature of propor­
tion is to accomplish this most perfectly. For when of 
any three numbers whether expressing three or two di­
mensions, one is a mean term, so that as the first is to 
the middle, so is the middle to the last, then since the 
middle becomes the first and the last, and the last and 
first both become middle, of necessity, all will come to be 
the same, and being the same with one another, all will be 
a unity. Now if the body of the universe were to have 
been made a plane surface having no thickness, one mean 
would have sufficed to unify itself and the extremes, but 
now since it behooved it (the universe) to be solid, and 
since solids can never be united by one mean, but require 
two, God accordingly set air and water betwixt fire and 
earth, and making them as far as possible exactly propor­
tional, so that fire is to air as air is to water, and as air 
is to water, water is to earth, thus he compacted and con­
structed a universe visible and tangible. For these reasons 
and out of elements of this kind, four in number, the body 
of the universe is created, being brought into concord 
through proportion; and from these, it derived friendship, 
so that coming to unity with itself, it became indissoluble 
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by any force save the will of him who joined it. Now the 
making of the universe took up the whole bulk of each of 
these four elements. Of all fire and all water and air and 
earth, its framer fashioned it leaving over no part nor 
power without. ’ ’

Taking these concepts of the nature of the four elements 
into consideration in connection with the more logical 
though hardly less imaginative concepts of the elements 
by Aristotle, it is not difficult to understand that at a period 
when the ideas of Plato were more determinative of the 
philosophy of the time than were the ideas of Aristotle, the 
concept of the nature of the four elements was vague and 
mystical. Following Pythagoras, Plato conceives of a kind 
of geometrical basis of the constituting units or particles 
of the four elements and of the different character of the 
bounding surfaces of these units as determinative of the 
four elements. By the breaking down and rearrangement 
of these bounding surfaces (triangles) he explains why one 
element may be changed into another, a fact which he ac­
cepts as confirmed by experience. The elements are not 
constant in their properties, but there are different kinds 
of all the elements.

“Next we must remember that of fire there are many 
kinds; for instance, flame and that effluence from flame 
Which burns not but gives light to the eyes, and that which 
remains in the embers when the flame is out. And so 
with air, the purest is that which is called by the name of 
ether, and the most turbid is mist and gloom, and there 
are other kinds which have no names, arising from the in­
equalities of their triangles. Of water there are two pri- 
mary divisions, the liquid and the fusible kinds.”

Plato seems to consider that anything that naturally 
exists as a flowing liquid is a water of the liquid kind, while 
everything that can be made to flow by the action of heat 
is a water of the fusible kind; for example:

“Of all the substances which we have ranked as fusible 
kinds of water, that which is densest and formed of the 
finest and most uniform particles, a unique kind of bright­
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ness of a yellow hue is gold, a most precious treasure which 
has filtered through precious rocks and there congealed. 
. . . Another has particles resembling those of gold, 
but more than one kind; in density it even surpasses gold 
and has a small admixture of fine earth so that it is harder 
but lighter because it has large interstices within. This 
formation is one shining and solid kind of water and is 
called copper (x^Akos). The earth which is mingled with it 
when the two through age begin to separate again becomes 
visible by itself and is named rust” (“ios,” that is, ver­
digris).

Throughout the writings of the alchemists even to the 
seventeenth century, we find allusions to “waters” and to 
the congealing of waters in the earth to form rusts or 
metals, the source of which are plainly to be traced to 
these curious speculations of Plato. Plato leaves no doubt 
as to his belief that these four elements are not absolutely 
distinct substances but that they may be changed from one 
to another and that they are not to be too definitely charac­
terized.

“For it is hard to say which of all these we ought to 
call water any more than fire or indeed which we ought 
to call by any given name rather than all and each sever­
ally. ... In the first place what we now have named 
water, by condensation as we suppose, we see turning to 
stones and earth, and by rarifying and expanding this same 
element becomes wind and air; and air when inflamed be­
comes fire; and conversely fire contracted and quenched 
returns again to the form of air; also air concentrating 
and condensing becomes cloud and mist, and from these 
yet further compressed comes flowing water, and from 
water, earth and stones once more.”

It will be remembered that Aristotle also conceives of 
the four elements being transmutable and as substances 
are made up of these four elements, it is not difficult to 
understand how the followers of these theories entertained 
the possibilities of almost any kind of change in the nature 
of substances if the appropriate agencies or influences 
might be supplied.
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Aristotle in characterizing the properties of the four 
elements laid great emphasis upon their four constituting 
qualities—hot, cold, moist and dry. That Plato also asso­
ciated these properties with the elements is evidenced from 
the following passage concerning the causes of disease.

“Now the cause whence sicknesses arise is doubtless 
evident to all. For seeing there are four elements of which 
the body is composed, earth, fire, water and air, any un­
natural excess or deficiency of these or change of position 
from their own to an alien region, and also, since there 
are more than one kind of fire and other elements, the re­
ception by each of an unfitting kind, and other causes, all 
combine to produce discord and disease. For when any 
of them changes its nature and position, the parts that 
formerly were cool are heated, and those that were dry 
become moist and the light become heavy, and all undergo 
every kind of change.”

It may be remembered that Aristotle in his development 
of the qualities of the elements, discarded the qualities 
light and heavy as nonessential or as not inherent. The 
medical theory of disease which during the middle ages 
and indeed well into the Renaissance was most authoritative, 
was that of Galen (Claudius Galenus, born ca 121 A.D.) 
which was largely founded on the conception that conditions 
of health or disease were determined by normal or abnor­
mal proportions of the four humors, blood, phlegm, yellow 
and black bile, these being related by metaphysical analogy 
to the four Platonic-Aristotelian qualities, cold and warm, 
dry and moist.

The foregoing sketch gives but very incomplete descrip­
tion of the physical basis of the “Timaeus,” but will serve 
to indicate the more important concepts which were 
Particularly influential in determining the fundamental 
theories of medieval chemistry or alchemy, concepts which 
Were indeed dominant in chemistry at least until the six­
teenth century, though gradually supplemented by ideas 
developed from more practical chemical experiments.

Unreal and fantastic as were the theories of Plato upon 
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the nature and change of matter, they were nevertheless 
devoid of any mysticism or unreason such as dominated 
the natural science of the neoplatonists of the earlier cen­
turies of our era. They were the product of the specula­
tions of a brilliant intellect attempting to fathom the plan 
of the creator of the universe, under the belief that man 
has no surer guide for this task than to follow the indica­
tions of his own sense of the harmonious, the beautiful, and 
the desirable, and “that on these subjects we should be 
satisfied with the probable and seek no further.” But the 
neoplatonists were no longer strict disciples of the Greek 
philosophers with whom sane reason was characteristic 
though often imperfect and in error. Egyptian secrecy and 
mysticism, the superstititous observances and beliefs of 
Chaldeans, Hebrews and Persians had introduced faith in 
astrology, in the magic influence of numbers, in exorcisms 
and invocations, so that the Greek rationalism was well- 
nigh obscured. The mystical sects which developed in the 
early centuries of the Christian Church contributed not a 
little to intensify the factors which tended to diminish the 
rational development of critical study of causes and effects 
in nature.

The earliest alchemical writers of whom we have literary 
remains and of whom we have any items of personal history, 
as Zosimus, Synesius, Olympiodorus, who lived in about the 
third to the fifth centuries, belonged to the cult of Gnostics 
whose traditions and observances rested largely upon a 
foundation of Jewish, Chaldean and Egyptian mysticism 
and Alexandrian neoplatonism, and were also influenced 
by the mysticism of the early Christian Church. This fact 
has been established by the researches of G. H. Hoffman” 
and confirmed by M. Berthelot7 and E. von Lippmann.8

6 Ladenburg, Encyclopedia, art. ‘ ‘ Chernie, ’ ’ p. 529.
i Les Origines de I’Alchemic, Chap. Ill, p. 57 ff.
7 Les Origines de l’Alchimie, Chap. Ill, p. 57 ff.
»Encyclopedia Britannica, 11th ed.

This sect, which flourished from about the first to the 
sixth century, is characterized by W. Bousset9 as composed 
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of members who “all lived in the conviction that they pos­
sessed a secret and mysterious knowledge in no way 
accessible to those outside, which was not to be proved or 
propagated but believed in by the initiated and anxiously 
guarded as a secret. This knowledge of theirs was not 
based on reflection, on scientific inquiry and proof, but on 
revelation.” Certain it is that a great part of the writings 
of these earliest Greek-Egyptian alchemists are well de­
scribed in these terms, as we shall later have occasion to 
illustrate.

Of the beginnings of development of the cult of Egyptian 
chemists, doubtless of the priestly caste, to which the orig­
inal owner of the Theban manuscripts at Leyden and Stock­
holm probably belonged, we have no definite knowledge. 
The traditions of the early alchemists name many person­
ages as authorities in the secret and sacred art, many of 
them doubtless mythical in so far as their connection with 
chemical arts are concerned. Thus Hermes is commonly 
referred to as the original founder of the art of alchemy. 
Hermes was the Egyptian deity called by them Thoth, 
legendary patron of the arts and sciences. An incredible 
number of works are said to have been written by him, 
including works on astrology and magic, and later impost­
ers wrote works which they ascribed to him. The designa­
tion of chemistry as the hermetic art is due to this 
legendary reputation. Also Isis, whose worship had ex­
tended from the Egyptians to the Alexandrian Greeks and 
even to Rome, is associated by legend with alchemy. 
Another name prominently connected with early alchemy 
is Ostanes, said to have been a magus-priest and philos­
opher attached to the court of the Persian king, Xerxes. 
Another, also named Ostanes, figures as one who prac­
tised magic and alchemy at the time of Alexander the 
Great.

Moses, Miriam the Prophetess, alleged sister of Moses, 
and Aaron, Cleopatra, Egyptian priestess, not to be con- 
fused with the queen of that name—though she also has been 
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asserted to be an adept on the strength of the story of the 
pearl dissolved in vinegar—these names and others are 
cited frequently by early alchemists with assertions re­
specting certain sayings, but nothing definite is known re­
garding their alleged connection with alchemy or chemistry.

These traditions are chiefly of interest as illustrating 
how the origin of alchemy is associated by tradition with 
Egyptian, Persian and Hebrew names, corroborating the 
evidence that the cult originated at the time when the tra­
ditions of these nations were blended with the Greek in 
the Alexandrian Neoplatonic schools.

The first name which appears to represent a chemical 
expert whose writings have been preserved fragmentarily 
in quotations or copies by later writers, is that of Democ­
ritus. This person is generally called by alchemical writers 
Democritus of Abdera, the philosopher who first enunciated 
an atomic theory. Internal and external evidence, however, 
make it clear that Democritus, the alchemist, has little in 
common with the philosopher of Abdera, and that this 
psuedo-Democritus lived at about the beginning of our era 
and belonged to the Alexandrian school of neoplatonists. 
The exact time of his life is unknown. H. Kopp10 considered 
that his work, Physica et Mystica, was written not earlier 
than the third century A.D.

10 H. Kopp, Geschiclite der Chemie, 1843-1844, II, p. 152.
11 See ante p. 25-26.

Berthelot considers it at least as early as the papyrus 
of Leyden which was written probably in the third century 
though evidently copied from earlier writings. Democritus 
was referred to as a great authority by Zosimus (third 
century), thus giving the impression that he was earlier 
than his time.

It may be recalled that Pliny, citing Democritus fre­
quently, refers to a prevalent belief that there were two 
writers of that name, a belief, however, that he personally 
was not disposed to credit, attributing all to Democritus 
of Abdera.11 Another writer contemporaneous with Pliny,
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Columella (died about 65 A.D.), stated that a certain Bolos 
of Mendes was a writer of the school of Democritus and 
attributes to him the production of many writings ac­
credited to Democritus of Abdera.12

12 Cf, Berthelot, op. oit., p. 156,

It is, therefore, probable that this earliest alchemical 
writer of whom we have identifiable writings lived some­
where about the beginning of our era. Whether his name 
Was really Democritus or whether he used that distin­
guished name to give greater prestige and authority to his 
writings, as was the practice with many other unknown 
Writers in later periods, we do not know, though the state­
ment of Columella indicates an early belief in the unauthen­
ticity of the writings as ascribed to Democritus. In later 
periods other unknown writers wrote treatises which they 
endeavored to pass as works of Hermes, Geber, Lullus, 
Aristotle, Albertus Magnus, Paracelsus, etc.

There are in existence in manuscripts of dates not earlier 
than the tenth century and some much later, in Greek and 
Syrian, quite a number of writings ascribed to this Democ­
ritus. In general they are in part practical recipes for 
alloying or coloring metals to imitate gold or silver, or for 
dyes, resembling closely the recipes to be found in the 
Papyri of Leyden and Stockholm, and in part mystical, 
allegorical or symbolic allusions to the art of transmuta­
tion, ostensibly intelligible to initiates in the mystic cult, 
but manifestly intended rather to impress the reader with 
belief that the writer is the possessor of occult knowledge 
which he cannot make clearer to the unitiated reader.

The practical recipes of the pseudo-Democritus differ 
°nly from the Theban papyri in their less simple and plain 
directions. They are the same in their intentions of imi­
tating gold and silver by yellow and white alloys of copper, 
lead, tin, mercury and arsenic; by colored mixtures or 
Varnishes or stains to be superficially applied to give a 
surface resemblance to gold or silver; and the materials 
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for these recipes when clearly stated are the same as we 
find in the papyri. There are also recipes for gold 
“elixirs” and silver “elixirs.”

The earliest alchemical work in existence is probably the 
Physica et Mystica of Democritus.13 Its authenticity rests 
on the fact that it is cited with great respect by the early 
Greek alchemists. The earliest manuscript in which it is 
known is the manuscript of St. Marks of the tenth or 
eleventh century,14 though manifestly existing certainly 
before the fourth century, and probably in some form much 
earlier. Berthelot has published the text of this work from 
the manuscript of St. Mark with translations.15

is Cf. Kopp, Beitrage zur Geschichte der Chemie, I, p. 128.
ii Berthelot, op. cit., Chap. VI.
1“ Collection des Alchimistes Grecs, I and II, Greek Text, p. 41, translation, 

p. 43. Kopp published the Latin translation of Pizimenti, Beitrage zur 
Geschichte der Chemie, I, p. 137 ff.

This work so well illustrates the twofold basis of the 
ancient alchemy, the Egyptian practical art, with the mys­
tical obscurity of the secret cult, that it will be worth while 
to quote it in part.

The treatise begins with a recipe for dying wool that 
closely resembles some in the Stockholm papyrus.

“Take, to a pound of purple [dyestuff] a weight of two 
oboles of scoria of iron, macerated in seven drachmas of 
urine. Place on the fire till it boils. Then removing the 
decoction from the fire, place the whole in a jar. First 
withdrawing the purple, pour the decoction upon the pur­
ple, let it soak a night and a day. Then taking four pounds 
of marine lichens [that is orseille] add water until the 
water is four fingers deep over the lichen and leave it till it 
thickens; then filter, heat, and pour it on the wool pre­
pared beforehand. Squeeze the loose wool so that the 
liquid may penetrate thoroughly; then let it stand two 
nights and two days. Finally let it dry in the shade. The 
liquid is poured off. Take the same liquid and to two 
pounds of this liquid add water to reproduce the original 
proportion. Keep it till it thickens; then, having filtered, 
put in the wool as at first, and leave it a night and a day. 
Then take it out, rinse in urine and let it dry in the shade.”
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Another similar recipe for dyeing in purple follows 
the treatise, and then comes a brief note on dyestuffs for 
purple:

“Here is what enters into the composition of purple: 
the alga which is called false purple, the coccus, the marine 
dye (orseille), orcanette of Laodicea (anchusa), crimnos 
(the unidentified dyestuff often mentioned in the Stock­
holm papyrus), madder of Italy, the phyllantheon of the 
west (or of the divers ?) the purple worm, Italian pink. 
These colors have been estimated above all others by our 
predecessors. Those which do not give fast colors are of 
no value. Such are the coccus from Galatia; the color 
from Achaia called lacca, that from Syria called rhizion, 
the mollusk and double mollusk of Libya, the mollusk called 
pinna, from the maritime region of Egypt, the plant called 
isatis, and the dye from upper Syria called murex. These 
polors are not fast nor valued by us except that from 
isatis. ”

These technical notes and recipes are strikingly similar 
to those we have already quoted and discussed from the two 
papyri. They might have come from just such laboratory 
notes of the same period, and if not always clear to us owing 
to vocabulary difficulties, they are at least free from 
niysticism.

The next succeeding paragraphs in the manuscript are, 
however, very different and entirely unrelated to the fore­
going.

“Having received these ideas from our master pre­
viously mentioned, and recognizing the diversity of matter, 

are obliged to harmonize their natures. But our master 
dying before we were initiated, and at a time when we 
Were still occupied with the knowledge of matter, we were 
told it would be necessary to attempt to evoke him from 
Hades, and I forced myself to attain this end by evoking 
Urn directly with these words, ‘By what gifts dost thou 
reward that which I have done for thee.’ After these 
^vords, I remained silent. After invoking him several times 
and demanding how I could harmonize the natures, he 
Hplied that it was difficult to speak -without permission of 
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the daemon (genius), and pronounced these words only—■ 
‘The books are in the temple.’

“Returning to the temple, I set about seeking to be­
come possessor of these books, for he had while living 
never spoken of the books, dying without testamentary dis­
position. He had, as had been supposed, taken poison to 
part his soul from his body, or, as his son declares, he 
swallowed the poison by mistake. But he had intended 
before his death to show these books to his son only when 
he should have become of age. None of us knew of these 
books. Since after seeking we had found nothing, we 
would have given much to know how substances and their 
natures unite and are blended. When we would have ef­
fected the composition of matter, the time having arrived 
for a ceremony in the temple, we made a festival together. 
Then as we were in the shrine10 of the temple, suddenly a 
certain column opened, but we could see nothing within. 
Now neither he (the son) nor we had been told by any one 
that his father’s books had been so deposited. Advancing, 
he led us to the column and we saw with surprise nothing 
revealed save this precious formula that we found there— 
Nature rejoices in nature, nature triumphs over nature, 
nature dominates nature.”

i® vats, innermost part of a temple; cell.
11 The Latin text as published by Pizementi and reproduced by Kopp, loc.

cit., begins at this point.

The above narrative is so entirely different from what 
precedes that it is quite probable as Berthelot has suggested 
that they are not parts of the same original writing.

The Physica et Mystica then proceeds :17
“I also come to bring to Egypt the doctrine of the things 

of nature, so that you may be raised above the curiosity of 
the vulgar and the confusion of matter.

“Take mercury, fix it with the (metallic) body of mag­
nesia or with the (metallic) body of stimmi from Italy, or 
with sulphur apyre (native sulphur), or with aphreselinon 
(selenite), or burned limestone, or alum of Melos, or with 
arsenicon or what you will. Place the white earth (so 
prepared) upon copper (x^o's, copper or bronze), and 
you will have copper without shadow (brilliant). Add yel­
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low electron and you will have gold, with gold you will 
have chropocolla reduced to metallic body. The same re­
sult will be obtained if you use yellow arsenicon or sanda- 
rach properly treated, and cinnabar wholly transformed. 
But mercury alone produces the copper without shadow. 
Nature triumphs over nature.”

The intention of this recipe is very clear. It is a process 
to give copper or bronze a superficial silver or gold color 
by the use of mercury alloys or arsenic alloys. In detail, 
it is ambiguous, largely because the substances used are 
often named by terms which had no very definite signifi­
cance with the ancients. Thus ‘ ‘ magnesia ’ ’ included white 
lead, “cadmia” (crude oxide of zinc), and the “body of 
magnesia” would then mean metallic zinc or lead, making 
white alloys with copper. Italian stimmi is the native 
sulphide of antimony, and the “metallic body” of this 
Would be metallic antimony, which as we have seen, the 
ancients considered a kind of lead. Cinnabar wholly trans­
formed was probably, though not certainly, metallic mer­
cury. The yellow arsenic and sandarach “properly 
treated” probably meant roasted and reduced to metallic 
arsenic, which also gives a white surface to copper, though 
there is no evidence that the ancients ever separated the 
metallic arsenic.

It is also probable that additional obscurity is due to 
the desire to avoid making the directions clear to the unin­
itiated public. The use of the substances called gypsum, 
burned limestone, and alum (which also meant a variety of 
acid-reacting salts), was probably for the purpose of keep­
ing metallic surfaces free from oxide or other films inter­
fering with perfect contact with amalgams or other alloys.

The following recipe is obscure probably by reason of 
the use of conventional terms intended to conceal the real 
substances from general knowledge.18 
'——- __________________ ___________ __________________________  

18 Concerning these secret or ambiguous names for inorganic or organic 
Substances, compare E. von Lippmann, op. cit., pp. 15, 28, 225. The fashion 
among the early alchemists of so concealing the nature of their materials from 
“o public seems to have been inherited from the ancient Egyptian medical 
practice, as illustrated in the Papyrus Ubers, ca 1500 B. C.
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“Whiten according to usage cadmia of Cyprus. I refer 
to that which has been refined. Then make it yellow. You 
may make it yellow with the bile of the calf, or turpentine, 
or ricinus oil or radish, or with the yolk of eggs, all sub­
stances which turn it yellow. Then apply the mixture to 
the gold. For gold is obtained by means of gold and the 
liquor of gold. Nature triumphs over Nature.”

The intention of the recipe may have been, as Berthelot 
suggests, to give a gold color by yellow varnishes to white 
metals. It would exceed our limits to dwell further upon 
the technical recipes in the Physica et Mystica. The greater 
number deal with processes for imitating gold and silver 
by baser alloys, by superficial coloring of white metals or 
copper, and by superficial varnishes on white metals. They 
resemble the recipes of the papyri already given, though 
in general less specific or clear, and interspersed with mys­
tical expressions.

One further extract illustrative of a style of talking 
which finds many imitators in the later alchemists, even of 
the seventeenth and eighteenth centuries, will be not with­
out interest. The passage is entirely disconnected from 
that immediately preceding it in the manuscript, which is 
a recipe for tincturing a white metal with the color of 
gold.

“0 Nature, producer of Natures, 0 Nature which charms 
Natures in marvellous ways. Such are the things which 
concern great Nature. There are no other natures super­
ior to those in the tinctures; there are none equal nor in­
ferior. All these things are effected in solution. 0 my 
colleagues in prophecy, I know that you have not been in­
clined to unbelief, but to admiration, for you know the 
powers of matter, whereas the young people are confused 
and place no faith in what is written because they are 
dominated by their ignorance of matter, not knowing that 
the children of medicine when they wish to prepare a 
medicament proper for a cure do not attempt to make it 
in thoughtless haste, but first try what substance is warm, 
what other substance is cold or moist, and in what condi­
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tion it should be to favor a mean mixture. This is the way 
that they prepare the medicine destined for the cure. But 
those who propose to care for the soul and the deliverance 
from all pains do not perceive that they will be hindered 
by proceeding with a haste void of discrimination or 
reason. Indeed, believing that we are employing fabulous 
and not symbolic language they make no test of different 
kinds of substances to find out for example if such a Sind 
is useful for cleaning; such another as accessory; such a 
one for coloring; such a one to effect complete combina­
tion; or if such a kind is good to give brilliancy. They 
do not ascertain if such a substance will resist the action 
of fire, and if such another by its addition will render a 
body more resistant to fire; thus, for instance, how salt 
cleanses the surface of the copper and even its internal 
parts, and how it corrodes the external parts when scraped, 
and even its internal parts. And finally, how mercury whit­
ens the surface of brass (aurichalchum) and cleans it, and 
how it whitens the internal parts (i. e. when alloyed); how 
it is eliminated from the surface and how it can be elimi­
nated from the internal part. If the young people were 
trained in these matters they would not go astray in the 
Preparations they undertake. They do not know that one 
kind of substance alone can be transformed into as many 
as ten kinds of contrary natures. Indeed one drop of oil 
may make disappear a great quantity of purple, and a lit­
tle sulphur can consume many substances. ’ ’

The above extract like many passages in later alchem- 
istic writings is obviously intended to impress the reader 
"with the importance of the knowledge possessed by the 
Writer and other adepts, and does indeed convey the im­
pression that these people were more or less familiar with 
chemical operations while conveying no definite information 
as to methods or applications that could be of practical 
utility to the reader.

The various writings—Greek, Syrian or Arabic -which 
are attributed to Democritus may have been much added 
to or modified by their translators or copyists in the course 
°f centuries. Accepting them on their face, however, as 
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representing the chemical knowledge of this pseudo­
Democritus, they show him as a person with a wide ex­
perience of chemical operations, and of the substances 
used in ancient days in the arts of chemistry.

A great number of recipes attributed to Democritus 
are given, of which many are clear, and the purpose evi­
dent, many are apparently matters of fact but the descrip­
tions are not clear. In many the purpose is not plain, and 
others are intentionally mystifying, many processes 
essentially simple being made complicated by reason of 
operations which probably find their basis in superstitions. 
An illustration of the last-mentioned kind is, for example, 
in the preparation of “our cinnabar.”

“Take mercury and put it in a marmite of clay, with 
native sulphur above and beneath the mercury. Cover with 
a clay cover and seal with a lute resistent to fire. When 
the lute is dry, heat it in a glass furnace three days and 
nights. After this, take the marmite and you will find a 
red substance. Take this, work it, grind it in sea water, 
expose it to the sun for three days and let it dry. When 
finally dried, expose it to the sun with urine from an in­
fant at breast, during sixteen days and as many nights. 
Dry it and put in a glass vessel. Preserve it for use. This 
is our cinnabar. ’ ’19

10 Berthelot, La Chimie au Mayen Age, II, p. 31.
20 Berthelot, op. cit., p. 29.

The use of a name for a reagent which is intended to 
mislead or to conceal the truth from those not adepts, may 
be illustrated in the following directions for imitating the 
emerald.

“Take white lead (cerusa) one part, and of any glass 
you choose two parts, fuse together in a crucible, then pour 
the mixture. To this crystal add the urine of an ass and 
after forty days you will find emeralds.”

Assuming that the desired green color of this brilliant 
lead glass was derived from copper, as is probable, the 
copper derivative used is masked under the designation of 
asses’ urine.20
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Among the multitude of recipes of a more matter of 
fact character, the following may illustrate.
How copper becomes white like silver.

Clean the copper properly and take mercury and white lead 
(eerussa), rub it strongly, and the color will become like that of 
silver.21

21 Berthelot, op. (At., p. 28.
22 Berthelot, op. cit., II, p. 67. Berthelot’s translation from the Syriae 

manuscript gives sal ammoniac. This would, imply an interpolation of about 
“o period of these manuscripts as no such salt was known to the time of 
Democritus himself.

23‘‘Asem” used as in the Stockholm papyrus to designate silver.
Berthelot, Collection des Alchimistes Grecs, II, p. 53.

Hiplosis of gold.
Take a mithgal of soft copper of Cyprus, ten mithgals of gold, 

ten mithgals of silver and fifteen of salammoniac. Scrape the 
tae+als and put them in a crucible. Fuse them and put them into 
trater of couperose, it will come out good gold.22

This is a recipe for gold alloy retaining the color of a 
purer gold. The ammonium chloride evidently was for 
the purpose of cleansing the metals to facilitate alloying. 
Fabrication of asem.23

Fix according to custom the mercury obtained from arsenikon 
(orpiment) or sandarach (realgar), or prepared as you know how; 
Project it upon copper and iron treated with sulphur and the 
metal will become white.

The same effect is produced by magnesia whitened, arsenikon 
transformed, cadmia calcined, sandarach unburned, pyrites whit­
ened, and eerussa digested with sulphur. You can soften iron 
by mixing with it magnesia or a small portion of sulphur, or a 
httle magnetic stone, for the magnetic stone (lodestone) has an 
attraction for iron. Nature charms Nature.24

Here again we have the superficial whitening of copper 
by the action of reduced arsenic, and by various other 
substances which by reduction give white metals, as zinc 
and lead. The ambiguity attending the nomenclature of 
minerals renders the interpretation sometimes uncertain.

The earliest alchemical writer whose personal identity is 
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known is Zosimos, called the Panopolitan, or Zosimos the 
Theban. He appears to have written and taught in Alex­
andria and lived about 300 A.D. There exist quite a 
number of writings attributed to him. He is credited by 
later writers with having been the author of an encyclo­
pedic work on alchemy, and writings now extant may be 
disconnected fragments of this work.

Zosimos is in his philosophy and chemical knowledge and 
points of view very similar to pseudo-Democritus whom he 
often cites with evident respect. Like the latter, he seems 
to be familiar with the practical chemistry of the Alex­
andrian-Egyptian school, and his writings are a similar 
mixture of laboratory directions, chemical apparatus and 
methods and mystical symbolism. It has been previously 
noted that he belonged to the cult of Gnostics.

An illustration of this mystical and mystifying symbolism 
manifestly referring to the transmutation of baser metals 
into gold or silver, though utterly unintelligible as to ma­
terials or methods, is found in a treatise of Zosimos “on the 
virtues and composition of the waters.” By the waters, it 
must be understood that Zosimos means with Plato all 
liquid or fused or fusible substances, as fused metals.

The text of this passage is translated by Berthelot from 
the manuscript of St. Mark’s (tenth century) previously 
alluded to.25

2’ Berthelot, op. eit., TI, Greek text, p. 107 ff. French translation, p. 117 ff-

“The composition of the waters, the movement, growth, 
removal, restoration of the bodily nature, the separation 
of the spirit from the body and the fixation of the spirit 
upon the body, operations which do not result from the 
addition of foreign natures drawn from without, but which 
are due to its own nature acting upon itself derived from 
a single kind only, as with hard and solidified minerals 
and with liquid extracts of the tissues of plants, all this 
uniform and many colored system comprises the manifold 
and infinitely varied investigation of all things, the investi­
gation of Nature, subordinated to the lunar influence and 
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to the measure of time, which govern the term and the 
growth according to which nature is transformed.

“While saying these things, I fell asleep and I saw 
standing before me at an altar shaped like a dome 2,1 
a priest sacrificing. There were fifteen steps to mount to 
this altar. The priest stood there, and I heard a voice 
from above saying—‘I have accomplished the act of. de­
scending the fifteen steps walking toward the darkness and 
the act of mounting the steps going toward the light.27 It 
18 the sacrifice that renews me eliminating the dense nature 
°f the body. Thus by necessity consecrated, I become a 
spirit.’ Having heard the voice of him who stood at the 
dome-shaped altar, I asked him who he was. In a shrill 
Voice he answered in these words, ‘I am Ion, priest of the 
sanctuaries, and I undergo intolerable violence. Some one 
has come hastily in the morning and has done violence 
upon me, cleaving me asunder with a sword and dismem­
bering me according to the rules of combination. He has 
removed the skin from my head with the sword which he 
held; he has mixed my bones with my flesh and has burned 
them with the fire of the treatment. It is thus I have 
learned of the transformation of the body to become a 
sPirit. Such is this intolerable violence. ’

Greek word was used also for the dome-shaped receiver of glass 
Int^ ? °V®r distilling apparatus to act as a condenser of vapors. See Berthelot, 

reduction, pp. 132-134. The word thus conveys a double sense, a popular 
and a technical concept.
oner Pr°bably these fifteen steps indicate thus obscurely the. various 
limit- 118 dnyolved. in laboratory operations, fusion, fixation, distillation, sub- 

ion, projection, crystallization, etc.

‘While he yet conversed with me, and I forced him to 
speak, his eyes became like blood and he vomited all his 
flesh and I saw him (changed to) a little imitation man, 
rend himself with his teeth and sink down.

‘Filled with fear, I awoke and reflected—‘Is not this 
the composition of the waters'?’ I was persuaded that I 
had rightly understood and I fell asleep again. I saw 
the same dome-shaped altar and at the upper part a water 
boiling and many people circulating continuously. And 
there was no one outside of the altar whom I could ques­
tion. I then moved toward the altar to see this spectacle, 
and I perceived a little man, a barber, whitened with years, 
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who asks me, ‘What dost thou look upon?’ I answered 
that I was surprized to see the agitation of the water and 
of the men burned yet living. He answered in these words, 
‘This spectacle that thou seest is the entrance, the depar­
ture and the mutation.’ I asked him, ‘What mutation?’ 
and he replied, ‘This is the place of the operation called 
maceration, for the men who wish to obtain virtue enter 
here and become spirits after having escaped from the 
body.’ Then said I, ‘Art thou a spirit?’ and he answered, 
‘Yes, a spirit and a guardian of spirits.’

“During our conversation, the boiling continuitig to in­
crease and the people uttering cries of lamentation, I saw 
a man of copper holding in his hand a tablet of lead. Look­
ing at the tablet, he spoke the following words, ‘I com­
mand all those who have submitted to the punishment to 
be calm, to take each one a tablet of lead, to write with their 
own hands, to keep their eyes lifted, and their mouths 
open until their vintage be developed. ’

“The act followed the word, and the master of the house 
said to me, ‘Thou hast contemplated, thou hast stretched 
thy neck upward and seen what has been done. ’ I replied 
that I had seen, and he explained to me, ‘He whom thou 
seest is the man of copper, he is the master of the sacri­
fices and is the sacrificed. It is he who vomits his own 
flesh. Authority has been given him over this water and 
over the people here punished. ’

“After this vision, I awoke again and said, ‘What is 
the meaning of this vision? Is not this water, white, yel­
low and boiling, the water divine?’ And I found that I 
had well comprehended. ... In the dome-shaped altar 
all things are blended, all are dissociated, all things 
unite, all things combine, all things are mixed and all are 
separated, all things are moistened and all are dried, all 
things flourish and all things wither. Indeed for each it 
is by method, by measure, by exact weight of the four ele­
ments that the mixing and the separation of all things take 
place. . . .

“In short, my friend, build a monolith temple as of white 
lead (cerussa), as of alabaster (usually quicldime), having 
neither commencement nor end in its construction. Let 
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it have in its interior a spring of pure water, sparkling 
hke the sun. Observe carefully on which side is the en- 
trance to the temple, and taking in youi’ hand a sword, 
seek then the entrance for the place is narrow where the 
opening is to be found. A serpent is lying at the entrance 
guarding the temple. Seize him, immolate him, flay him, 
und taking his flesh and his bones, separate his members, 

hen joining the members with the bones, make of them 
a step to the entrance of the temple, mount upon it, and 
enter. Thou wilt find what thou seekest. The priest, this 
uian of copper, whom thou seest seated in the spring 
gathering to himself the color—do not consider him as a
Ulan of copper, for he has changed the color of his nature 
aud has become a man of silver. If thou wishest, thou wilt 
soon have him a man of gold.

• . • • Relying upon the clearness of these concepts 
°t intelligence, transform the nature and consider manifold 
matter- as being one. Never reveal clearly to any one 
any such property, but be sufficient unto thyself for fear 
hat in speaking thou bringest destruction on thyself.”

Certain things are clear from this obscure description, 
hransmutation of base metals to silver and gold is the 
general theme, and the suggestion of manifold matter being 
°ne is evidently the fundamental notion of the essential 
unity of matter which underlay the philosophy of Plato 
and Aristotle, and was perpetuated by chemical philos­
ophers of later schools. It has never been entirely absent 
rom chemical speculation, and in a different sense is still 

existent in theories of matter. The “temple” may be in- 
orpreted as the laboratory of the metal worker, once secret 

aud sacred in Egypt. The altar, dome-shaped, is probably 
ue apparatus in which the experiments were performed— 
urnace and crucibles with the balloon-shaped receiver or 

oondensor of substances given off by the heating. The 
, men” are the metals or other constituents which enter 

process and which are freed from their bodies and 
spirits or the reverse. This change meant with the 

ancients, the giving off of gaseous or volatile matter, 
eavmg the nonvolatile, or the contrary process, the fixing 

mto the 
become
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of the spirits by the body. Sulphides or oxides of the 
metals reduced by any process yielding the metal was a 
separation of the spirit, the metal being the body. The 
“body of magnesia” or the “body of stimmi” (sulphide 
antimony), were metals obtained from “magnesia” which 
was a term covering many substances—white lead, pyrites, 
magnetic oxide of iron and even sulphide of antimony 
which is the “stimmi” of the ancients. It will be recalled 
also that the ancients did not know how to dicriminate 
distinctly between lead and antimony or zinc, all being 
generally called lead. The curious figure of the Ouroboros, 
or serpent, which appears so often in text or illustration, 
here seems to symbolize difficulties of some kind which are 
to be conquered by the successful adept.

The following is a specimen of alchemistic philosophy 
from Zosimos:28

as Berthelot, Collection des Alchimistes Grecs, II, p. 167 (translation).

“Democritus has named the four metallic bodies, sub­
stances, meaning by that copper, iron, tin and lead. Every­
body employs them in the two tinctures of gold and silver, 
and all substances undergo the two tinctures. All the 
substances have been recognized by the Egyptians as pro­
duced by lead alone, for it is from lead that the other bodies 
are derived. He (Democritus) has then called substances 
matters resistent to fire, and nonsubstances matters which 
do not resist it. Indeed nonsubstances act in a suitable 
manner independently of fire. He said that they are en­
gendered by the action of apparatus, and of combustion, 
whilst the true residue of the preparation prepared with­
out the action of fire produces a stable tincture in white 
and yellow. The use of the volatile preparation obtained 
by the flame destroys the yellowing of defective molyb- 
dochalc (a lead and copper alloy) in that it makes it dis­
appear. Upon this point, it is necessary not to deceive 
oneself. See how he expresses himself in this respect.

“ ‘Bring it to a waxy consistency, spread with half the 
preparation destined for the heating, and stain with the 
remainder, so that the color may be fixed without the help 
of fire. Sulphurous matters not resistent to fire are called 
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nonsubstances. But the use of suitable liquids communi­
cates to them the property of resisting lire and remaining 
stable, for water opposes the action of fire. It is for that 
Reason that he says, “Nature acquiring in itself the con­
trary property becomes solid and fixed, dominating and 
dominated.” Thus it acquires in itself the sulphurous 
Quality, that which gives its name to the water of ndtive 
sulphur.’ Why does he speak also of the opposite? It 
is because water is the opposite of fire. Its liquid quality 
Prevents matters submitted to fire from evaporating or 
volatilizing. They are as if enveloped in the humidity and 
retained until they are tinctured. Water retains because 
it is liquid. This is why he says, ‘Nature acquiring in it­
self the opposite quality’ etc. It has been explained how, 
by means of liquids, products are obtained which resist 
Ure, but the liquids, these are the water divine.”

A Syrian manuscript of the fifteenth century, in pos­
session of the University of Cambridge,29 contains a trea­
tise attributed to Zosimos. It is difficult to say to what 
extent this work is authentic and to what extent it has been 
extended or interpolated. It is, however, a much more 
extensive work than any among known Greek manuscripts. 
It contains a great many recipes similar in objects and 
style to those of Democritus and of the Theban papyri, 
and these are interspersed with much of the mystical and 
obscure material which characterizes the Greek fragments 
°t‘ Zosimos and of the pseudo-Democritus. Compared with 
the similar writings of Democritus, Zosimos appears to 
be addicted to even less clear and more obscure and mys­
tical descriptions. Nevertheless, it appears evident that 
be is experienced in the operations of Egyptian metallur­
gists and not like most of the other Greek alchemists 
merely mystical commentators.

A passage in this Syrian work of Zosimos is illustrative 
°f his style and includes an interesting fable which if alle­
gorical or symbolic is not simple of interpretation.

“Those who have written upon the work of the stones
Ms. M. M. 6. 29. 
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have also defined mercury; they not only do not call it 
simply zioug, but they say further that it is formed of 
silver and ferruginous stone. Those who have written 
upon preparations have also defined it in saying, ‘The 
zioug vivus (quicksilver) which is formed by cinnabar they 
have called tinctorial mercury. That formed by copper 
they have called water of copper and water of Aphroud; 
so also they have called the mercury drawn from silver, 
water of silver, foam of aphroseline (selenite ?) and dew. 
That which is obtained from tin some have called water of 
the river, others bile of the dragon.’

“We will now speak of this subject. In a place in the 
far west, where tin is found, there is a spring which rises 
from the earth and gives rise to it (tin) like water. When 
the inhabitants of this region see that it is about to spread 
beyond its source, they select a young girl remarkable for 
her beauty and place her entirely nude below it, in a hol­
low of the ground, in order that it shall be enamoured by 
the beauty of the young girl. It springs at her with a 
bound seeking to seize her; but she escapes by running 
rapidly while the young people keep near her holding axes 
in their hands. As soon as they see it approach the young 
girl, they strike and cut it, and it comes of itself into the 
hollow and of itself solidifies and hardens. They cut it 
into bars and use it. This is why they call “water of the 
river” the mercury drawn from tin; they call it thus, be­
cause it runs like water which throws itself into lakes and 
which has the appearance of a dragon furious and venom­
ous.”80

There is room for doubt as to whether these fanciful 
appellations really arose from this fable or whether the 
appellations are of earlier origin and this explanation of 
them is an attempt to account for them by later invention.

There are a number of alchemists or commentators upon 
alchemy who have left fragments of their writings in the 
manuscripts in Greek, existing in the libraries of Europe. 
Some of these may have been contemporaneous with Zosi- 
mos, but others are later. The principal writers whose 

30 Berthelot, La Chimie au Moyen Age, II, pp. 244, 245.
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names are known to us are, presumably in the fourth cen­
tury, Pelagios, Pebechios, Heliodorus, Synesius, in the 
fifth century, Olympiodorus, in the seventh century, Ste- 
phanus of Alexandria, while many others of less celebrity 
Wrote in the sixth and seventh centuries. In general, it 
may be said that the later Greek alchemists added nothing 
of importance to the knowledge to be gleaned from the 
Pseudo-Democritus or Zosimos. With the lapse of time, 
these writings give the impression that their writers lack 
familiarity with the operations of chemistry and metal 
Working, and are more and more lost in a mystical philos­
ophy. Their philosophy caused them to believe that the 
original four elements of which all bodies were constituted 
might be transmuted into one another by depriving them 
°f certain properties or qualities, and by analogy any sub- 
stances might be changed to other substances. Naturally, 
they considered that substances most readily changed into 
gold or silver were those substances which were most like 
these in their properties and these were the four base 
metals known to the ancients, lead, copper, tin and iron. 
If lead, for instance, might be deprived of its softness, its 
ready fusibility, and be colored or tinctured, it might not 
only resemble gold, it might be gold. And so with others. 
As tradition told them that such transmutations had taken 
Place by the skill and mystic knowledge of the masters, 
they might succeed could they but interpret aright the 
oraculor indications or secret formulas of the authorities. 
It must be remembered that the attitude of the middle ages 
generally was to have great faith and reverence for au­
thority. The whole spirit of the time was to look to the 
Past for all wisdom and knowledge. This was true in the 
domain of religion, medicine, philosophy and so also in the 
Philosophy of chemistry which was then alchemy. It is 
true that certain extensions of Plato’s theories of matter 
had been developed to explain facts observed in chemical 
°Perations. For instance, the concept that all metals were 
composed of mercury and sulphur, not common mercury
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or sulphur, but the “mercury of the philosophers” and the 
“sulphur of the philosophers” that is hypothetical sub­
stances which carried the essential qualities of the common 
substance, but were a kind of quintessence, one might say 
the spirits or souls of mercury and sulphur. This notion 
the beginnings of which it is difficult to trace31 became one 
of the corner stones of alchemical belief in later centuries 
among the Arabian and later European alchemists.

This theory is probably also of Alexandrian-Greek origin. Of. Von Lipp­
mann, op. cit., pp. 380, 381.

Berthelot, Collection des Alchimistes Grecs, I, p. 21,

The concept of the “philosopher’s stone” which appears 
under many names, was that of the existence of some sub­
stance which should act as a ferment just as yeast acts 
upon dough, some mystic substance which added to baser 
metals should induce the transmutation of larger quanti­
ties of these to gold or to silver. An idea of this character 
is of very early origin, but any definite ideas as to the 
nature of this substance are lacking, and in the later al­
chemists, they take an infinity of forms. The philosopher’s 
stone first appears about the seventh century in literature, 
but it may be earlier. In the early centuries of alchemy, 
there was also developed a mass of symbolism which lost 
nothing of complexity and obscurity with the development 
of alchemy. Thus, the egg, symbol of the round universe, 
or of eternity; the “egg of the philosophers” consisted, like 
the physical universe, of four components, white and yolk 
a skin and shell. These four constituents again are some­
times said to typify the four metals which form the basis 
for transmutation, copper, tin, lead and iron.

The Greek alchemists have given us several treatises 
on the nomenclature of the egg; they do not agree entirely, 
but are nevertheless similar enough to show their common 
origin. One of these is in the earliest manuscript, that of 
St. Mark’s, in the tenth or eleventh century. The follow­
ing is from a different manuscript copied in 1478.82 
“Nomenclature of the Egg. This is the mystery of the art.
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“1. It has been said that the egg is composed of the four 
elements, because it is the image of the world and contains 
in itself the four elements. It is called also the ‘stone 
which causes the moon to turn,’ ‘stone which is not a 
stone, ’ ‘ stone of the eagle ’ and ‘ brain of alabaster. ’33

“2. ‘The shell of the egg is an element like earth, cold and 
dry; it has been called copper, iron, tin, lead. The white 
of the egg is the water divine, the yellow of the egg is 
couperose, the oily portion is fire.

“3. The egg has been called the seed and its shell the 
skin; its white and its yellow the flesh, its oily part, the 
soul, its aqueous, the breath or the air.

“4. . . . (Seems interpolated and disconnected from 
the rest, part of a practical recipe but not intelligible.)

“5. The yellow of the egg has been called at first, attic 
ochre, vermillion of Pontus, soda (nitron) of Egypt, blue 
of Armenia, safran of Cilicia, Cheledony. The white of 
the egg mixed with water of sulphur is vinegar, water of 
alum, water of lime, water of ashes of cabbage, etc.”

The treatise in the earlier manuscript is more extensive, 
but no more illuminating as to the reasons for such 
strangely grouped synonyms for the white or yellow of the 
egg as the above.

Another symbol which enters throughout all alchemical 
literature and graphic representation is the serpent Ouro- 
boros in the attitude of biting his tail—symbol of the eter­
nal cycle of world changes, as also of the cycle of chemical 
transformation, distillation, and condensation. This sym­
bol is thus described in the same manuscript as the fore­
going upon the egg.34

“1. Here is the mystery: the serpent Ouroboros this 
composition which in its ensemble is devoured and melted, 
dissolved and transformed by the fermentation or putre­
faction. It becomes a deep green and the color of gold is 
derived from it. It is from it that is derived the red called
. 83 Alabaster is often quicklime. Here perhaps as Berthelot suggests, mean- 
lng the lime from eggshells as this definition of alabaster appears in the 
early alchemical lexicon of the manuscript of St. Mark. 

84 Berthelot, loc, cit., p. 171.
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the color of cinnabar. This is the cinnabar of the philoso­
phers.

“2. Its stomach and back are the color of saffron, its 
head is a de.ep green, its four feet constitute the tetrasomie 
(term extensively used to signify the four base metals). 
Its three ears are the three sublimed vapors. (Probably 
here sulphur, mercury and orpiment).

“The One furnishes the Other its blood; and the One 
gives birth to the Other. Nature rejoices in nature; nature 
triumphs over nature; nature masters nature; and that 
not for a nature opposed to such another nature, but for 
one and the same nature proceeding of itself by the process, 
with trouble and great effort.

“4. But thou, my dear friend, apply thy intelligence to 
these matters and thou wilt not fall into error; but work 
seriously and without negligence, until thou hast seen the 
end (of the process).

“5. A serpent is stretched, guarding this temple, and 
he who has subdued it commences by sacrificing it, then 
roasts it, and after removing its flesh up to the bones, make 
of it a step to the entrance of the temple. Mount upon it 
and thou shalt find the object sought. For the priest at 
first a man of copper has changed color and nature and 
has become a man of silver; a few days later, if thou 
wishest, thou wilt find him changed to a man of gold.”

This is a typical description with alchemists early and 
late, and is probably about as intelligible as it was intended 
to be. It is evident enough that the whole passage refers 
to the transmutation of the base metals and that the sym­
bolism of the serpent may be interpreted in vaguely ex­
pressed references to the recognized neoplatonic theories 
of matter, while chemical operations and apparatus are 
still more vaguely indicated in different passages. In ad­
dition to all that, fanciful designations or secret names to 
conceal operations from the general public were so exten­
sively employed by the early chemists and by later imi­
tators and impostors that the definite understanding of the 
alchemical vocabulary is at the present time almost hope­
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less, though often inferences may be drawn with a fair 
degree of probability. But it is quite evident that the early 
alchemists added little, if anything, to the knowledge of 
chemistry at the time of Pliny, Dioscorides and the time 
when the papyri of Leyden and Stockholm were originated. 
Zosimos perhaps more than any other of the Greek al­
chemists has given descriptions of apparatus and of their 
nomenclature, a subject almost ignored by the ancient 
chroniclers from Theophrastus to Pliny and Dioscorides.

The manuscript of St. Mark is perhaps the earliest manu­
script which gives in connection with descriptions the 
sketches of apparatus and tables of alchemical symbols. 
Berthelot has reproduced these and others from later 
sources in the Introduction a I’etude de la Chimie35 These 
figures of apparatus are all extremely crude—rather dia­
grammatic than realistic.

sc With respect to symbols and signs, see also Von Lippmann op. oit., p. 347 
where many of these signs with interesting notices are brought together.

The Syrian manuscripts also give a long list of signs for 
chemical substances, which generally speaking are similar 
to those given in the manuscript of St. Mark, though they 
are not in all cases identical, and many are written differ­
ently although essentially the same and evidently of com­
mon origin. It appears to be demonstrated beyond doubt 
that the Syrian alchemy is merely the alchemy of the 
Alexandrian schools transplanted and preserved without 
notable change by the writers of the Syrian schools which 
flourished from the fifth and sixth centuries until they were 
abolished by Moslem fanaticism about the eleventh century.

From the descriptions of Zosimos and others, we learn 
that such apparatus may consist of pottery, metal or glass, 
the latter having the advantage of transparency as well 
as being impervious to certain vapors as quicksilver. Parts 
of the apparatus are joined together by clay, gypsum, wax 
°r fats and oils, according to conditions. Heating proces­
ses are conducted by the sun’s heat, by the warmth of 
manures of various kinds, by baths of hot ashes (sandbaths) 
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or by water baths. For higher temperature, charcoal was 
the common fuel in the laboratory. The nonvolatile resi­
due after heating, having lost its spirit or soul (pneuma) 
was dead. (The caput mortuum of the Latin chemists of 
later days.) That which was dead might by other proc­
esses have its spirit restored and be resuscitated or resur­
rected.

The Greek alchemists exerted no considerable influence 
directly on western science though their works were as we 
have seen kept alive to a certain extent by copyists through 
the Middle Ages. In Constantinople there seems to have 
been among the Byzantine alchemists somewhat greater 
activity than in the west, but as for the direct influence 
of Greek writers on the later Middle Ages or early Renais­
sance, it may be considered as almost lost to any but a few 
scattered disciples whose activities were insignificant and 
without any distinct impression on their times.

Under Mohammedan patronage, however, as has been 
stated, Syrian alchemy, transplanted to Asia Minor and 
Persia, after the fall of Alexandrian schools, was assimi­
lated by the Arabians, and in the westward sweep of Ara­
bian conquest was cultivated, finding in the Arabian uni­
versities of Spain a fertile soil for its cultivation. It does 
not appear that Arabian culture had developed any not­
able chemical or alchemical philosophy until it came into 
contact with Syrian culture.

It is Arabian alchemy that preserved the traditions and 
literature of the Alexandrian-Greek alchemists, derived 
from the Syrians during the long period when the culture 
of Christian Europe was inhospitable to its development. 
From such Syrian and Arabian manuscripts as have been 
preserved and examined, it does not appear that dur­
ing the centuries of their alchemical activity any very 
notable additions were made to the practical chemistry 
known to the ancients of the times of Pliny, Dioscorides or 
the writers of the Theban papyri. Nor was the develop­
ment of the theories of matter and its changes in the direc-
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tion of a distinct advance over the Neoplatonism of their 
Alexandrian masters.

The Arabian writers seemed to have no thought of chal­
lenging the authority of the traditional masters of the art.

The first Moslem writer on alchemy cited by later Ara­
bian authors was Khaled ben Yezid ibn Moaonia, Prince 
Oneeyade, who died in 708 A. D., reputed to be a pupil of 
the Syrian monk, Marianas.3" No remnant of his writings 
of any significance has been preserved.

The earliest Arabic manuscript on alchemy now known 
is the Boole of Crates, which is manifestly a translation of 
a Greek original, probably also by way of a Syrian trans­
lation, though the original in Greek is not now extant. The 
Boole of Crates is referred to in a Syrian manuscript of 
writings attributed to pseudo-Democritus. The copyists of 
those days took so many liberties that it is not impossible 
that the name Crates may itself have been a corruption of 
Democritus, as suggested by Berthelot,37 for though the 
Boole of Crates is in the Syrian manuscript quoted in a 
Writing accredited to Democritus, so also the work itself 
contains references to Democritus.

The Arabic manuscript containing the Boole of Crates is, 
according to the translator, M. Hondas, a copy not earlier 
than the sixth or seventh century after the Hejira, the thir­
teenth or fourteenth century A. D. Based on internal 
evidence, the work from which it was copied was, in the 
opinion of M. Berthelot, written about the ninth century of 
°ur era. The contents of the book show that it is mainly a 
translation from the Greek, and it is of much the same 
character as the Greek alchemical manuscripts, lacking, to 
fie sure, the specific recipes which are common to pseudo- 
Democritus and Zosimos, but otherwise very similar. The 
same Egyptian and Hebrew and other authorities are cited, 
and the same allegorical and obscure lucubrations are in- *■_ ___ ____ _________________________ _______

30 Berthelot, La Chimie au Moyen Age, ITT, p. 2. The name is given by 
p ^Lippmann as Khalid ibn Jazid ibn Muawijah (635-704 A. D.), op. cit.,

87 Berthelot, op. cit., UI, p. 9.
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dulged in. References are also made to revelations they 
are careful not to reveal. Among the Arabian manuscripts, 
included in this same collection at Leyden, are several 
others which, like the Book of Crates, are manifestly 
founded on the Alexandrian alchemy without any evidence 
of original extension or development. Besides these, how­
ever, are several works attributed to Djaber ben Hayyan 
Eg-Confy, who enjoys the reputation among later Arabian 
writers as the grand master of the art. It is this Djaber 
who among European alchemists and chemists of the late 
middle ages and the Renaissance, under the name of Geber 
or Gheber, was credited with many chemical writings which 
modern criticism has conclusively shown to have been in 
no way related to the real Gheber or Djaber.

Djaber was a writer of the eighth or ninth century, 
looked up to with reverence for his learning by the Arabian 
writers. His contributions to alchemy and chemistry are, 
however, not improtant. The false Gheber was a writer, 
of the thirteenth or fourteenth centuries, whose personality 
is unknown, who possessed a much more advanced knowl­
edge of chemistry and who, for his greater security or in 
order to obtain greater prestige for his writings, chose 
to have them accepted as translations of Arabian works of 
Gheber (Djaber). As a matter of fact, they were probably 
written in Latin, following no Arabian original. This 
judgment, long suspected by historians, has been finally 
confirmed by Berthelot, through his publication with trans­
lation of Arabian manuscripts of the real Djaber, thus 
enabling a critical comparison of the two writers. Not 
much is known with certainty as to the personal history of 
Djaber. Arabian writers differ as to the place of his birth 
and the time of his activity, though it is generally accepted 
that he was the author of a great number of works on 
many subjects, some of them on magic and on alchemy. It 
is thought that he lived about the eighth or the beginning 
of the ninth century. Little of his work now remains, nor 
do later historians state what discoveries or advances in 
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any science Djaber made to justify the high reputation in 
Which he stood with his successors.

From the half dozen treatises which are published by 
Berthelot, one can obtain a fair idea of the kind of writing 
which characterizes the real Djaber. His style is diffuse 
and verbose. He is interested in the philosophy of mat­
ter, its constitution and change rather than in experi­
mental manipulation or phenomena. His allusions to the 
great work of transmutation are like his Greek predeces­
sors, vague, mystical and obscure. His citations of author­
ities are to Aristotle, Pythagoras and Plato, rarely Dem­
ocritus, Hermes or Stephanus. He evidently is extremely 
egotistic and continually boasts of the superiority of his 
knowledge and his writings. In this he may have exerted 
an influence upon later alchemists, for this is a common 
characteristic of the later Latin-writing alchemists.

From an examination of these works of Djaber, there is 
not found anything that suggests a real advance over the 
Greek alchemists, either in knowledge of chemical facts or 
m theories, though it is easy to recognize an individuality 
m style and in emphasis and development of notions of 
matter. Thus while recognizing the four elements and their 
Aristotelian qualities, he lays particular stress upon the 
neoplatonic idea of body and spirit which often occurs in 
the Greek alchemists. He also lays great emphasis on the 
equilibrium of “natures.” He says:38

“God, after having created all things from the four ele­
ments: fire, water, air and earth, causes the four qualities 
to depart from the ancient worlds: heat, cold, moisture and 
dryness. The combinations of these elements have pro­
duced fire, which contains heat and dryness; water, which 
contains cold and moistness; air, which contains heat and 
Moisture; earth, which has cold and dryness. It is with 
he aid of these elements that God has created the superior 

a]id the inferior world. When he has established equilib- 
d^m between their natures, things persist in spite of time, 
^dthout being consumed by the two luminaries, nor rusted

38 Berthelot, op. cit., ITT, p. 147.
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by the waters of ponds: such is pure gold that nature has 
digested and purified in all its parts without having need 
of drugs, analyses or refining. I am telling you, if you are 
clear seeing, the theory and practice in two great chapters. 
I have shown you the necessity of the equilibrium of natures 
in that which concerns the work. The thing is rarely neces­
sary outside of that. Know then that the equilibrium of 
natures is indispensible in the science of balances and in 
the practices of the work.”

This importance of the balance or equilibrium of natures 
is a subject he often alludes to, but nowhere makes def­
inite.

The following extracts are from a treatise entitled the 
Book of Mercy. This work appears to have been edited by 
a follower of Djaber, though credited by this disciple to 
Djaber. It shows a rather more orderly arrangement, 
and its style seems more influenced by Aristotle’s logical 
form than the other works of Djaber.39

“The mass of corporeal things is only the place of so­
journ and refuge of spiritual things, in itself it has neither 
force nor utility, when the acting force has ceased to be in 
it. The body which remains as substratum is only the place 
of sojourn and refuge of the spirit which has left it, and 
it has force only from the spirit which can leave it. If 
returned to it, it will certainly combine with it. . . . 
Things the most stable are those which contain most of 
body and less of spirit; such are gold, silver and analagous 
substances. Things the most fugacious among bodies are 
those which contain the most spirit; such are mercury, sul­
phur and arsenicon. All bodies contain spirits and all 
spirits contain bodies, but the name that one gives to them 
is taken from the preponderating components—mercury, 
sulphur, arsenic, gold, silver, the two leads (black and 
white, that is lead and tin; cf. Pliny); copper and iron, are 
considered as the mineral elements of the world, and all 
stones and earths are produced from these.

“In the whole world things are mixed with one another. 
You will not find fire which does not contain some cold,

S9 Berthelot, op. cit., Ill, p. 176.



nor cold which does not contain some heat; no dryness 
without a little humidity, no humidity without dryness. No 
more will you find spirit which does not contain a little 
body, nor body which does not contain a little spirit. Some­
times these two elements cannot be separated when one of 
them is too abundant, and the other too much lacking, so 
that there is a transformation and absorption of the part 
which is in less quantity by the part that predominates. It 
is as if we let fall some drops of honey into the sea, no 
created being will ever be able to separate this sugary part. 
God alone could do that. Nevertheless, nobody would be 
justified in saying the sea possessed a sugary taste. This 
is why some one has said that the work is produced by 
every kind of thing. If he says a thing which is possible; 
or if further he says that the natures are found in every­
thing, that is possible in two ways, everything coming from 
another in potentiality and not in accomplishment. When 
things meet a force more intense than their large mass, 
the whole mass takes the nature of this force: for example, 
a small quantity of ferment transforms a considerable mass 
of dough.”

The body of the writings of Djaber that have been trans­
lated at the instance of M. Berthelot and published by 
him, are fine-spun metaphysical discussions upon the na­
ture of matter and its changes and the application of these. 
There is very little allusion indeed to anything conveying 
any comprehensible idea of actual substances or methods. 
There are passages which refer to transmutation of base 
petals into silver and gold, but the emphasis upon these 
18 not so great as with the earlier Greek alchemists. The 
Work entitled the Book of Mercy is, as above stated, not 
by Djaber, but by a disciple of his, mentioning Djaber in 
the third person. This manuscript is notable, however, 
*n that it begins with a paragraph denouncing the vanity 
°f the attempts to make gold and silver.

“The Book of Mercy by Abou Musa Djaber ben Hayyan 
Dl Dumaoui El Azdi Eg Confi. May God be merciful to 
him.

“In the name of God gracious and merciful!
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“Abou Abdallah Mohammed ben Yahia reports that 
Abou Mousa Djaber (may God be merciful to him) has 
said, ‘I have seen that the people devoted to the search 
for the making of gold and silver were in ignorance and 
on a false road. I have also perceived that they may be 
separated into two categories—deceivers and their dupes. 
I have had pity for both classes who squander uselessly 
the goods which the Most High has granted them, who fa­
tigue their bodies in vain, who let themselves be turned 
away from the care of acquiring those good and beautiful 
things necessary to daily life, and who neglect amassing 
a store of good works useful at the day of meeting to which 
all men ought to help. I have pitied these victims who 
consume their bodies and wealth through long days and 
who fatigue themselves to the detriment of their religion 
and faith, to obtain a slight portion of goods of this world. 
Their sad situation has moved me to compassion. I have 
tried to replace them upon the right road; by turning them 
from this occupation I should have done a pious work for 
which God will recompense me in the other world. God is 
the dispensator of all favors and all wisdom.”40

In the same work, however, there are vague allusions 
to the red elixir and the white elixir, terms conventionally 
used by alchemists to indicate preparations supposed to 
convert base metal into gold and silver.

“Make so that your combination of natures may be ob­
tained by the aid of the spirits and their special bodies, 
and then commence the true and sure operation to make 
a homogeneous whole, so that the spiritual element of the 
preparations does not become separated from the corporeal 
element and vice versa. The elixir should become red, for 
the nature of gold, and white, for the nature of silver. This 
is what the philosophers mean by the words, ‘Gold can 
only come from gold, silver from silver, and a child from 
the father.’ The red elixir is warm and dry and of the 
same nature as gold; this is why they consider it as of 
gold. The white elixir is cold and dry of the same nature 
as silver, and for them it is of silver. This is why they 
say, ‘our gold is not common gold, nor our silver common 

40 Berthelot, La Chimie au Moyen Age, III, p. 163 ff.
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silver.’ Their gold and their silver are tinctured by the 
elixir and superior to common gold and silver.”

It seems not unreasonable to presume that this work of 
Bjaber was edited at a later period when alchemical works 
were under the suspicion of the Mohammedan church.

In the Little Book of Pityf1 allusion is made to an anal­
ogous agent to the elixir, the “imam.”

“Establish the equilibrium, the parallel, with the aid 
of fire of three degrees, namely, the incipient fire, the 
medium fire, the extreme fire, which melts the elixir; the 
solid will melt like wax and afterwards harden in the air. 
It will penetrate and be introduced like a poison. The 
result will conform to the operation, if the substance is 
excellent as I have already told you. The operation will 
be only rapid with the preceding substance, it will be very 
solid, excellent and very pure. Only one part 'will suffice 
for a million. If, with an excellent substance you commit 
some negligence in the operation, the result will be in pro­
portion to this negligence. Preserve the elixir in a vessel 
of rock crystal or gold or silver, glass being subject to 
breaking. Implore the help of God in all things and you 
Will be happy and on the good road.”

The high reputation in which the name of Djaber was 
held by later alchemists seems to be due to the appeal 
of his metaphysical philosophy of nature and perhaps to 
its mystical obscurity as well, for there is no evidence of 
any important achievement of his, either in the direction 
°f theory or in practical advances in chemical knowledge.

In the twelfth or early thirteenth century, unknown 
Arabian writers on alchemy issued treatises under the 
names of Aristotle, Rhazes and Avicenna, which were ac- 
Cepted by the encyclopedists of the thirteenth century and 
by their successors as genuine. These works such as the

Perfecto Magisterio, by a pseudo-Aristotle, the De 
Aluminibus et Salibus, attributed to Rhazes (Alrazi) and 
tbe De Anima falsely credited to Avicenna, were often cited 
by Vincent of Beauvais, Albertus Magnus, and Roger 

41 Berthelot, op. cit., Ill, p. 137.
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Bacon. They are just such mixtures of general informa­
tion about chemical substances and chemical philosophy as 
are found in the writings of the Faithful Brothers.42 Refer­
ences to some of their works will be met in the considera­
tion of the thirteenth century encyclopedists.

*2 See post., pp. 210 ff.
43 Von Lippmann, op. cit., p. 396 ff.
44 Von Lippmann, op. cit., p. 424.

Origines de l’Alchimie, p. 209. Cf., for example, Berthelot on alcohol, 
La Chimie au Moyen Age, I, p. 136 ff. and p. 165, where he says that the 
first indications of the mineral acids, clearly expressed, are in the fourteenth 
and fifteenth centuries.

Arabian alchemists were numerous from the ninth to the 
fourteenth century. Von Lippmann enumerates about sixty 
Arabian authors who wrote or were reputed to have 
written on alchemy43 during that period. Of the contents 
of many of these writings very little is known. From such 
writings as have been accessible, Von Lippmann expresses 
the judgment that neither the Syrians nor the Arabians 
enriched the knowledge of chemistry with a single new and 
original thought, being dependent on the authority of the 
Greek alchemists and producing only increased confusion 
by their efforts to explain what was to themselves incom­
prehensible.44

M. Berthelot in his researches has shown clearly the 
Greek origin of the Arabian alchemy, the connection of 
their practical chemical knowledge with that of Greek- 
Egyptian sources, and that much of the later chemical ad­
vances previously attributed to them were of later origin, 
and perhaps due to European chemists of the thirteenth 
and fourteenth centuries. Thus there is no known refer­
ence in Arab texts to alcohol (meaning the liquid which we 
call by that name), nor to nitric acid, aqua regia or sul­
phuric acid, inventions attributed to them by Berthelot 
himself in earlier writings.45

Kopp also, referring to the Arabian alchemists of the 
eleventh to thirteenth centuries, says that from such writ­
ings as were accessible at his time one learns no new facts, 
and though by preserving and transmitting chemical knowl­
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edge they contributed to the advance of the science, yet 
their writings are without interest in the history of the 
development of chemistry.40

40 Kopp, Geschichte der Chemie, I, p. 58.

Nevertheless, though the Arabians seem to have exhib­
ited little originality either in chemical thought or in chem­
ical invention, it is none the less true that their activities 
furnished the foundation for the chemistry of Europe. 
Their theories and their practices as elaborated from the 
Alexandrian and Byzantine alchemists were adopted and 
assimilated by Christian Europe without great changes 
during the twelfth to the fourteenth centuries.

That curious occult philosophy which constitutes the 
basis of alchemy in the modern sense of the term, derived 
from the Greek neoplatonists and transmitted mainly 
through Arabian disciples, was to find a recrudescence with, 
if possible, more extravagant manifestations of credulity, 
mysticism and charlatanism in the western alchemists of 
the fourteenth to the eighteenth centuries, a development 
greatly fostered also by the revolt from authority which 
culminated in the Protestant Reformation and was facili­
tated by the printing press in the latter part of the fifteenth 
century.



CHAPTER V

THE CHEMICAL KNOWLEDGE OF THE MIDDLE AGES

When in 1530 Henry Cornelius Agrippa in his work on 
The Vanity of the Arts and Sciences quoted the proverb, 
“Every alchemist is a physician or a soapboiler,” he ex­
pressed in epigrammatic form a not unimportant classifi­
cation for his time, as also for centuries before. By 
alchemists he meant all chemists, and there were indeed 
two classes of chemists, those who were scholars learned in 
the natural philosophy of the time and versed in the doc­
trines of Plato, Aristotle, Galen or of the Alexandrian 
neoplatonists, and those on the other hand who with no 
pretensions to be philosophers, were engaged in the prac­
tical arts of chemistry in its various applications.

It was by the scholars or “philosophers” that were 
principally written the manuscripts which constitute the 
literature of natural science including chemistry, and by 
these that the fantastic and largely metaphysical chemical 
philosophy of the period was transmitted and elaborated. 
The artisans in chemistry of the middle ages, on the con­
trary, were not writers of books. They were busied with 
perfecting their chemical arts, perhaps at times also seek­
ing in secret to attain the vain aims which the philosophers 
had led them to believe might be attained, such as the 
elixir of life or the real transmutation of the metals. When 
these artisans recorded their knowledge it was not for 
public information, but for the use of themselves or their 
associates, brief laboratory notes or recipes which should 
be clear enough for the purpose but with no intention to 
instruct the general public. On the contrary, they often 
took special precautions against being too easily under­

184
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stood by the uninitiated. Thus, as with the early Greek 
alchemists, terms were sometimes used to mask the real 
constituents. Sometimes even anagrams were employed 
so that the casual reader should not comprehend. In this 
respect such collections were of similar character to the 
Theban papyri previously noted. Naturally enough, and 
especially before printing was invented, this class of manu­
scripts was not widely distributed and not often preserved 
in the libraries.

Nevertheless such collections of recipes have been from 
time to time discovered. Naturally also the sources of 
them are obscure. They generally bear evidence of having 
been a growth by accessions and interpolations, often more 
or less confused by careless or ignorant translators or copy­
ists.

But such as they are they often give a definiteness and 
significance to the very often vague descriptions of the 
learned but nontechnical philosophers and encyclopedists 
who were nevertheless the principal distributors of in­
formation as to the progress of science in the middle ages.

The earliest collection at present known of these technical 
recipes, after the papyri of Leyden and Stockholm, is a 
Latin manuscript dating from about the eighth century. 
It was first printed by Muratori in his Antiquitates Italicae 
Medii Aevi (Milan, 1738), and is described by Berthelot.1 
The entire title fairly summarizes its contents. Translated 
it reads—‘‘Compositions for coloring mosaics, skins and 
other things, for gilding iron, concerning minerals, for 
Writing in letters of gold, for making certain cements, and 
other documents relating to the arts.” It is usually re­
ferred to as Compositiones ad Tingenda. Parts of this 
Manuscript were manifestly copied from the Greek, and 
Berthelot calls attention to a case where a certain recipe 
18 transcribed from Greek into Latin letters without trans­
lation—the evident work of a copyist who did not under- 
stand the meaning of the Greek and apparently knew only

1 Berthelot, La Chimie au Moyen Age, I, p. 7 ff.
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the Greek alphabet.2 Byzantine Greek seems to have been 
the first source which furnished the basis of the contents, 
though probably added to from later sources.

a Berthelot, op. cit., I, p. 9.
3 Berthelot, op. cit., I, jp. 10,

The recipes deal with the coloring of glass used in 
mosaics, sometimes of the entire body of the glass, some­
times superficially. The essential coloring matters em­
ployed are often metallic compounds, as tin (oxide) for 
milky white, cinnabar, or burned copper, litharge for red, 
and mixtures of oils and resins evidently applied as var­
nishes for superficial coloring. Recipes for making glass 
and a description of the glass furnace, the gilding or silver­
ing of glass for mosaics are also given. Processes are 
given for dyeing leather in purple, green, orange, red and 
yellow. Various minerals and chemicals are mentioned. 
In general these are the same that we find in Pliny, Diosc- 
orides and the Theban papyri, alums, sulphur, soda, 
vinegar, afronitron, cadmia, flowers of copper, white lead, 
ochre, cinnabar, etc. and are written in a nomenclature 
that makes clear that the recipes are derived from Greek 
or Latin sources, and not from Arabian. Berthelot has called 
attention to one recipe almost literally identical with one 
in the papyrus of Leyden :3

Chelidony 3 drachmas, fresh and clear resin 3 drachmas, gum 
of gold color 3 drachmas, brilliant orpiment 3 drachmas, bile of the 
tortoise 3 drachmas, white of egg 5 drachmas. The whole makes 20 
drachmas. Add 7 drachmas of safran of Cilicia. You can write 
with it not only upon parchment or paper but also on a glass vessel 
or on marble.

It is of interest to note the use of the word vitriol 
(vitriolum) as applied to the impure sulphate of iron pro­
duced by the weathering of pyrites. This substance was 
known, it will be recalled, to Pliny and Dioscorides, but the 
name for it was chalcanthum, green or blue. It is worthy 
of note also that the preparation of cinnabar by uniting 
mercury and sulphur occurs in this manuscript seemingly 
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the first notice of this synthetic preparation. Though it is 
not mentioned by Pliny or Dioscorides it may be of as 
ancient origin.4

4 Of. Berthelot, op. cit., I, p. 17.
Von Lippmann, Entst ehung und Ausbrcitung der Alchemic, article 

•Bronze,” pp. 559-569, for extended discussion of the origin of the word.

In this eighth century manuscript appear two recipes for 
brandisium, alloys of copper, tin and lead. Berthelot con­
siders this the first known mention of the word whence our 
“bronze” is derived. The question of the origin of bronze 
has been a subject of much speculation and debate. The 
ancients used for bronze, copper or common alloys of cop­
per, the Greek xa^K^ or Latin aes. The term “orichalcum” 
or “aurichalchum” applied to golden colored bronze and 
later to brass was also in use. The word brandisium may 
be derived from the city in Italy, Brindisium (modern 
Brindisi) or possibly from the Greek PpovAaio^ and ulti­
mately from Ppovtt], thunder, and the legendary thunderstone 
with magic powers, Brontea or Brontia/

A work entitled Mappae Clavicula, or “little key to paint­
ing,” exists in two manuscripts. The earliest is of the 
tenth century in the library of Schlettstedt. This manu­
script has not been published, though Berthelot had the 
advantage of the studies of M. Giry who first (1878) gave 
an account of it. This manuscript also, it is of interest to 
observe, shows no trace of Arabian sources, but like the 
Compositiones ad Tingenda is based upon Greek and Latin 
sources only. The later manuscript was written in the 
twelfth century and was published by Albert Way in 1847 
in the London Archaeologia (Vol. 32). On account of the 
Presence of two old English words in the text it is probable 
that it is edited by an English writer. Berthelot gives 
reasons for believing that this latest manuscript may have 
been edited by Adelard of Bath, an English scholar who 
bad studied in Caen, Salerno, and in Egypt and who wrote 
many works interpreting Arab science. Among titles at­
tributed to his authorship is one entitled Mappae Clavicula. 
Adelard lived in the first third of the twelfth century and 
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this would place the date of this writing at about 1130 
A. D.8

That this twelfth century manuscript is copied from 
an earlier version which has been much amplified, 
is made evident by the fact that this treatise is 
preceded by a table of contents in which the recipes are 
listed in consecutive numbers. This table contains 209 
recipes with their titles. The work itself however contains 
293 numbered recipes. The table agrees with the work it­
self as far as number 51, but thereafter the numberings 
bear no relation to those in the table of contents.

The recipes in the Compositiones ad Tingenda are 
largely included in the Mappae Clavicula, while the twelfth 
century manuscript contains later additions including 
Arabic names. It is during the twelfth century that Chris­
tian Europe first seems to have assimilated the results of 
Arabian chemistry and it is probable that these manu­
scripts had their origin either in Italy or the south of 
France.7

6 Cf. Berthelot, Archtologie et Uistoire des Sciences, 1906, p. 172 ff.
i Cf. Berthelot, op. cit., I, p. 65; Von Lippmann, op. cit., p. 470.

While the original work may have been confined to the 
art of painting or of coloring metals or other substances, in 
its ultimate form the Mappae Clavicula includes a great 
variety of recipes on all kinds of subjects without system 
or order of arrangement, some of them being even merely 
mystical and magical formulas. The great majority are 
however practical laboratory notes, not citing authorities, 
nor attempting any philosophical explanations such as are 
found in the Alexandrian-Greek alchemists, the Arabian 
alchemists, or in the thirteenth century encyclopedists.

Many of these recipes are similar to those in the Stock­
holm and Leyden Papyri, some indeed are practically iden­
tical, dealing with the same variety of subjects, imitation 
gold and silver, writing in gold and silver letters, dyeing 
skins, and in general all kinds of recipes pertaining to the 
arts practised by the Greek-Egyptian chemists. Many of
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these recipes are complex mixtures containing metallic 
compounds, sometimes filings of gold and silver, often 
mixed with a great variety of oils and resins, vegetable 
colors, albumin of eggs, evidently used as paints and var­
nishes of all colors for application to articles of metal, 
glass, wood, etc. There are recipes for mixtures to set 
fire to the ships or houses of an enemy, such as found in 
the Book of Fires of Marcus Graecus, a work probably of 
about the same period. Into the composition of these mix­
tures enter sulphur, naphtha, resin, and oils. There is no 
reference to saltpeter as a constituent in either of the 
manuscripts, nor any description of such a mixture as 
black powder—which is found in the Book of Fires of Mar­
cus Graecus. An item of particular interest is one of the 
earliest references to alcohol, though not described under 
that name. It is found only in the twelfth century manu­
script and is recipe No. 212 of the Archaeologia text,8 under 
an entirely irrelevant title:

8 -^rohacologia, London, Vol. 32, p. 227.

Ad bonum argentum solidandum medium oboli. De commix- 
Lone puri et fortissimi xknk cum iij qbsuf tbmkt, coeta in ejus 
Uegoeii vasis fit aqua quae accensa flammans incombustam servat 
^ateriam.

The solution of the anagram as first shown by Berthelot 
18 simple, as each letter is to be substituted by the letter 
Hext preceding in the alphabet. The reading then of the 
anagram is “vini cum 3 partibus salis,” and the transla­
tion is:

By mixing pure and strongest wine with three parts of salt, and 
heating in a vessel customary for that purpose, a water is pro­
duced which when kindled inflames, (yet) leaves the material un­
burned.

Aqua (water) it may be recalled, was a generic name for 
liquids with the ancients. This according to Berthelot con­
firmed by Von Lippmann is the first definite reference to 
the separation of a combustible liquid by the distillation
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of wine. The statement that this “water” protects the 
substance upon which it burns from taking fire is easily 
explained on the supposition that the alcohol was mod­
erately dilute.

Another early description of the distillation of alcohol 
is among recipes by Magister Salernus (who died soon 
after 1167, A.D.) contained in a compendium of Salernitan 
Medicine. The “aqua ardens” (burning water), is there 
said to be made “after the fashion of rose water” as fol­
lows :

Place in the cucurbita one pound (white, or) red wine, one 
pound powdered salt, four ounces native sulphur, four ounces of 
tartar (from wine). The liquid distilling is collected. A cloth 
saturated with this liquid will maintain a flame without suffering 
injury. Cotton does the same without loss of substance.9

9 See V. Lippmann, ChemiTcer Zeitung, 1917, p. 884, and 1920, p. 625.
10 See ante, p. 74.
ii The history of alcohol is given by Berthelot in op. ait., 1893, I, p. 136 ff., 

and by Von Lippmann in Abhandlung und Vortrdge zur Geschichte der Natw- 
wissenschaften, 1913, II, pp. 203-225.

It will be recalled that Pliny10 records that the Falernian 
wine was capable of being kindled into a flame—though he 
gives no indications as to the circumstances under which 
this took place. Still earlier remarks of Aristotle and of 
his pupil Theophrastus indicate that under circumstances 
wine could yield a flash or flame when poured on the fire 
as in libations. Though the ancients and Arabian chemical 
writers possessed knowledge of distillation processes, they 
give no evidence of the accomplishment of the separation 
of alcohol. This was doubtless because their condensation 
methods while adapted to distilling water, vinegar and to 
the liquids of relatively high boiling points, were not 
adapted for the condensation of the more volatile alcohol 
vapor.11

Following these first known descriptions there appears 
in the Latin manuscript of the Book of Fires of Marcus 
Graecus a further description written in about the twelfth 
or thirteenth century. The copy in which it appears is 
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apparently of date between 1250 and 1300. Translated it 
reads as follows :12
You may make burning water (aquam ardentem) thus:

Take black wine thick and old, and in one quart of it mix two 
scruples of native sulphur very finely powdered, one or two parts 
of tartar extracted from good white wine and two scruples of 
coarse common salt, and put the above into a cucurbita well leaded 
(that is luted), with an alembic superimposed and distil the aqua 
ardens, which you should keep in a closed glass vessel.

It is of interest to note that though the Latin manuscript 
in which appear these notices of the separation of alcohol 
both contain evidence of Arabic influences, yet thus far 
no such definite knowledge of the process has been found 
m any Arabian manuscripts of earlier or even contempo­
rary dates. It is probable that its separation was effected 
by Italian or Spanish chemists who, while they served as 
niediators between Arabia and Latin scholars, were them­
selves originators of much that was later attributed to 
Arabian chemists.

A later manuscript of the Boole of Fires at Munich, writ­
ten in 1438, is still more explicit in some respects:
Aqua ardens is made thus:

Take best old wine of any color whatsoever in a cucurbita and 
alembic with joints well luted and distil with gentle fire. That 
whieh distils is called aqua ardens. Its virtue and property is 
sUch that if a linen cloth is dipped in it and kindled it will give a 
great flame. When consumed the cloth will remain entire as it 
^as at first. If you introduce your finger in it and light it it will 
burn like a candle without injury. If you dip a lighted candle
111 this water it will not be extinguished. And note that that part 
which is first yielded is good and inflammable, but that which 
c°nies after is useful in medicine. From the first also is made 
a "wonderful collirium for macula (spots) or pannum (film) of the 
eyes.

Von Lippman records that in about 1250 alcohol was 
brst used as a medicine, two Italian physicians, Vitalis de "— ------ -------------------------------- ------ -------------------- . 

12 Berthelot, op. cit., I, p. 117.
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Furno and Thaddaeus of Florence, being the first who are 
known to have so employed it.13 Albertus Magnus (ca 
1260) refers to the fact that by “sublimation” of wine 
there is produced a light inflammable, supernatant liquid. 
Arnoldus Villanova, physician and chemist, also describes 
it and its uses in medicine in about 1300. He calls it aqua 
ardens or aqua vini and says that some call it aqua vitae. 
The latter title had been in use by early alchemists as ap­
plying to the supposed elixirs of long life. The name 
“alcohol” however was not used for this substance until 
introduced by Paracelsus in the sixteenth century. The 
word “alcool,” or “alkohol” or “kohol,” with other spell­
ings, was an Arab term designating various very fine pow­
ders as of antimony sulphide, and was used by them only 
in that sense. The terms “alcohol” and “alcool” are also 
used by Paracelsus in that sense. He indeed defines the 
term “alcohol” as “the most subtle part of anything.” It 
is doubtless in that sense that he applies it in his alcool 
vini, that is, the most subtle part of wine, and it is always 
as “alcool vini” or “alcohol vini” that he uses this term, 
never “alcohol” alone. Later chemists dropped the “vini” 
and let the alcohol stand alone for the name. Paracelsus 
leaves no doubt as to what he means, for in his Von Offenen 
Schaden™ in a prescription for excessive perspiration, the 
directions are:

13 Von Lippmann, Abhandlurgen und Vortrage zur Geschichte der Natur- 
wissenschaften, Leipsic, 1913, II, p. 212.

14 Paracelsus, Chirurgische Bucher, Strassburg, 1618, p. 618b.
i° Paracelsus, Opera, Strassburg, 1616, Bd. I, p. 178a.

“Rec. Theriacae drach. II, alcool vini (id est vini ar- 
dentis) unc. II,” etc., and elsewhere15 he speaks of “alcool 
vini (id est vino ardenti).”

From about 1250, under the names of “aqua ardens,” 
“aqua vini,” aqua vitae,” and in the sixteenth century as 
“alcohol vini” or finally simply as “alcohol” the applica­
tion of alcohol to medicine and to other arts extended 
rapidly.

In the twelfth century Mappae Clavicula occur three rec­
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ipes concerning sugar and confections made from that and 
from honey. Although the use of sugar in the orient was 
of much earlier date, any technical description of its refin­
ing, or of products made from it are apparently lacking in 
Arabian literature. The first of such descriptions are 
found in the work issued about 1150 by Matthaeus Platear­
ms, an Italian writer on medicinal simples, a work which 
achieved a wide recognition and is an important source 
for writers of following centuries. There is a description 
m Platearius so similar to the recipes of this twelfth cen­
tury manuscript as to suggest either a common source or 
that the latter are derived from Platearius.16

jA Vrom E. von Lippmann, Geschichte des Zuckers, Leipzig, 1890, pp. 174,

‘ ‘ Sugar is obtained in the following manner: When the 
eanes in which it is formed are ripe, the tips are cut off 
tor about two handbreadths, and planted like grass stalks 
in. the earth. The rest is cut up, the pieces expressed in 
a mill and the juice conducted through wooden pipes into 
small vessels. It is then cooked down in a kettle, whereby 
a great mass of scum rises, and is then ladled out into 
vound dishes. These are set aside in special houses, cov­
ered immediately with straw and then sprinkled with cold 
water. If moistened with but little water the sugar re­
mains yellow and is called honey sugar (Zuccara Mellita) 
"Which, because it is of warmer nature cannot be given in 
Violent fevers. In the same vessels (sprinkled with more 
"Water), however, in which the sugar at the bottom has this 
character, further above it is white and good, and boiled 
to dryness with vinegar and formed into cones furnishes 
an unexcelled remedy for fever and stomach complaints, 
it may be again boiled [after again dissolving] ; the oftener 
it is boiled and purified the finer and whiter it becomes but 
the less of it remains.”

Penidium (from the Persian fanid) is thus described:
“Sugar and water are boiled down strongly so that a 

drop brought on to a stone solidifies and the mass can be 
broken by the fingers. The whole is then poured upon a 
Polished stone plate, allowed to cool somewhat, rolled to­
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gether, hung on a well fastened hook and twisted and pulled 
continually until it is quite white. As soon as it no longer 
sticks to the hands it is cut up into pieces with shears. 
Powder cannot be mixed with it, because it does not hold 
them, yet such may be sprinkled upon the finished prod­
uct—for instance flour—so that it looks a fine white. Pen- 
idium is an excellent remedy for fevers, dry cough and 
chest diseases, and also when moistened with Tragantha 
water heals cracked lips.”

Various mixtures of sugar with other substances are 
described as medicines. The similar recipes in the Mappae 
Clavicula are as follows :17

it Archaeologia, London, Vol. 32, p. 241.

“Compositio sisami. Honey, white and pure, is placed 
in a tinned (stannato) vessel on a moderate fire constantly 
stirred with a spatula, and alternately removed from and 
to the fire and stirred a long time, and again placed on and 
taken away from the fire, stirring without intermission un­
til it becomes thick and viscous (conglutinosum). When 
it shall have become sufficiently thickened let it cool grad­
ually. It is then poured upon marble: then suspended to 
an iron hook, and pulled frequently and gradually and 
folded until it becomes white as it should be, then twisted 
and shaped and placed upon marble. Then keep it for 
use.”

This preparation from honey instead of sugar is very 
similar in description to the directions of Platearius for 
penidium.

The second recipe in the Mappae is entitled, De Zuchara. 
It is a clarification of raw sugar.

“By a like action and boiling of sugar in a tinned vessel, 
a little water added to it when boiled, skimmed and well 
strained in a strainer; and with addition of such kinds of 
things as you know (adhibitis quibus scio speciebus), with 
incessant agitation, brought to thickness. Pour it out thinly 
on a marble smeared with a little oil, and when carefully 
cooled on the marble, separate it by hand from the marble 
and keep it for use.”
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This would give a clarified sugar in the form of barley- 
sugar.

The third recipe is De Penidiade.
“Penidias is made like sisamum after skimming and 

straining sugar, but without stirring—well boiled and 
placed in a hook as has been described and softened (malax- 
ando)—fashion it and cut in pieces with scissors.”18

18 also extracts on sugar in Bartholomaeus Anglicus, see post, p. 236.
Berthelot, op. cit., I, p. 95.

It may be inferred from these recipes that such prepara­
tions of sugar and sugar candy were very popular even in 
those times.

Technical recipes of a different character are found in 
a work attributed to Marcus Graecus, though nothing is 
known as to the identity of the supposed author. That it 
Was attributed to Marcus the Greek is of interest as lend­
ing additional probability to the assumption that the orig­
inal compilation is due to the Byzantine Greek chemists. 
The work is entitled Liber Ignium ad Comburendos Hostes, 
°r Boole of Fires for Burning Enemies. It is indeed 
largely a description of mixtures ordinarily included under 
the designation of Greek fires. That some mixtures of this 
character were known in ancient times is manifest from 
early writers. Livy speaks for instance of Bacchantes 
carrying torches which took fire by dipping in water, and 
that writer says this was because they contained sulphur 
and quicklime. Julius Africanus (third century A. D.) 
Sives a more specific account of a mixture kindling spon­
taneously when exposed to sunshine.10

“It is prepared as follows: native sulphur salt of the 
fountains, ashes, brontesinos (thunder-stone) pyrites, 
efiual parts. Mix in a black mortar at noon with the juice 
cf the black mulberry and bitumen of Zacynthus, a natural 
hquid, in equal parts, to a pasty consistency. Add with 
°are a little quicklime, grind carefully at noon. Guard 
J °nr face for the material may take fire suddenly. Enclose 

in a copper box with a cover, and keep it and do not 
expose it to the sun. If you wish to set fire to the arms of 
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the enemy, secretly spread over them this preparation at 
night. When the sun rises all will be burned.”

Von Lippmann considers this passage as an interpola­
tion of perhaps the seventh century. It is doubtless hardly 
worth while to take this formula as accurate or reliable, 
but it is evidence of the existence of some such mixtures 
for use in warfare. The Book of Fires is supposed to be 
based upon the experience of the Greeks and the work was 
supposed by Kopp20 and Hoefer21 to have been written in 
the eighth century. The reasons given for this assumption 
have not stood the light of later researches, and there is 
no identifiable reference to the work nor to this Marcus 
until the thirteenth century. The Mappae Clavicula text 
of about 1130 A. D. contains some recipes of very similar 
character, suggesting the existence of some such source as 
this at that time. The earliest manuscript of the Book of 
Fires thus far known is apparently of the latter part of 
the thirteenth century.22 The existing texts also give evi­
dence by the presence of Arabic names of some Arabian 
mediation which would suggest that the work in its pres­
ent form is certainly not earlier than the eleventh or twelfth 
century when Arabian influence makes itself felt upon Latin 
writers. These recipes may then be taken as an accumu­
lation of early Greek origin, with gradual alteration and 
additions possibly as late as the thirteenth century. It 
will be of interest to illustrate the character of the compo­
sitions described in this work. The opening recipe of the 
early Paris manuscript23 is the following:

20 Geschichte der Chemie, III, p. 220.
21 Uistoire de la Chimie, 2d ed., p. 304.
22 Berthelot, op. cit., I, p. 89 ff.
22 Berthelot, op. cit., I, p. 100.

“Take pure sandarac (the resin) 1 lb., liquid (gum) ar- 
moniac, 1 lb., rub them together and put in a glazed earthen 
vessel carefully closed and luted with sapia (the lute of 
the philosophers), then let it be placed over the fire and 
liquefied. These are the signs of (completion) of this 
liquid, that placed upon wood it seems of the consistency 
of butter. Then add four lbs. of Greek pitch (“Alkitram” 
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—Arab word meaning bitumen or a liquid pitch). It is for­
bidden to do this under a roof since danger would threaten.

“If you wish to use this on the sea, place about 2 lbs. of 
this oil in a goat-skin bottle if the enemy is near, more if 
be is distant. Attach the bottle to an iron dart (veru). 
Provide a piece of wood of size proportionate to the dart, 
and this (wood) should be rubbed with grease on the lower 
side. Set fire to this wood at the shore and place upon it 
the bottle. The oily matter burning upon the dart and the 
'Wood will run over the water and burn whatever it meets.

“Another kind of ‘fire’ which sets fire to the houses of 
the enemy whether situated in the mountains or in other 
similar places:

“Take balsam or petroleum, 2 lbs., the pith of Canna 
ferula, % lb. [described by Pliny, Liber XIII, Chapter 42, 
as a tall jointed reed with a fungous kind of pith], sulphur 
1 lb., melted mutton fat, 1 lb., either the oil of teribenthine 

the oil of bricks,24 or the oil of anise. All being mixed 
Prepare an arrow (sagitta) with four openings (or cavi­
ties) and fill with the above composition. Set fire to it and 
shoot it with the bow. Then the grease being melted and 
the composition kindled it will set fire wherever it falls and 

water is thrown upon it it only augments the flames.” 
Another mixture suggests the torches of the Bacchantes 

°f Livy which were inflamed by wetting.

24 The oil of bricks is described in a Munich manuscript of the Booh of 
solr? (written 1438 A. D.) as made by pounding up bricks into small, pieces, 
yaking in olive oil and distilling, thus producing an oily product modified by 

cracking. ’ ’ Berthelot, op. cit., I, p. 102.

“Here follows another kind of fire with which Aristotle 
destroyed the houses situated in the mountains and so that 
the mountain itself settled down.

“Take of balsam 1 lb., pitch 5 lbs., oil of eggs and quick- 
hme equal parts, (in all) 10 parts. Grind the lime with the 
°P so as to make one mass. Smear with this mixture the 
stones, herbs and any growing things, during the dog days. 
Pury them in manure under ditches in that place. At the 
hrst autumn rain falls, the earth will take fire and its fire 

burn the inhabitants, for Aristotle asserts that the fire 
°f this lasts nine years.”

Though this tradition is falsely attributed to Aristotle
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and the whole affair is legendary yet it may be assumed 
that it has a basis of fact since it is known that the 
action of water upon quicklime and confined masses of 
combustible materials can produce inflammation. The 
Book of Fires also contains the first unmistakable ref­
erence to saltpeter and to its use in explosive mixtures, 
and also to black powder. It is here called sal pet- 
rosus, or salt from stones. It is not improbable that 
its use in inflammable mixtures was known to Byzan­
tine Greeks at a much earlier period. If so they prob­
ably kept this knowledge to themselves. Whether this 
substance was known to the Arabian chemists previous 
to the date of the manuscript of the Book of Fires is a 
matter of considerable doubt. Berthelot25 thinks it prob­
able, though no direct evidence is as yet available. Von 
Lippmann20 considers that the knowledge of it is due 
not to Arabian but to Italian chemists. Though some 
of the mixtures that are called Greek fires are men­
tioned in the Mappae Clavicula, the explosive mixtures 
resembling black powder are not mentioned by any 
known European or Arab writers previous to about 
1250 A. D.

25 Berthelot, op. cit., I, p. 98.
28 Entstehung und Ausbreitung der Alchemic, p. 487.
27 Berthelot, op. cit., I, pp. 108, 109.

The first reference to saltpeter is found in No. 12 of the 
recipes of Marcus Graecus:27

“Note that the composition of a fire for flying in the air 
is twofold, of which the first is:

“Take one part of colophony and as much native sul­
phur, (?) parts of sal petrosum. These well pulverized and 
saturated with oil are dissolved in linseed oil or, which is 
better, in laurel oil. It is then put into a reed or hollow 
stick and kindled. It rushes out suddenly to whatever place 
you will and burns everything.

“No. 13. The second method for ‘flying fire’ is thus ef­
fected :

“Take 1 libra of native sulphur, 2 libra of charcoal of 
linden or willow, 6 libra of sal petrosum which are all three 
well mixed on a marble stone. Afterwards place the pow­
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der at pleasure in an envelope for flying (rocket) or for 
making thunder (tonitrum).”

Note that the envelope for flying should be long and slen­
der and filled with the powder well packed. But the en­
velop for making thunder should be short and thick and 
half-filled with the said powder and strongly tied at both 
end with iron wire, (filo ferreo).

“No. 14. Note that sal petrosum is a mineral of the 
earth and is found in efflorescences upon the stones. This 
earth is dissolved in boiling water, afterwards purified and 
filtered (“distilled per filtrum”) and is permitted to heat 
for a whole day and night and you will find at the bottom 
scales of the salt, solid and clear.”

Another recipe in the same manuscript for black powder 
is No. 33.28 It is here called also flying fire, and is made 
from sal petrosum, native sulphur, and from charcoal of 
grapevine or of willow. “And note that with respect to sul­
phur you should take 3 parts of charcoal and with respect 
to charcoal 3 parts of sal petrosum.”

^Berthelot, op. cit., I, p. 119.
Berthelot, op. cit., II, p. 198.

It is interesting to note that a Syrian-Arabian manu­
script based probably upon much earlier writings of the 
tenth or eleventh century but written in the sixteenth cen­
tury contains several mixtures for black powder28 for va- 
rious applications, for example, these formulae:

“For priming of firearms, 10 of salpeter, 1 of sulphur, 
I of charcoal—grind them together.

“For rockets and war machines, 10 drachmas of salpeter, 
2 of charcoal, 2 of sulphur—reduce to powder.

“For petards or crackers, 10 drachmas salpeter, 3 of 
charcoal and 1% of sulphur.”

These items evidently are late interpolations, for the 
Use of black powders in firearms was not earlier than the 
fourteenth century.

The English scholar Roger Bacon has often been popu­
larly credited as being the discoverer of black powder. 
That he knew of black powder and that it was composed of 
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sulphur, charcoal and “sal petrae” is certain, as appears 
from his writings of unchallenged authenticity. But in 
these writings he refers to this knowledge as common 
property and his references to it indicate that he has de­
rived it from other sources than his own experience.

Thus in his Opus Majus (1267-1268 A. D.) speaking of 
various important results of experimental science he says :30

‘ ‘ There are certain things which undergo change by con­
tact alone and so destroy life. Thus Malta, which is a kind 
of bitumen and is in great abundance in the world, when 
projected upon an armed man sets him on fire. This fact 
the Romans experienced with heavy slaughter in taking 
places by storm as Pliny testifies in the second book of his 
Natural History, and as histories confirm. Similarly yel­
low petroleum oil, that is an oil originating in rock, sets 
fire to whatever it meets if rightly prepared, for a fire made 
from it can with difficulty be extinguished for water does 
not extinguish it. Certain things disturb hearing so much 
that if suddenly operated at night and with sufficient skill 
neither city nor army could endure it. No thunder clap 
could be compared with such. Certain things inspire such 
terror at sight that the flashes from stormclouds disturb 
far less—beyond comparison; by works such as these Gid­
eon is believed to have operated in the camp of the Midian- 
ites. And an experiment of that character we take from 
that boyish trick (ludicro puerile) which is performed in 
many parts of the world, namely that by a device made of 
a size as small as the human thumb, by the force of that 
salt called sal petrae, such a horrible noise is produced in 
the rupture of such a small thing as a little parchment that 
it is felt to surpass the noise of violent thunder and its 
light surpasses the greatest flashes of lightning.”

In a fragment of the Opus Tertium (ca. 1268) discovered 
by Prof. P. Duhem, Roger Bacon refers again to these ex­
plosive toys and states that their contents was a mixture 
of salpeter, charcoal and sulphur.81 These references of 
Bacon’s to such mixtures of inflammable and explosive

30 Opus Majus, Bridges ed., II, pp. 217, 218.
si A. G. Little, Part of Opus Tertium, Aberdeen, 1912, p. 51.
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mixtures seem to indicate that his knowledge of them was 
general and derived from his readings of other works, 
among which were probably some such as the Booh of 
Fires.

The claim for Roger Bacon as the inventor of gunpowder 
rests mainly however on a portion of a work entitled De 
secretis operibus naturae et de multitate magiae. This is 
a short treatise on remarkable inventions. The first few 
chapters contain very interesting examples of Roger Ba­
con’s scientific imagination. The last few chapters are so 
very different in character that modern scholarship sus­
pects the genuineness of their authorship. Certainly the 
chapters in question differ in style and content so greatly 
from his well authenticated writings as to strongly confirm 
this suspicion. The passage in question has to do with the 
composition of gunpowder but the language is unclear and 
is made more so by the use of a secret cipher which has 
long puzzled chemists. Lieutenant Colonel Hime32 has 
given much study to the subject and has presented an at­
tempted solution. The passage runs thus:

“Item pondus totum sit 30. Sed tamen sal petrae LURU 
VOPO VIR CAN UTRIET Sulphuris: et sic facies tonitrum 
et coruscutionem si scias artificium.” Hime transposes the 
letters thus R. VII PART V NOV CORUL V ET, and 
makes the sentence read:

“Sed tamen sal petrae R (cepie) VII part (es), V Nov 
(elle) corul(i) V et sulphuris.”

The whole paragraph would then read translated:
“Let the whole weight be 30. But take of salt peter VII 

Parts, V of young hazelwood and V of sulphur, and thus 
you can make thunder and lightning if you know the 
trick.”

These proportions would give when calculated to per­
centage composition a less efficient mixture than those 
Quoted from the Booh of Fires, as shown in the following 
oomparison: ---- ----------- -------------------------------------------------- --------

82 Roger Bacon Commemoration Essays. Oxford, 1914, p. 321 ff.
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Analysis of Explosive Powders

Salpeter Charcoal Sulphur

Marcus Graecus 1st recipe........ 66.7 22.2 11.1

Marcus Graecus 2nd recipe........ 69.2 23.1 7.7

Supposed R. Bacon’s recipe........ 40.2 29.4 29.4

Modern military blck powder... 75.00 10 to 15 10 to 12.5

Even should we grant that Bacon wrote this cipher and 
that it is here correctly interpreted there is little basis to 
assume for Bacon the original invention. On the other 
hand a student of Roger Bacon’s works of recognized abil­
ity, M. Charles,33 has expressed his conviction that the last 
six chapters of the above work are apocryphal and Prof. 
M. M. P. Muir34 also has recently voiced his doubts of their 
authenticity on the basis of internal evidence. In the pres­
ent state of our knowledge therefore there seems no ad­
equate reason to ascribe to Roger Bacon any other than 
an early knowledge and appreciation of the advance in some 
chemical arts, of which his great contemporary scholars, 
Vincent of Beauvais, and Albertus Magnus were not yet 
cognizant.35

The Liber Sacerdotum or Book of the Priests the text of 
which is published by Berthelot30 is a work translated into 
Latin from the Arabic. It is evidently based largely on 

Boger Bacon, Sa Vie, Ses Ouvrages, Ses Doctrines d’apres des Textes 
Inedits, Paris, 1861.

m Muir, Boger Bacon Commemoration Essays, p. 301, Oxford, 1914.
3° Since the above was written the work by Lynn Thorndike on the History 

of Magic and Experimental Science has appeared, containing an elaborate dis­
cussion of Roger Bacon, and as an appendix a chapter on “Roger Bacon and 
Gunpowder.’’ In this the author expresses his doubt of the authenticity of 
the Epistola de secretis operibus. Much of it sounds like a brief compilation 
from Bacon’s three works of 1266-1267, concocted by some one else later. And 
Hime’s interpretation of the cipher is subjected to searching criticism, con­
cluding as follows: “And now what becomes of Colonel Hime’s assertion 
'Since therefore charcoal is one of the subjects of these two chapters, it 
becomes all the more probable that saltpeter forms another’? We may alter 
it to read thus; ‘since charcoal is not a subject of either of these chapters, 
it becomes all the more improbable that a method of refining saltpeter is dis­
closed in them in cipher. ’

36 Berthelot, op. cit., I, pp. 179-228.
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Greek-Egyptian sources. The work was probably edited 
about the tenth or eleventh century, and attributed to a 
Joannes, a person of unknown identity. The manuscript 
as published by Berthelot appears to be an elaboration of 
about the twelfth century by a Spanish editor. It is a col­
lection of about 200 recipes, without system or order, care­
lessly copied, and in rather bad Latin. In content it re­
sembles somewhat the Theban Papyri and the Mappae 
Clavicula, in being largely devoted to imitating gold and 
silver in cheaper alloys, to methods of superficial coloring 
of metals or other substances, to inks, to mixtures for 
decorating glass or pottery, for imitating precious stones, 
or semiprecious stones, for purifying various chemical sub­
stances. The meaning and purpose of many of these recipes 
are obscure—owing to unclear descriptions—and some­
times evidently to a desire to conceal definite information 
from the general reader. The directions in this work call 
for the use of a great many constituents of mineral, vege­
table and animal origin. While on the whole not very in­
structive as to accurate information or processes or pur­
poses, yet they evidence the fact that the activities of the 
Arabian chemists were very considerable, though their 
originality is not manifest in notable discoveries. A few 
lustrations will perhaps serve to a better understanding 
°f the character, though they represent the least obscure 
class of recipes.

No. 40 is apparently a recipe for making a sort of mix­
fare for coating silver articles to resemble gold.
No. 40. How silver is turned into gold.

Almagra,37 (defined sometimes as a red earth, sometimes as 
brass, or as copper bole), acimar (that is, flos aeris, copper oxide), 
Atramentum ustum, roasted vitriol, roasted brass (mixture of 
CoPper and zinc oxides), rock salt, almisadir (sal ammoniac), 
saffron root or saffron itself—equal parts. All these are mixed 
Wh urine and dried in the sun. With this powder mix filings 
•—■—____________________________________________________ ,
tp,7 A note in the manuscript defines Almagar (sic) as “bcrillus, namely, a 

c with which walls are painted. ’ ’
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or very thin flakes of silver leaf and heat in the manner of gold, 
that is in a crucible well covered. Then heat again with filings or 
flakes. Do this seven times and it will be what you have, wished. 
With this unite just as much gold and it will be the best gold after 
you have decorated.38

as Berthelot, op. cit., I, p. 195.
39 Berthelot, op. cit., p. 218.
*o Berthelot, op. cit., I, p. 222.
41 Berthelot, op. cit., p. 216.

No. 163. To make best gold.39
Of bronze (aeris) 3 parts, of silver 1 part, melt together and add 

orpiment, not roasted, 3 parts. When strongly heated let it cool 
and put in a pan and cover with clay and roast until cerusa is 
made. Take it out and melt and you will find silver. If too much 
roasted, electrum will be made, to which if 1 part of gold is added 
it will make the best gold.

In this recipe the reference to cerusa (white lead) is 
puzzling. Unless lead was frequently present in bronze its 
formation is difficult to explain. It is possible that white 
fumes of arsenious oxide from the orpiment may have here 
been mistaken for it or it may be a blunder in translation 
into or out of Arabian.
166. To make a gold-colored water.

Kibrit (sulphur) 1 (pt), sulfur (manuscript gloss says “id est 
auripigmentum”) Asphar (?) 1, quicklime, 1 part. Place in a pot 
(cacabo) with ox urine and heat 1 hour and you will see a golden 
color. Put in a glazed jar and put this water into your operations.

Essentially this seems to be a solution of persulphide 
of lime and perhaps other constituents. The directions are 
not very satisfactory as to ingredients.
183. For making oil of eggs.40

Take eggs and cook in water. Place the yolks in a pan, roast 
gently and squeeze them out. This is the oil of eggs.
154. Take two parts quicksilver and one of sulphur and put in 
a new dish and place in the furnace and heat with a moderate fire 
as much as suffices and then collect it. You will find what is pure.41

This is manifestly the preparation of cinnabar.
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95. “Sulphur turns quicksilver red. The severity of the fire 
generates black at first, then a yellow (or red) color.”

159. “Alehool—that is a most subtle powder.”42

42 See ante, p. 189.
Heid ll)S^a’ _ ' JU^U3’ Untersuchungen uber das Steinbuch des Aristoteles, 

j ‘Aristoteles de lapidibus und Arnoldus Saxo” in Zeitschrift fur
4^es ^terthum, 1875, XVIII, pp. 321-455.

Of. Ruska, op. cit. p. 320 ff.

The Book of Stones falsely attributed to Aristotle— 
Aristoteles de Lapidibus, is a work which occupied a promi­
nent place in the middle ages as a source of information on 
mineralogy. The work according to Ruska43 was originally 
compiled by a Syrian acquainted with Persian and Greek 
traditions sometime before the middle of the ninth century. 
Written in Arabian or translated into Arabian at an early 
date, it is the oldest known Arabian authority upon miner­
alogy. It has been rewritten and expanded by various 
scholars at various times, so that the existing manuscripts 
m Hebrew, Arabic and Latin languages differ widely in 
content. In these various versions it served as a basis for 
later writers and especially either directly or indirectly for 
the encyclopedists of the thirteenth century—as Bartholo- 
maeus Anglicus, Vincent of Beauvais, Albertus Magnus and 
Writers of less importance.

A Latin manuscript preserved in Liittich has been pub­
lished by Valentin Rose.44 This is an early fourteenth cen- 
Wry copy of a version edited with elaboration and additions 
hy a Spanish-Arabian writer probably not earlier than the 
twelfth century.45 The content of this work is naturally 
Quite different from that of the laboratory manuals above 
described. It is a catalogue of minerals and precious 
stones, with a summary of their more obvious physical 
Properties, their virtues—medicinal, or occult—for the an­
cient habit of assigning mystical and supernatural proper­
ties to all kinds of materials in nature—so well illustrated 
Hi Pliny’s records—was well maintained in Arabian natural 
science, as it was by the early Greek alchemists. Though 
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written in Latin, nearly all the names of the minerals are 
in Arabic, relatively few being also translated into Latin 
equivalents. Illustration of these descriptions are of in­
terest as showing what kind of mineralogy served as a basis 
of much of the conceptions of minerals in the great thir­
teenth century encyclopedists.

“Description of the stone azurium. This stone is cold 
and dry and soft and of beautiful color. When this stone 
is mixed with gold the beauty of the gold and of the stone 
is increased and made durable and one color brightens and 
illuminates the other. And this stone contains gold mixed 
with it.

“The nature of this stone benefits the eyes when mixed 
with other powders. And when some of this stone is placed 
upon a fire without smoke, the flame is tinged by its color. 
And when calcined, fire becomes concealed in it.40

“There is a stone, called by the Greeks elsbacher, and 
named elbasifer kaker, and the description of it is that 
it is poison (stone). This stone is of great dignity and 
nobility. It is soft to the touch as found. The nature of 
it is warm and not very moist. It is subtle and smooth and 
a valuable property of it is that it cures from all poison of 
whatsoever kind whether deadly or not, both from poisons 
that come from the earth or from those produced by the 
bites of worms or reptiles. It also cures wounds and 
snake bites. Since we are speaking of poison, it is proper 
that we speak of its name and give its description because 
poison does not kill man by its coldness or its heat but by 
its property of evil for it penetrates even to the blood of 
the heart and liver and when it reaches the blood it makes 
it liquefy, resembling the water running out from flesh that 
is salted and this blood runs in the veins obstructing the 
passage of the living body and spreads through the whole 
body like grease (sagimen) upon water.”47

46 V. Rose, op. cit., p. 366.
47 V. Rose, op. cit., p. 362.

“Description of the Stone called Elzarmeth.” (Inter­
preted in a gloss to the manuscript as “auripigmentum.”)

“This stone is found of many shades of red and yellow. 
Mixed with lime it removes hairs, skin, and flesh, and when
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combined in this way they are a deadly poison. If the red 
and the yellow be each calcined by itself until it becomes 
white (that is roasted to arsenious oxide) and placed with 
a little borax upon red copper and heated a while at the 
fire, it (the copper) will be whitened and purged from its 
corruption and made more beautiful. These stones have 
many ores (mineras). If elzarivech (sic) is burned and 
then made into powder it is able to cure cancer and fistula. 
Also it enters much into furnace operations (opera ig- 
nea).”48

The above indicates use of arsenious oxide for cure of 
cancers, etc.

“Description of glass (vitrum) which is called zegeg.
“Glass is of many colors. It is produced from many 

stony and sandy minerals. When it is placed in the fire 
■With magnesia (in another manuscript magnes) they melt 
and form one body by virtue of the lead and magnesia (or 
Gagnes), and when drawn from the fire and exposed to the 
ymd (vento), before receiving a second temperate heat- 
lng, the body of it is easily broken, and as there are many 
c°lors of glass, there is found a certain kind that is so 
white as scarcely to be distinguished from crystal (that is, 
Quartz), and this is the best. From this is derived red, yel­
low, green and violet. For it is a soft and fragile stone; 
^ud just as a foolish man is bent by the sayings of any- 
o°dy; so glass is of all colors for it receives all colors by 
the heat of the fire and again is made stone when exposed 
t° the air. Its nature is warm in the first degree and dry 
ln the fourth degree. It is convertible into the nature of 
any other stone, as glass becomes stone when brought into 
cold air. (Referring to its use in artificial or imitation pre­
cious stones.) When tinctured in a temperate fire it is well 
colored but if the fire is excessive or too feeble it is not 
Well colored. And just as flesh is pulled by beasts so glass 
attracts iron to itself by virtue of its heat and dryness. ’ ’49

The magnetic oxide of iron or the lodestone by its at- 
fraction at a distance made a great impression on the minds 

the ancients and there was a natural tendency to exag-
40 V ^°Se> °P- Ct% P- 3^3.

Rose, op. cit., p. 381.
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gerate its powers which lost nothing in the middle ages. 
The description of it here is long but nevertheless so well 
exemplifies the character of much of the natural science of 
the period that it is here given in extenso:

“Description of the stone called elbeneg, that is magnes 
or calamita, attracting iron. Its nature is warm and dry, 
and it is a stone which iron obeys. For no one who has 
sense and memory could believe but that iron is stronger 
than other things; also that it is stronger than other stones 
in so far as sustaining the action of fire and of sulphur 
and of strong hammering between two irons and for man­
ufacturing. Also they make from it weapons against all 
men and beasts and man avails himself of it in all his 
operations except concerning plants. So also those are 
safe who work with it upon other metallic (?) bodies 
(corpora).

“Whenever that stone approaches iron it draws it to 
itself so that it is seen that iron has in it a spirit, for 
magnes causes it to move as if it had a living spirit in it. 
And it comes to this stone and attaches itself to it. And 
such is the obedience of iron to this stone that if many 
needles should be fixed in the earth and this stone should 
approach them, all the needles would attach themselves to 
the stone, or if one were attached to the stone the others 
would attach themselves to this one so that one would hang 
from another.

“The best of this kind of stones is black mixed with 
reddish. There is a great force hidden in this stone, for if 
placed in some large vessel full of quicklime untouched by 
water, and the vessel is so great that the force of fire may 
be concealed in it, and the vessel be placed in a brick-maker’s 
furnace when it is first fired, then taken out and permitted 
to cool, and then this stone taken out and placed similarly 
in another vessel as before and in the furnace just as be­
fore, and so it be done three or four times, and the stone 
removed and put in a clean place where neither wind nor 
water nor dampness can touch it; and pieces of this are 
taken which weigh 10 drachmas, and if now one such piece 
is taken and the same weight of alkibric (sulphur) added 
and strongly stirred and mixed; then thrown into water 
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very great heat will be generated burning whatever com­
bustible may be near.

“If this stone before being calcined is placed in the water 
of onions or of garlic and should remain there three days 
it entirely loses its power; but it will recover it if it is 
placed in goats’ blood for three days so the blood be re­
newed each day. And he who wishes to deprive it of its 
power which it possesses from heating, let him put on it a 
little goats’ blood and he will thus deprive it of its power.

“The mine (or source) of this stone is on the shore of 
the sea near the country of India. When ships pass near 
the mountain where this stone exists, it is not possible for 
iron to stay in them, but that it leaps out; flying out, now 
above, now below, it does not stop until it reaches the mag- 
nes. Similarly the nails of ships are pulled out whence it 
is commonly accepted that ships passing through that sea 
should not be endangered by being joined with iron nails 
but by bolts of wood, or in some other way, for either they 
are broken up by the removal of the nails or they are even 
drawn to the mountain from which it is impossible to sep- 
arate a ship when once adhered.

“If any poison containing iron filings should be given 
to anybody in drink or if any one is wounded with a poi­
soned iron, powdered magnes finely rubbed with milk may 
oo given and he who has drunk iron filings, or poison mixed 
Wh iron will be purged of that poison. But a wound made 
oy a poisoned iron may be sprinkled with the powder of 
this stone and will be cured through the power of God.

‘Iron therefore obeys this stone by the virtue that is con­
tained in it. The good properties that God has given it 
must be made manifest to those who believe in Him just 
as He, by His might (ex se), overcomes bodies that seem 
to men perfect, strong and lasting. May He be blessed 
trough the ages.”

This discussion of the lodestone affords an excellent il- 
Ustration of the curious medley of facts, ancient fables, 

exaggerations, and distorted description that characterize 
80 much of the natural science of the middle ages and early 
rmmissance. It is probable that the above description of 

omical operations is a distorted and garbled version of 
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some actual operations. Repeated copying and interpreting 
of early manuscripts by scribes or editors themselves ig­
norant of the actual processes often obscure the meaning 
of passages of technical character, even if they were at 
first clear and intelligible, which as we have seen was not 
always the case.

Chemistry in the tenth century writings of the Ichwan el 
safa—the “Lantern Brueder” or “Faithful Brothers.”

This was a society of Arabian scholars founded in Basra 
about 950. Their writings were issued about 975 to 1000 
A. D., and were strongly influenced by Aristotelianism and 
Neoplatonism. In 1160 their works were publicly burned 
in Bagdad, as the Mohammedan church of that period was 
very suspicious of any writings which might threaten the 
orthodox doctrines of the church, as was also the Christian 
church of this and later centuries. The chemical philosophy 
of these writings has been summarized by Dieterici, editor 
of the Arabian text of these writings, in his treatises on 
the philosophy of the Arabs of the tenth century,50 from 
which the following abstract is derived: The writings of 
the Faithful Brothers are of especial interest in the history 
of chemistry because they summarize the Arabian chemical 
philosophy at the period previous to the mingling of Ara­
bian and western ideas which occurred during the eleventh 
and twelfth centuries. The fundamental concepts of the 
four elements of Plato and Aristotle, as constituting mat­
ter, are at the basis of their theories as with the ancient 
Greeks and Romans. These concepts, however, were de­
veloped in certain directions and systematized to some de­
gree on the basis of observation and experiment.

so Fr. Dieterici, Die Philosophic der Araber im IX und X, Jahrhundert n- 
Chr., 2te Theil, Leipzig, 1879.

With the Arabs, water, air, and earth were components 
of all minerals, while fire was not so much a constituent as 
a regulator of the union of the other three. Plants and ani­
mals also, in so far as their material composition is con­
cerned, contain the same constituents. All minerals con-
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tain earth as their body, water as spirit, air as soul, all 
combined and regulated by fire or heat. Minerals were 
subdivided into seven classes:
1- Stoney, but fusible and solidifying on cooling. Such are 

gold, silver, copper, iron, tin, lead, glass, etc.
2. Stoney, but not fusible, as the diamond, hyacinth, cor­

nelian, etc.
3. Earthy, soft, not fusible, but easily separated, friable. 

Such are salts, talc, vitriols, etc.
4- Watery and escaping from fire (volatile) as quicksilver. 
3- Aerial—or oily—consumed by fire, as sulphur, arsenic, 

(sulphides of arsenic probably referred to).
6. Vegetablelike, as coral, which grows like a plant.
7. Animal-like, as pearls.

Pearls are also, like amber and manna, considered as 
originating from dews formed in the air and condensing 
Under conditions in various places. It was fancied even 
that the oysters came up at times and opened their shells 

the air to receive the dew which formed the pearls.
All the metals are composed of the same constituent ma­

terials, mercury and sulphur, and only indirectly of the 
fpur elements. Thus differences result from the propor­
tions and the grades of purity of the mercuries and sul­
phurs and the degrees of perfection in their combination 
as the result of their heating or digestion in the earth.

The various waters which mingle in the interior of the 
earth, are by heat volatilized to the upper strata in crevices 
aud cavities, there becoming condensed and thickened by 
cooling, and, again percolating downward, mix with earthy 
Particles and by the heat of the earth are changed to quick­
silver.

The aerial and oily parts mixing with earthy particles, 
become viscous and heavier and by heat eventually produce 
8ulphur. The quicksilver and the sulphur, mixing in the 
earth under the influence of heat and time, form the metals 
aud minerals. If the quicksilver is clear and the sulphur 
Pure and they are perfectly united in the proper propor-
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tion and the heat is favorable and time is adequate for 
completion of the process, gold is produced. If this process 
is interrupted so that time is not allowed for perfection 
and too early cooling take place, silver is formed. If the 
heat is excessive and the sulphur or mercury contain an 
over proportion of earth, copper is the result. If cooled 
before well combined, tin is formed. If cooled before 
properly combined and there is too much earth present we 
have iron. If too much quicksilver and too little sulphur 
and the combination is imperfect from inadequate heating, 
lead is the product. If the heating is too great so that 
both the constituents are injured by burning, antimony 
(stimmi) results.

It is very difficult to know positively whether the Arabians 
refer here to metallic antimony or not. Stimmi with 
ancient and medieval writers generally means the native 
sulphide, yet that they used metallic antimony, but gener­
ally confused it with lead, is also certain. Yet classifying 
the sulphide of antimony here among the metals seems to 
be hardly reasonable. In this connection, however, it 
should be remembered that the word for metals originally 
meant the mines themselves, and later was used to repre­
sent the products of the mines and that at no time with 
the ancient or medieval writers was there any recognition 
of the existence of metals as elementary substances, nor 
were they fundamentally distinguished from other min­
erals.

The common metals gold, silver, lead, copper, tin, iron, 
being similar from so many points of view, were from an 
early period considered as minerals especially closely re­
lated. Their fusibility; their cooling again to the same 
solid condition; the fact that they could be melted to­
gether to form other kinds of metal (alloys); their malle­
ability either in the cold or at furnace heat; their adapt­
ability to so many common uses, coins, statues, jewelry, 
tools, etc. easily gave rise to the idea that they possessed 
a constitution more alike than was the case with minerals
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in general. There existed, however, no philosophic dis­
tinction between the metals and the minerals. Thus glass 
melts and solidifies again to a hard mass. It is also 
malleable and ductile in the heat. This perhaps is why we 
find it occasionally listed with metals in medieval writers. 
So also quite frequently electrum and bronze or brass are 
described as separate metals, even by writers who know 
they can be obtained by processes involving melting to­
gether silver or gold or copper and tin, etc. Mercury, on 
the other hand, is generally excluded from the metals 
though it is known to alloy with them or to dissolve them.

An English chemical writer of the thirteenth century, 
Itichardus Anglicus in his Correctorium Alchemiaef1 at­
tempts to distinguish formally between metals and other 
minerals. In general his chemical philosophy is the current 
Arabian. Minerals are divided, he explains, into two 
classes: the metals, which owe their origin to mercury, as 
S°ld, silver, copper, tin, lead, iron, or “major minerals;” 
and those which do not owe their origin to mercury, such 
as salts,atramenta, alums, vitriol, arsenic, orpiment, sulphur 
and the like, called “minor minerals,” but are not metallic 
bodies. The metals owe their origin to mercury and sul- 
Phur of different degrees of purity.

hhemiae Gebri, etc. Bern, 1545, pp. 223-227. There has been much 
is ti «.as .the identity and date of this Richard, but the strong probability 

at he died in 1252. Cf. Ferguson, Bibliotheca Chemica, II.

Those minerals which are not from mercury, and those 
salts which are soluble in water, as alums, chalcanthum 
(sulphates of iron and copper), common salt, sal petrae, 
and some substances insoluble in water alone, as orpiment, 
arsenicum, sulphur and other sulphurous minerals, result 
from the “aqueosity of sulphurs mixed with viscous earths 
firmly united by a fervent heat, whence they are rendered 
Unctuous and afterward solidified by cold. ’ ’ The medieval 
chemical philosophers generally do not devote so much 
attention to the fundamental composition of nonmetallic 
minerals, and the classification here given by Richardus as 
to their origin is by no means in accord with others, especi­
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ally as to the absence of mercury as a constituting sub­
stance in this class of substances, the philosophy of the 
Arabs as shown in the Faithful Brothers being directly 
opposed in that particular.

This concept of the nature of the metals which assumes 
that they are all essentially of the same constitution dif­
fering only in the relative proportion and purity and 
degree of “ripening” by heat, gave encouragement to the 
alchemical experimentors of the time to hope that by the 
use of artificial admixtures and by varied conditions of 
heating of the less perfect metals, it might be possible 
to complete the perfection of them and thus to actually 
transmute the baser metals into the noble or more perfect 
metals, gold and silver.

In the noble metals and in many minerals the elements 
were believed to be so well combined that heat could not 
separate them. Other minerals, as sulphur, orpiment, 
asphalt, etc., when heated in the air are partly broken down, 
the aerial element, not being so firmly united to the earth, 
being driven off as vapor and mingling with the particles 
of the atmosphere. This process was interpreted by the 
Greek alchemists and their Arabian successors as the sepa­
ration of the spirit from the body, and such substances as 
were volatilized or burned with formation of gaseous 
products—as sulphur, arsenic (sulphides), sal ammoniac, 
quicksilver—were called spirits, while the metals and min­
erals which, when heated in the air did not volatilize nor 
disappear in gaseous products, were called bodies 
(corpora).

The influence of the planets and other heavenly bodies 
upon the generation of metals and minerals was considered 
of importance, as also their influence upon the growth and 
development of organic life, including man.

This theory of the composition of metals from quick­
silver and sulphur in this Arabian chemical philosophy is 
so authoritatively asserted that, as von Lippman suggests, 
it is very probable that it was not new with them, but was 
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derived from Greek-Alexandrian sources through the 
Syrian mediation.

The books of the Faithful Brothers contain much in the 
Way of chemical facts that shows a knowledge based upon 
practical experience in chemical operations. Thus opera­
tions of distillation are spoken of in the preparation of 
waters of roses and violets, and of sharp vinegar, though 
there is no indication that the methods or apparatus were 
other than those given for instance by “Zosimos” in the 
Greek manuscript of St. Mark. In discussing the metals, 
many properties are described:

“Gold is a substance of well proportioned native and per­
fect mixture. Soul, spirit, and body have become one in it, 
therefore it does not change by any happening, nor does it 
decay. Its yellow color comes from its fire, its purity and 
luster from its aerial element, its softness from unctuous 
moisture and its weight from its earthy constituents. Gold 
alloys with copper and with silver. From these it can be 
separated by strong heating with ‘Markasite’ (pyrites) 
Which is a kind of sulphur which is not consumed by fire 
like other sulphurs. The gold is by this unchanged while 
the copper is burned away. (This is purification of gold 
by the ancient process of cementation.) Gold is dissolved 
by quicksilver, but by heating the quicksilver can be driven 
°ff. By malachite and borax (tinkar) gold can be soldered.

“Silver alloys with copper and lead from which it can 
be separated by heating with soda (nitrum) and other sub­
stances. It is burned by long continued strong fire, ‘de- 
Cays’ if buried in the earth. Sulphur blackens it. It is 
softened and dissolved by quicksilver.

“Tin, white like silver, but soft and of bad odor, creaks 
when bent. It can be burned and the product is not poison­
ous but useful in medicine. By heating with salt, arsenic 
(sulphide), markasite and twigs of myrtle it may be 
changed to silver.

“The Emerald and Topaz are stones of the same class, 
ury and cold. They are found in gold mines. The best 
aie the clearest, greenest and most transparent. By long 
gazing upon the emerald, weakness of the eyes is cured.
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Worn in seal ring or as a button on the girdle it protects 
from epilepsy.

“Malachite is a stone originating in copper mines. Its 
nature is cold and tender; it rises as a vapor with the 
sulphur originating in copper mines; is green like the rust 
of copper (verdigris); when it arrives at some place in 
the mine its particles bake together one upon another and 
it becomes a body. This stone is of green but cloudy color. 
It is of poisonous character, the dust of it produces sores 
in the bowels and inflames the eyes. Malachite is an enemy 
to topaz although similar. When lying near it, it clouds 
its color and spoils its luster.

‘ ‘ Quicksilver is a moist liquid unquiet in the heat. Mixed 
with mineral bodies it softens, weakens and makes them 
brittle. Heated it leaves them again hard, just as water 
mixed with clay leaves it when heated.

“Salts, alums, soda, glass, etc., some of which have 
agreeable tastes, others bitter, others hot or astringent, are 
minerals derived from moistnesses mixed with earths and 
baked and hardened by fire, by the sun’s heat or the in­
terior heat.

“The diamond is cold and dry to the fourth and highest 
degree. Seldom are these two qualities (natures) so 
united in one mineral, therefore when rubbed upon other 
minerals it breaks and cuts them. Only a kind of lead is 
an exception which in spite of its softness and ugly form 
acts upon the diamond, breaking and wearing it off, just 
as the small gnat has power over the elephant.62

62 The power of lead to break the diamond, often repeated by Arabian 
writers depends according to v. Lippmann on a misunderstanding of the cus­
tom of melting the diamond into lead for the purpose of holding it when 
cutting or splitting the stone. V. Lippmann, op. cit., p. 385.

“The lodestone (magnes) is an example for the intelli­
gent. Through iron is extremely hard and dry, more so 
than minerals, plants or animals, it moves to this stone and 
clings to it like the lover to the beloved. The creator 
moves these two together as the body of itself has no such 
power. ’ ’

As sources of acids (acetum) used by the Arabs are 
mentioned not merely vinegar, but the juices of unripe 
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citrons, lemons, oranges, tamarinds, and from the ripe fruits 
of the oak and cypress, and nutgalls. Tannin solutions were 
thus not sharply differentiated from the vegetable acids, or 
vinegar.

The theories of chemical composition as formulated in 
this tenth century work are with slight variations the 
theories which were maintained through the fifteenth cen­
tury in Europe, as we shall have many illustrations in the 
future. The practical knowledge as here illustrated is 
not a great advance over the chemistry as known to Pliny 
or as shown in the Theban papyri, though more specific 
ln many details.

An important name in chemistry to the writers of the 
thirteenth and later centuries is Avicenna. The importance 
°f Avicenna in the history of medicine is beyond question. 
Ho was largely determinative of the theory and practice 
of medicine in the middle ages. His significance in chem­
istry is however not great, and such as it is, it is due not 
so much to his own contributions as to works published 
under his name by unknown writers of much later date. 
Avicenna lived from 980-1036. The most influential 
chemical work attributed to him was a work entitled De 
Anima in Arte Alchemiae. It is possible though unproven 
that it is based upon some original writing of Avicenna. 
Berthelot, who has published an extended analysis of the 
Work,53 considers this possible, though other students of 
the history of those times consider it as composed not 
earlier than the twelfth century. Certainly in the form 
]U which it is known in manuscript or print it was written 
111 Latin by a Spanish writer, as it contains Spanish words 
as for instance plata for silver, and it contains mention 
°f names of several writers not earlier than the twelfth 
century or the beginning of the thirteenth, some of them 
wing Christian churchmen. That it is the work of an 
Arabian scholar in Spain is evident from the many refer- 
ouces to Arabian authorities some of whom are not known 

53 Berthelot, op. cit., I, Chap. VI, p. 293 ff.
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otherwise. That it was a well known and highly estimated 
authority in the thirteenth century is evidenced by the 
frequent quotations from it by Vincent of Beauvais (about 
1250), and by references in the works of Roger Bacon and 
other writers of the thirteenth century.

The chemical philosophy of the pseudo-Avicenna is 
practically the same as that of the writings of the Faithful 
Brothers previously discussed. The chemical facts con­
tained in it appear to present no important advances over 
preceding writers. Like other Arabian chemists the 
chemical philosophy is based upon the theories of matter 
of Plato and Aristotle, and upon mercury and sulphur as 
the constitutents of metals. It contains much mysticism, 
astrology and much is incomprehensible. The reality of 
transmutation of metals is recognized, as when he says that 
the best gold is made by the philosopher’s stone, but it is 
also stated that “certain ones make false gold and silver. 
They stamp out (stringunt) and harden tin, whiten it and 
call it silver. So also they take sublimed orpiment (arse­
nious oxide), digest it in manure, and mix it with salam­
moniac and incorporate it with copper by treating it in the 
furnace per decensum with addition of red mercury (oxide) 
and they say this is gold. But there are seven signs by 
which gold is recognized: by its fusion, the touchstone, its 
density, its taste, the action of fire, etc. ’ ’54

54 Berthelot, op. cit., p. 304. Vincent de Beauvais, Lib. VIII, chap. XIII, 
gives as the seven tests for gold: solution, the touchstone, density, taste, the 
action of fire, fusion, sublimation.

The De Anima describes briefly many common minerals 
and salts, alums, vitriols and fluxes (borax) and processes 
and apparatus for washing, calcining, hardening and 
softening, sublimation, fusion and solution much in the 
same way as is done in some of the books of recipes al­
ready noted, though there is little that gives evidence of 
any thing other than a resume of previous writers, whose 
chemical knowledge has been previously noted.

When we consider how important were the contributions 
of Arabian scholars in other domains of science as as­
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tronomy and mathematics it seems strange that their con­
tributions to chemical science and practice were so unim­
portant. The inference seems clear that the domain of 
chemical science of the time, founded on the mystical al- 
chemistry of the Alexandrian schools did not attract the 
ablest scholars, so that except for the work of artisans in 
the various trades the field of chemistry occupied the atten­
tion of students of inferior acumen and initiative.

A work on the arts of the Bomans, De Artibus Roma- 
norum, by Heraclius, a person of unknown identity sup­
posed to have been a monk and to have lived in Borne about 
the tenth century, is another treatise dealing to some ex­
tent with chemical arts. The work as it is known to us is 
ln three parts, the first two seeming to be of about the 
tenth century while the third is obviously of much later date, 
Probably of the twelfth or the early part of the thirteenth 
century. Lessing first called attention to it in 1774 in his 
treatise on The Age of Oil Painting. Mrs. Merifield, in 
her noted work Original Treatises on the Art of Painting, 
(London 1849), first published the original text, and Ilg, 
111 1873, published the text with German translation.05

The earlier portion of the work deals with gold and other 
colors for manuscripts and miniatures, with the making of 
artificial precious stones from glass, with various colored 
glass enamels on pottery or glassware. Of the colors used 
$°me are of plant origin, some mineral. Thus a green color
18 Produced from the leaves of a nightshade, solanum nig- 
’Um, ground with gypsum and water and afterwards dried 
°r use, or by copper and honey and vinegar (verdigris). 
°ld color is produced by rubbing gold leaf with wine and 
terward mixing with a glue or gum for application; 

or fish glue is applied and gold laid on in leaf form. Arti- 
cial gems are made from Boman glass, which is introduced 

felted into forms or molded in earthenware and pressed 

ff, 26 Jr Writer is indebted to E. v. Lippmann, Chemiker Zeitung, 1916, pp. 3 
aii 48 an^ th® same author’s work on Entstehung und Ausbreitung 

liu8 pp. 472, 473, for his analysis of the chemical content of Herac-
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The first of the three books comprising the work is de­
voted to the pigments used in painting, to their mixtures 
for special purposes, to the vehicles used in the application, 
oils, white of egg, glue, etc., to the preparation of gold 
leaf or tinfoil, or fine powders of gold or silver and their 
application in painting or illuminating and to the methods 
of making certain colors as cerussa (white lead), cinnabar, 
copper-greens, etc. While the materials used and the 
processes described were in the main used by the ancients, 
yet the descriptions are generally so much more specific 
than previous data generally that it is said that Arnold 
Bocklin, the eminent painter, made use of these recipes 
“in his partly successful attempts at producing beautiful 
and at the same time permanent pigments.”08 The fol­
lowing description of the preparation of cinnabar will illus­
trate his style.60

“If you wish to prepare cinnabar, take sulphur of which 
there are three kinds, white, black and yellow, to which, 
after crushing upon a dry stone, add two parts of quick­
silver, correctly weighed on the balance; mix with care, put 
into a glass flask, covering that on all sides with clay and 
close the mouth so that no vapor may escape, and place it 
by fire that it may dry. Then place it among burning coals 
and directly that it begins to be heated you will hear a 
crackling (“fragorem”) within, in which way the quick­
silver mixes with the burning sulphur. When the sound 
has ceased, immediately remove the flask and opening it 
take out the color.”

Book II is devoted to the manufacture of glass, to the 
making of glass articles, glass blowing, colored glass, 
decorating glass articles with painted patterns or with 
gold or silver—whether burned into the glass or merely 
laid on—imitation precious stones, etc. The description of 
the mode of constructing the glass furnaces is quite de­
tailed as to plan, materials, dimensions, openings for work­
ing and for draft, etc. The utensils are also similarly

50 E. von Meyer, History of Chemistry, London, 1906, p. 49. 
so Book I, Chap. XXXII.



KNOWLEDGE OF THE MIDDLE AGES 223

described—from the pipes for blowing glass to the tongs, 
bellows, etc.

His directions for making the glass are to take beech­
wood, dried, and burn it in the furnace. Then take two 
parts of these ashes and a third part of flint, carefully 
cleaned from earth and stones, and mix them in a clean 
place. Then put them in the furnace and when they be­
come heated stir at once so that they shall not conglomerate 
in melting, and do this for the space of one night and day.

Detailed directions are given for making glass articles 
of various kinds, glass plates, flasks, colored glasses, which 
he says the French make with great skill. There are also 
directions for painting, gilding glass articles, and for 
burning on the colors or gold in the special furnace for 
burning on colors. Artificially colored gems and their 
Polishing are described. The execution of stained-glass 
Windows for patterns in color is carefully described. It 
insists in cutting out pieces of colored glass plates to pat- 
tarn, setting them in lead frames and then soldering these 
together by the use of a solder of four parts tin to one of 
lead. The details of this process are given with minuteness, 
aud he well describes the style of stained-glass windows 
which characterized the twelfth century cathedrals. The 
Earliest date known of this use seems to be about 1140. It 
18 also to France that the earliest development of this 
ai't is credited.01 As Theophilus also mentions France as 
being most expert in making beautiful windows, it is evi- 
dent that the art was well established at the time this work
Was written, which is variously estimated from 1100 to 
1175 A.D.

The third book deals with metals and metal working and 
institutes more than half of the work. This section is of 
Particular interest by reason of the fact that many pro- 
Cesses which ancient or earlier medieval writers refer to
°r describe vaguely are described with such detail as to be 

01 Cf. 
!06-i09. A. Kingsley Porter, Medieval Architecture, N. Y., 1909, II, pp.
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clearly understood. Indeed many operations are much 
more clearly described than by any subsequent writer be­
fore the pseudo-Geber (about 1300 A.D.), and some pro­
cesses are described better than any writers before the time 
of Biringuccio and Agricola in the sixteenth century. The 
furnaces and tools are described at some length and also the 
making of various articles from cups to organ pipes. Of 
special interest from the chemical point of view are the 
methods of smelting, purification and separation or parting 
of the metals. The recovery of gold from the sands of the 
Rhine is thus described:62

«2 Liber III, Cap. XLVIII.
«s Liber III, Cap. LXVIII.

“There is gold sand which is obtained on the shores of 
the Rhine in this way. They dig up the sand in those places 
where there is hope of finding it and place it upon wooden 
tables. Then water is poured over it frequently and care­
fully, and, the sands floated off, there remains the finest 
gold which is placed by itself in a small vessel. When the 
vessel is half full quicksilver is introduced and strongly 
rubbed down by hand until thoroughly mixed, and the fine 
quicksilver thus added is wrung out. That which remains 
is placed in a melting pot and melted.”

It will be recalled that ancient writers were familiar 
with the use of mercury for recovering gold from mixtures 
by wringing through skin, though they do not generally refer 
to the necessary further operation of heating the remain­
ing amalgam to expel the mercury.

How to separate gold from copper.63
“If you should break any kind of gilded copper or silver 

vessel, you may recover the gold in this method: take 
bones of any kind of animal, such as you may find in the 
streets and burn them. When cooled grind them very fine 
and mix with a third part of beechwood ashes and make 
testas (cupels) such as we have above described in the 
purification of silver, which you will dry either with fire or 
in the sun. Then carefully scrape the gold from the copper 
and wrap these scrapings in lead hammered thin, and, one 
of these cupels being placed in front of the furnace in the 
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coals, put in it, white hot, the folded lead with the scrap­
ings and, covering it with coals, melt it. When it is liqui­
fied, in the manner in which it is customary for purifying 
silver, occasionally renewing the coals and adding lead, oc­
casionally uncovering and carefully blowing, heat until, the 
copper being entirely consumed, the gold appears pure. ’ ’

The following passage “On Heating Gold”04 is charac­
terized in the edition of Georgius Agricola’s De Re Metal­
lica, by H. C. and L. H. Hoover, as “the first entirely satis­
factory evidence on parting. ’ ’65

04 Liber III, Cap. XXXII.
to , eorgius Agricola De He Metallica, H. C, and L. H. Hoover, p. 4o9, 

°tnote. The translation here given is by Hendrie as quoted by Hoover.

“Take gold, of whatsoever sort it may be, and beat it 
Until thin leaves are made, in breadth three fingers, and as 
tong as you can. Then cut out pieces that are equally long 
and wide and join them together equally, and perforate 
through all with a fine cutting iron. Afterwards take two 
earthen pots proved in the fire, of such size that the gold 
can lie flat in them, and break a tile very small, or clay of 
the furnace burned and red, weigh it, powdered, into two 
equal parts, and add to it a third part salt for the same 
Weight; which things being slightly sprinkled with urine, 
are mixed together so that they may not adhere together, 
but are scarcely wetted, and put a little of it upon a pot 
about the breadth of the gold, then a piece of the gold it- 
®elf, and again the composition, and again the gold, which 
lu the digestion is thus always covered, that gold may not 
be in contact with gold; and thus fill the pot to the top and 
e°ver it above with another pot, which you carefully lute 
round with clay, mixed and beaten, and you place it over 
the fir6) that if may pe dried. In the meantime compose a 
furnace from stones and clay, two feet in height, and a 
foot and a half in breadth, wide at the bottom, but narrow 
af the top, where there is an opening in the middle, in 
Which project three long and hard stones, which may be 
able to sustain the flame for a long time, upon which you 
Place the pots with the gold, and cover them with other 
tiles in abundance. Then supply fire and wood, and take 
Cai’e that a copious fire is not wanting for the space of a day 
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and night. In the morning taking out the gold, again melt, 
beat and place it in the furnace as before. Again also, af­
ter a day and night, take it away and mixing a little copper 
with it, melt it as before, and replace it upon the furnace. 
And when you have taken it away a third time, wash and 
dry it carefully, and so weighing it, see how much is want­
ing, then fold it up and keep it.”

Also the description by Theophilus of the refining of 
copper is characterized by the same authority as the first 
notice of the process of “poling,” essential in the produc­
tion of malleable copper.

“Of the Purification of Copper. Take an iron dish of 
the size you wish, and line it inside and out with clay 
strongly beaten and mixed, and it is carefully dried. Then 
place it before a forge upon the coals, so that when the 
bellows act upon it the wind may issue partly within and 
partly above it, and not below it. And very small coals 
being placed round it, place the copper in it equally, and 
add over it a heap of coals. When by blowing a long time 
this has become melted, uncover it and cast immediately 
fine ashes of coals over it, and stir it with a thin and dry 
piece of wood as if mixing it, and you will directly see the 
burnt lead adhere to these ashes like a glue, which being 
cast out again superpose coals, and blowing for a long time, 
as at first, again uncover it, and then do as you did before. 
You do this until at length by cooking it you can withdraw 
the lead entirely. Then pour it over the mould which you 
have prepared for this, and you will thus prove if it be 
pure. Hold it with the pincers, glowing as it is, before it 
has become cold, and strike it with a large hammer strongly 
over the anvil, and if it be broken or split you must liquefy 
it anew as before. If, however, it should remain sound, 
you will cool it in water, and you cook other (copper) in 
the same manner. ’ ’ 00

The parting of gold and silver by means of sulphur is 
first clearly described by Theophilus.07

oo This also is Hendrie’s translation as quoted in Hoover’s Agricola, p. 536, 
footnote.

07 Liber III, Cap. LXIX. Hendrie’s translation as quoted in Hoover’s Agric­
ola, footnote, p. 461.
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“How gold is separated from silver. When you have 
scraped the gold from silver, place this scraping in a small 
cup in which gold or silver is accustomed to be melted, 
and press a small linen cloth upon it, that nothing may by 
chance be abstracted from it by the wind of the bellows, 
and placing it before the furnace, melt it; and directly lay 
fragments of sulphur in it, according to the quantity of the 
scraping, and carefully stir it with a thin piece of charcoal 
Until its fumes cease; and immediately pour it into an iron 
Uiould. Then gently beat it upon the anvil lest by chance 
some of that black may fly from it which the sulphur has 
burnt, because it is itself silver. For the sulphur consumes 
Nothing of the gold, but the silver only, which it thus sep­
arates from the gold, and which you will carefully keep. 
Again melt this gold in the same small cup as before, and 
add sulphur. This being stirred and poured out, break 
"what has become black and keep it, and do thus until the 
gold appears pure. Then gather together all that black, 
which you have carefully kept, upon the cup made from the 
bone and ash, and add lead, and so burn it that you may 
recover the silver. But if you wish to keep it for the 
service of niello, before you burn it add to it copper and 
mad, according to the measure mentioned above, and mix 
With sulphur.”

The niello (or nigello) above alluded to is similar to the 
material as described by Pliny for blackening the surface 
°f silver vessels08 a fused mass of silver, copper and sul­
phur. Theophilus09 directs to take two parts pure silver, 
°ne part copper, and a weight of lead equal to that of the 
c°pper, and cover with sulphur and melt together with con- 
gtant stirring. When thoroughly melted the mixture is 
Poured into an iron vessel and as soon as cool it is ham­
mered a little, warmed a little and again hammered and so 
°n until it is entirely hammered thin.

‘For the nature of nigello is such that if hammered cold 
liquifies, breaks and springs back (resilit). It must not 

be heated to redness because it then melts and runs into
08 See ante, p. 63.

Liber III, Cap. XXVII.
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the ashes. ’ ’ The nigello thus made then is placed in a deep 
and strong vessel, covered with water and powdered with 
a rounded hammer, taken out and dried and the finest is 
put into a goose quill and closed up, and the coarser ma­
terial is again similarly crushed, dried and put into other 
quills.

The use of this nigello emphasized by Theophilus is for 
inlaying metal articles in decorative patterns and the 
method of application is also described in detail.

Very many processes connected with the chemistry of the 
metals and their compounds and alloys known to the ancients 
are described with similar detail by Theophilus, the prepar­
ation of cinnabar, white lead, verdigris, brass, gold leaf and 
tin foil or stanniol, cements, varnishes, etc. It is noticeable 
that no mention is made of any processes of metal working 
in which the mineral acids—aqua fortis, or aqua regia— 
are employed. Saltpeter, so much used in fusions in later 
times is not mentioned, nor does alcohol under any name 
enter into any operations. These omissions go far to con­
firm the assumption that this work is not of later origin than 
the twelfth century. The term “calamina” instead of the 
ancient “cadmia” for the ores of zinc used in the making 
of brass first appears in Theophilus.70 With thirteenth 
century writers calamina is the more commonly used term. 
We may realize that this work is of the middle ages in spite 
of its almost modern style of description, from the account 
by Theophilus of the preparation of Spanish gold— 
‘ ‘ aurum hispanicum: ” 71

to Hoover, Agricola, p. 112, footnote.
ti Liber III, Cap. XLVII.

“There is also gold which is called Spanish which is 
made from red copper, ashes of basilisks, human blood and 
vinegar. For the pagans (Gentiles), whose skill in this 
art is probable, produce basilisks for themselves in this 
manner. They have a subterranean house, above, below, and 
on all sides of stone with two openings so small that 
scarcely any is visible. Through these it is said they put two 
cocks (galli) of twelve to fifteen years old and give them



KNOWLEDGE OF THE MIDDLE AGES 229 

sufficient food. These when they have become fatted, from 
the heat of their fatness, mate and lay eggs. Which being 
laid, the cocks are ejected and toads introduced which 
keep the eggs warm, and to which is given bread for food. 
From the hatched eggs there come forth male chickens like 
hen’s chickens, which after seven days grow serpents’ tails, 
and if the house were not paved with stone they would 
enter the earth. Their masters guarding against this have 
round brass vessels of great size perforated on all sides, 
the mouths of which are narrow, in which they place these 
chickens, close the openings with copper covers and bury 
them in the earth and a fine earth entering through the 
openings they are nourished for six months. After this 
they uncover and apply an ample fire until the creatures 
'Within are completely consumed. This done and when cool 
they throw out and pulverize them, adding a third part of 
the blood of a red haired man (hominis rufi) which blood is 
dried and powdered. These two put together are mixed 
"with sharp vinegar in a clean vessel. Then they take thin­
nest plates of pprest red copper and spread entirely over 
them this preparation and place them in the fire. When 
they become red hot they take them out, quench in the 
sanae preparation and wash, and this they repeat so long 
nntil the preparation penetrates through the copper and 
then it takes on the weight and color of gold. This gold 
is fit for all works.”72

^JL^his translation is from the Latin text of Lessing. Since the above was 
in 'I. ’ a translation of this passage following Ilg is published by Thorndike 
0 , 115 History of Magic and Experimental Science, I, p. 770. It differs 

y verbally from the above.

As the glance of the fabled basilisk was believed to be 
fatal, the elaborate precautions taken in maturing and 
burning them are easily understood. We may perhaps in­
fer that this curious example of superstitious alchemy is 
°f Arabian origin from the designation of this gold as 
Spanish gold, Spain being then the meeting place of 
Arabian and western chemistry and alchemy. Of about one 
hundred and forty recipes in the Schedula Diversarum 
^rtium the foregoing is the only one which is of that leg­
endary character.



CHAPTER VI

CHEMISTRY IN THE THIRTEENTH CENTURY

The thirteenth century is distinguished by a remarkable 
development of culture in Europe.1 The crusades covering 
a period from the end of the eleventh century to the middle 
of the thirteenth, exerted a great influence to that end. They 
brought western civilization into contact with Arabian 
culture, and opened to western scholars freer access to 
Constantinople and its treasures in manuscripts of Grecian 
classical literature as well as to later Byzantine develop­
ments. The crusades therefore functioned in that respect 
as a great international world fair. As we have seen the 
twelfth century was especially notable in the history of 
chemistry for the introduction of Arabian texts to Euro­
pean scholars and for the circulation of many such works 
in Latin translations.

1 See the interesting work of J. J. Walsh, The Thirteenth, Greatest of Cen­
turies, New York, 1911.

2 History of the English People, I, pp. 198, 205.
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The thirteenth century witnessed the founding of a large 
number of universities and the intellectual impulse brought 
forward men of eminence in many fields of thought, as for 
example Dante, Francis of Assisi, Roger Bacon, Albertus 
Magnus, Vincent of Beauvais, Marco Polo. Universities 
founded in the latter part of the twelfth and in the thir­
teenth centuries were, among others, those at Naples, Mont­
pelier, Paris, Salamanca, Padua, Oxford, Cambridge, 
Toulouse, Sevilla, Orleans, Piacenza, Arezzo, Siena, Val­
ladolid. Schools of earlier date which had existed as 
schools of law or medicine as Bologna and Salerno, were 
constituted as universities in the same period. Says J. R- 
Green :2
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“The establishment of the great schools which bore that 
name (university) was everywhere throughout (Europe) 
a special mark of the impulse which Christendom gained 
from the crusades. A new fervour of study sprang up in 
the west from its contact with the more cultured east. 
Travellers like Adelard of Bath brought back the first rudi­
ments of physical and mathematical science from the 
schools of Cordova and Bagdad. ... To all outer 
seeming they were purely ecclesiastical bodies. The wide 
extension which medieval usage gave to the word ‘orders’ 
gathered the whole educated world within the pale of the 
clergy. . . . The revival of classic literature, the re­
discovery as it were of an older and a greater world, the 
contact with a larger freer life whether in mind, society, 
°r in politics, introduced a spirit of skepticism, of doubt, 
°f denial into the realms of unquestioning beliefs.”

One result of the new impulse was a renewed interest in 
natural sciences, particularly manifested in the translation 
and circulation of the works of Aristotle. Several influen­
tial scholars fostered the spread of the doctrines of Aris­
totle, notably Robert Greathead, Bishop of Lincoln, who 
influenced Greeks in Italy to translate Aristotle’s works 
into Latin, Thomas Aquinas, who encouraged a translation 
Ay William of Moerbecke (archbishop of Corinth). Alber­
tus Magnus and Roger Bacon, both appreciative students 
°t Aristotle, exerted much influence to spread the knowl­
edge of Aristotle and also to encourage the interest in 
natural sciences.

It was not without difficulties that the reestablishment 
°f the authority of Aristotle was effected. Some of his 
doctrines such as his concept of the eternity of the physical 
Universe, and other ideas which seemed in conflict with the 
doctrines accepted by the church, excited some opposition. 
In 1209 the works of Aristotle were condemned and for- 
flidden. In 1210 at the Provincial Synod at Paris the 
Caching of Aristotelian doctrines of natural philosophy 
Was forbidden—nec libri Aristotelis de naturali philosophia 
nec commenta legantur Parisiis publice vel secreto.
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These objections were in part due to the existence of 
works believed to be by Aristotle, but which were really 
not his, being productions of the Neoplatonic philosophers 
Plotinus and Proclus. With the appearance of transla­
tions from better Greek original works instead of from 
Arabic translations, this opposition gradually disap­
peared, so that in 1231 Pope Gregory IX ordered that 
books of Aristotle should only be used after being in­
spected and thus cleared of suspicion. By 1254 the study 
of Aristotle was again established in the University of 
Paris.3

3 Cf. Deussen, Allgemeine Geschichte der Philosophic “ Wachsende Autoritdt 
des Aristoteles,” II, 2, p. 425 ff.

In so far as the influence of this great revival of interest 
in the sciences of nature concerns the development of 
chemistry in the thirteenth century, we must note the ap­
pearance of a number of works, encyclopedic in character, 
which brought together and made accessible to a wide public 
the knowledge and speculations of ancient writers, Greek 
and Latin, as well as of their later Arabian interpreters 
and followers. Especially important as recorders and dis­
tributors of such chemical facts and ideas are Vincent of 
Beauvais, Albertus Magnus and Roger Bacon, while not 
so important in so far as content is concerned but influen­
tial on account of the wide use made of his works was 
Bartholomaeus Anglicus. These writers brought together 
the chemical science of the period from all authorities then 
recognized, from the early Greek philosophers to Diosc­
orides, Pliny and many other ancient writers, and many 
Arabic writers and other medieval authorities as Isidorus 
Hispalensis, Rhazes and some works of later origin attri­
buted, though falsely, to those writers.

From these works can best be seen in what, to the most 
prominent scholars of the thirteenth century, chemistry 
consisted. It must be remembered however that not yet 
were the phenomena of matter classified as chemistry in 
the sense in which we use the term. They speak of alchemy 
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find the alchemist meaning the workers in metals chiefly, 
and always with the subject more or less clearly in mind 
of the transmutation of the metals as one of their principal 
aims. Because Bartholomaeus Anglicus is apparently 
the earliest of these writers, his work is deserving of at­
tention. Bartholomaeus Anglicus composed an encyclo­
pedia—Liber de proprietatibus rerum—much less bulky 
than the great works of Vincent of Beauvais or Albertus 
■Magnus but perhaps of equal influence at the time. It 
Was written probably about 1240.4

4 Bartholomaeus Anglicus and his work has been discussed among others 
oy Leopold Delisle in the Eistoire Litteraire de France, XXX, 1888; by 
Robert Steele, Medieval Lore from Bartholomaeus Anglicus, 1905, reissued in 
tlle King >s c]assicg) London, 1907; and by Ch. V. Langlois in his La Con- 
^issance de la Nature et du Monde au Moyen Age, Paris, 1911. Mr. Steele 
considers 1260 the probable date while M. Langlois gives good reasons for 
onsidering 1240 as more probable. Steele credits Bartholomaeus with citing 

St ^aSnus among his authorities on plants and herbs, and a text 
‘ oele has used includes Albertus among the 94 authorities listed. On the 
i. ’er hand, among the list of 106 authorities quoted by Delisle, and a similar 
v,, printed in the Strassburg (Latin) text of 1505, Albertus is not named, 

alentine Rose, who in 1875 {Zeitschrift filr deutsohes Alterthum, XXIII, 
toil 32B-455) published a discussion of the Be Lapidihus attributed to Aris-

*e and the De Lapidihus of Arnoldus de Saxonia with special reference to 
anfe treatises as sources for Vincent of Beauvais, Bartholomaeus Anglicus 
eitl A1.bertuB Magnus, states that Bartholomaeus makes no use of Albertus 

ner in t]le books upon animals or plants or otherwise, although his name 
note6ar8 3^ Luise reading for Alfredus in some printed texts {op. cit., foot-

P‘ also says that none of the hundred authors cited 
In ^rthoio®aeus is later than the commencement of the thirteenth century, 
is f 18 bo°h 011 herbs and plants in the 1506 Latin text the abbreviation Al. 
na re<lueutly used, and the name Alfredus is frequently used also, but the 
stat ° ^bertns does not appear. This would seem to bear out the above 
Ce‘ e?e”t Bose and to explain the possibility of a misinterpretation of 
for 'V to Alfredus as by Albertus, and this admitted, the reasons

placing Bartholomaeus as later than Albertus disappear.
the 1040ssor Thorndike in his History of Magic and Experimental Science in 
it „ Vory excellent chapter on Bartholomew of England says: “On the whole

_eems possible that Bartholomew wrote his work as early as 1230.” 
Langlois, op. cit.

This encyclopedia, appearing apparently a little before 
the more comprehensive works of Vincent of Beauvais and 
Albertus Magnus, evidently had much influence in its time.

Says Langlois:5 “Its success was prodigious during the 
tatter centuries of the middle ages. It was in great favor 
and use in the universities and manuscript copies of the 
thirteenth to fifteenth centuries are still numerous in many 
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libraries of Europe.” Delisle enumerates eighteen manu­
scripts in the Bibliotheque Nationale and Steele lists twen­
ty-one printed editions of the Latin text between 1480 and 
1609, and of translations, two impressions in Dutch, twen­
ty-one in French, three in English and two in Spanish.0 
Little is known of the personality of Bartholomaeus. That 
he was a Minorite friar, that he is said to have been, like 
Roger Bacon, a pupil of Robert Grosseteste, and that he 
was for some time in Paris and lectured there on the 
Bible, and that in 1230 the general minister of the Fran­
ciscan order in Saxony requested the Provincial of France 
to send him as a teacher of the Minorites in that new prov­
ince,7 comprises about all that is known of him, except his 
works. Steele,8 states that there is in Roger Bacon’s Opus 
Tertium (1267) a passage that may be a quotation from 
the De Proprietatibus. Upon subjects relating to the prop­
erties of matter, the elements, minerals, metals, colors, 
gems, etc., the sources utilized by Bartholomaeus are, 
though far fewer, those utilized by Vincent of Beauvais—• 
Theophrastus, Plato, Aristotle, pseudo-Aristotle, Pliny, 
Dioseorides, Isidorus,9 Avicenna, Rhases, pseudo-Avicenna, 
pseudo-Rhases, Averrois, and a work entitled De Natura 
Rerum (supposed to be that of Thomas de Cantempre). 
The Book upon Stones and Metals cites mainly from Isi­
dorus (seventh century), Dioseorides (first century, B.C.), 
the “Lapidarium” Platearius (ca. 1150)—especially with 
respect to their medicinal properties and uses—Avicenna, 
and others rarely.

° Steele, op. cit., 1907, pp. 181, 182.
7 Langlois, op. cit., p. 114.
8 Steele, op. cit., 1907.
9 Isidorus Hispalensis or Isidorus of Seville was a writer of the seventh

century who wrote a work on the origin and signification of words. For such
definition and descriptions as pertain to natural science he was dependent 
upon Greek and Latin authors with no infusion of Arabian science. Through­
out the middle ages Isidorus was a much respected authority. A modern 
Latin text, edited by W. M. Lindsay, was published in Oxford in two octavo 
volumes in 1911.

In so far as concerns the information contained in this 
work upon subjects related to chemistry there is nothing 
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of importance that is not contained in the Arabian en­
cyclopedias of the tenth century. Its importance for the 
history of chemistry depends solely on the fact that with 
its wide circulation as a handy text in the universities, it 
helped greatly in familiarizing a large public of the west­
ern world with current chemical theories and many chem­
ical facts as then understood.

It may be of interest to quote a few illustrations of the 
style and method of his treatment of such topics.10

UHpa is the edition of Strassburg, 1505 A. D.
“Lib. XVI, Cap. 5.
xa r> W- Budge, The Syriac Book of Medicines, London, 1913, II, p. 95.
14 p^rtl'olomaeus, XVI, p. 100.

,f. Vincent de Beauvais who attributes the statement to “ Alchemista. ” 
also the De Lapidibus attributed to Aristotle, pp. 286, 287.

“Aurichalcum,11 as says Isidorus, is called thus because, 
although it is bronze (aes) or copper (cuprum), it has 
superficially the luster of gold. For aes is called in Greek 
calchum. Aurichalcum thus has the hardness of bronze or 
copper. From a mixture of bronze and tin and orpiment 
aud some other medicines in the fire it is brought to the 
color of gold, as says Isidorus. It has the color and like­
ness of gold but not the value. Vessels and works of art 
°f various kinds, beautiful when new and presenting the 
appearance of gold, gradually lose their first brilliancy and 
become red and thus show by their coppery color and odor 
the material of their origin. In such vessels food and 
lilies when long preserved acquire a horrible taste from 
the corruption and odor of the brass. Yet salves for the 
eyes are medicines which are profitably kept in them and 
ape improved by the strength of the bronze, as says Pla- 
tearius.”

The idea that brass or bronze vessels are especially 
adapted for keeping ointments for the eyes is of ancient 
Origin, for a Syrian work on medicine originating from the 
early centuries of our era prescribes that certain eye oint­
ments be kept in brass vessels.12

“Glass,13 as says Avicenna, is among stones as is a fool 
among men for it takes on any color.14 It is called vitrum, 
as 8ays Isidorus, because it is clear and transparent to 



236 THE STORY OF EARLY CHEMISTRY

vision (visui). On account of the transparency of its sur­
face glass is pervious to light. In other metals and min­
erals that which is contained inside them is hidden, but 
in a glass the nature of whatever liquid is contained in it 
is made manifest as if made visible to closed eyes, as says 
Isidorus. Glass was first found near Ptolomaida on the 
shore near the river Belus whose source is in the roots of 
Mt. Carmel, where sailors landed their ship. For when 
the sailors made a fire with lumps of soda (nitrum) on 
the sands of that river, from the soda and the clear sand 
there flowed out rivulets of a new liquid and (thus) they 
explain the origin of glass, as says Isidorus.15

15 This is Pliny’s narrative alluded to by him as a fable. See ante, p. 72. 
1® See ante, p. 31.

“In the actual method glass is made from the ashes of 
trees and herbs burned by the greatest strength of fire with 
which ashes, sometimes nitrum (soda), sometimes brass, 
sometimes both are mixed and thus are changed into a 
vitreous mass.”

This statement of the use of brass (or copper) in the 
making of glass may be derived from the statement of 
Theophrastus, who mentions the beautiful color of some 
glass made by the use of bronze or copper (xuAko's).10 “Its 
powder cleans the teeth, is good for stone of the bladder 
and kidneys when drunk with wine, as says Avicenna.” 
We may safely infer that this surprising statement results 
from an error in copying manuscripts by scribes ignorant 
of the subject matter—an error which has been noted not 
infrequently in medieval manuscripts, namely of writing 
vitrum (glass) instead of nitrum (soda). Such an error 
would explain this statement of Bartholomaeus.

“Zucarum or zucara (sugar) is made from certain canes 
and reeds which grow in swamps near the Nile, and it is 
the juice of these canes called sweet cane (cana mellis) 
from which is made zucarum by boiling, just as salt is 
made from water. For the ground canes are first placed 
in a cauldron and cooked with slow fire until it (the juice) 
is thickened, and first there is seen to pass off from the 
whole mass [a portion] in foam, and afterwards the thicker 
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and better residue sinks to the bottom, and what is light and 
foamy remains above and is porous and less sweet and 
does not crackle between the teeth when masticated but dis­
appears quickly. But the good is the opposite (econverso), 
for the good, placed in round vessels in the sun, is made 
hard and white. The other is yellow and is warmer and 
therefore not to be given in acute fevers, while the good 
sugar is temperate in its qualities and therefore, as says 
Isaac17 in ‘Dieta,’ has a cleansing, solvent and diluent 
virtue and removes wateriness of the stomach without cor­
rosion, cleanses the stomach, soothes the lungs, clears the 
yoice, removes cough and hoarseness, restores lost humid­
ity, and tempers the sharpness and bitterness of certain 
kinds of aromatics and therefore is of the greatest service 
in medicine as in electuaries, powders and syrups, as says 
Isaac.” 18

These extracts will illustrate the style of treatment of 
such subjects and the care with which he quotes the au­
thorities for his statements. The scope of the work is well 
described by its title On The Properties of Things.

The constitution of matter by the four elements, and 
the generally prevalent notions of the constitution of the 
Physical universe, metals, stones, gems, medicines, man 
aud his manners as well as his anatomy, geography, plants, 
trees, birds, fishes and other animals are treated in the 
form of a condensed encyclopedia of what was then under- 
stood by natural science. It is not difficult to understand 
the favor in which this work was received in the many new 
Universities of the thirteenth century.

Vincent of Beauvais (Vincentius Bellovacensis) is noted 
t°r his stupendous encyclopedia of human knowledge en­
titled Speculum Majus or Greater Mirror a vast collection 
°f citations from recognized authorities upon the whole 
range of learning of his time. Of his life or personality 
little is known. A native of Burgundy, reputed to have been 
a tutor to the princes at the court of Saint Louis, he was

7 Isaac Judaeus, an Arabian writer on medicine of the tenth century, 
is rV.rote a treatise on diet. Of. Haeser, Geschichte der Mcdicin, I, p. 573.

Lib. XVII, Cap. 197. Cf. Platearius, p. 260. 
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a member of the Dominican order, and died in 1256 or 1264 
at the cloister of that order in Beauvais. The great im­
portance of this work for his time lay in the conscientious 
care with which a great number of authors ancient and 
medieval were drawn upon. His own commentaries are of 
less importance. As says M. Daunou,10 “of all the works 
of the thirteenth century his is the one which can throw 
most light upon the general character and many details of 
the literary history of that epoch.” M. Daunou also cites 
Cuvier as testifying that in those parts relating to animals 
the notices of Vincent of Beauvais are more precise and 
more accurate than those of Albertus Magnus, “he had 
better copies of Pliny and he also knew better how to draw 
upon the Origines of Isidorus of Seville. ’ ’

The importance of the Speculum Majus in the later cen­
turies was shown by the early date at which his entire works 
comprising several bulky folios, were printed in at least 
four editions between 1472 and 1485. That portion of his 
work which contains the greater part of material relating 
to chemistry is the Speculum Naturale (Mirror of Nature) 
written about 1250 A. D. In this work he assumes to follow 
in arrangement the chronological order of creation—be­
ginning, therefore, with angels, and including all created 
things of the physical universe. Over 300 authors are 
quoted in the Speculum Naturale, many of these being 
known only through his citations, the manuscripts from 
which he drew being no longer extant. Authors drawn upon 
in those portions dealing with matters of chemical interest 
include Aristotle, Plato, Theophrastus, Vitruvius, Democ­
ritus, Columella, Galen, Pliny, Dioscorides, Seneca, Is­
idorus, Platearius, Avicenna, Rhazes, (and works attrib­
uted mistakenly to these writers,) Albumasar, Arrenois, 
and many others less prominent. Several works quoted by 
him are not otherwise accessible as for instance the work 
De Aluminibus et Salibus attributed to Rhazes, though

19 Histoire Litt^raire de France, XVIII, pp. 449-519, in a comprehensive 
article upon Vincent and his works.
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■written at a much later period. Various works are referred 
to by title, the authors being presumably unknown by name. 
Such are for example De Natura Rerum (Isidorus?), Phil- 
osophus, Doctrina Alchemiae.

In the Speculum Naturale there is thus brought together 
a very compendious collection of the ancient and medieval 
authorities upon subjects relating to chemical themes and 
data. There is no attempt at digestion of these citations 
by the author, who evidently had no experience of his own 
m such matters, as his own commentaries on these subjects 
are of little value and give no evidence of personal ex­
perience.20

While it would be vain to attempt here to convey an 
adequate idea of the entire scope and character of this 
encyclopedic work, it may serve to assist in some under­
standing of its nature if we quote some illustrations, choos- 
lng for this purpose extracts from later and less known 
authors, rather than from the works of Aristotle, Pliny or 
other well known authors.21

From the work probably of the twelfth or early thir­
teenth century entitled De Aluminibus el Salibus, incor- 
rectly attributed to Rhazes (Alrazi) who lived about 850- 
$27 (?), Vincent quotes with respect to salt.22

‘‘Salt (‘sal’) is a water which the dryness of fire has 
solidified and the nature of which is dry and warm. It 
has the property of liquefying gold and silver in the ve- 
hemency of the fire and augmenting in them their natural 
c°lors, namely in gold, red, and in silver, white. It con- 
v®rts them from their bodily nature to a foamy nature 
(spumalitas), and frees them from their impurities and con­
sumes their foulness of a sulphurous nature, when the 
3°dies (that is, metallic) are roasted with it. This does 
^jTWike place with anything else.
th20^’ Berthelot, op. cit., I, pp. 280-286, where is given a brief analysis of

6 Speculum Naturale.
Uia^so ^he chapter on Vincent of Beauvais in Professor Thorndike’s 

*21 Magic and Experimental Science.
. fences are to the Nuremberg edition of the Speculum Naturale printed 
Jn tWo folio vols.
Liber VI, Cap. 86.
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“It (sal) is found in the ashes of all plants, in the calces 
of stones, in the bones of animals and in all things. There­
fore the wise have called it the silver of the common people, 
(silver) on account of its whiteness, and of the common 
people because all men have need of it. . . . He who 
knows salt and its solutions and its solidifications knows 
the hidden secrets of the wise in alchemy. It whitens and 
cleanses and resolves bodies, and the spumus melts and 
also solidifies and preserves them and protects from burn­
ing by fire.

“There are many salts and all when completely purified 
turn to Sal Harmonicum which is of all salts the best and 
most splendid, unchangeable and not fleeing from fire. 
It is indeed an oil (oleum) which the dryness of fire has 
solidified and the nature of which is warm and dry, subtle 
and penetrating, pouring forth (?) (profunduus) and it is 
a flying foam (“spumus volans”) useful for the elixir, for 
without it the elixir cannot be completed nor matured nor 
come forth.”

In the above description it is evident that the various 
salts referred to are the different kinds of common salt 
such as described by Pliny and Dioscorides. “Sal Har­
monicum” is manifestly the superior commercial grade 
of salt from the region of Egypt near the temple Ammon, 
called by Pliny the oracle of Hammon.23 It is specially 
characterized by the unchangeability and nonvolatility by 
the fire, thus making certain that it is not ammonium salts 
that are here referred to. The terms 11 spumus, ” “ spuma, ’ ’ 
and “ spumalitas, ” were used as applying to a condition 
not only of froth or foam, but to light powders—efflor­
escences—and to such powdery sublimates as collected in 
the flues or walls of furnaces. Litharge thus formed in the 
reduction of silver was sometimes called “Argenti spuma.”

23 See ante, p. 48.
24 Speculum Naturale, VI, p. 91.

Isidorus is quoted24 concerning nitrum (sodium carbon­
ate) that “it differs little from salt but has specific virtues 
in medicine, that afronitrum is the foam of nitrum (spuma 
nitri). It is collected in Asia distilling in caves, then dried
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m the sun. The best is considered that which is lightest 
and most friable.”

Isidores it will be remembered derives his information 
from Greek and Latin writers earlier than the seventh 
century. The work Liber de Naturis Rerum is quoted by 
Vincent for a definition of flame (flamma). “Flame is a 
burning smoke (fumus ardens) as flame it is visible, though 
created from heat and vapor each of which is invisible. ’ ’23

The subjects of the metals, their properties, and the 
operation for their preparation so important in all early 
chemistry are naturally extensively treated. Isidorus is 
cited :20 “There are seven kinds of metals, namely, gold, sil­
ver, copper (aes), electrum, tin, lead and iron which sub­
dues all things. The Alchemia de Anima of (pseudo-) Avi­
cenna is quoted:27

23 Vincent de Beauvais, VII, 73.
Vincent de Beauvais, VIII, 3.

28 Vincent de Beauvais, VIII, 4.
“ vv])i]e the text says seven, only six are named—electrum being perhaps

1 accidental omission.

“There are seven things that can be elongated by ham­
mering at the furnace, namely Sol, that is gold, luna (sil­
ver), tin, copper (aes), iron, lead.28 These are formed in 
nature under the earth. Gold is generated in the earth 
by the great heat of the sun from excellent quicksilver and 
red and pure sulphur by digestion in the rocks for a hundred 
Years or more; silver from pure quicksilver and pure sul­
phur digested for a hundred years. But copper (here cup- 
rum instead of aes) from impure quicksilver and impure 
sulphur digested for a hundred years. But gold indeed is 
excessively digested and hardened, therefore neither fire 
n°r water nor earth destroys it. But silver is crude and 
Pot well digested, therefore the earth speedily destroys it. 
Copper indeed can be burned up, therefore earth does not 

y that for many years but fire consumes it quickly, 
the philosophers say, is made under the earth from

Unpure and thick quicksilver and from the worst sulphur 
^d is a crude mixture and not well digested. And lead is 
indeed of such very bad nature that with its odor (or tinc- 
Ure? odorem) it renders gold breakable, and hardens 

Lead,
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quicksilver and indeed dissolves gold, (si dent odorem de 
plumbo vertitur in calcem?). Tin, however, is made from 
excellent and pure quicksilver, but from the poorest sul­
phur impure and not well digested. Iron is from thick 
quicksilver and thick red sulphur, and is not sufficiently 
digested.”

This description of the nature of the metals gives evi­
dence of familiarity with some properties of the metals, 
and their behavior. In general it differs but little except 
in minor details from the account of the origin of metals 
and their properties in the Arabian writings of the Faith­
ful Brothers of the tenth century.29 Particular facts as to 
metals recorded in this treatise were, however, known to 
the ancients.

The notion of the origin of the metals from quicksilver 
and sulphur was also in the writings of the Faithful Bro­
thers supplemented by the theory of the origin of quick­
silver from water and earth, and of sulphur from aerial 
or oily elements with earth. Vincent quotes from the De 
Aluminibus et Salibus attributed to Rhazes with respect 
to this theory.30

“Mineral bodies are vapors which have coagulated in 
nature in the course of long lapses of time, and the first 
things which coagulate are quicksilver and sulphur, for 
these and not water or oil (oleum) are the elements of 
minerals, for the first of these (quicksilver) is generated 
from a water and the other (sulphur) from an oil. Upon 
these things there operates a gentle digestion constantly 
with heat and moisture until they are solidified and from 
them (metallic) bodies are generated by gradual mutation 
in thousands of years. For if they remain in their min­
erals, nature purifies them until they arrive at a kind of 
gold or silver. But by the subtlety of the artist, trans­
mutation of this kind is made in one day or in a brief space 
of time.”

From another work Doctrina Alchemiae Vincent also 
quotes:

See ante, p. 210 ff.
so Vincent de Beauvais, VIII, 6.
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‘ ‘ Furthermore by the art of Alchemy mineral bodies and 
especially metals are transmuted from their own kinds to 
others, for this science arises from that part of natural 
philosophy which deals with minerals just as agriculture 
has to do with that part which deals with plants. ’ ’31

Of the properties of iron “in alchemy” the De Alumini- 
hws et Salibus is quoted.32

‘ ‘ Iron belongs to the domain of Mars, its nature is warm 
and dry, of sour taste and of vehement strength expelling 
and resisting fire. It is liquefied by four things, namely 
arsenic, lead, magnesium and markasite.”

If we remember that arsenic meant usually the sulphide, 
orpiment, and sometimes realgar also, and that by mag­
nesia very frequently was meant native sulphides of lead, 
znic and other metals, and marcasite usually meant sul­
phides of the character of various colored pyrites, the above 
statement records the production of fusible ferrous sulphide 
Avhen iron and these sulphides are heated together. The in­
clusion of lead in the list may also perhaps be explained by 

ancient habit of occasionally using the same term for a 
’netal and its principal ores in metallurgy as is sometimes

Pliny. Thus galena, the native sulphide of lead, 
with iron would also “liquefy” it as do the other 

sniphides.

vun m 
heated

. “Glass, says Razi (Rhazes)33 in his Liber de Animalibus, 
from parts of quicksilver. Coldness and dryness dom- 

its nature. It liquefies iron and all bodies (corpora), 
causes them to run in fusion,” and from Alchemista 

Hicent quotes in the same chapter, “Glass is among 
ones as are the foolish among men for it receives all 

0 ors/4 n jg liquefiec[ easily by fire and quickly returns 
jgain to its stony condition. It softens and cleanses and 

Qaefies all bodies, and is removed from them by fusion 
§t as salt is by washing. Hence salt and glass are things 

^J^hch lies the whole secret of the art nor is it possible to
81 It • ■ ■-
32 ^neent de Beauvais,

^jnccnt do Beauvais, VIII, 54.
34 Uncent de Beauvais, VII, 79.

^glieti ^'e Lopidibus pseudo-Aristotle, p. 207 and Bartholomaeus 
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produce the 'stone (philosophers’ stone) without them, 
particularly without salt.”

When Pliny describes the manufacture of glass he says 
it is made from soda (nitrum) and sand with addition of 
magnes lapis, which has an attraction for glass as well 
as for iron.35 He probably confused the magnetic oxide 
of iron with pyrolusite, manganese dioxide, which found 
early use in glass making both for decolorizing as well as 
for coloring. It is a notable fact that later medieval writ­
ers also make no allusion to the use of any lime-containing 
mineral in the manufacture of glass, but usually speak of 
glass as made from sand and soda or the ashes of plants. 
Analyses of ancient glass have shown however that they 
are generally soda-lime glasses. Lead also was used in 
glass by the ancients. Berthelot analyzed a glass vase of 
the fourth dynasty of Egypt and found it to contain about 
25 per cent lead ;38 and both Kopp and Schliemann note its 
frequent occurrence in ancient glass. In Vincent de Beau­
vais37 it is alluded to very incidentally and with no appar­
ent understanding of the reasons for its use: “Ex causa 
supradicta factum semper est decoloratum quod autem fit 
ex plumbo et terra arenosa subtile aut ex cinere filicis color- 
atum est.”

In the Aristoteles de Lapidibus, lead is also alluded to 
very casually as a constituent of glass.38 One cannot fail 
to be impressed by this failure of later medieval writers to 
note adequately the real composition of glass. It shows 
how these writers are prone to depend on the writings 
of earlier authorities without attempting to improve 
upon them on the basis of actual technical experience which 
must have been not difficult of access. The notion of body 
and spirit in the sense of nonvolatile and noncombustible aS 
compared with the volatile and combustible (in the limited 
sense of conversion into gaseous products of combustion)

as See ante, p. 72.
s so Berthelot, Archtologie et Histoire des Sciences, pp. 17, 18.

ar Vincent de Beauvais, VII, 77.
as See ante, p. 207.
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derived from the neoplatonic Greek alchemists, and em­
phasized by Arabian followers30 is emphasized also by the 
later writers. Thus the pseudo-Avicenna’s De Anima is 
Quoted as stating that the mineral spirits are sulphur, 
orpiment, sal hammoniacum, and mercury. These can be 
Volatilized and bodies, as gold, silver, copper, etc. cannot.40 
In the same chapter is also cited the work Doctrina Al- 
chemiae: “Spirits are four in number, namely, sal ham- 
moniacum, sulphur, quicksilver and arsenicum, but bodies 
are six, that is, gold, silver, copper, ’ ’ etc. In a Latin manu­
script of the Boole of Seventy published by Berthelot,41 ac­
credited to Djaber and believed by Berthelot to be a trans­
lation, not without later corruptions and additions, of a 
Work of Djaber (eighth to ninth century), there is a very 
similar passage.

30 Of. extracts from Djaber’s Book of Mercy, ante, pp. 178-180.
° d® Beauvais, VIII, 60.

■drcheologie et Histoire des Sciences, p. 310 ff.
43 rp- °it-> p- 357-

Entstehung und Ausbreitung der Alchemic, p. 392.

“I say therefore first, that spirits (spiritus) are four 
and bodies (corpora) are seven. The four spirits are quick­
silver, sulphur, orpiment, and sal armoniacum. The vola­
tilization of these has differences, for all are volatile, but 
°n account of their conditions they are themselves differ- 
ent (sed propter causas eorum sunt ipsa diversa). The 
seven bodies (corpora), are lead, tin, gold, iron, silver, cop­
per (or bronze, ‘aes’), glass (vitrum). Quicksilver is not 
among these for I have placed that among the spirits.” 42

With respect to the inclusion of “sal hammoniacum” 
Or “sal armoniacum” among the spirits, it is evidently am­
monium salts, chloride or carbonate or both, that are here 
alluded to. As has been previously stated there is no 
evidence that the ancients knew of ammonium salts. Some­
where about the time of Djaber however the knowledge of 
these came to the Arabians, and was originally in Latin 
described as a salt from Armenia. Von Lippmann43 states 
that the Arabians obtained their knowledge of our sal 
ammoniac from later Alexandrian chemists, and that its 
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occurrence in the volcanic regions of nearer Asia and of 
China was known to early Arabian geographers. Its vola­
tility and its purification by sublimation were understood 
by the Arabians. It is often difficult however to tell in 
the case of medieval Latin writers whether in writing sal 
ammoniacum, sal hammoniacum, sal armeniacum, etc., 
they mean with Pliny the superior grade of common salt, 
or sal ammoniac, as the confusion of spellings and signi­
fication is great and often no clue is given as to properties 
of the salt alluded to.44

44 See ante, p. 48.
<5 Vincent de Beauvais, VIII, 90.

The notions of the thirteenth century with regard to the 
process of combustion, were comprised in the idea that the 
sulphurous constituent of bodies is what disappears in 
combustion. Vincent quotes45 Alchemista:

“Fire which calcines bodies without melting them has 
the property of burning the less strong part of them, 
namely the sulphureity (sulphureitatem) leaving the 
stronger part unchanged, until it builds up (erigit) the 
body (that is, the metal) and cleanses it from blackness.”

The opinion of Vincent himself regarding the possibility 
"of transmutation of the metals, based not upon any work 
of his own, to be sure, but upon his extensive reading of the 
works he has studied is expressed rather positively. He 
has quoted several authorities upon the question as for 
example from the Liber Metheorum which says:

“Let the artisans of alchemy know that it is not pos­
sible for species to be transmuted, but they can make things 
similar to these, as by tincturing white [metal] to a yel­
low color so that it may seem to be gold, also by removing 
the impurities of lead so that it may seem to be silver; but 
it will always be really lead: but they may produce in it 
such qualities that they may deceive men in it. For the 
rest, I do not believe it is possible that a specific difference 
in any innate quality can be removed. But there is effected 
a removal (or change, “expoliatio”) of its accidental quali­
ties as color, flavor or weight. The works of art also are 
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not of the same kind as the works of nature, nor so cer­
tain although they may be kindred and similar. For art 
is more feeble than nature, nor can it overtake it without 
great labor. And further the proportions of the compo­
sition of these substances will not be the same for all. 
Therefore it will not be possible to transmute these [com­
positions] into others unless by chance they are first re­
duced to their primal matter.”

The idea here suggested that different kinds of metals or 
minerals might be changed into others if they could first 
be reduced to the primal matter is met with in various 
Writings of the time. Vincent says himself:48

48 Vincent de Beauvais, VIII, 85.
■k0 Chimie au Moyen Age, I, p. 282.

“From the foregoing statement it may be seen that al­
chemy may be to a certain degree false (or fraudulent, 
‘falsa’) nevertheless it is true that by the ancient philoso­
phers and by artizans in our time it has been proved to 
be true.”

Vincent is quite typical, in this statement, of the best 
thinkers of his period—in admitting the fact of transmuta­
tion of the metals as possible, although they know that 
there is very much imposture in the art, and they often 
express their doubt as to the reality of the claims of the 
''dchemistical workers to be able actually to perform this 
transmutation.

With respect to the medieval authorities which Vincent 
has brought together dealing with the theories and art of 
chemistry, the statement of Berthelot seems justified:

“The ‘Doctrine of Alchemy’ and all authors cited by Vin­
cent of Beauvais revolve in the same circle of doctrines and 
facts nearly as do modern scientific writers of any par- 
Vcular epoch.”47

It is impossible here to convey an adequate concept of 
the mass of material brought together in the Speculum Na- 
^rale. It comprises a very complete compendium of the 
chemical knowledge and concepts of the alchemical writers 
an(l natural philosophers up to its period. It does not, 
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however, include the kind of information that is contained 
in collections of recipes such as the Boole of Fire by Mar­
cus Graecus, the Compositiones ad Tingenda, the Diver*- 
arum Artium Schedula of Theophilus the Monk, etc. 
Whether such works were not accessible to him or whether 
they were considered as not pertaining to the liberal arts, 
and beneath the consideration of scholars, is a matter of 
conjecture, though the latter alternative is not improbable.

Contemporaneous with Vincent of Beauvais was a scholar 
of greater influence and renown—Albert von Bollstedt, bet­
ter known in later times as Albertus Magnus, on account 
of the great reputation he held for learning and wisdom in 
many fields. “Great in the magic of nature, greater in 
philosophy, greatest in theology” was said of him by Jo­
hann Trithemius, abbot at Spanheim and at Wurzburg 
(1462-J516), and mentioned by Paracelsus as one of his 
early teachers. Albertus was born in Bavarian Swabia in 
1193, is known to have studied in Pavia, and to have taught 
theology in Cologne and in Paris. As Provincial of the 
Order of Dominicans, to which he belonged, he traveled 
throughout Germany; in 1260 was made Bishop of Regens­
burg and died in the cloister of that order in Cologne in 
1280. Like Vincent of Beauvais he was a very prolific 
writer. His collected works were printed at Lyons in 1651 
in 21 folio volumes and have been published with modern 
revisions in Paris, 1890-1899 in 38 volumes.48

48 Albertus Magnus, Opera Omnia, 38 vols., Paris, 1890-1899. It is this 
edition that is referred to in the following paragraphs.

Though there is no evidence that Albertus had any prac­
tical experience in subjects relating to chemistry, other than 
was acquired by a scholar who had traveled and talked 
with men who had some technical experience, yet he was a 
student of literary records and his writings in so far as 
they include related topics are valuable in the same way, 
if not to the same extent, as the encyclopedia of Vincent of 
Beauvais. As an earnest and sympathetic student of 
Aristotle, in his general views of the nature and changes 
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of matter, the four elements, etc., lie is a follower of Aris­
totle. He depended also largely upon the current latinized 
Versions of Arabian chemistry and mineralogy.

His method of treatment of this material was different 
from that of Vincent. The latter, as we have seen, quotes 
Quite literally, or in a form more or less condensed, from 
his authorities. Albertus, however, speaks in his own 
Words from a more scholarly digestion of his authorities. 
Rarely does he refer to experiences of his own, and when 
he does he indicates that he speaks rather from casual ob­
servations than intimate knowledge. His writings on sub­
jects of chemical interest are scattered through his works, 
Uotably, in so far as concerns his general theories of mat­
ter, in his treatises in meteorology and physics. Of more 
especial chemical interest is his work in five books, De 
Rebus MetaUicis et Mineralibus. The brief work entitled 
Ribellus de Alchemia, included in his printed collected 
Works, is now recognized as falsely attributed to Albertus. 
Rot only are the contents and style at variance with his 
other work in its assumptions of a wide experience in al­
chemical operations, but it cites in its text authors of later 
date than Albertus, as Arnald of Villanova (died 1312 or 
1314), Jean de Meun (1280-1365) and Philip Ulsted, an 
alchemist who lived about 1500.49 Several other works of 
less importance were issued as written by Albertus but are 
°hviously not genuine though accepted as such during the 
Uncritical later centuries. As, however, these works were 
Popularly assumed to have been written by him, Albertus 
acquired a reputation as alchemist which was wholly un­
deserved. Other works thus attributed incorrectly to Al­
bertus are Tractatus Secretorum, De Philosophorum 
Rapide, Compositum de Compositis,™ and others.

49 Cf. Kopp, Bcitrage zur Gesch. Her Chemie, III, p. 76; Berthelot, op. 
। v I, 290. In the extensive and excellent discussion of Albertus Magnus 
n Thorndike’s History of Magic and Experimental Science, the author 

of this essay: “Of these various treatises in alchemy ascribed to 
bert we shall now consider in more detail the one which has been included 

" editions of his works, and which is perhaps the most likely of any of 
to be genuine.’’

0 Of. Kopp, Die Alchemic, p. 17.
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Though in the works of Albertus we find nothing of chem­
ical theory or data that is not to be found in earlier writ­
ings, yet it is evident that he possessed a wide knowledge 
of many chemical facts and of the ideas about chemical 
subjects which were prevalent in his period. He presents 
this knowledge with a clearness and directness that char­
acterizes him as one of the ablest thinkers and writers of 
his century. His accounts are not always free from errors 
of commission or omission, because he was not himself a 
practical or operating chemist. On the other hand, this 
very clarity of expression—free from intentional secrecy or 
mystification—must have given his works an important 
value in helping to lay a foundation for sensible and sane 
chemical points of view, in a time when, according to many 
writers of those times, fraud, charlatanry and imposture 
in alchemy were very prevalent.

We find in Albertus a general knowledge of many spe­
cific facts and operations of chemistry. He knew of the 
operations of distillation and sublimation and of the ap­
paratus used in these operations, of the purification of 
gold and silver by cementation and by the use of lead. He 
knew that quicksilver may be successively distilled without 
loss of weight; that cinnabar can be produced by the union 
of quicksilver and sulphur; that wine, when heated gives 
off an inflammable substance which he calls an oil (oleum) 
“supernatant” and “inflammable.”51 He describes many 
metals, minerals, salts and other substances, without, how­
ever, adding any facts of interest not comprised in the 
authorities which precede him.

ei Albertus Magnus, Mineralium, Lib. ITT, Tract. II, Cap. I, and Meteor- 
orum, IV.

“Sal armoniacum” is with Albertus, as with ancient 
writers, classed as a variety of common salt, though he 
refers to a salt of which he has heard, that is prepared 
from human urine, chiefly of young boys, prepared by the 
operations of alchemy, by sublimation and distillation. As 
he characterises this salt no further, it leaves a doubt as 
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to whether he considered this as essentially different from 
common salt, though Arabian writers had previously made 
the distinction clear. No reference is made to saltpeter, in 
the authentic writings of Albertus, though it is mentioned 
in the works falsely attributed to him but of later origin. 
A characterization of flame as a burning smoke is con­
sidered by Kopp52 as worthy of recognition for his time. 
This definition, however, we have seen in Vincent of Beau­
vais53 and by him attributed to the Liber de Naturis Rerum. 
E. von Lippmann says that this definition occurs also in 
Aristotle and in Galen.54 The character of the descriptions 
by Albertus can best be understood by a few typical ex­
amples.

Borage zus Geschichte der Chemie, III, p. 84.
r>4 vf® ante> P- 241-’ E. von Lippmann, Entstehung und Ausbreitung der Alchemic, p. 492.

Mineralwm, Liber IV, Tract. I, Cap. VI.

In a discussion of the nature and mixture of bronze or 
brass,55 after discussing the nature of brass, its origin from 
mercury and sulphur and its colors, quite after the con­
ventional Arabian philosophy of the metals, he is speaking 
°f the manufacture of brass (aurichalcum) from copper 
ores and zinc ores, (called by him calamina, as previously 
by Theophilus the Monk, and not “cadmia”):

“Those who operate much in copper in our region, 
Namely in Paris or Cologne and in other places where I 
have been and have seen them work, convert copper into 
brass by the powder of a stone called calamina. And when 
this stone evaporates there still remains a dark brilliancy 
turning slightly to the appearance of gold. But that it be 
gendered paler and thus more like the yellowness of gold 
they mix with it a little tin by reason of which the brass loses 
^uch of the ductility of the copper. And those who wish 
to deceive and to produce a brilliancy like gold retain the 
stone (calamina) so that it remains longer in the brass in 
the fire (or furnace) not quickly vaporizing from the brass, 
tt is [thus] retained by oleum vitri (liquified glass), for 
fragments of glass are powdered and sprinkled in the pot 
(testa) upon the brass after the calamina is introduced, 
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and then the glass so added swims upon the brass and does 
not allow the stone and its virtue to evaporate, but turns 
the vapor of the stone back into the brass, and thus the 
brass is long and strongly purged and the feculent mat­
ters in it are burned away. Finally the oleum vitri vapor­
izes also and then vaporizes the virtue of the stone, but the 
brass is made much more brilliant than it would be without 
it.06 He who desires to simulate gold still more completely 
repeats these operations of heating (optesim) and purging 
of the melted glass frequently and mixes with the brass 
silver instead of tin and thus it is made so red and yellow 
that many believe it to be gold itself when, in truth, it is 
still a kind of bronze (or brass, ‘aes’).”

While Albertus does not deny the possibility of the 
conversion of one metal into another in nature, he is very 
sceptical as to the alchemistic claims of such transmuta­
tion. In discussing the theory, which he opposes, that 
every metal contains every other metal, for instance, he 
says, after asserting that gold said to be produced from 
lead is not true gold although it may be something very 
similar to it:

“Besides we have never found an alchemist so-called 
operating generally (in toto) but that he rather colors 
with a yellow elixir into an appearance of gold, and with 
a white elixir colors to the resemblance of silver, seeking 
that the color may remain while in the fire and may pene­
trate the whole metal, just as a spirit (spiritualis substan­
tia) is introduced into medicines, and in this manner of 
working it is possible to produce a yellow color, the sub­
stance of the metal remaining. And here again it is not 
to be maintained that several kinds of metals are contained 
in one another. It is from this and similar things that is 
demolished the dictum of those who say that any kind of 
metal you please is contained in another.” "

Book II, Tract. II, of the Mineralium contains an alpha­
betically arranged description of precious stones and other

go Albertus here seems to accept the Aristotelian concept of the function of 
the zinc ore, that it has only changed the color without remaining as a con­
stituent. Cf. this manuscript, p. 128.

or Mineralium, Liber III, Tract. I, Cap. VIII.
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minerals. That this is an elaboration of the Arabian 
work on stones, falsely attributed to Aristotle, has been 
shown by V. Rose, one particular source being that 
°f Arnoldus Saxo.58 The description of the stone magnes, 
for instance, is evidently condensed from that de­
scription in Aristotle’s De Lapidibus as given in the text 
of Spanish origin published by Rose. It describes nearly 
Ml the miraculous properties there ascribed to it.50

58 See ante, p. 205.
a See ante, p. 208.
wMineralium Liber V, Cap. VII.

“Magnesia, which some call Magnesium, is a black stone 
which the glass makers frequently use. This stone distils 
ftnd flows in great and strong fire but not otherwise; and 
then mixed with glass it removes substance and purifies 
the glass (ad puritatem vitri deducit substantiam).”

There can be little doubt that black oxide of manganese 
18 the mineral here referred to though the description is 
not definite.

“Marchasita or Marchasida, as some call it, is a stone in 
substance and there are many species, wherefore it takes 
the color of any metal whatsoever and is thus called silver 

gold marchasita and so of others. The metal that gives 
color does not distil from it by itself, but vaporizes in 

the fire and thus there is left a useless ash. And this stone 
18 known among the alchemists and is found in many 
Places.”

The name “marchasita” was generally applied to metal­
lic sulphides such as iron and copper pyrites, and other 
sulphides of metallic luster, though taken by itself the 
above description gives little basis for such identification.

“Nitrum also approaches the solidity of a stone, but is 
Somewhat pale and transparent and its power to dissolve 
^ud to attract is proved. It has value (as a remedy) for 
Jaundice and is of the class of salts.”

. Nitrum, which at the time of Albertus, as with the an- 
C1ents, meant sodium carbonate—or potassium carbonate 
(as obtained from the ashes of plants)—is elsewhere by 
him described more at length.00
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“Nitrum is thus called from the island Nitrea where it 
was first found. The Arabs call it baurac. It is a kind of 
salt less known than sal gemma (rock salt) transparent but 
in thin plates. It is roasted in the fire and then, all super­
fluous aqueous substance being given off, it is burned to a 
high degree of dryness (‘efficitur siccum magis combus- 
tum’), and the salt itself is rendered sharper. The va­
rieties are distinguished according to the localities where 
it is formed. With us it is found of three kinds (tripliciter) 
namely Armenian, African, and German, which latter is 
found abundantly in the place called Goselaria (Goslar in 
Hanover at the foot of the Harz Mountains). Rain falling 
on a mountain which is full of copper minerals is collected 
and conducted a hundred paces into a pit which the diggers 
have made. This water is seen to be converted into nitrum 
which nevertheless is thought by the inhabitants to be rock 
salt (sal-gemma) but I have proved by sight and touch 
that it is nitrum. It exists in a hollow of the mountain in 
the manner and form in which ice is formed on roofs by 
water dripping from them in time of freezing cold, and 
this is not laminated but rounded. The relation of Afri­
can nitrum to other species of nitrum is the relation of 
nitrum to salt (?) (Comparatio etiam nitri African! ad 
ceteras species nitri est comparatio nitri ad salem.)

“The foam, (spuma) of all nitrum, sometimes called 
flos nitri (flower of nitrum) is of more subtle substance 
and virtue than nitrum itself; that spuma is best, of which 
the color resembles marble, and which is very friable.

“All nitrum is warm and dry and therefore the applica­
tions of it are such that it is inscissivtim (cutting or dis­
integrating?) lavativum (cleansing?) excoriativum (caus­
tic?) and corrosivum (corrosive) and especially the Afri­
can which is sharper than the others.”

That carbonate of soda (nitrum) occurred in the form 
of stalactites in mountain caves in Goslar is doubtless an 
error, and the “inhabitants” were probably more nearly 
correct than Albertus who judged by sight and touch (visu 
et tactu), though both may have been at fault. The term 
“sal-nitri” or “sal-nitrum” meaning our niter did not 
come into use until early in the fourteenth century (for 
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example pseudo-Lullus) but the designation of simply 
“nitrum” for our niter was first employed about the end 
of the sixteenth century.01

Here is Albertus’ description of “tuchia” which was 
Usually an impure sublimate of zinc oxide mixed often with 
more or less of other metallic oxides, dust from the flues or 
domes of bronze or brass furnaces.

“Tuchia which has frequent use in the transmutation of 
petals, is an artificial and not a natural mixture, for tuchia 
18 made from the smoke which rises and is solidified by 
adhering to hard bodies, when brass is purified from the 
stones (minerals) and tin which are in it. But the best 
kind is from that which is sublimed from that (that is, re- 
snblimed), and then that which in such sublimation re­
mains at the bottom is climia,02 which is called by some 
succudus. There are many kinds of tuchia, as it occurs 
^hite, yellow and turning toward red. When tuchia is 
Washed there remains in the bottom a sort of black sedi­
ment of tuchia. This is something called by some Tuchia 
Irida. But the difference between succudus and tuchia 
18 as we have stated, namely, because tuchia is sublimed 
and succudus is what remains at the bottom unsublimed, 
^he best is volatile and white, then the yellow, and then 
the red; the fresh is considered better than old. All tuchia 
18 cold and dry and that which is washed is considered bet­
tor in those operations03 (that is, in above mentioned trans­
mutation of the metals).”

From the above extracts and from his writings in general 
concerning chemical subjects it seems clear that Albertus 
^either claims nor possesses any special experience, his 
Qualifications being those of an intelligent student of the 
hterature of the subject and of a man of good powers of 
observation and of broad information and high scholarly 
ability. If, however, we were to accept as authentic the 
■Sibelius de Alchimia attributed to him, and included 
—--—_ _____________ __________________________ :—-— 
■jA^opp, Geschichte der Chemie III, p. 221; Rulandus, Lexicon Alchemiae,

> p. 346.
Climia according to Rulandus Lexicon is a kind of “cathimia of brass, 

^oke adhering to the upper parts of furnaces.”
Mineralium, Liber V, Cap. VIII.
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as authentic even in the Paris edition of his works,64 
this judgment would have to be modified. For in this 
work the author, after statements of the variety and un­
truth of the many books on the art of alchemy, continues 
that nevertheless he had not despaired but had studied more 
deeply into the arts of alchemy, its decoctions, sublima­
tions, solutions, distillations, cerations, calcinations and 
solidifications—

in 1898, Vol. 37, p. 545 ff.

“whence I have found the transmutation into gold and 
silver to be possible; that [the metal] is far better than 
any natural, in every examination and malleation. . . . 
But I, the least of the philosophers, intend to describe to 
my associates and friends the true art easy and infallible; 
nevertheless so that seeing they shall not see, and hearing 
they shall not understand. And I beseech and adjure you 
by the creator of the world that this book be concealed from 
all foolish persons (insapientibus).”

As to the body of this brief treatise, it is so conventional 
a repetition of Arabian chemistry and so similar in style 
to a great number of fourteenth century alchemical works 
published under the pseudonyms of Albertus Magnus, 
Roger Bacon, Raymond Lully, Hermes, etc., that there can 
not be a reasonable doubt of its fraudulent authorship- 
even if it did not contain as already noted references to 
writers of later date and refer to substances as sal-petrae 
not known to Albertus or to his contemporary, Vincent of 
Beauvais.

Of the great value of the works of Albertus Magnus in 
helping to spread knowledge of the chemistry of his time 
there can be no doubt. With his elder colleague Vincent 
and his younger contemporary, Roger Bacon, he was as­
sisting in distributing and popularizing among the educated 
classes the theories and facts of chemistry as then under­
stood, a service which ultimately, though not immediately, 
was to help lay,the foundation of a more productive inter­
est in chemical thought.
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Roger Bacon, the great English theologian and philoso­
pher of the thirteenth century was born about 1214, dying 
Probably in 1292. We know that he studied at Oxford 
Under Robert Grosseteste (or Greathead) an able Fran­
ciscan scholar, whom Bacon held in high esteem, and from 
Whose inspiration he acquired a profound interest in mathe­
matics and optics. In about 1240 Bacon went to Paris 
and there spent a large part of his later life. He acquired 
there much celebrity by his teaching and is said to have 
Prepared popular elementary treatises for students. In 
Paris Bacon came in contact with many of the prominent 
scholars of the time. Not long after his removal to Paris 
he joined the Franciscan order.

For the history of science in the middle ages Roger Bacon 
18 a more interesting personality than Vincent or Albertus, 
for while the latter were mainly recorders and interpreters 
°f the natural science of this time, Bacon was more pas­
sionately interested in the accomplishments of scientific 
discoveries and aims. He possessed the fervor of a mis­
sionary in presenting the claims of science to the attention 
°f his contemporaries, and an imagination which enabled 
him to look beyond the state of experimental science in 
his own time to a future of greater possibilities. It is evi­
dent that he was a zealous student of several branches of 
science especially of mathematics, physics (notably of op­
tics), astronomy and the chemistry of his time.

“During the twenty years,” he wrote in 1267, “that I 
have spent in the study of wisdom after abandoning con- 
Wntional methods, I have spent more than 2000 libra on 
secret books and various experiments, and on languages 
mid instruments and astronomical tables, etc.” The Paris 
ibra was about one third of a pound sterling; a consider- 

ahle sum in his time for the Franciscan monk.
Paeon can hardly be called a great discoverer or a 

^ery productive experimenter. His points of view were 
hose of his predecessors. But his was of the class of 

^mds that make great teachers; he was an earnest stu­
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dent—satisfied only to obtain his information from original 
authorities, and filled with the desire to impart his points 
of view to others. He did not believe that all truth lay in 
the ancient and accepted authorities. Quanto juniores tanto 
perspiciores—the later the authorities the clearer they are 
—was not the spirit of the conservative middle ages. It 
is not surprising therefore that Bacon was at times a se­
vere critic of his contemporaries and that with his reform 
spirit he should come into difficulties with his order and 
the church. In 1271 Bacon wrote a Compendium Studii 
Philosophiae in which he expressed his views on certain 
subjects. “In no previous writing had the moral corrup­
tion of the church from the Court of Rome downward been 
so fiercely stigmatized: the whole clergy is given up to 
pride, luxury and avarice. ’ ’03 His teachings of his doc­
trines of science evidently attracted attention for in June 
1266 he received a request from Pope Clement IV to trans­
mit secretly to him copies of his writings regardless of any 
conflicting regulations of the Franciscan order in Paris. 
From this request it might be inferred that the influence 
of his teachings was suspected of questionable orthodoxy- 
In response to this request Bacon composed his three 
greatest works, the Opus Ma jus, Opus Minus and Opus Ter­
tium. The first two of these were forwarded to the Pope 
in 1268. It is doubtful whether the Opus Tertium was ever 
received, as Clement IV died Nov. 29, 1268.

What influence, if any, these expositions of his ideas on- 
many sciences may have had upon the Pope, is not known. 
Certain it is that Roger Bacon’s troubles were not thereby 
ended for in 1277 he was tried and condemned by the 
Minister General of the order of Franciscans to imprison­
ment on account of suspect innovations (novitates sus- 
pectas). Just what is meant by imprisonment is not made 
clear, whether actual bodily confinement, or as suggested 
by Prof. Walsh, only “enforced retirement,”00 but at any _____________________________________________ —

85 Bridges, Roger Bacon—The Opus Majus, Introduction.
88 See the interesting sketch of life and. work of Roger Bacon in Walsh 

J. J., Catholic Churchmen in Science, 3d ser., 1917.
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rate he does not seem to be credited with any literary or 
scientific activity from 1277 until 1292 when he wrote his 
Compendium Studiae Theologiae and in this year also it is 
recorded that he was buried at Greyfriars, the Franciscan 
church at Oxford.

That which distinguishes Roger Bacon from other schol­
ars of natural science of his century is not that in general 
he possessed more advanced knowledge or insight into the 
sciences. That this was the case in his more special field 
of optics may well be true. In other fields of science which 
interested him, however, he seems to have depended upon 
the same authorities as those of Vincent, Albertus or Bar- 
tholomaeus and to have granted them his confidence at 
tirnes to an even greater degree than his contemporaries. 
The great distinction of Roger Bacon lay in the fact that 
xtt the domains of physics, mechanics and chemistry he had 
a living interest and enthusiasm for the practical achieve­
ments accomplished by science and beheld the vision of 
greater things to follow. In the field of chemical activities 
he was a keen student of the accepted authorities of the 
time, and, in at least one particular, his readings had been 
111 a line which were unknown to Albert or Vincent. For 
he has heard of, if he has not seen, various contrivances for 
hres and explosives such as we have seen in the Book of 
^ires of M arcus Graecus, which neither of his slightly older 
contemporaries seems to have known. It may be recalled 
that the earliest copy of the manuscript of the Book of 
Fires is from Roger Bacon’s period.67 In another connec­
tion this feature of Bacon’s knowledge has been previously 
discussed.08 For the value of experiment in science he held 
great enthusiasm and advocated it with zeal. His argu­
ments were logical and numerous though destined to fall 
uPon sterile soil during his own time so far as any res­
ponse can be noted, though we may believe that not in vain 

this bread thrown upon the waters.

08 o®® P- 196' 
ante, p. 199 ff.
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Sciences of nature Bacon has classified into perspective 
(optics); astronomy (operative and judicial); the science 
of weights (heavy and light); alchemy; agriculture; medi­
cine, and experimental science.00 This notion of experi­
mental science as a separate branch of science was a dis­
tinctly original idea with Bacon and the object of much 
consideration in his works.

“The things specially and strictly assumed as belonging 
to nature are those in which is the principle of motion and 
rest, as in the parts of the elements which are fire, earth 
and water, and in all things made from them which are 
inanimate as metals, stones, salts and sulphurs, pigments 
and colors such as minium and cerusa and lapis lazuli which 
is azurium, and Grecian green and things of that sort gen­
erated in the belly of the earth.’’70

oo Bacon, Communium Natwalium, Steele ed., Liber I, p. 5.
68 Bacon, loc. cit., p. 2.
71 Introduction to Opus Majus, Oxford Press, 1897, I, LXXVIII.

Experimental science seems to Bacon a separate science 
operating in and through the other sciences. Experience 
and experiment, says Bacon, are necessary to establish con­
fidence in truth. Nothing is established by argument and 
logic unless supported or confirmed by experiment. The 
function of experiment is verification and experiment at­
tains to truth not to be reached by other sciences. Nature 
must be studied at first hand. In the Opus Majus Bacon 
also has emphasized certain causes which have hindered 
the progress of true philosophy among the Latin writers. 
The first of these is dependence upon the example of slight 
or unworthy authorities, the second the undue weight of 
established custom, third the power of public opinion, and 
fourth, ostentatious pretense to wisdom and efforts to con­
ceal ignorance. This is assumed by our superiors—this 
is the popular opinion—therefore it must be accepted.

With respect to Bacon’s experimental science F. Il- 
Bridges71 has well said:

“Last among the series of the Natural Sciences comes 
that which Bacon denotes as Scientia Experimentalis. The 
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sample of it, for it can hardly be regarded as more than a 
sample, given in the sixth section of the Opus Majus in­
dicates that it was connected in Bacon’s mind with no spe­
cial department of research, but was a general method used 
for the double purpose of controlling results already 
reached by mathematical procedure and of stimulating new 
researches in fields not as yet opened to inquiry.

In some respects this is the most original part of his 
Work. Not that experiment was a new thing. Experi­
ments without number had been made by man from the 
time of his first appearance on the planet. The Greeks 
towards the end of their marvellous scientific career had 
degun to use experiment in their investigations of natural 
truth. Galen had applied it in his researches into the 
Nervous system; Ptolemy had arrived by its means at his 
remarkable discovery of the refraction of light. The Arab 
astronomers, far more skilful mechanicians than the 
Greeks, had constructed extremely elaborate apparatus for 
the same purpose, and also to verify the equality of the 
angles of incidence and reflection. But no one before 
Bacon had abstracted the method of experiment from the 
concrete problem, and had seen its bearing and importance 
as a universal method of research. Implicitly men of 
science had begun to recognize the value of experiment. 
What Bacon did was to make the recognition explicit.”

That the earnest exhortations of Bacon as to the im­
portance and value of experiment fell on unfertile soil we 
^ay infer from the observation of Mr. Bridges in discuss- 

the various known manuscripts of Bacon’s work, that 
this sixth section of the Opus Majus, namely Scientia Ex- 
^erimentalis, appears to have been seldom copied. Kopp 
also in his Roger Bacon''2 remarks:

eur Geschiehte der Chemie, III. p. 90.
Royer Bacon Essays, collected and ed. by A. G. Little, Oxford, 1914.

‘What Bacon in respect to the method of the investiga- 
i°n of nature in general perceived and expressed has long 
cen undervalued; what he has given us of particularities 

Or announcements of discoveries is often overestimated.”
A- G. Little lists thirty-six titles of works by Roger 
aeon and as many more doubtful or spurious.78 Among 
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the latter are several which deal with alchemy. Among 
those accepted by Little as original are only three or four 
specifically dealing with alchemical subjects and the au­
thenticity of these has been questioned by competent critics. 
There are, however, in his works of unchallenged authenti­
city many passages which deal with chemical subjects. 
Tradition credits Roger Bacon with being a student and 
practitioner of alchemy and magic, though whether only 
on the basis of these works falsely credited to him it is 
difficult to decide. From his well authenticated writings 
it is certain that he was an interested and careful student 
of the literature of the subject and he takes many occasions 
to express his knowledge of and belief in the past accom­
plishments of chemistry (alchemy) and his faith in the im­
portance of future possibilities. In these illustrations and 
references, however, Bacon nowhere claims such knowledge 
on the basis of his own personal experience with chemical 
manipulation, and usually quotes the authority for his 
statements. The claim that Bacon was the discoverer of 
gunpowder has been already discussed in another connec­
tion.74

74 See ante, p. 199.
75 Roger Bacon, Opus Tertium (in his Opera Quaedam Hactenus Ineditfh 

ed. by J. S. Brewer, London, 1859, I, pp. 39, 41).

Bacon’s explanation of the meaning and signifi­
cance of alchemy is characteristic of his point of view.70

‘ ‘ There is another science which treats of the generation 
of things from the elements and of all inanimate things 
and of simple and composite humors, of common stones, 
gems, marbles, of gold and other metals, of sulphurs and 
salts and pigments, of lapis lazuli (that is, azurium) and 
minium and other colors, of oils and burning bitumens and 
other things without limit, concerning which we have 
nothing in the books of Aristotle. Nor do the natural 
philosophizers (philosophantes) know of these, nor the 
entire crowd of Latin writers. And because this science 
is not known to the generality of students it necessarily 
follows that they are ignorant of all that depends upon it 
concerning natural things, namely of the generation of 
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animate things, of plants, and animals and men, for be­
ing ignorant of what comes before, they are necessarily 
ignorant of what follows. For the generation of men and 
°f brutes and plants is from the elements and the humors 
(or ‘waters’) and is related to the generation of inani­
mate things. Whence on account of their ignorance of 
that science it is not possible to know common natural 
Philosophy, nor theoretical medicine, not only because 
natural philosophy and theoretical medicine are necessary 
f°r the practice but because all medicinal simples from in­
animate things are obtained from that science which I 
nave touched upon, as is made clear in the second book on 
medicine by Avicenna who enumerates the medicinal sim- 
Pjes, and as is evidenced by other authors. Of these medi- 
mnes neither the names nor their meanings can be under­
stood except through this science, and this is theoretical 
(speculativa) alchemy which theorizes about all inanimate 
things and the entire generation of things from the ele­
ments.

‘‘But there is another alchemy, operative and practical, 
^hich teaches how to make the noble metals, and colors 
and many other things better or more abundantly by art 
(artificium) than they are made in nature. And science 
°f this kind is greater than all those preceding because it 
Produces greater utilities. For not only can it yield wealth 
(expensas) and very many other things for the public wel­
fare (rei publicae) but it also teaches how to discover 
sUch things as are capable of prolonging human life for 
much longer periods than can be accomplished by nature, 
r or we die far earlier than we ought and this on account of 
defective regulation of health from youth up, and because 
also our fathers give us a corrupted constitution (complex- 
mnem) on account of the same defects in their own regu- 
ation of health, whence old age and death come more 

Quickly and before the term which God has set for us.
uerefore this Science has special utilities of that nature; 

^uile nevertheless it confirms theoretical alchemy through 
1 8 Works and therefore confirms natural philosophy and 
medicine, and this is plain from the books of the physicians. 
* Or these authors teach how to sublime, distil and resolve 
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their medicines, and by many other methods according to 
the operations of that science, as is clear in health-giving 
waters, oils and many other things. Whence Galenas in 
his Liber Dinamidiarum instructs physicians how to make 
Calcecuminon, which physicians [nowadays] just as they 
know not how to make it so they know not how to name it. 
And Avicenna teaches in the first book of Medicine how to 
prove by the works of alchemy that it is not alone blood that 
nourishes as Galenus thought, but the other humors also; 
but this no physician knows either to understand or to 
perform, and similarly with very many things.

“Hence this duplex science of alchemy (that is, theo­
retical and practical) is unknown to nearly all men. For 
throughout the world many are working to make metals 
and colors and other things, yet extremely few know how 
rightly to make colors, or profitably, and scarcely any one 
knows how to make metals, and still fewer are they who 
know how to make preparations which are useful in pro­
longing life. And they also are few who know how to 
distil well, and to sublime and calcine and to resolve and 
do any of those works of art of that kind by which all in­
animate things are certified (certificantur) and through 
which are confirmed theoretical alchemy, natural philos­
ophy, and medicine.

“Hence there are not three among those Latin writers 
who have devoted themselves to the knowledge of theo­
retical alchemy, as it is alone possible to be known without 
the operations of practical alchemy, namely, according to 
that which those books and authors teach who have proved 
it through their own practice. There is but one who is 
competent and most skilled in all those things.

“Because so few know these things they do not deem 
it worth while to communicate them to others nor to asso­
ciate with others, since they consider as asses and lunatics 
other men who are subject to the quibbles of law and those 
sophisms of artists (artistarum), which have debased phil­
osophy and medicine and theology. Moreover the opera­
tions of that science are difficult and most expensive, for 
which reason those who know well the art of operating are 
not able to operate; and the books on that science are so 
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secreted, that a man can scarcely find them, whilst they may 
be nevertheless more numerous than in any other depart­
ment (facultate), and which also by reason of their multi­
tude cost much.”

This description of alchemy well illustrates the fact that 
it is not so much the theoretical aspect as the practical 
Value of the work of alchemy that commands his interest. 
Credulity toward the claims of alchemists to be able to 
produce gold from base metals, and prepare elixirs for 
long life was almost universal at the time though the im­
postures of most of those who professed to possess the 
arts were well recognized by Bacon as by his contempora- 
ries Albertus and Vincent. Both elsewhere in the Opus 
Majus, and in the Opus Tertium, Bacon refers to the mak­
ing of gold of a superpurity by Alchemy, as well as to the 
medicine that will prolong life. In the Opus Tertium he 
says :78

“Similarly in the domain of alchemy. For the natural 
grades of gold in the belly of the earth are twenty-four, 
but by art they can be multiplied indefinitely. But all works 
°ii alchemy do not teach of these grades nor in what man­
ner the seventeen kinds (modi) of gold are compounded 
from these. For that whole art is scarcely able to make 
gold of the twenty-four grades from these, and neither can 
Nature in the belly of the earth—and yet these are in the 
domain of alchemy. But then comes the experimentor and 
investigates these twenty-four grades of gold and resolves 
Nie seventeen kinds (here species in place of modi) and is 
able to make as many more than twenty-four as he wishes, 
V^hich neither the art of alchemy nor nature in the belly 
of the earth are able to accomplish and the medicine which 
Nie experimentor prepares for this is the greatest of 
Secrets. . . . For that is what removes all corruption 
of baser metal and converts it into gold, and that is what 
akes away the corruptions of the human constitution so 
hat life may be sufficiently prolonged.”
It is interesting in the above to see how Bacon endeavors 

1° discriminate between the domain and powers of alchemy
70 A. G. Little, Part of Opus Tertium, Aberdeen, 1912, p. 46.
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as a science, from that of experimental science, though 
operating with the same subjects. A passage in the Opus 
Majus discusses this same topic rather more at length but 
to the same general effect. He is here a little more specific 
as to twenty-four grades of gold:

“When twenty-four grades are found in a mass of gold, 
this is the best gold that can be produced in nature—when 
there are twenty-four grades of gold and one part of or 
grade of silver, then this is a poorer gold than the former, 
and so proceeds the diminution of the grades of gold up 
to sixteen or until there are eight grades of gold mixed 
with silver.”
And of the “medicine” he there says:
“For that medicine which could remove all impurities and 
corruptions from baser metal so that it could become the 
purest silver and gold is considered by the wise to be able 
to remove the corruptions of the human body to such a 
degree that it could prolong life through many ages 
(secula).”

A description of the manufacture of brass is given in 
the Opus Minus' The description is introduced in con­
nection with a discussion of the errors of writers resulting 
from their ignorance of languages, and consequently of 
the real significance of terms used.

“For it is unknown to nearly everybody how cuprum, 
aes, electrum and orichalcum, called by error aurichalcum, 
should be properly called. It is thought by nearly all that 
these are different kinds of metals, though this is not true. 
For aes, and orichalcum and electrum are made from cop­
per (cuprum). The metal that is first smelted and purified 
from earthly impurities is really copper and so it should 
be called. But although into copper, melted and purified, 
powdered yellow calamina is sprinkled, yet it does not con­
tain much of the powder, but as the copper is made a little 
harder and more yellow it is then called aes. Calamina is 
a certain vein of earth and is of many kinds but I refer here 
to the yellow. If considerably more of this powder is

77 Roger Bacon, Opera Quaedam Hactenus Inedita, ed. by J. S. Brewer, 
London, 1859, Vol. I, p. 385.
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added it makes it still harder and more deeply colored. 
Thus is produced orichalcum, and since in all the hooks of 
the Bible of greater preeminence and in other books of 
medicine and of the saints orichalcum is found, aurichal- 
cum is nothing, but called thus by moderns in error. . . . 
If yet more calamina is added then is produced electrum, 
though that is better made from yellow tucia as Avicenna 
teaches in Book V.78 Tucia is a certain vein of earth and 
is of several varieties, but yellow tucia is here proper. In 
certain regions of the earth they add tucia to copper to 
obtain electrum but in others they use calamina.

“Because electrum is made with the bellows (blast) 
therefore by the force of the bellows much tucia is blown 
away; wherefore that which is subtle escapes and there re­
mains a hard material which renders the electrum hard. 
Hence it is harder than orichalcum which is made without 
the bellows.

“Though electrum is generally thus made, it is possible 
I°r it to be made far more beautiful and noble by means 
°f certain things, opposites of tucia and calamina, such as 
the roots of uruscus [?] and the fig tree (ficus) and other 
things, provided due skill is used (dummodo debi turn arti- 
hcium praebeatur). This electrum is good for astronomical 
mstruments and many other valuable uses. Though elec- 
Hum is thus made, nevertheless, as says Servius (on 
jergil), threefold are the varieties of electrum, one is 
trom. copper as just explained, another is a mixture of 
Cei’tain proportion of gold and silver, and the third is a 
8em stone. All authors, as Isidorus and others accept this 
diversity from Servius. Pliny,70 nevertheless, follows with 
another kind of electrum. He says that this is collected 
di the glosaphis islands (glaesaria, Pliny says) between 
'jermany and England, called electricae by reason of their 
abundance of electrum. It is produced from the juice of a 
Pine tree, distilling from that into the sea as these trees are 
di compidine alnei marini, and this juice is solidified into 
a solid and translucent substance by the action of the sun 
^^sea. Pliny states that electrum is known to be 
3g,S significance of Electrum is also met in Vincent of Beauvais, VIII, 

a h°c aurichalcum frcquentis scripturae vocatur electrum”).
Waturalis Philosophiac, XXXVII, 11.
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formed from this juice from the odor, since the juice and 
the electrum have a similar odor.”

It will be noted that in speaking of the use of calamina 
in brass, Roger Bacon seems to have the same opinion as 
Albertus, based upon Aristotle, that it is mainly a color 
effect that is produced by the calamina which is apparently 
thought to be itself again volatilized. The nature of these 
alloys and their compositions were but dimly understood 
by the writers of this period.

In the fragment of the Opus Tertium discovered by Pro­
fessor Duhem there is contained a short treatise on the 
enigmas and keys (claves) of alchemy. The intention of 
this is to give to the Pope a brief account of the terms used 
in alchemy and of their significance so that, as he con­
cludes, by these, “with other things I have written, it is 
possible for Your Wisdom wisely to make use of them and 
to detect every impostor.” This work is of interest in 
manifesting the care with which Roger Bacon has studied 
his authorities.

The work begins with an introduction in which he refers 
to the extracts on this subject in his other works prin­
cipally the Opus Majus, and that in these he has hesitated 
to speak clearly of these things mainly because of the un­
desirability of spreading information on this subject to 
those who are not wise. Then follows:
“The Explanation of the Enigmas of Alchemy.

“Therefore the general explanation of the Enigmas is 
here necessary. Hence the philosophers explain what are 
bodies, spirits, planets, stones and many other things. 
Bodies are those which do not flee from the fire nor vola­
tilize in smoke, as metals, stones, strictly taken (proprie 
sumpti) and other solids.

“Those things which flee from fire are called spirits, as 
mercury, sulphur, sal ammoniac, orpiment, which is arseni- 
cum.

“The planets are seven, according to Avicenna in the first 
book ‘de Anima,’ that is in the major science of alchemy- 
For lead is called Saturn; tin, Jupiter; iron, Mars; gold,



CHEMISTRY IN THIRTEENTH CENTURY 269

Sol (the sun); copper, Venus; quicksilver, Mercury; silver, 
Luna (the moon).

“In whatsoever manner it is found written in books differ­
ently is the fault of the writer or translator or a mystifi­
cation. For sometimes it is found that bronze (aes), is 
compared to Mars, but this is false. For bronze is nothing 
but copper colored by the powder of calamina, and similarly 
brass (aurichalcum) and electrum are made from copper 
and the same powder or the powder of tucia, as I have 
stated in the Second Book (Opus Minus').

“Arid quicksilver is called aurum vivum [quick gold] as 
Avicenna often misuses this word.

“Gold is sometimes designated also as stone or body 
°f the river Iberus [the Ebro], of the Pactolus, or of the 
Tagus or some other, because grains of gold are found 
xn these.

“Because the Hybernici [Irish] are named from the 
t-berus (‘Hyberus’) in the kingdom of Castile since they 
Lved there for 300 years after they had departed from 
Lgypt on the death of Pharoah in the Red Sea, and before 
the Ring of England had given them the island of Hyber- 
nia, as certain histories relate, therefore gold is called 
c°rpus Hybernicum, or stone (lapis) Hybernicus or some­
thing similar. . . . Silver is also called margarita 
Lpearl] on account of its white color and is called unio, 
because margarita and unio are the same, as Solinus in­
forms us in the book De Mirabilibus Mundi. For margarita 
18 called “unio” because never more than one at a time is 
generated in the marine shell. For shells naturally open 
0 receive the dew of heaven, and a single drop of dew 

Received, (the shell) shuts again and by its power solidifies 
be drop into a margarita or unio.
“Silver is also called Anglia because silver abounds 

here. Similarly also, a less red gold is called Anglia be- 
Cause it is found there. And good gold is called Hispania, 
°r Apulia or Polonia or any other region where good gold 
abounds.

‘Rubificare [to redden] is to make gold, and albificare 
l whiten] is to make silver. To convert Saturn into Sol, 
01 mto Hispania, or Apulia, or Palonia is to make gold from 
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lead. To convert Venus into Luna or into Anglia is to 
make silver from copper, because gold has to be made from 
lead, and silver from copper. By medicine, or laxative 
medicine, is called that which projected into liquefied lead 
converts it into gold, and converts copper into silver, and 
this is called elixir in all the books. That is called the 
greater work (opus ma jus) when gold is made, the lesser 
(minus) when silver is made. Also that is called the minus 
opus when one pound of medicine converts ten or so up to 
100 pounds of base metal into a nobler: and majus opus, 
when the medicine is so powerful that one pound converts 
two hundred or a thousand or a thousand thousand of baser 
into nobler metal. That such a medicine may be possible 
Avicenna and all others attest. ’ ’80

8° Little, Part of Opus Tertium, pp. 83, 84.
81 Inceratio is the mixture of a liquid with a dry substance by gentle com'

bination to the consistency of wax. Lexicon Alchemiae, Rulandus, 1612, A.D-

“Concerning the Keys of Alchemy.
“The operations of that art are called keys (claves) 

which are performed according to the precepts of this 
science in order that the medicine may be had which is 
called elixir. Those Keys are purification [another manu­
script says putrefaction], distillation, ablution, grinding, 
roasting, calcination, mortification, sublimation, proportion, 
incineration [another reading is inceration, softening],81 
decomposition (separating ‘ resolutio’), solidification, fix­
ation, cleansing (mundificatio), liquefaction, projection. 
These operations are known to all skilled in this science 
and their books are full of these. And very many alchem­
ists perform these works but do not know how to elicit the 
chief object of them. This arrangement (ordo) of the opera­
tions is according to the execution but not according to 
intention of the profession {artificii]. As to this mystifi­
cation I have adduced the authorities of Aristotle in the 
first book of the De Anima, and the sixteenth of the De 
Animalibus, and Avicenna in the first Liber Physicorum, 
sixth of the Metaphysica and elsewhere, all of whom ex­
plain that what is first in intention is last in execution and 
vice versa as is evident to any wise man. . . .”

These examples will suffice to illustrate the scope and 
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character of the chemical knowledge and ideas of Bacon. 
It is evident that his works contain no ideas or facts not 
generally known to the literature of his time, but that he 
is well informed and has carefully studied the authorities 
which he quite generally quotes for the authorization of 
his statements.

The Speculum Alchemiae or Mirror of Alchemy attrib­
uted to Roger Bacon is a short treatise in seven chapters 
treating of the composition and origin of the metals. It 
contains only the conventional Arabian theories of mer­
cury and sulphur as the constituents of metals, with ob­
scure metaphysical discussions of the origin of mercury 
and sulphur and vague allusions to transmutation and the 
yed and white elixirs and their projections. Judging from 
its contents, this work might have been written as well in 
the twelfth century as in the more probable fourteenth. 
There is nothing in it that is characteristic of Roger 
^aeon’s style or ideas, nor that distinguishes it from many 
unimportant alchemical lucubrations of anonymous writ­
es of the thirteenth to the sixteenth centuries.82

p 82 Texts consulted by the writer are—the Latin text in Zetzner’s Thcatrum 
1602, TI, pp. 433-442, and the English text, The Mirror of 

London, 1597.
301 R°Qer Bacon Essays, collected and ed. by A. G. Little, Oxford 1914, p.

84 E- v. Lippmann, op. cit., pp. 493, 494.

The work is listed by A. G. Little among those of doubt­
ful authenticity. Professor M. M. P. Muir83 says: 
. “The directions for making the philosopher’s egg given 
*u. the Mirror of Alchemy and the Secrets of Nature and 
f^-rt closely resemble those contained in ordinary alchem- 
*cal writings. There is in them the vague talk, the hazi­
ness, the thinking in images of words rather than in images 
°f things which are the marks of most books on practical 
alchemy. ’ ’

E. v. Lippmann considers the alchemistic works attrib- 
nted to Bacon, Brever Breviarium, Tractatus Trium Ver- 
^rium, Speculum Alchemiae—as clearly pseudepigrapha.84 
*et is is upon these books that Bacon’s reputation as a 
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practical alchemist was mainly based.
Considering the relation of these three great scholars of 

the thirteenth century, the Frenchman Vincent of Beau­
vais, the German Albert von Bollstedt, and the English­
man Roger Bacon, to the development of chemical knowl­
edge, it appears then that no one of them contributed any­
thing of importance either of facts or theories to the knowl­
edge of their predecessors. It would nevertheless be a 
grave error for this reason to underestimate the import­
ance of their influence on the development of chemistry or 
of science in general, for by their extensive summarizing 
of the authorities existing in their time and by the weight 
of their authority they did much to make accessible the 
accumulations of the knowledge of the past, and to re­
vivify and popularize the study of science. And this was 
indeed largely due to the reintroduction of Aristotle’s 
natural science to the western world, and to the rehabili­
tation of his authority. “The triumphal progress of 
Aristotle is one of the marvels of man’s mental history,” 
says E. Withington.85 The Physica and Metaphysica of the 
pagan philosopher who taught the eternity of the Universe, 
the mortality of the soul, and the nonintervention of the 
Deity in the fate of the world or the affairs of men, were 
promptly and naturally condemned by the Church in 1209, 
1215 and later. Yet in less than a century, the greatest of 
Catholic theologians had converted them into a bulwark of 
orthodoxy, and the greatest Catholic poet had given their 
author the immortal title: Master of those who know.

It was, however, to take time before the new impulse 
to science was to be perceived in new contributions to 
chemical thought, unless indeed we may attribute to this 
influence the work of the unknown author who chose to 
write under the name of Geber and thus conceal his identity- 
To distinguish him from the Arabian alchemist, Djaber, 
he is generally alluded to as pseudo-Geber.

ss Roger Bacon Essays, collected and ed. by A. G. Little, Oxford, 1914, p. 340-
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CHAPTER VII

CHEMISTRY OF THE FOURTEENTH AND 
FIFTEENTH CENTURIES

Considering the intellectual awakening of the thirteenth 
century, and the revival of interest in the natural sciences, 
as shown in works of the encyclopedists and other writers, 
and the influence of new universities, it would seem 
reasonable to anticipate that the fourteenth and fif­
teenth centuries should have exhibited a marked advance 

chemical thought and discovery. On the contrary these 
centuries exhibit very little which would justify such ex­
pectations. There were indeed causes operative which help 
to explain why the field of chemistry was comparatively 
sterile of productive activity.

From the statement of the thirteenth century encyclo­
pedists, and from Arabian writers also, we know that there 
existed much imposture and charlatanry among writers on 
alchemy, with their assumptions and claims as to gold mak- 
U1S and the elixir of life. Concerning the dates or au­
thorship of such alchemical writings we rarely have spe- 
cific or definite information. Works of this character 
Avere not generally issued except under precautions to con- 
ceal the identity of the writer.

That substantial reasons existed for such precautions 
know from contemporary records. We have already re- 

erred to the close supervision and censorship exercised
^le church even upon the natural science of Aristotle, in 

he early part of the thirteenth century. It is natural that 
activities of the alchemists who claimed to make gold 

prolong life indefinitely, often associating these 
nth magical invocations and mystic charms, should

273
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have been closely censored and, so far as possible, sup­
pressed.

Thus in 1317 Pope John XXII issued a decree against 
the alchemists:

“Alchemies are here prohibited and those who practise 
them or procure their being done are punished. They must 
forfeit to the public treasury for the benefit of the poor 
as much genuine gold and silver as they have manufactured 
of the false or adultered metal. If they have not suffi­
cient means for this, the penalty may be changed to another 
at the discretion of the judge, and they shall be considered 
criminals. If they are clerics, they shall be deprived of 
any benefices that they hold and be declared incapable of 
holding others,” etc.1

In Barcelona in 1323, Herve Nedelic, General of the Do­
minican Friars, pronounced the penalty of excommunica­
tion against all clericals who should apply themselves to 
the study of alchemy or should not within eight days burn 
all books of that character which might be in their hands. 
Haureau2 considers this as circumstantial evidence that the 
alchemical treatises attributed to St. Thomas Aquinas were 
not yet issued, a conclusion in harmony with all known 
facts, for no allusions to any of these works are known 
until much later.

It was not only the church which viewed with suspicion 
the activities of the alchemists. In 1380 Charles V of 
France proscribed the prosecution of alchemy throughout 
the kingdom and even forbade the possession of instru­
ments and furnaces for alchemical operations. In Eng­
land in 1404 Henry IV promulgated an edict against the 
practice of alchemy,3 and in 1418 the greater council of 
Venice directed an edict against the alchemists. Many 
other instances might be cited of attempts by clerical or 

■ ___________ ___ ____________________________ '
i Full text of this decree in Latin and in English translation has be®’1 

published by J. J. Walsh, The Popes and Science, London, 1912, pp. 125-126. 
A French translation, is in L. Figuier, L’Alchimie et les Alchimists, Paris, 
1860, p. 140.

2 B. Haureau, Histoire Litteraire de la France, XXXIV, Paris, 1914, p. 31--
3 L. Figuier, op. cit., pp. 140, 141.
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civic authorities to suppress the counterfeiters and sup­
posed gold makers.

On the other hand, many rulers and nobles, believing in 
ike possibility of transmutation, were tempted by the hope 
°f gain to encourage and protect impostors who claimed to 
be able to supply unlimited wealth by occult means, and the 
efforts to suppress alchemical activities were notoriously 
ineffective, for the numbers of the alchemists and of al­
chemical writers seems to have increased rather than to 
have diminished.

Not only with authorities who were concerned with the 
Protection of the stability of state coinage and currency 
from the feared debasement by false gold, but with the 
cultivated classes quite generally the alchemists were held 
in evil repute. Dante (about 1300) in his Divina Com- 
^edia pictures them in the tortures of the deepest regions 
°f the Inferno; Petrarch (in 1366) satirizes their de­
ceptions ; and Chaucer in his Canterbury Tales (about 1388) 
Voices the low estimate in which the alchemists were held.

It may readily be conceived that the conditions in the 
fourteenth and fifteenth centuries were not such as to 
inake the field of chemical activities, other than the techni- 
Cal arts, attractive to men of scholarly inclinations nor to 
enlist the services of really able men. On the other hand 
a great number of men of mediocre ability were attracted 
by the very mystery and obscurity of the forbidden science 
to dabble in it, and others, who saw their opportunity to 
Profit by the reputation of wonder workers, found in the 
Popular belief in the reality of these mystical arts a fertile 
soil for their operations.

In these conditions may be found the reason for the 
8fcrility of these centuries in chemical literature of real 
^erit. Very many treatises were written on the philosophy 
and practice of alchemy but they were almost all issued 
either anonymously or pseudonymously, as the authors did 
a°t wish to incur the penalties incurred by those who were 
8aspected of practicing a forbidden art.
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One writer only who can be credited to the end of the 
thirteenth or the beginning of the fourteenth century is a 
notable exception to the general mediocrity of the chemi­
cal writers of the period. This unknown person was prob­
ably a Spaniard versed in the Arabian chemistry, who 
wrote under the name of Geber.

We have already seen that besides the authentic works of 
the Arabian Djaber, there were certain Latin works of 
later origin long credited as translations of Arabian man­
uscripts of Djaber, which were in all probability original 
works by a different person.

When Professor H. Kopp in 18744 completed his ela­
borate studies into the personality and works of Geber, he 
expressed grave doubts as to the genuineness of the Latin 
texts attributed to the Arabian alchemist. He saw no 
relation between any Arabian texts known to him and the 
alleged translations into Latin. He called attention to 
the fact that the few allusions to Geber in thirteenth cen­
tury writers were not to any of the well-known Latin 
works of the so-called Geber, nor indeed did they bear any 
resemblance to them. Kopp submitted the Latin works to an 
Arabic scholar to see if perchance there existed any inter­
nal evidence that these works were translations from 
Arabic originals, but this expert,. Professor G. Weil, could 
find no traces of such evidence. Kopp noted also that the 
earliest references to the Latin works were in writings 
attributed to Arnaldus de Villanova (not earlier than 1310) 
and to Lullus (about the middle of the fourteenth century)- 
He could find no manuscripts of the Latin Geber of a 
period earlier than the fourteenth century.5 Nevertheless 
as Kopp knew that in the libraries of Europe there 
existed Arabian manuscripts attributed to Djaber the 
contents of which had not been investigated, with char­
acteristic caution he hesitated to declare the alleged trans­
lations as spurious and tentatively discussed these writings 

4 Beitrage zur Geschichte der Chemie, Vol. Ill, pp. 13-54.
5 The earliest now known manuscript of the Latin Summa is that of Mw 

nich, attributed to the latter part of the thirteenth century.
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as of an original Geber or Djaber of the eighth or ninth 
centuries.

When M. Berthelot, however, in his exhaustive studies of 
Syriac and Arabian manuscripts, the results of which are 
comprised in his La Chimie au Moyen Age, three volumes, 
1893, and in his Archeologie et Ilistoire des Sciences, Paris, 
1906, had been able to compare the contents of many of 
these Arabian manuscripts, it became clear to him that 
there was nothing whatever in these documents that bore 
any resemblance to the Latin Geber’s writings. His re­
searches established the justice of Kopp’s doubts, and 
apparently proved that the writings, which under the 
authority of Geber so widely influenced the chemists of the 
fourteenth and later centuries, were not expressive of 
views and knowledge of the eighth or ninth centuries, but 
°f the close of the thirteenth or the fourteenth. This means 
that the later writer might even have had at his disposal 
such manuscripts as those of Vincent de Beauvais, Alber­
tus Magnus, Roger Bacon, Avicenna, Rhazes, and the works 
falsely attributed to the two latter and so much used by 
Vincent and Albertus.

Naturally also it follows that the Arabian Djaber has 
been credited by historians of chemistry with a knowledge 
°f chemistry and more especially with a definiteness of 
description of processes and manipulations to which he is 
Uot entitled. It also follows that the Latin Geber is to be 
considered as the inheritor of the accumulated results of 
Arabian alchemists, and possibly also of the popular sum- 
^aries of that knowledge as presented in the thirteenth 
century by the great encyclopedists of the period. The 
w°rks of Geber are extensively cited by Petrus Bonus 
(1330), and it may be assumed that they were first issued 
n°t far from 1300 A. D. If we were to accept as correct 
the report that Villanova wrote alchemical works while 
V'ith King Robert at Naples, whither he went in 1309, and 
^at among these works the Novum Lumen is correctly 
Scribed to Villanova, which is very doubtful, the citation 
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of Geber in that work would be evidence that his works 
were then extant.

The works of Geber demand consideration because they 
exerted an almost epochal influence upon later chemists, 
and not without justice. Though his notions upon mat­
ter, upon the constitution of metals, upon transmutation, 
etc., are entirely those of his predecessors and the ma­
jority of the more important chemical facts known to him 
be found in the writings of Greek, Arabian, and Latin writ­
ers before his time, yet his method of presentation of his 
subjects is so essentially modern as compared with pre­
ceding writers that he could not fail to attract attention. 
In the first place it is at once manifest that the author is a 
man of practical experience in the manipulations of chem­
istry and not a mere compiler or editor of authorities. In 
the second place he is animated with the desire to explain 
experimental methods and apparatus so clearly that others 
may profit by his experience. His presentation is, more­
over, orderly and systematic, clear and concise, contrast­
ing sharply with the obscure style, vague descriptions, and 
confusing disorder in the writings of earlier alchemists, 
whether Greeks or Arabians.

The generally credited works of Geber are not numerous 
nor voluminous. They are four in number: Summa Per- 
fectionis Magisterii; De Investigations Perfectionis; De 
Inventions Veritatis; Liber Fornacum? The works entitled 
Testamentum Geberi regis Indias, and Alchimia Geberi are 
according to Berthelot apd Darmstaedter manifestly of 
more modern origin.7

« The editions accessible to the writer are: the Latin text entitled 
chemiae Gebri Arabis Philosophi, etc. Bern, 1545; The Works of Geber> 
translated into English by Richard Russell, London, 1678; Die Alchemic deS 
Geber, Ernst Darmstaedter, Berlin, 1922.

7 Berthelot, La Chimie au Moyen Age, I, p. 343.

The long credited belief that Geber was an Arabian, ex­
pressed in phrases such as “Geber Arabis,” “Geberis regis 
Persarum,” “Konig der Araber,” seems to be without 
foundation, as these appellations are interpolations of not 
earlier than the fifteenth century. The earlier manuscripts 
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°f the Summa contain no such intimations and Geber’s 
Writings are noticeable in that he cites no authority, Greek 
or Arabian, but quotes from the “ancient philosophers” 
Or in similar vague terms.8 Kopp9 states that the announce­
ment that Geber was a Spaniard was first made about 1581. 
This ignores the authority of Petrus Bonus, the author of 
the Pretiosa Margarita Novella, dated 1330 at Pola, who 
alludes to Geber more than once as Geber Hispanus.

iib recent work by Dr. Ernst Darmstaedter Die Alchemie des Geber 
erkldrt, Berlin, 1922, presents well the latest knowledge on 

cr and his works.
lo°P. tit., HI, p. 20.

n J. Holmgard (in Nature, February 10, 1923) criticises the purely 
tVg 7v® evidences presented by Berthelot, that the Latin Geber is not a 

nsl&tion of the Arabian Djaber, and expresses the hope that investigation 
as yet unexplored Arabian manuscripts may prove the contrary, though 

be says.that up to the present he has not found any Arabic works which can 
considered as the originals of the Latin treatises.

It is of interest that the title of Geber’s principal work, 
elaborated in the printed edition to Summa Perfectionis 
Magisterii, etc., is given in the earlier manuscripts by the 
Word Summa alone. Petrus Bonus (1330) often referring 
1° Geber, also uses only the title Summa. The statement 
made by Darmstaedter that no manuscripts of the three 
other works are known earlier than the first printed works, 
ls in harmony with the fact that Petrus Bonus seems to 
know only the Summa. It may be possible, therefore, that 
Ihe other works credited to Geber may be elaborations by 
later writers.

So far as present knowledge authorizes, we may assume 
that Geber was a European chemist, probably a Spaniard, 
^ho wrote largely from his own experience as a prac- 
tical chemist and metallurgist, and that his theoretical 
V1ews upon alchemy were those of the thirteenth century, 
^kich were largely the result of Arabian development. No 
"Arabian originals are known which might have been trans- 
ated by him nor which present so advanced a knowledge 
°I chemical processes. On the other hand he makes no 
claim to originality, and seems to have endeavored to give 
a dear description of the practice of his time.10
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Geber takes for granted that the supreme aim of the 
science is the removing of imperfections of metals so that 
they shall become “perfect.” He accepts the existence of 
the philosopher’s stone and of the elixirs, red and white, 
that in these elixirs red and white “there is no other thing 
than quicksilver and sulphur,” “and because all metallic 
bodies are compounded of quicksilver and sulphur—pure 
or impure—accidentally (superficially) and not in their 
first nature, therefore by convenient preparation it is pos­
sible to take away such impurity.” “The natural prin­
ciples of the metals are three; sulphur, arsenic and quick­
silver.” . . . “ Sulphur is a fatness of the earth thick­
ened until it be hardened and made dry, and when it is 
hardened it is called sulphur.” . . . “Arsenic is a 
subtle matter like to sulphur therefore it need not be other­
wise defined than sulphur.” . . . “Quicksilver is a 
viscous water united in the bowels of the earth with white 
subtle earth until the moist is tempered with the dry.” 
Expressions such as these illustrate how completely the 
author is dependent upon the conventional chemical phil­
osophy of the Arabian alchemists.

An extended discussion in scholastic style in the Summa 
Perfectionis concerning the various reasons why men—■ 
“sophists and ignorant men”—deny the truth and valid­
ity of the art, and his confutation of these reasons, does 
nothing to advance the knowledge of chemistry.

The work on “The Investigation of Verity or Perfection” 
contains descriptions of the preparations for coloring the 
baser metals white or yellow. These he calls medicines 
“white and red according to the nature and properties of 
the body (metal) to be transmuted.” As might be sup­
posed they are methods for staining or alloying of copper, 
lead and tin to present colors resembling gold or silver—■ 
though the writer claims that the applications of these 
medicines effect a real transmutation—“and it will be a 
medicine tincturing every metal and mercury itself into 
a true Sol (gold) or better.”
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While Geber in his theories is entirely bound by the con­
ventions of his period, it is very evident that it is the ex­
perimental work that is his principal interest, and though 
he considers all these as steps having ultimate bearing on 
the problem of transmutation, yet the operations of 
chemistry are with him not dependent for their interest 
°n this possible consummation.

The book on the Investigation of Perfection treats of the 
Preparation and purification of substances or reagents 
V'hich are useful for the perfecting of the metals, and 
the work is expressly intended to be an introduction to 
the main work, the Summa. It is confined to directions for 
Purifying salt, alkali, sal ammoniac, alums, copperas, and 
similar salts, and to obtaining the metals in the form of 
solutions. These directions are invariably perfectly clear, 
consistent and practical, for example:

Purification (Mundatio) of common salt.
“Common salt is purified in this way. First it is ignited, then 

dissolved in ordinary warm water, the solution filtered, the filtrate 
solidified by a gentle fire in a glazed dish. The solidified material, 
^hen calcined for a day and night with moderate fire, you may 
consider as sufficiently purified.”

Purification of sal alcali.
Sal alcali is purified like common salt; and it is sagimen 

Vitri/i First it is ground and entirely dissolved in ordinary warm 
Wer, afterwards filtered and solidified and calcined with gentle 
fire.”

Purification of Alum.
First of glacial alum. Many kinds can be used without any 

Purification. Nevertheless it is purified in this manner. It is 
Placed in an alembic and thus the whole humidity extracted; 
yhieh is of much value in this art. The residue (feces) remain- 

in the bottom of the vessel is either dissolved upon the stone 
ln some moist place, or extracted with water, or reserved.”

It is worthy of note that the distillate from alum which 
tori S^’men vitri is sodium carbonate according to Thomas Thomson, His- 

y °J Chemistry, London, 1830, p. 124.
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he says is of much use in the art would be a solution of sul­
phuric acid.
“Purification of sharp vinegar.

“Vinegar (acetum) and all that kind of sharp or sour substances 
are rendered subtle and purified, and their virtue or effect im­
proved by distillation.”

It is important to note that Geber as well as the Arab 
chemists uses the terms for vinegar and sharp waters 
without attempting to discriminate as to their specific char­
acter. In the Summa Geber states that complete solution 
of substance is effected by the use of acute, sharp and saline 
waters having no feces (solid residues), as vinegar, sour 
grapes, very sour pears, pomegranates and such like, dis­
tilled. That such vegetable acids do not constitute all that 
he means by sharp waters or corrosive waters, is made 
clear by the following from his book De Inventions Veri- 
tatis.

“And first as to our solvent waters of which we have 
made mention in our Summa where we have spoken of 
solution by the sharpness of waters.

“Take first one pound of vitriol of Cyprus and a half 
pound of salpeter and a quarter pound of laminated alum 
and extract the water at the red heat of the alembic, for the 
solvent power is great, and make use of it in the fore­
mentioned chapters: it will be made much sharper if you 
dissolve with that a fourth part of sal ammoniac, because 
it then dissolves gold, sulphur and silver.”

The distillate here described as obtained from the retort 
at redness would be a mixture of sulphuric and nitric acids, 
and by the addition of the ammonium chloride, hydrochloric 
acid. The solvent action of this acute or sharp water makes 
much more comprehensible the chemistry of many proces­
ses described, than if we assumed that the vegetable acids 
were the only ones used. It is probable that this is 
by no means Geber’s invention, but he is perhaps the 
first who describes the preparation so clearly and com­
prehensibly.
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The “preparation” of metallic bodies consists in gen­
eral in first heating the crude “bodies” (metals or metal­
lic ores) to expel all humidity and then in burning off all 
sulphur or other substances which can be removed by ig­
nition in the air (“calcination”), continuing the ignition 
Until the ore or metal itself is converted to a dry powder, 
and in treating the material thus obtained with these sharp 
or corrosive waters until solution is obtained. Easily fus- 
ible metals as tin and lead, after roasting at moderate 
temperature, are reduced in a perforated crucible contained 
xn another crucible under protection of a layer of melted 
glass, the reduced metal flowing out through the apertures. 
This is again roasted and treated again with sharp waters 
Uli dissolved.

Each metal differs in detail in this manipulation ac­
cording to its properties. The preparation of Venus (cop- 
Pen) will illustrate his method of description.

Venus is prepared by this method. A layer of common 
salt is placed in a crucible and above it thin plates of cop­
per, and above this a layer of salt and above this other 
Plates and so on continuously until the vessel is filled, then 
covered and luted. It is then placed in a furnace of cal­
cination for a natural day. Then it is taken out and that 
^hich has been calcined is scraped off and the plates re- 
Placed with fresh salt. And thus it is calcined repeatedly 
^ntd all the plates shall have been consumed or corroded 

the action of the salt and fire, because the salt corrodes 
Jae superfluous humidity and combustible sulphurity, and 
tae fire elevates the volatile and inflammable substance 
^th due proportion. It is then rubbed to the finest pow­
der and washed with vinegar until the water running from 
11 is free from blackness. (Probably the vegetable acids in 
?Se contain some tannin. The blackness would result from 

as an impurity). Again moisten it with fresh salt and 
.uiegar, and grind, and after grinding place it in the cal- 

cniation furnace in an open vessel and let it stand 
°r three natural days. Then it is removed and ground 
cU and fine and washed with vinegar well and long 

^itil cleansed and purged of all impurity. It is well 
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dried in the sun, then half its weight of sal ammoniac added, 
ground well and long until it shall become an impalpable 
substance. Then placed in the open air (sub divo) or in a 
bath of manure (in resolutionis fimo) until whatever is 
subtle shall be dissolved, renewing the sal ammoniac, if 
necessary, until all becomes water (that is, solution)- 
Honor this water which we have called the water of fixed 
sulphur, with which the elixir is tinctured, to infinity- 
These directions suffice for the preparation of Venus.”

The Summa gives detailed descriptions of the processes 
for distillation, sublimation, calcination and for the prep­
aration of various chemical substances. Details of di­
rections for construction of the furnaces are given with 
much minuteness and throughout it is evident that the 
writer is himself thoroughly familiar with the processes. 
The general characteristics of the metals, the readiness 
with which they form alloys, or with which they unite with 
sulphur, are well described, though these facts may also 
be found scattered through writings of earlier Greek or 
Arabian authorities.

It is of interest to note that in his description of lead, 
Geber mentions that in calcination it does not preserve its 
proper weight but is changed to a new weight. He ven­
tures no explanation however as to the cause of this phe­
nomenon. A later chemist, Eck of Sulzbach, supposed to 
have written about 1490, whose work Claris Philo so pho rum 
was printed in the Theatrum Chemicum, Vol. IV, states 
more specifically,

‘ ‘ Six pounds of mercury and silver amalgamated, heated 
in four different vessels for eight days showed an increase 
of weight of three pounds. This augmentation comes 
from the union of a spirit with the metallic body” (spiritus 
unitur corpori).12

12 Of. Hoefer, Histoire de la Chimie, 2d ed., I, p. 471; also Kopp, op. 0^"’ 
III, p. 119,

Directions for constructing a water bath are clear 
though the device is rather crude.

“In a pan place hay or wool three fingers deep, cover the 
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retort (concurbitum) with the same almost as high as the 
neck of the alembic and upon this lay many small sticks or 
weighty stones which by their weight may depress the hay, 
Or like material. Pour in water until the pan is full, then 
Place fire under it until all is distilled off. ’ ’

. The book on furnaces, De Fornacibus, is a concise descrip­
tion of furnaces and apparatus for particular purposes, 
illustrated with drawings to explain their arrangement. 
Just what were these illustrations in the original manu- 
Scnpt is not known. In the printed edition of 1545 they 
are evidently elaborated into finished engravings char­
acteristic of the period, but references in the text to fig- 
Ures show that drawings were also present in fhe manu- 
8cript. These engravings in the printed work are mainly, 
Hough not entirely, duplicates of illustrations in the Sum- 

^a, as though the work were intended to furnish an ab- 
reviated manual of furnaces and appliances for different 

operations.
It is not necessary to claim for the unknown writer of 

le Pseudo-Geber works any original contributions either 
,° the development of chemical philosophy or to advances 
111 chemical practice, in order to explain the great influ- 
®nce which he exerted on his successors for two or three cen- 
^’les. The fact that he presented to his world a manual 

the general chemical practice of his time, so clear and 
o°ncise as almost to make an epoch in chemical literature 
8 sufficient to account for the great stimulus which he 

exerted. Indeed it is not too much to assert that, as a 
anual and guide to the ordinary operations of chemis- 
y distillation, sublimations and furnace operations gen- 

?rdlly—and to many accessory operations with metals, no 
. er publication is known which rivals his before the 

81xteenth century.
to the personality of the pseudo-Geber we know 

of Bonus, erudite Italian writer on alchemy
. . ^0, the earliest writer to quote Geber extensively, calls 

^etier Hispanus and there is no reason for supposing 
at he is not right in it. The facts that he draws upon 
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the traditional Arabian chemistry and writes in Latin 
are quite in accord with the assumption that he is a 
Spanish chemist.

With the alchemists of later centuries no names after 
Geber had greater veneration as masters of the mystic 
art than those of Arnaldus of Villanova and RaymunduS 
Lullus (Lull or Lully).

Arnald of Villanova was a physician of high reputation 
in the latter part of the thirteenth century. He was born 
as variously stated in 1235 or 1248. There has been much 
dispute as to which of several towns named Villanova was 
his birthplace, but according to evidence presented by his 
biographer, Bartholome Haureau,13 he was a Spaniard 
from Catalonia, and probably also sometime a resident of 
Valencia. He had studied at Naples and from Arabian 
medical masters in Valencia, knew Arabic, and his medical 
doctrines were largely founded on Rhazes and Avicenna. 
In 1285 he was called to the court of Pedro III, King of 
Aragon. In 1300 he claimed Montpelier as his residence 
and is named among masters of medicine at that new 
medical university. While in Paris in 1299 on a mission 
of a business nature for the eldest son of Pedro III of 
Aragon, he was arrested on charge of heretical doctrines 
and prophecies. There followed a long contest, the final 
outcome being that he submitted to the Pope the book 
which had been condemned, and that this was finally re­
turned to him, absolving him from the charge. As he had 
however many enemies in Paris, personal as well as clerical, 
he left the city for a time, though in 1306 we hear of him 
again in Paris. In 1308 he was with Pope Clement at 
Avignon, and a little later he went to Sicily at the solici­
tation of King Frederick, to the court at Catania. In 1309 
he was at the court of King Robert, at Naples, where he 
was said to have written alchemical works. He met his 
death in 1311 or 1312 by shipwreck while on his way to --------------------- ------------------------------------- -----------_----—•

is Bartholome Haureau, Uistoire Littvraire de la France, 1881, XXVIlb 
pp. 26-126. 
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answer a summons to attend Pope Clement V then suffer- 
mg from a painful malady.

. Arnald evidently enjoyed a great reputation as a prac­
tical physician. He is also said to have achieved this 
reputation largely through his use of chemical medicines. 
He was interested in magic and alchemy and it is tradi­
tionally stated that in the presence of the familiars of 
Pope Clement V at his court at Avignon, he had turned 
Plates of copper to gold. In 1317, or about five years after 
his death, thirteen small books of Arnald were condemned 
by the Inquisition on account of fifteen heretical proposi­
tions. The titles of these books listed by Haureau are all 
°f a theological character and none alchemical. The works 
themselves are no longer extant.

Works upon alchemy attributed to Arnald, Thesaurus 
-^hesaurorum et Rosarius Philosophorum, and Novum 
^men, were much later listed by the Archbishop Sandoval

Toledo,14 among proscribed works.16 The texts of these 
treatises are contained in the collected works of Arnaldus, 
f°r example in the Basel edition of 1585.

Notwithstanding the reputation of Arnaldus as inter- 
e§ted in alchemy, there is much doubt as to the authorship 

alchemical works attributed to him. Schmieder lists 
wenty alchemical treatises attributed to Arnaldus. It is 

finite certain that these were not all by the same author 
^or all of the same period.

Haureau doubts that Arnaldus was the author of any of 
these. That five years after his death no such works seem 
0 have been known to the censors who proscribed other 

Writings by him is in itself ground for doubt. That any 
^orks under his name were unknown to a writer on al- 
chemy in 1339, Petrus Bonus16 who cites elaborately all 
authors known to him, is circumstantial evidence in the 
®ade direction. Either these writings, if authentic, were 
^P^secret during his life and for years after his death,

15 ^rchbishop Sandoval of Toledo was of the early seventeenth century.
10 (laureau, Histoire Litteraire de la France, XXVIII, loc. cit.

Post, p. 293.
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or they are like nearly all writings on alchemy which pre­
tend to personal achievements and claim to instruct in 
the art of transmutation, written by some impostor who 
seeks shelter under the name of a prominent scholar 
deceased.

H. Haeser17 says Arnald’s philosophical works were de­
stroyed by the Inquisition; that the alchemical works upon 
which his reputation in great part rests are in all probabil­
ity fraudulent and emanate perhaps from an Arnald who 
lived at Montpelier at the beginning of the fifteenth century-

it Lehrluck der Geschichie der ifedizin, 1875, I, p. 722.

The alchemical writings attributed to Arnaldus are 
characterized by the obscurity and charlatanry found in 
most of the anonymous alchemists of that century, treat­
ing of the transmutation of the metals, the red and white 
elixirs and their preparation, the philosopher’s stone, etc. 
The reasoning, as is characteristic of this class of works, is 
analogical and weak.

The following is a typical illustration of his attempt to 
establish that transmutation is reasonable and possible. 
It is from the Flos Florum, one of the articles in his col­
lected works.

“Ice or snow is converted by the action of heat into 
water. Therefore it was first water then snow or ice. But 
all metals can be converted into quicksilver, therefore they 
were first quicksilver. The method of converting them into 
quicksilver I shall teach below. But it being granted that 
a metal can be converted into quicksilver, there is refuted 
the opinion of those who assert that it is not possible for 
spirits Espiritus, that is volatile substances) and other ma­
terials to be transmuted into the elements and into the 
nature of metals, unless first reduced to their primal matter- 
This reduction to their primal matter is easy as I shall show 
below. Therefore the transmutation of metals is possible 
and easy. In the same way it can be shown you that the 
multiplication of metals is possible; for everything that 1S 
born and grows is multiplied, as is clear with plants and 
trees. For from one seed a thousand seeds are procreated,
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from one tree proceed infinite shoots from which are pro­
duced various and an infinite number of trees, and thus 
their number is increased and they multiply. But metals 
are born in the earth and grow, therefore augmentation and 
Multiplication in these is possible even to infinity,” etc.18 

The experimental methods which he gives for accom­
plishing the desired objects are complicated and contain 
Nothing of interest when they are at all comprehensible. 
Tiis philosophy of matter and its changes is the con- 
Veutional Arabian theory.

The most popular of his treatises in the fifteenth cen- 
tary and later was probably his Thesaurus Thesaurorum 

Rosarium Philosophorum (Treasure of Treasures and 
P°se Garden of the Philosophers). It consists of two 
Parts, the first in ten brief chapters gives the conventional 
Creek-Arabian doctrine of the origin and constitution of 
Metals, of sulphur, mercury, and the philosopher’s stone, 
an(l transmutation. The second part of thirty-two chapters 
e°utains seemingly specific directions for operations for the 
Preparation and purification of substances supposed to be 
M^essary for the preparation of the elixirs and the philos- 
°Pher’s stone. As Professor Thomas Thomson pertinently 
remarks,18

‘Perhaps the most curious of all these works is the 
osarium which is intended as a complete compend of all 
6 alchemy of his time. The first part on the theory of 

art is plain enough; but the second part on the practice, 
llch is subdivided into thirty-two chapters, and which 

Professes to teach the art of making the philosopher’s 
mm is in many places unintelligible to me.”
Hoefer20 thus summarizes his judgment on Arnald’s 

Wk:
To summarize, the works of Arnald of Villanova are al- 

°8t insignificant, because they contain not a single ob- 
fact of which the discovery is due to the author, 

JjW'e do not believe we have judged severely enough.”
VAVPaus, Opera, Basel, 1585, pp. 2044, 2045.
20 Chemistry, 1832, I, p. 42.

stotre de la Chimie, Paris, 1842, I, p. 394.
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Later critics have not seen reasons to modify the judg­
ment of these earlier historians, that no new fact or theory 
in chemistry is traceable to Villanova.

That, as a physician, his reputation may well have been 
deserved; and that he, in his practice, made successful uses 
of chemically prepared substances—as alcohol, arsenious 
oxide and mercury preparations—more generally than was 
customary among his contemporaries is also to his credit, 
though the chemical facts contained in these papers present 
nothing new. It is evident that he possessed a very exag­
gerated notion of the medicinal value of alcohol which he 
calls aqua vini or aqua vitae. The aqua auri or water of 
gold apparently contained no gold but was a yellow colored 
solution containing alcohol and rosemary—to which he 
attributed great curative value.

Among his medical treatises, two articles on poisons and 
on wines manifest a comprehensive knowledge, though they 
contain no new facts, and indeed draw largely, directly or 
indirectly, from Pliny and Dioscorides.

The name Lullus ranks with Geber and Arnaldus de 
Villanova high in the estimation of the alchemists of the 
fifteenth and sixteenth centuries. We have here, however, 
another illustration of a name respected for learning and 
piety being used by later writers as a shield for their for­
bidden activities. The real Raymundus Lullus was of 
Spanish nationality, born at Palma in Majorca in 1235, 
shortly after the conquest of the Balearic Isles from the 
Musselmen. He became a member of the Minorite friars, 
was a prolific writer on theology, philosophy, logic, and 
originated a system of graphic classification of syllogism9 
which attracted much attention. He was widely traveled, 
known at Paris, Rome, Naples, in Cyprus, and Armenia- 
His great passion was to convert the Mohammedans 
Christianity, in which mission he encountered hardship9 
and imprisonment. He was stoned to death in Bugia, Al' 
giers in 1315 while laboring in this cause.

There were doubts in the earlier centuries as to whethei 
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the alchemical works attributed to Lullus were actually 
Written by him, and the historians Kopp and Hoefer both 
freely voice their incredulity of the authenticity of such 
Works. The thorough and elaborate investigations of B. 
Haureau on the biology and works attributed to Lullus21 
and the later investigations of Berthelot22 establish beyond 
reasonable doubt that none of these alchemical writings is 
his own, but all are the production of Spanish or south

22 p' Haureau, Uistoire Litt&raire de la France, 1885, XXIX, pp. 1—386. 
Berthelot, op. cit., I, p. 351 ff.

France writers, written at times much later than Lullus.
is here not practicable to discuss in detail the evidences 

advanced to prove the falsity of the eighty works on al- 
ehemy printed or in manuscript, the titles of which are 
Siven by Haureau among the more than 300 works on all 
8uhjects which he there discusses.

Suffice it to say, that in two bibliographical lists of his 
Writings composed, one in 1311, the other in 1314, which 
are published by Haureau, no such work is included, that no 
*Uunuscript copy of any such work attributed to Lullus 
aas been found of date anterior to the fifteenth century, 
aud that many of his most popular and frequently printed 
Works profess to have been written in 1330 or 1332. In 
ajl Probability, however, even these dates are falsified and 
le works themselves of later origin. Haureau considers all 

uf these alchemical pseudo-Lullus works as not earlier than 
e fifteenth century.
It is also worthy of note that when in 1386 to 1394 cer- 

ain Works of the real Lullus were suspected and condemned 
?P°n the basis of heterodox theological expressions, there 
8 Uo reference to any of these alchemical works, which 

^°uld themselves at that time have given adequate cause 
ur condemnation. This alone excites a fair presumption 
at no alchemical works attributed to him were then 

nowm If We therefore ascribe to a pseudo-Lullus these al- 
}°niical writings, it is with the probability that more than 

.^J^ter masqueraded under that name, and none of 
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these works is, in all probability, earlier than nearly a 
century after the death of the real Lullus.

As to the general character of the best known of these 
works of the pseudo-Lullus, it is difficult for us to under­
stand the high repute in which they were held. Consider­
ing the period in which they were actually written, they 
contain remarkably few facts which were not known to 
writers previously discussed.

The Testamentum, in two parts, Theorica and Practica, 
seems to be one of the earlier works, as it is often referred 
to in other treatises assuming to be by the same writer. 
The Theorica is well characterized by Hoefer23 as “A tissue 
of generalities and speculative notions for the most part 
devoid of sense.” Of the Practica the same author says: 
“One would search in vain for clear and positive experi­
ments.”

23 Hoefer, op. cit., Paris, 1842, I, p. 400.
24 Thomson, op. cit., I, p. 40.
20 Gmelin, J. J., Geschichte der Chemie, 1797, I, p. 70 ff.

Professor Thomas Thomson24 says:
“I have attempted several times to read over the works 

of Raymund Lully, particularly his Last Will and Testa­
ment, which is considered the most important of them all- 
But they are all so obscure and filled with such unintelli­
gible jargon that I have found it impossible to understand 
them.”

Gmelin25 characterizes Lullus as the weakest (schwachste) 
of the great medieval authorities from Albert the Great to 
Arnald of Villanova, crediting him nevertheless with cer­
tain observations of chemical nature; the greater part of 
these however, as Hoefer later observed, were not new.

A work which is ascribed to Lullus but which as HaureaU 
has noted makes no claim to be by any author of that nam® 
but was issued anonymously and arbitrarily attributed to 
Lullus by editors or publishers, is called Experimenta and 
dated 1330. It contains statements that the author re­
ceived information as to at least two of the experiments 
described, from his friend Arnald of Villanova at NapleS 



CHEMISTRY OF FOURTEENTH CENTURY 293

(experiments number 19 and 23). He does not allude to 
any treatises written by Arnaldus, nor indeed is there any 
evidence that the date given for the work is authentic. It is 
apparently upon this shadowy foundation that is based 
the statement that Lullus was associated with Arnaldus 
at Naples.

These experiments, thirty-four in number, are all very 
circumstantially described but nevertheless are not very 
instructive. The term “aqua fortis” is used for nitric 
acid, the preparation of which however, though not under 
this name, was described by the pseudo-Geber. Whether 
this is the first appearance of the name “aqua fortis” is 
hard to decide on account of the uncertain date of this and 
°f other fourteeenth or fifteenth century works which con­
tain it. The preparation of a concentrated and purified 
syrup (oleum) of potassium carbonate from the igni­
tion of tartarum (argol from wine) is given with elaborate 
and partly useless experimental detail, but that had been 
8’iven by pseudo-Geber, intelligibly and much more con­
cisely. The author of Experimenta describes a more con­
centrated alcohol than early descriptions previously noted. 
Sc directs to take aqua vitae of the highest strength, such 
that it burns a linen cloth, and to again put it through the 
alembic. It may be recalled that earlier descriptions cited 
describe the properties of the product as such that it will 
n°t burn the cloth or the finger upon which it burns, evi­
dently therefore dilute.

An important writer of this period is Petrus Bonus, 
^ho is known through a book which bears the title: “Petrus 
Bonus of Ferrara, Physicus. Introduction to the Arts 
°f Alchemy. Composed in 1330 in the City of Pola in 
Stria. A Precious New Pearl (Pretiosa Margarita No- 
VeUa).”28 The dafe 1339 is repeated at the end of the 
w°rk, though 1339 is stated in the preceding paragraph 
a§ the date of completion of the work.

This work of Bonus is an elaborate and learned treat-
20 Manget, Liber III, Sect. I, subsection I, pp. 1-80. 
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ise on the philosophy of alchemy. He treats in scholastic 
fashion the subject in its various aspects, stating at great 
length for instance the arguments that the art of alchemy 
is not true, and with similar elaboration the reasons for 
believing it to be true. Though prolix it gives a very 
good account of the fourteenth century philosophy of al­
chemy. It was much prized by later alchemists, being often 
published and was translated into German.

He cites authorities profusely, and this is of importance 
from the fact that Petrus Bonus seems to have been a 
writer whose personality and date are generally accepted 
as genuine. The work bears all the character of an earnest 
and honest treatise. Authors whom he cites, he cites very 
frequently. Thus the works of (pseudo-) Geber,writtenprob- 
ably about 1300, are very often quoted, and apparently 
this is the latest authority he knows. There is no citation 
in his lengthy work, which is confined strictly to alchemy, 
of any treatise on this subject by Albertus Magnus, Roger 
Bacon, Thomas Aquinas, Arnaldus of Villanova nor Ray­
mond Lullus. It is impossible that he should have cited 
Lullus in 1330, because, as we have seen, this pseudo-Lullus 
literature is certainly none of it earlier, and probably all 
of it considerably later.

The omission of the other names is significant, as works 
of alchemical nature attributed to those men were at later 
dates very much esteemed, on account of the high repu­
tation of the men as scholars; and it seems safe to infer that 
if works like the Libellus de Alchemia, etc., attributed to 
Albertus, or the Speculum, Alchemiae, Breve Breviarium de 
Dono Dei, De Arte Chemiae, credited to Roger Bacon, or 
the various alchemical works credited to Arnaldus of Vil­
lanova, were then extant, that so conscientious a student 
of authorities as Petrus Bonus would not have been likely 
to have omitted them.

In the case of the work attributed to Albertus Magnus, 
as we have already noted27 it bears evidence of much later 

27 See post, pp. 359, 360.
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origin so that no critic longer considers it as original. As 
the strictly alchemical works of Roger Bacon, modern 

criticism tends more and more to consider all these as 
pseudonymous and the fact that they were unknown to 
Petrus Bonus strengthens the theory, that they were 
Written in the fourteenth rather than in the thirteenth 
century. As to Arnaldus, we have already noted that his 
alchemical writings were not included in the bibliographies 
of the writings in 1310 and 1311, and were also not included 
rn the list of books which, some five years after his death, 
Were condemned by the Inquisition censors. Had any of 
these writings been really authentic, and extant in 1330, 
it seems probable that Peter Bonus, so familiar with 
the works of the Spaniard Geber, would not have been 
^norant of the writings of the Spaniard Arnald of Villa- 
Pova, so eminent as a physician and for some time a resi­
dent of Italy. As Arnaldus is known to have died in 1311 
°r 1312, we may infer that this omission confirms the as­
sumption that if any of the treatises on alchemy were 
really written by him they were kept secret until some years 
after his death.

There is another alchemical writer called The Monk of 
Perrara whom Lenglet du Fresnoy (1742) considers to 
have written about 1280, or at latest at the beginning of 
rhe fourteenth century, because he quotes Geber, Morienus 
and the Turba, but says not a word of Arnaldus of Villa- 
uova or of Lullus. Schmieder also (1832) speaks of this 
alchemist and attributes to him a date of about 1200, be­
cause he mentions neither Albertus Magnus, Roger Bacon, 
■Arnaldus nor Lullus. So far as these considerations are 
concerned there is nothing that would necessitate placing 
the works of this writer earlier than the time of Peter 
Ponus, or in the first half of the fourteenth century, as 
according to the best evidence we now possess, the works 
°f alchemical character attributed to all these authors were 
n°t earlier than the early part of the fourteenth century 
ahd some of them much later. That he cannot have been 
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much earlier than Peter Bonus is evidenced by the fact 
that he does cite the pseudo-Geber.

The authors cited, and most of them frequently, by Peter 
Bonus comprise nearly all that are prominently quoted by 
writers who are known to have written before his time and 
who deal with the philosophy of alchemy. Thus among 
the ancients, Plato, Democritus (pseudo), Empedocles, 
Aristotle, “Philosophus,” Galen, “Hermes,” Porphyrus 
are cited. Of medieval writers, (pseudo-)Aristotle, Avi­
cenna, (pseudo-)Avicenna, (pseudo-)Rhazes, Morienus, 
Senior (Zadith), and Mesue; also cited is the Turba Philos- 
ophorum (a twelfth century composition), and the numer­
ous personages therein contained, Albumazar, Alphidius, 
Averroes, Hamec, Thebit, and Calid. Among the works 
and authors mentioned by him, the works of pseudo-Geber 
are apparently the only ones that were not known to Vin­
cent of Beauvais and Albertus Magnus or other thirteenth 
century writers.

Among alchemical writings of the fourteenth and fif­
teenth centuries, in so far as present evidences exist, must 
be included the ten titles given by Schmieder, ascribed to 
Albertus Magnus, twelve to Thomas Aquinas, twenty-five 
to Raymund Lully, fifteen to Roger Bacon, (Professor 
Thomson cites eighteen), and twenty or more to Arnald 
of Villanova, all of which are in great part, if not entirely, 
pseudonymous. All of these works however are so lacking 
in originality and valuable contents that the reputations 
of those men, all of them justly prominent on account of 
their authentic works, gain rather than lose by being re­
lieved of the responsibilities for the alchemical works 
ascribed to them.

This period was prolific in alchemical writings by many 
anonymous and pseudonymous writers or by persons whose 
dates and personalities are more or less vague and doubt­
ful. Prominent among these are Johanus de Rupescissa, 
about 1350; Richard Ortulanus, about 1350; Nicholas Flam- 
ellus (Flamel), 1330-1413 (?); Bernhard of Treviso, 1406- 
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1490; John Cremer, who claims to have met Lullus in Italy 
in 1330! !; Geo. Ripley, 1415-1490; Thomas Norton, English 
Writer who first appears in literature about 1600, and whose 
Popular Ordinal is dated or misdated 1477; Philip Ulsted, 
Who was teaching medicine at Freiburg in Breslau in 1500. 
Hortulanus, the alleged translator into Latin of a famous 
but purely mystical writing called the Tabula Smaragdina, 
supposed to have been written by the legendary Hermes, 
Was believed by Schmieder and other early historians to 
have been of the eleventh or twelfth century, but Berthelot 
asserts that he wrote about 1350.28 Two writers long cred­
ited by historians as belonging to the fourteenth or fifteenth 
century, who wrote under the pseudonyms of Basil 
Valentine and John or Isaac Hollandus, are known to be 
°f the close of the sixteenth and the beginning of the seven­
teenth century, and therefore have no place in this chapter.

28 Berthelot, op. cit., I, p. 234,

Of the works of all these writers, there is nothing that 
advances to any material extent the knowledge of chemical 
facts or thought, however they may have appealed to those 
who cultivated the philosophy of alchemy as such. Very 
^iany of these works enlarge upon the Arabian theories of 
matter and its changes without contributing anything new. 
Very many of them also are filled with extravagant claims 
and boasts as to what the authors have experienced or ac­
complished in prolonging human life or turning masses of 
baser metals into gold and silver.

When the art of printing with movable types had ad­
vanced so that printing books became easy, about 1500 A.D., 
Quantities of these alchemistical writings were collected 
and published, either singly or in small or great collections. 
Among the more important of these collections are the 
following:

Auriferae quam Chemiam Vocant.
Basel, 2 volumes, 1572, a 3d volume, 1610.

Theatrum Chemicum, Zetzner.
3 volumes, 1602, 2d ed. 6 volumes, 1613-1661.
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Bibliotheca Chemica Curiosa. J. J. Manget.
2 volumes folio, Cologne, 1702.

Theatrum Chemicum Britannicum. Ashmole.
London, 1652.

Bibliotheca Chemica. F. Rothscholzen.
1719.

Lenglet du Fresnoy, in his Histoire de la Philosophie 
Hermetique (Paris, 1742, 3 volumes), lists the titles of 
nearly a thousand treatises upon alchemy, in print.

In spite of the sterility of chemical literature, it should 
not be inferred that no progress in chemical arts or prac­
tice was made during this period. The workers in the 
practical arts of chemistry were not writing for the public, 
but nevertheless wTere not inactive. Such chemical indus­
tries as the making of glass, and coloring of glass, paper 
making, pigments, and metallurgy, were progressing 
steadily, though for information concerning the processes, 
we are indebted to works of a following century, when such 
books as George Agricola’s De Re Metallica, Biringuccio’s 
Pyrotechnia, and similar works of less importance made 
their appearance.

There was evidently in medical practice a considerable 
tendency to make available for medicinal uses the prepa­
rations of chemistry. That effort was more or less mani­
fested in the Materia Medica of Dioscorides and Pliny, 
and we have already alluded to the use of new chemical 
remedies by Italian physicians and by Arnaldus of Villa­
nova.

The Distilling Boole (Liber Distillandi), published by 
Hieronymus Brunschwygk in Strassburg in 1500, describes 
a phase of application of chemical methods to medical 
practice. The special purpose of the book was to apply 
the methods of distillation with steam to separating the 
active principles of medicinal agents from the nonessential 
matter. These medicinal agents were largely plants or 
herbs, but many other substances were evidently considered 
of similar value, and the distilled “waters” of ants, frogs, 
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oxblood, flies, and a great variety of similarly strange reme­
dies are described. These distilled waters were quite 
radical innovations upon conventional medieval pharma- 
cology.

The work of Brunschwygk had many successors devel­
oping the same kind of medicines.

The distilled waters of Brunschwygk’s descriptions have 
left little trace in pharmacology, but the attempt to utilize 
chemical methods in the preparation of remedies which his 
"Work illustrates was not without influence in helping to 
Pave the way for the more intimate connection of chemistry 
and medicine brought about by Paracelsus and his follow­
ers in the sixteenth and seventeenth centuries.20

The real importance of the movement illustrated by the 
distilled waters depends upon the recognition that drugs 
and other medicinal agents depend for their efficiency upon 
Pure principles, “spirits” or “quintessences,” and that 
these principles may be extracted by the methods of chem­
istry.
-------- ------------ ------ ------------------------------------------------------------------------

28 For a fuller discussion of the Liber Distillandi and its influence see the 
'nter’s article “Chemistry in Medicine in the Fifteenth Century,” Scientific 
Monthly, 1918, p. 167 ff.



CHAPTER VIII

THE PROGRESSIVE SIXTEENTH CENTURY

The centuries from the period of Geber to the beginning 
of the sixteenth century were, as we have seen, not dis­
tinguished by noteworthy advances in chemistry and that 
partly by reason of the bad name in which the alchemists 
were held. All kinds of chemical activities were under 
suspicion and there was little encouragement for the cul­
tivation of chemical philosophy, or for venturing outside 
the practice of the technical arts.

But those centuries were marked, however, by events and 
by tendencies that were preparing better conditions for 
scientific speculation and progress. The foundation in all 
European countries of new universities so importantly in­
augurated in the twelfth and thirteenth centuries continued 
actively in the fourteenth and fifteenth. In the fourteenth 
century over twenty new foundations were made; Italy 
led with Rome, Perugia, Treviso, Pisa, Florence, Pavia, 
Ferrara; France added Avignon, Cahors, Grenoble, Or­
ange; Spain added Lerida, Perpignan, Huesca; and in 
other countries were founded the universities of Prague, 
Vienna, Erfurt, Heidelberg, Cologne, Cracow, Buda and 
Funfkirchen. The fifteenth century excelled the fourteenth 
in the number of new foundations, more than thirty being 
recorded: in Italy, Turin and Catania; in France, Aix, 
Poitiers, Caen, Bordeaux, Valence, Nantes, Bourges and 
Besangon; in Spain, Barcelona, Saragossa, Valencia, Al­
cala, Palma in the Isle of Majorca; in the German Empire 
then including the Netherlands, Leipsic, Wurzburg, Ros­
tock, Louvain, Treves, Greifswald, Freiburg im Breisgau, 
Basel, Ingolstadt, Mainz, Tubingen, Great Britain added 

300
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St. Andrews, Glasgow, and Aberdeen; and there were also 
founded in this century the universities of Upsala in Swe­
den, Copenhagen in Denmark, and Pressburg in Hungary.

While the natural sciences then found little place in the 
curricula of these universities, at least in any form which 
Ave recognize as science teaching—and chemistry, youngest 
°f the sciences, least of all—yet gradually conditions were 
changing, the thoughts and experiences of men were widen- 
uig and gradually also the problems of natural sciences 
yere finding their way into university thought. Even chem­
istry, through the door of medicine, became a live subject 
111 the universities long before it was recognized in any 
formal way as a subject worthy of university teaching.

The discovery of printing by means of movable metal 
type in the latter half of the fifteenth century was a factor 
hardly less influential than the universities, making ac­
cessible to a vastly larger public in the form of printed 
hooks and pamphlets, material hitherto only accessible in 
laboriously and expensively copied manuscripts.

When at the beginning of the sixteenth century the 
spirit of unrest in theologic matters culminated in the 
Trotestant Reformation, and the censorship of the eccles- 
lastical authority was relaxed, a multitude of alchemical 
Writings which had circulated surreptitiously were printed 
and circulated freely. The secrecy and mystery which had 
surrounded them in the past gave them an interest and 
lrnportanee which most of them would doubtless never have 
received except for the previous censorship.

The capture of Constantinople by the Turks in 1454 and 
fhe breaking up of the Byzantine Empire resulted in the 
Scattering of the Greek scientists and made more available

Europe their accumulated manuscripts and scientific 
knowledge.

The discovery of America and of the ocean route to In- 
la (1498), were opening new centers of trade and com- 

Pierce.
^11 these influences were stimulating to new thoughts
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and wider interests, and we find the first half of the six­
teenth century marked by many great names in all lines of 
thought. Such are, for instance, Michael Angelo, Leonardo 
da Vinci, Rafael, Machiavelli, Ariosto, Martin Luther, 
Columbus, Thomas More, Erasmus, Copernicus, Rabelais, 
Melancthon, Vesalius, Cardanus, and the list might be 
greatly extended. In the field of chemical activity the six­
teenth century is marked by four great names, Theophras­
tus von Hohenheim or Paracelsus, (1493-1541), Vannucio 
Biringuccio, whose Pyrotechnia was published 1540, George 
Bauer or Agricola (1494-1555), and Bernard Palissy (1499- 
1589).

Before considering the work and influence of these men, 
certain anonymously printed works of German origin and 
important to an understanding of the progress of metal­
lurgy are to be noted. These are small hand books for the 
use of miners and mining chemists or assayers, which were 
first printed about 1500 or possibly even before that. They 
were frequently reprinted throughout the century, and at 
various places, usually with slight changes, under the titles 
of Ein Nutzlich Bergbucklein and Probierbiichlein. The 
first named is a little book dealing with the occurance 
of metals in the mines, general descriptions of ore-veins, 
etc. This work contains little of importance with relation 
to chemistry.1

i For a full discussion of these early booklets, see the appendix devoted to 
these early sources in Hoover’s translation of Agricola’s De Re Metallica- 
Their content and relation to Agricola’s work are also considered in the 
voluminous and valuable historical footnotes in that work. For the oppor­
tunity of examining the early edition here eited the writer is under obligations 
to Mr. Hoover’s valuable private collection of early works on mining and 
metallurgy.

Descriptions of the nature and origin of the metals fol­
low the conventional Arabian philosophy of the generation 
of the metals from sulphur and mercury in various degrees 
of purity and various degrees of combination and their 
relation to the seven planets. It is worthy of note, how­
ever, that bismuth (Wismuth) is mentioned in relation to 
its occurrence with silver veins, probably the first mention 
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of that metal. Agricola discusses it more at length in his 
Bermannus (1530).

The Probierbicchlein, on the other hand, is a treatise very 
important for the history of the development of mineral 
chemistry. It will be recalled that the work of Theophilus 
the Monk (ascribed to the latter part of the twelfth cen­
tury) contained much detailed and accurate information 
concerning the methods of separating gold and silver from 
other metals and from one another by so-called cementation 
Processes, but contained no reference to methods depend­
ing on the use of the mineral acids. Geber (about 1300) 
gives us our first definite information concerning the prep­
aration and use of the strong mineral acids in the treat­
ment of metals and ores. The Probierbiichlein reveals the 
nse of nitric acid and aqua regia in the systematic parting 
°f the metals as developed into a well conventionalized 
system. As has been justly said:

“This is the first written work on assaying, and it dis­
plays that art already full-grown, so far as concerns gold 
and silver, and to some extent copper and lead; for if we 
eliminate the words dependent on the atomic theory from 
modern works on dry assaying, there has been but very 
minor progress.”2

2 Hoover, op. cit., note p. 614.

Hoover lists twenty-one editions of the Probierbuchlein 
Hom the earliest about 1510, to 1782, though this list makes 
110 claim to completeness. The earliest edition known is 
without date or place, but estimated at the British Museum 
as probably printed at Augsburg in 1510. It is this edi- 
Gon from which the following illustrations are drawn.

It is of interest to note that the manufacture of various 
balances for the laboratory seems to have been well de- 
vcloped. The directions say:

“First order a good and accurate Cologne or Nurnberg 
assay balance with a long beam which is adapted and 
Proper to lift the silver button (Korn). Take care that you 
Gft nothing heavy with it, for by that the balance will be 
amed and [weigh] false.
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For a second you should have a one-way balance that is 
stronger, with which you weigh copper and ore for the 
assay hundredweight.

For the third you should have a balance for weighing 
added material (Zusatz) and lead, which carries 23 or 24 
Lot (Lot is a half ounce). It must be quite strong so that a 
Marek (half a pound) can be weighed on it.”

A later edition of the Probierbiichlein (1533) gives wood­
cut illustrations of these three balances, as does also Agri­
cola in his great work.

The assay weights are described, and are on the same 
principle as the modern assay ton weights, except that the 
standard is not a ton but the hundredweight, the centum- 
pondium. In the making of the weights (of brass) this 
hundredweight is not standardized but taken of any con­
venient weight and the fractional weights carefully made to 
exact parts of the large one.

The use of a fine grained black stone, the “touchstone,” 
for determining the relative proportions of gold and sil­
ver in coins or other alloys is of very ancient origin. Theo­
phrastus describes it, and Pliny, though describing the 
process inaccurately, applying it to the ore (vena) instead 
of to metals themselves, says that persons of experience 
can tell in a moment the proportions of gold and silver or 
copper “their accuracy being so marvellous that they are 
never mistaken.” 3

b See ante, p. 60,

The Probierbiichlein contains elaborate directions for 
making sets of standard touch needles for comparison with 
alloys to be tested by their streak on the touchstone. These 
sets are composed of alloys of silver and gold, silver and 
copper, gold and copper, and gold, silver and copper. Each 
set numbers, usually, from twenty to thirty needles. Agri­
cola’s De Re Metallica incorporates these in his more sys­
tematic account.

To make cupels for assaying it is directed to “take horse 
bones burned and pulverized, and wood ashes, well washed,
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with an equal part of the bone ash, moisten these and 
strike cupels, which are good. On the newly made cupels 
sift through a very fine sieve on the deepest part bone ashes 
from calf’s head or fish bone or pike’s head to thickness 
°f a poppy leaf, and then give it a blow with the stamp. 
This gives good cupels. Let them dry well and the older 
such cupels are the better they become. Sprinkle burned 
and powdered pike bone on the cupels when you wish to 
test an ore.”

The following recipes will illustrate the character of the 
Very modern-sounding directions of this little book at the 
beginning of the sixteenth century.
“To test ore by sal alcali.

“All metals or ores can be melted and tested in a small 
sample, however infusible.

“Take for one pound of ore, or what you wish to melt, 
two pounds granulated lead, five Lot (2% oz) salt, five Lot 
‘‘sal alcali,” a lye made from willow ashes and quick 
bme, five Lot corpus mortuus, that is the mud or residue 
from, parting water, five Lot argol (tartar) and heat in a 
Viennese crucible, and cover it so that nothing unclean 
^ay fan into it, and let it fuse in the blast to a regulus 
(Kbnig) which then test.”

The test referred to was by burning off the lead and 
determining by the touchstone or by wet analysis the com­
position of the metal.
‘To separate silver from gold.
“Take one part of silver which contains gold, one part 

Spiessglas (antimony sulphide), one part copper, one part 
*ead, and fuse together in a crucible. When melted pour 
into a crucible containing powdered sulphur, and as soon 
as poured in cover it with a soft clay (laymen) so that 
fbe vapor cannot escape. Then let it cool and you will find 
your gold in a regulus. Place this on a dish and submit it 

the blast (verblass).
To reduce silver to a powder and again to silver.
“Dissolve in aqua fortis; take the resulting water and 

Pour into bad [impure?] water which is warm or salty, 
and the silver settles as a powder. Let it settle well, pour 
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off the water and dry the silver powder (silver chloride). 
“To make silver again from it.

“Take the powder, place it on a cupel (testa), and add 
to it the powder from the residue of the aqua regia and 
add lead, and subject it to the blast when there is enough 
lead so that it encloses the powder. Otherwise it would be 
blown away. Blast it till it “blickt” (flashes).
“To separate gold from silver.

“Beat the silver, in which you suppose gold to be con­
tained, very thin, cut it in small pieces and lay it in strong 
water and set it in a gentle fire until warm and as long 
as it gives off bubbles. Then take it and pour off the water 
into a copper dish and let it stand and cool. The silver 
then settles in the copper dish. Let the silver dry on the 
copper dish after the water is poured off, and melt the 
silver in a crucible. Then take the gold from the glass 
flask and fuse that to a lump.”

The gold in the silver remains undissolved by the nitric 
acid and the silver solution was evidently decanted or 
filtered from this before pouring into the copper dish.

An edition entitled Bergwerclc und Probierbuchlein pub­
lished in 1533 at Frankfort am Main, republishes verbatim 
a large part of the above noted 1527 Bergbuchlein, and ver­
batim also a large part of the 1510 (?) Probierbuchlein, 
but adds a considerable amount of new matter on solution 
and separation of the metals, on the polishing of gems, 
preparation of excellent waters for separation and solu­
tion of ores, and on precautions against the evil effects of 
poisonous metallic vapors.

The following direction for making strong water to dis­
solve all metals is more specific than that given by the 
pseudo-Geber, but essentially the same process:

“Take one pound plumous alum, one pound vitriol, and 
one pound saltpeter, pulverize well, put in a glass, set over 
it a glass flask (alembic), cement the joints with lutum 
sapientiae, which is made from one part strong potter 8 
earth, two parts well sifted ashes, one part sand, mixed 
to a dough with a little water. Spread it on and let it dry 
before putting on the fire. Then distil with gentle fir0 
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until the first water is over, that is until the water begins 
to be yellow or till it is colored. Then receive it in another 
vessel. As soon as the yellow changes to red, there comes 
°ver the strongest water. Receive that in a special vessel 
und wait with all care until it is quite clarified. Let it 
stay until all is distilled off. This last must take place with 
a good strong fire. Then you will have the right water 
that dissolves all things. Stopper it well so that no odor 

strength escapes. You can keep it in a thick strong 
glass two days.

“If you wish to make it twice as strong; take one part 
alum, one part green vitriol, one part saltpeter, one part 
tucia. Pulverize and distil as above. It has indescribable 
strength. ’ ’

Plumous (feathery) alum is a variety mentioned also by 
Pseudo-Geber. The ancient and medieval chemists men­
tion many varieties of alum—some of them being really 
vitriols—but at this time all varieties are apparently va­
rieties of alum proper, or at least sulphates of aluminium. 
The three fractions distilled in the above process were
Manifestly, first a dilute nitric acid, second a strong nitric 
acid with some sulphuric, and third largely sulphuric with 
some nitric. The use of tucia in the second recipe is of 
^oubtful advantage. Tucia was a crude zinc oxide, and 
ris addition would seem to have no other influence, if any, 
than to hold back some sulphuric acid from distilling over. 
The ProbierbucJilein contains many other recipes for 
strong waters, some of them containing salt or ammonium 
Miloride and yielding aqua regia. Not all the ingredients 
added, however, are of any real significance in the process. 
. The formation of silver amalgam is described by dissolv­
es silver in aqua fortis and then:
. “Take the dissolved water, set in warm ashes and place 
111 the shade in a warm place. It will solidify to a hard 
stone. Set in a bath of horse-dung so hot that the hand 
Can scarcely be held in it and in six weeks it will be a clear 
pater. Set it aside again as before and you will have the 
((Ml°sopher’s Stone upon which the art depends.

To project this medicine upon a quicksilver:



308 THE STORY OF EARLY CHEMISTRY

“Take 70 ounces quicksilver put in the furnace and blast 
it until the quicksilver is hot, then throw upon it one ounce 
of this stone and it melts like butter, penetrates all the 
parts (Glieder) of the quicksilver and turns it into fine 
silver which stands all the tests.”

There is here a touch of alchemical pretention, in the 
interpretation of the result of this experiment, which may 
give a solid silver amalgam, but does not solidify the en­
tire mass of quicksilver, when used in these proportions.

Warnings and precautions against the danger of poison­
ous gases from charcoal fires, lead and mercury fumes, 
and from the strong waters are given. Workers are ad­
vised to work in the open air, to cover the mouth, and it is 
advisable “some say” to eat garlic before and after the 
work!

These little books give many detailed directions as to 
apparatus and furnaces used in preparation of ores, separ­
ation of the metals, and other processes relating to metal­
lurgy and assaying. They are extremely interesting aS 
evidencing a well established technique which doubtless had 
an uninterrupted development from ancient times, and 
of which the book of Theophilus the Monk in the twelfth 
century and Geber at the end of the thirteenth century are 
illustrations of well defined stages. All these processes 
were to find their most complete summing up in the great 
work on mining and assaying of George Agricola.

In 1493 Theophrastus Bombastus von Hohenheim called 
Paracelsus was born in the village of Einsiedeln m 
Switzerland. He was a man of eccentric personality who 
was destined to exert an epochal influence on medicine and 
chemistry. His father, Wilhelm Bombast von Hohenheim? 
was a practising physician in Einsiedeln, was married to a 
woman in the service of the “Gotteshaus unserer lieben 
Frau zur Einsiedeln,” and Theophrastus seems to have 
been an only child. When Theophrastus was nine year8 
old the family moved to Villach, in Carinthia, a mining 
region and seat of a mining school founded by the Fuggm’s 
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of Augsburg. It is very evident that his youth, passed in 
this mining region, and largely given to instruction in 
medicine by his father, afforded him many opportunities to 
become acquainted with the operation and facts of mining 
chemistry. It also appears that in early manhood he passed 
the better part of a year in the laboratory of a certain 
Sigmund Fiiger in Schwatz. Paracelsus alludes with 
gratitude to the instruction of Fiiger and to his experience 
With Fiiger’s helpers. Throughout all his writings, 
Whether on medicine, surgery or natural science or occult 
science, Paracelsus constantly draws for illustration or ex- 
ample upon his chemical knowledge and experience. Pri­
marily Paracelsus was a physician. His medical education 
Was probably inconsecutive, and it is not known where he 
received his degree of doctor. His adversaries later dis­
puted his right to the title, a matter which he dismissed 
disdainfully. In his earliest medical works he writes his 
title as doctor, and alludes in 1527, in one of his defenses 
against his critics, to his doctor’s oath, asking to whom this 
°ath was taken whether to the apothecaries or to the sick.

From about 1518 to 1525, Theophrastus served a large 
Part of the time as army surgeon in the Danish wars, the 
Netherlands and in the Neapolitan wars, returning from 
bis travels to German territory at the age of about 32 years, 
With experience which qualified him to make a distinct im­
pression as a practising physician. He was by that time a 
man of marked individuality, great self-confidence, strongly 
mfluenced by the spirit of revolt from traditional authority 
characteristic of the period of the Revolution, and imbued 
With the mission to free the practice of medicine from the 
domination of the traditional doctrines of Galen and Avi­
cenna, and to further the founding of medicine upon inde­
pendent observation and experience. And to chemistry he 
°°ked as an important factor in the new development of 

Radical practices. Having attracted attention by success- 
ui treatment of prominent patients, he received in 1526 

aPpointment as city physician of Basel, and was ex-officio 
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professor in the university. Here his violent opposition 
to the accepted authorities, his unconventional practices 
and his aggressive temper brought him speedily into con­
flict with the medical faculty and profession, resulting in 
his abandonment of his position and his flight from Basel 
within a year.

From this time on his life was one of wandering and 
frequent hardship, in continual warfare with the conserva­
tive medical profession, while attracting many radically 
inclined adherents. He wrote voluminously but during his 
life time only a few of his more important medical or 
surgical works were published. The opposition of the 
faculties more than once blocked his plans of publication. 
He died in 1541 in his forty-eighth year, in the city of Salz­
burg in Austria.

The movement he had inaugurated gained rather than 
lost momentum by his death. Works he had published 
passed through several editions and copies of his manu­
scripts were jealously treasured by admirers. Several 
such collections of his manuscripts were known. About 
twenty-five years after his death there began almost a rage 
for works by Paracelsus, and several publishers vied in the 
publication of works not hitherto printed. In 1589 a pub­
lisher of Basel—Johann Huser—published his complete 
medical and philosophical works, in eight octavo volumes, 
these being reprinted in 1603 and 1616, while his surgical 
works were collected by the same publisher and issued in- 
1603 and again in 1618.

The chief contentions of Paracelsus; that the medical 
men ought not to be satisfied with leaning on the dicta of 
the ancients, but should use their own observations and 
experience unbiased by inherited dogmas; that to chemistry 
medicine should look for a fundamental support for medical 
practice; and that chemists or alchemists should seek a 
productive field for their activity in preparing new medic­
inal agents, appealed more and more to the younger medi­
cal and chemical generations of the progressive-minded.
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The mass of writings published by Huser was from vari­
ous sources. Some were from manuscripts treasured by 
former students, many from well known collectors of Para- 
oelsus literature, some written up from lecture notes, some 
of dubious origin and some obviously spurious and so 
recognized by Huser, who nevertheless included them in 
the collection because they had appeared under the name 
°f Paracelsus. The larger part perhaps were published 
hy Huser from the original handwriting, though here it 
May be that they were at times only copied by Paracelsus 
from other writings for his own use. Certain it is that 
there is great variety in style and substance, and there is 
Much uncertainty as to the authenticity of many of the 
^orks attributed to him. The works which deal more speci­
fically with chemical subjects were printed from about 1567 
°n—the Archidoxa, Von Naturlichen Dingen, De Natura 
Rerum, Von Metallen, De Mineralibus, De Cementis Metal- 
^rum, etc. As, however, none of these writings has been 
found in any previous author, and none of the original 
Manuscripts appear to be still in existence it must be as- 
8umed that these works are from the pen of Paracelsus, 
though uncertainty exists as to the degree of elaboration 
Or interpolation at the hands of various editors, which 
May have taken place in some of these writings.

_ During the seventeenth and eighteenth and well into the 
Mneteenth century, when it was assumed that the writings 
of the pseudo-Basil Valentine and the Hollandus, father 
Mid son, were of the fifteenth century, Paracelsus was sup­
posed to have drawn principally upon these authors for 
Many of his chemical facts and theories. Now, however, 

Mt modern research has shown that all of these works are 
°f later origin than the publication of the works of Para- 
celsus the relation is reversed.
. Drom the works which include his more specific chemical 
Mformation, such as the above mentioned, it appears that 

M’acelsus possessed wide information on the chemistry 
fiis time. His descriptions of processes and operations 
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are numerous and various. They are often carelessly 
edited, often incomplete and explained by fantastic and 
unconventional theories.

Many of his operations on ores and metals are very 
manifestly derived from such books or manuscripts as are 
illustrated in the Probierbiichlein. Illustrations of this 
style of description are the following:
“Of the separation of the elements in metals.

“The separation of the elements from metals is a process 
in which you should provide yourself with good apparatus, 
and with experienced manipulation and workmanship- 
First make an aqua fortis thus: take of alum, vitriol, sal- 
nitri, equal parts, distil to a strong aqua fortis, return 
that to the residue and distil a second time in a glass flask- 
Dissolve in this silver and afterwards dissolve in it sal 
ammoniac. After this is done take the metal in thin plates 
and dissolve it in the water. When that has taken place 
separate it in the water bath (balneo maris), pour it over 
again until an oil is found at the bottom; from gold almost 
brown, from silver almost bluish, from iron red to almost 
black, from mercury quite white, from lead lead-colored, 
from copper quite green, from tin, yellow.

It is indeed true that not all metals are converted to an 
oil unless they have been first prepared. So mercury should 
be sublimed, lead calcined, copper converted to flowers (that 
is, oxidized), but gold and silver yield easily to it.”4

4 Archidoxa, Liber III, Opera I, p. 792.

This description is less clearly given than similar descrip­
tions in the Probierbuchlein though practically the same- 
It is, however, evidently not free from errors, apparently 
due to too hasty condensation. It continues in an effort to 
explain how eventually the metals are separated into their 
constituents air, earth and water, quite after the style of 
fourteenth century philosophizing.
“To separate the elements from marcasites.

“Take any marcasite you please, wismuth, talc, or kobalfi 
garnets and things similar, one pound; add one pound 
saltpeter, crush and rub them together, heat in a flask 
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"with alembic, and keep the water that passes over, and 
crush that which remains on the bottom and lay it in aqua 
fortis so that it dissolves to a water. After that add the 
^ater before collected and distil it all to an oil as pre- 
viously described for metals. And by the same process 
separate the elements from one another. The margarita 
aurea is to be understood as like gold, argentea marcasita 
as like silver, wismuth as like lead, zinetus like copper, talc 
like tin, kobalt like iron, and this will suffice for the com­
plete separation of the kinds of marcasites. ’ ’6

' Arcjuflox^ Piter, III, op, fit., p. 793,

“Wismuth” we have seen was mentioned in the Pro- 
bierbiichlein, Kobalt is also there mentioned, though there 
18 much doubt as to just what these terms meant. Kobalt 
Seems to have meant generally a troublesome mineral to the 
piners. Paracelsus, in the book De Mineralibus, describes 
it thus:

“There is a metal from Koboleten, this metal can be 
Poured, flows like zink, has a particular black color, blacker 
than lead and iron, but with no luster or metallic appear- 
ance, can be beaten and hammered but not so much that it 
filight be used for anything.”

Even Agricola does not make clear just what this Kobalt 
but says it is a kind of cadmia, which usually means a 

Z1nc oxide or zinc ore.
In a work The Transmutation of Metals; on Cements, 

Paracelsus describes the composition of some half dozen 
fixtures for separating gold from silver, or gold from 
CoPper or from silver and copper by cementation. These 
fixtures consist essentially of antimony sulphide, common 
8aIt, brickdust, sal tartar or argol, vitriol, alum, sometimes 
Wr, flos aeris or copper oxide, and other constituents, 

he mixtures and their application are not very different 
i’om, (though not identical with), the many similar ce- 

fi)entation processes in the Probierbuchlein, nor from those 
Siven by Agricola. The descriptions are less careful and 
Complete as given in those sources. If published as origi- 
J^]ywritten by Paracelsus, they bear evidence that he was 
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familiar in a general way with the laboratory methods in 
the mining laboratories.

A work entitled De Natura Rerum bears, in its dedication 
the date of 1537 at Villach. It was first printed in 1573 and 
Professor Sudhoff, the greatest authority on the writings 
of Paracelsus, doubts the authenticity of all portions of the 
nine books comprising the work." This work contains much 
of chemical facts and processes and is of interest for the 
chemistry of the time.

In general this treatise accepts the customary Arabian 
theory of the origin and generation of the metals, with the 
exception that in addition to the origin from sulphur and 
mercury he introduces a third constituent, salt (sal)- 
With the Greek alchemists and their Arabian followers, he 
believes in the gradual growth of the metals, and the ripen­
ing in the earth of imperfect into perfect metals. Also he 
credits the power of alchemy to so mature the imperfect 
metals and minerals.

“Namely in all ores in which the immature metal exists 
it can be brought to ripeness by the skillful devices of the 
alchemist. So also may all marcasites, garnets, zinc, co­
balt, talc, cachimia, wismuth, antimonium, etc., which all 
contain immatured gold and silver be so matured until they 
resemble the best gold and silver ores, by cohobation.”

Cohobation was the repeated treatment by liquid agents, 
by repeated pouring on and drawing off, or by distillation.

The character of specific chemical actions as described 
may be illustrated by his discussion of the mortification of 
metals (from mors “death,” a term much used by the early 
alchemists for any process which seemed to deprive metals 
of their life or spirit. In general it corresponded to any 
process which we should call direct or indirect oxidation)-

“Iron: Take steel beaten to thin sheet, ignite it and 
quench in strong wine vinegar. Perform the ignition and 
quenching so often that the vinegar is a fine red, and 
when you have enough of it pour it all together and distil

o Prof. Karl Sudhoff, Hohenheims TMerarische Hinterlassenschaft, Atti del 
Congresso Internationale di Seienze Storiche, Roma, 1903, XII,
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°ff the moisture of the vinegar and bring to a dry powder. 
That gives a noble crocus martis (ferric oxide). There is 
another process to make crocus martis which is in some 
respects better and prepared with less trouble and expense. 
This method is that the thin-beaten steel plate is stratified 
and reverberated with equal parts of sulphur and tartarum 
(argol). This gives an extremely beautiful crocus which 

removed from the steel plate. Likewise you should know 
that any iron or steel sheet wetted with aqua fortis also 
gives a fine crocus. Also with oil of vitriol (oleum vit- 
rioli), with water of salt, water of alum, with water of sal­
ammoniac, water of saltpeter, or with sublimed mercury. 
All of these kill (mortify) the iron, destroy and consume 
it and convert it to a crocus.”

For use in medicine he directs to use only the first two 
Preparations, though others are used in chemistry. He 
explains further the preparation of the waters above em­
ployed which are merely water solutions of salts named. 
The mortification of copper, lead, mercury and other metals 
18 similarly described, with products such as verdigris, 
Vhite lead, corrosive sublimate, or the various oxides, etc. 
In some cases, as with gold, the processes are elaborate 
but the fancied results are not capable of rational inter­
pretation.7

7 The reader who is desirous of obtaining a more adequate idea of the 
> cnt and character of Paracelsus’ chemistry may consult the English trans- 
2। On by A. E. Waite, The Hermetic and Alchemical Writings of Paracelsus, 
tU0u.Ines, London, 1894. The work suffers from being translated, not from 

e originals in German, but from the Latin version, itself very faulty.

As with mortification, so Paracelsus deals at length with 
Ihe “resuscitation of natural things.” Processes here de- 
scribed with respect to the metals are any processes by 
^hich the metals are reduced from their compounds to the 
^etallic state. Thus mercury can be “resuscitated” from 
C1nnabar, or from mercury precipitate by rubbing to a fine 
Powder, mixing with egg albumen and soaps, making into 
balls the size of hazel nuts and heating in an earthen flask 
^ith a perforated iron plate luted to the neck, heating in a 
strong fire and distilling “per descensum” into cold water.
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‘ ‘ Thus you have again quicksilver. ’ ’ The following descrip­
tions of the separation of gold and silver, and silver from 
copper, closely resemble similar processes in the Probier­
buchlein, but the descriptions are less complete.

“The separation of metals in aqua fortis, aqua regia, 
and other similar strong corrosive waters is thus: that the 
metal which has another mixed with it is taken, and in thin 
sheets or small granules, placed in a parting flask (scheyd- 
kolben) and common aqua fortis poured on it in sufficient 
quantity. Let them then work upon one another until the 
metal is entirely dissolved to a clear water. If it is a silver 
which contains gold, the silver will then be all dissolved 
to a water and the gold be calcined and settle on the bot­
tom like a black sand. And thus are the two metals gold 
and silver separated. But to separate the silver alone 
from the aqua fortis without distillation, and to precip­
itate it like a sand, and from solution to attain calcination, 
you should throw into the solution copper in sheets. Soon 
the silver will sink in the water or precipitate and settle 
like white snow to the bottom of the glass and the copper 
begin to be consumed.

“The separation of silver and copper in a common aqua 
fortis is as follows: in the same manner as above given, 
silver containing copper or copper containing silver, in 
thin sheets or small granules is placed in a glass flask and 
aqua fortis poured on until enough is added. The silver 
will then be calcined and settle on the bottom as a white 
calx, but the copper be dissolved to a transparent water. 
If now this water be poured off through a glass funnel from 
the silver calx into another glass, the copper dissolved in 
the water may be precipitated by a foul common rain water 
or running water or warm salt water and settle like a sand 
on the bottom of the flask.”

It will be noted that in the separation of gold from silver 
the aqua fortis used must be free from hydrochloric acid, 
while in the separation of silver from copper the aqua fortis 
must have contained hydrochloric acid to have separated 
the silver as chloride. Paracelsus does not discriminate 
however. So also the description of the foul waters used
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for precipitating copper from its solution is very inade­
quate. Such waters must have contained either sulphides 
°r alkaline carbonates.

“The separation of hidden gold from every other metal is 
effected by extraction in aqua regia, for this water attacks 
to dissolve no other metal than fine gold alone.” This is 
a loose and incorrect statement.

In the body of Paracelsan literature printed between 
1536 and 1580, there occurs a great mass of chemical detail, 
and much chemical philosophy. Assuming in the lack of 
Positive evidence to the contrary that all this is really by 
Paracelsus, which is doubtless not the fact, yet there is 
apparently nothing in the specific facts noted by Paracelsus 
that would justify the conclusion that he was a real investi­
gator or a discoverer of any important facts in chemistry. 
His influence upon the development of chemistry is not to 
be accounted for by his chemical discoveries. It is per­
haps true that in the great number of chemical data and 
Processes contained in his works and works attributed to 
bim, there are none which were not a part of the common 
knowledge of the chemists of his day, and may not be found 
in multitudinous chemical and alchemical writings previous 
1° his time. His great prominence was due largely to his 
vigorous personality and to his radical tendencies.

It is also true that many of the statements are inaccurate, 
notable exception is his characterization of the metal 

$inc. This name first appears in his writings, though doubt- 
ess here also he is citing a name which was in use in some 

mining region, though not in general use. That the metal 
itself had been prepared before his time is beyond doubt, 
though descriptions of it are not clear. As however, cad- 

or calamina, ores of zinc, were used in the making of 
brass from about the first or second century before Christ, 
and remembering the very easy reduction of such ores to 
He metallic state, it is inconceivable that it should not have 
been prepared, though not recognized as a distinct metal, 
^either the Bergbuch nor the Probierbuchlein mentions it.
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Agricola does not mention it in his De Re Metallica nor in 
his other works until the revised edition of his Bermannus 
printed in 1558. Paracelsus, however, mentions it in his 
Chronica des Landts Kornten (Carinthia), dated August 
24, 1538, a work of unchallenged authenticity, for he placed 
it in the hands of the authorities of the archduchy of 
Carinthia in the expectation that it would he published 
and in their archives it remained until surrendered to Huser 
for publication in the collected works. In this work dealing 
with the natural and mineral resources of Carinthia, he 
says:

“There are also many kinds of mines in this land, more 
than in others; at Bleyberg a wonderful lead ore which 
has not only supplied Germany but Pannonia, Turkey and 
Italy. Similarly there are iron ores at Hiitenberg and 
vicinity richly endowed with a particularly excellent steel- 
Also much alum ore which is mined and utilized. Also 
vitriol ore of high grade. Also gold ore and wash gold 
(placer gold) excellent in quality which is found not­
ably at St. Paternioms. Also the ore Zincken which is not 
elsewhere found in Europe, a very strange metal much 
stranger than others. It also has excellent cinnabar ore 
which is not without quicksilver. ’ ’8

8 Paracelsus, Opera, folio, 1616, Strassburg, I, p. 251.
9 Paracelsus, Opera, folio, IT, p. 134.

In De Mineralibus he says
“A metal is that which can be made into an instrument 

by man. Such namely are gold, silver, iron, copper, lead, 
tin; for these are generally known as metals. Now there 
are some metals which are not recognized in the writings 
of the ancient philosophers nor commonly recognized aS 
such and yet are metals: as Zincken, Kobaltet which may 
be hammered and forged in the fire.”

And again:
“There is also another metal called Zincken. . . • 

This is not generally known; it is in this sense a metal of 
a special kind, and from another seed. Yet many metals 
alloy with it. This metal is itself fusible for it is fro# 
three fusible elements (meaning doubtless, sulphur, mer- 
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cyry, salt), but it possesses no malleability but only fusi­
bility. Its color is different from the colors of others, so 
that it is not like other metals in growth. And it is such a 
metal that its primal matter is not yet known to me. For 
xt is nearly as strange in its properties as quicksilver. It 
admits of no admixture and does not submit to metallic 
Manufactures but stands by itself.”10

jiMu-acelaus, Opera, folio, II, p. 137.
■Varacelsua, Opera, folio, I, p. 656.

In his Bergkranlcheiten, or diseases pertaining to mining, 
be also refers to the vapors from zinc as injurious along 
^ith mercury, etc.11

Again in the Philosophia he refers to zinc in connection 
^ith a fanciful theory of the origin of the metals, in which 
be says:

• . . Zincken which is a metal and yet none, also 
bismuth and the like which fuse and to some extent are 
Malleable. And yet although they are somewhat related 
t° the metals through their fusibility, they are only bas­
tards of metals. That is, like them and yet unlike. Zincken 
18 for the most part a bastard of copper, and Wismuth of 
tin.”

This characterization of zinc and bismuth as bastard 
metals, finds its analogue in a later century in the desig- 
nation of these and other substances, as halfmetals or semi­
metals as for example by Boerhaave in the beginning of 
the eighteenth century.

The chemical philosophy of Paracelsus as comprised in 
the works attributed to him is in general thoroughly medi­
eval. Based upon the traditional speculations of his pre­
decessors, but elaborated in fanciful extensions by his 
°wn imagination, full of occult and superstitious notions 
Current in his period, it did not tend to add clarity or 
rationality to chemical theory in general.

In one particular, however, Paracelsus contributed a 
theoretical concept which exerted a dominating influence 
°n the theory of following centuries. This was the doctrine 
mown as the tria prima, the idea that all matter from 
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metals to man is made up of three principles sulphur, mer­
cury and salt. This notion was a development of the Greek- 
Arabian theory of the constitution of metals and other 
matter from sulphur and mercury. This theory with medi­
eval philosophers generally implied that mercury and sul­
phur were the first substances to be generated in the earth 
from the elements fire, water, earth and air. By sulphur 
they had come to understand the constituent which is coni' 
bustible, while mercury was understood as the mother of 
all the metals and liquidity was its characteristic property, 
causing fusibility in metals which are generated from it and 
contain it. Sulphurs and mercuries differed, however, in 
their grades of purity, earthy admixtures, and the degree 
of digestion affecting their purity.

From another point of view matter was considered by 
the medieval philosophers as composed of body, spirit and 
soul. Body was that which gave solidity and permanence, 
spirit was that which fled from the fire or was volatile- 
Soul was not very intelligibly defined, and not so generally 
adopted. Paracelsus crystallized these vague theories into 
a more tangible form by assuming that all matter is made 
up of three primal substances, sulphur, mercury and salt- 
To these three constituents he ascribed more definite func­
tions than had previously been recognized. Sulphur was 
the combustible principle, mercury that which imparts fusi­
bility, liquidity and volatility, salt that which is nonvolatile 
and incombustible. This idea he developed extensively 111 
very many of his works. Thus in the Paramirum:

“Three are the substances which give body (or sub­
stance) to everything: that is every body consists of three 
things. The names of these three things are sulphur, mer­
cury, and salt. When these three are combined then we 
have what we call a body, and nothing is added to them 
except life and what depends upon it. . . . Now to un­
derstand the affair, take first (for example) wood. That 
is a body. Now let it burn, that which there burns is sul­
phur; that which vaporizes is mercury, that which turns 
to ashes is salt. . . . That which thus burns is sulphur, 
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nothing burns but sulphur; that which fumes is mercury, 
nothing sublimes which is not mercury; that which turns 
to ashes is salt, nothing turns to ashes which is not salt. ’ ’12

In the De Generatio lierum Naturalium he relates his 
three principles to the theory of body, spirit and soul:

“ ... you should know all seven metals originate 
from three materials, namely, from mercury, sulphur and 
salt, though with different colors. Therefore Hermes has 
not said incorrectly that all seven metals are born and com­
posed from three substances, similarly also the tinctures 
and the philosophers’ stone. He calls these three sub­
stances, spirit, soul and body. But he has not indicated 
now this is to be understood nor what he means by it. 
■Although he may perhaps have known, yet he has not 
thought (to say) it. I therefore do not say that he has 
erred, but only kept silent. But that it be rightly under­
stood what the three different substances are that he calls 
spirit, soul and body, you should know that they mean not 
°ther than the three principia, that is mercury, sulphur 
and salt, out of which all seven metals originate. Mercury 
A the spirit, (spiritus), sulphur is the soul (anima), salt, 
the body (corpus).” 13

Paracelsus does not, as he indicates in various places, 
c°nsider his sulphur, mercury and salt as merely the com- 
ni°n mercury and sulphur, but just as the earlier alchemists 
c°nsidered their sulphur and mercury as an idealized “mer- 
°nry of the philosophers,” etc., so he has a similarly 
generalized concept of the three principles. Thus in his 

e Mineralifius, where he discusses his three principles at 
e°nsiderable length, he says:
,, ‘For as many as there are kinds of fruits—so many 
nnds there are of sulphur, salt, and so many of mercury. 
A Afferent sulphur is in gold, another in silver, another in 
lr°n, another in lead, tin, etc. Also a different one in sap- 
P 'ire, another in the emerald, another in the ruby, chryso- 
lxte> amethyst, magnets, etc. Also another in stones, flint, 
8alts, springwaters (fontibus), etc. And not only so many

is £aracelsus, Opera, folio, I, p. 884.
Paracelsus, Opera, folio, I, pp. 26, 27.
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kinds of sulphur but also as many kinds of salt, different 
ones in metals, different ones in gems, stones, others in 
salts, in vitriol, in alum. Similarly with mercuries, a dif' 
ferent one in the metals, another in gems, and as often aS 
there is a species there is a different mercury. And yet 
they are but three things. Of one nature is sulphur, of 
one nature sal, of one nature mercury. And further they 
are still more divided, as there is not merely one kind of 
gold but many kinds of gold, just as there is not only one 
kind of pear or apple but many kinds. Therefore there 
are just as many different kinds of sulphurs of gold, salts 
of gold, mercuries of gold.” “

This theory of the tria prima which is reiterated and 
discussed very extensively in numerous treatises of Para­
celsus, made a strong appeal to the public of his own and 
later centuries. It indeed almost completely dominated 
chemical theory and philosophy until the rise of the 
theory of phlogiston. It was adopted by the authors of th6 
later works ascribed to Basil Valentine and Johann and 
Isaac Hollandus, and so long as these works were believed 
to have been written in the fifteenth century, Paracelsus 
was naturally supposed to have acquired this concept from 
the works of those writers.

It is interesting to note the introduction of the Greek 
“chaos” by Paracelsus as a generalized expression for all 
aerial matter. For instance, discussing the four Aristo­
telian elements in their relation to the components of th6 
human organism:

“They are born from the elements ... as namely 
out of the element terra (earth), its species, and out of the 
element aqua (water), its species, out of the element igm® 
(fire), its species, out of the element chaos, its species.”

“The elements in man remain indestructible. As they 
come to him so they pass from him. What he has received 
from the earth goes back to earth and remains such sb long 
as heaven and earth stand; what he has in him that 1s 
water becomes water again and no one can prevent it,

14 Paracelsus, Opera, folio, TT, p. 132.
10 Paracelsus, Opera, folio, I, p. 269. Labyrinthus Medicorum.
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chaos goes again into the air (Luft), his tire to the heat of 
the sun. ’ ’10

“Thus all superfluous waters run into their element 
palled the sea (mare); whatever is terrestrial returns to 
its element called earth (terra); what is igneous into the 
element fire (ignis); and what is aerial runs into its ele­
ment chaos.” 17

The term gas as a generalization for aerial fluids was 
first suggested by van Helmont (1577-1644), himself very 
familiar with the works of Paracelsus and to some extent 
a champion of his views. He tells us that he derives this 
Word from the Greek chaos,18 and it is more than probable 
that it was the use of the word by Paracelsus in this sense 
that suggested the word gas to van Helmont.

Much more important than any specific chemical ad­
vances due to Paracelsus was his influence in attracting the 
attention of physicians and chemists to the importance of 
chemistry in the development of medicine in connection 
With his campaign against the blind worship of traditional 
authorities. In his life-long and intense struggle against 
the conservatism of the medical faculties and profession, 
fi® constantly emphasized the duty of the physicians to de­
fend upon experiment and independent observation rather 
than on the dogmatic medicine of Galen and Avicenna, and 
emphasized the great value of new medicines derived from 
the development of chemistry.

He possessed a breadth of view as to the field of chemistry 
aml its possibilities and stimulated chemists to seek a more 
important field for their activities than the search for gold 
making or the philosopher’s stone. Not that he disbelieved 
m the possibility or reality of transmutation. On the con­
trary it received full attention and credence from him in 
ms chemical philosophy. His estimate of the place of 
o 10 Paracelsus, Opera, folio, Chirurgische Bucher, p. 378. Ton Offenen 
^aden.
U7 Paracelsus, Opera, folio, I, p. 291, Bas Buch von den tartarischcn 
^ankheiten.
i, 8 J- B. van Helmont, Opera omnia, Frankfort, 1682, p. 69. See also 
। ,ranz Strunz, J. B. van Helmont, Leipzig and Vienna, 1907; and E. 0. von 

'Ppmann, Chemilcer Z citung, XXXIV, p. 1.
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chemistry in medicine is illustrated in the following from 
the Paragranum :10

“Now further as to the third foundation on which medi­
cine stands, which is alchemy. When the physician is not 
skilled and experienced to the highest and greatest degree 
in this foundation all his art is in vain. For nature is so 
subtle and so keen in her matters that she will not be used 
without great art. For she yields nothing that is perfected 
in its natural state, but man must perfect it. This per­
fecting is called alchemy. For the baker is an alchemist 
when he bakes bread, the vine grower when he makes wine, 
the weaver when he makes cloth. Therefore whatever 
grows in nature useful to man, whoever brings it to the 
point to which it was intended by nature, he is an al­
chemist.”

His notions of the functions of the animal organism are 
colored by his chemical ideas. Thus discussing the effect 
of poisoning from food, he holds that all food contains 
wholesome and unwholesome constituents, and he conceives 
that there is in the stomach of a presiding “Archaeus” 
whose business is to sort out the wholesome from the pois­
onous. “The body was given to us without poison and 
there is no poison in it; but that which we must give the 
body for its food contains poison. ’ ’ So long as the Archaeus 
performs his function our food is wholesome and the body 
thrives. Should from any cause the Archaeus become in­
capacitated from performing his functions properly, the 
separation of food and poison is incomplete and we suffer 
from the effects of the poisons. This Archaeus Paracelsus 
calls an alchemist because his functions are analogous to 
those of the alchemist in his laboratory.20 His appeal to 
substitute medical chemistry for conventional alchemical 
aims, he voices frequently, for example:

19 Paracelsus, Opera, folio, I, p. 219.
20 Paracelsus, Opera, folio, 1, p. 9 ff., Paramirum eus veneni.
21 Paracelsus, Opera, folio, I, p. 149, Fragmenta medica.

“Many have said of alchemy that it is for making gold 
and silver. But here such is not the aim but to consider 
only what virtue and power may lie in medicines. ’ ’21
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“Not as they say—alchemy is to make gold, to make sil- 
Ver: here the purpose is to make arcana and to direct 
them against disease. ’ ’22

Another persistent feature in the campaign for reform in 
^edicine, was his often emphasized conviction of the neces- 
s’ty of experiment and experience to the physician as 
against looking for all knowledge to the traditional authori­
ses. It will be recalled that the value of experiment in 
science had been earnestly preached by Roger Bacon though 
his logic fell on unappreciative ears in the thirteenth cen- 
fhry. The sixteenth century, however, found minds more 
lesponsive to the appeal of Paracelsus.

‘For in experiments neither theory nor other arguments 
are applicable, but they are to be considered as their own 
expressions. Therefore we admonish every one who reads 
Siis not to reject the methods of experiment but, according 
as his power permits, to follow it out without prejudice, 
h °r every experiment is like a weapon which must be used 
according to its peculiar power, as a spear to thrust, a 
°hrb to strike, so also is it with experiments. And as a 
club is not t0 pe usej for thrust nor a spear for hewing 
(zum. hauen) just as little can any experiment be changed 
rom its kind and nature. Therefore the highest aim is 
Or one to recognize in any experiment its powers and in 

what form it is to be employed. To employ experiments 
aeeds an experienced man, sure of his thrust and blow 
hat he may use and master them according to their na­

ture. ’ ’23
Again when defending himself against charges of medical 

°PPonents that he does not know at once, when he comes to a 
Patient, what is the matter:

For obscure diseases cannot be at once recognized as 
^Iors are. With colors we can see what is black, green, 

a®, etc. . . . what the eyes can see can be judged 
a .y’ but what is hidden from the eyes it is vain to grasp 

visible. Take for instance the miner: be he as
22 p ■ ---------------------------- ----------------- ““ " "
23 paracelsus, Opera, folio, I, p. 220, Paragranum.

Opera, folio, Chirurgische Bucher, p. 301, Von Frantzo- 
n B’dttern, etc.
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able, experienced and skilful as may be, when he sees for 
the first time an ore he cannot know what it contains, what 
it will yield, nor how it is to be treated, roasted, fused, 
ignited or burned. He must first run tests and trials and 
see whither these lead. . . . Thus it is with obscure 
and tedious diseases, that so hasty judgments cannot be 
made, though the humoral (Galenic) physicians do this.”24

24 Paracelsus, Opera, folio, I, p. 262, Die Siehente Defcnsion.

The introduction into medical practice of many chemical 
preparations not recognized in the medical profession cre­
ated an issue between Paracelsus and his adherents on the 
one side and the medical faculties on the other, that in­
creased with time and eventually resulted in the great 
struggle between the Paracelsan and anti-Paracelsan medi­
cine which waged for a century and more with considerable 
success eventually for the Paracelsists.

It was however not Paracelsus who first introduced the 
use of salts of the metals and similar products of chemistry 
into medical practice. The Materia Medica of Dioseorides 
and the Natural History of Pliny bear evidence that such 
substances were much used in their time. But in the middle 
ages, their use was more limited and conventionalized. T° 
be sure the use of chemical medicines was being slowly ex­
tended principally through the initiative of Italian and 
Spanish practitioners, before Paracelsus, and it is possible 
that in Italy Paracelsus received this impulse.

He used, however, many chemical medicines not usual ia 
his time, and this gave occasion for severe complaints from 
the regular medical schools. Paracelsus offers a special 
defense against his opponents who accuse him of using 
poisons in medicine. He challenges their ability to defin6 
what is poison, for all things even food and drink may be 
poison if used in excess, and many customary medicines 
are poisons, even fatal poisons, when used in greater than 
the proper doses. “You know,” he says, “that mercury 
is a poison, yet you use it to smear the sick.” Cinnabar 
and the sublimate they also used yet they blamed him f°r
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Using vitriol because it is a poison. “Nothing is poison,” 
be says, “that benefits the patient, only that is to be con- 
sidered as poison which injures him. ’ ’25

It is because of his appeals to a wakening unrest in the 
S1xteenth century that Paracelsus owes his reputation as 
a reformer in medicine and as giving a fresh impetus to 
chemistry. As Professor Thomas Thomson long ago said:

‘It is from the time of Paracelsus that the true com- 
^encement of chemical investigations is to be dated. Not 
hat Paracelsus or his followers undertook any regular or 

successful investigation, but Paracelsus shook the medical 
hrone of Galen and Avicenna to its very foundation: he 

*°Used the latent energies of the human mind, which had 
°r so long a period remained torpid; he freed medical 

^cu from those trammels and put an end to that despotism 
^hich had existed for five centuries. He pointed out the 
llnPortance of chemical medicines and of chemical investi- 
Sations to the physician. This led many laborious men to 
Urn their attention to the subject. Those metals which 

Were considered as likely to afford useful medicines, mer- 
cury for example and antimony, were exposed to the ac- 
10U of an infinite number of reagents and a prodigious 

e°Uection of new products obtained and introduced into 
jbedicine. Some of these were better, and some worse, 

Um the preparations formerly employed; but all of them 
ed to an increase of the stock of chemical knowledge, which 
°w began to accumulate with considerable rapidity.”20 
The influence of the Paracelsan literature was, however, 

V Uo means entirely in the direction of progress. By 1600 
Jere had appeared in print no less than two hundred and 

Tly titles, as listed by Dr. Karl Sudhoff in his great biblio- 
h1 uphy of Paracelsus, and by 1658, the date of the last Latin 
^crsion of his works, this number had increased to about 
^ce hundred and ninety. This great number included new 

echtions, reprints, and many works of dubious authenticity
well as obvious forgeries. In the mass of writings at- 

J^btcdjto him—as in many of those of undisputed genuine-
2 5 p ~ -------------------------------------------------------------
2o Opera, folio, I, pp. 256, 257, Die Brittc Defension.

10mas Thomson, The History of Chemistry, London, 1830, I, p. 140. 
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ness—there is so much of credulity, superstition, mysti­
cism, and obscurity that mystics and charlatans also found 
in his works much food for encouragement. Thus his oW» 
better influence was in part retarded by his medieval 
heritage.27

ar For a more general account of the life and work of Paracelsus see th® 
author’s work: Theophrastus Bombastus von Hohenheim, calleci Paracel ’̂ 
His Personality and Influence as Physician, Chemist, and Reformer. " 
Open Court Pub. Co., Chicago and London, 1920.

Of Vannucio Biringuccio’s antecedents and life little 
seems to be known except that he was a citizen of Siena io 
Italy and what may be gathered from his single publica­
tion De la Pirotechnia, first printed in Venice in 1540. 
Under Pirotechnia he explains that he treats fully of all 
kinds of minerals and concerning the examination, fusion 
and working, of the metals and similar things. It is indeed 
the first systematic text on the arts of mining and metal­
lurgy, anticipating the De Re Metallica of Agricola by six­
teen years. In the treatment of mining and mining engi­
neering it is not to be compared in detail and completeness 
with the latter work. In the assaying of ores, separation 
of the metals from the ores, and chemical processes gener­
ally his treatment compares favorably and is in some mat­
ters more complete. He treats also of subjects not covered 
by Agricola’s work, as the casting of bells and cannon, of 
gunpowders, mines, artificial fires and fireworks and con­
temporary devices of chemical warfare. The work is ex­
cellently illustrated, by many woodcuts of apparatus of 
many kinds, though not so elaborately as is Agricola s 
work on mining.

Much of the material of the chemistry of the metals 
indeed is such as is described in the earlier Probierbuclil^1, 
and was the common knowledge of the miners and metal­
lurgists of the day. Biringuccio nowhere claims any orig­
inality for his information, though he manifestly was famil' 
iar with much of it through his experience. His book was 
written not like Agricola’s in the language of scholarship'"' 
the Latin—but in Italian, and from this fact it is inferred
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that he was not a man of conventional university training. 
However that may be, the descriptions of operations are 
generally clear and comprehensible. That its merit was ap­
preciated is evident from editions and translations that suc­
ceeded the first publication.

, The first book of the Pirotechnia treats of the ores of the 
S|x major metals, gold, silver, copper, lead, tin and iron, 
their location, surface indications, and the methods of re­
covering the metals from their ores. His style may be 
hhistrated by his description of recovering gold from river 
sands. It may be recalled that this method is briefly given 
by Theophilus Presbyter in the twelth century.28
. ‘As before mentioned there is still found some (gold) 

the sands of several rivers, as in Spain in those of the 
tagus, in Thrace in the Ebro, in Asia in the Pactolus, in 
tndia in the Ganges, and in several rivers in Hungary, Bo- 
bemia, and Laslifia; in Italy in the sands of the Ticino, 
■A^da, and Po; not in all sands of their beds but only in 
certain special places where in bends there are gravel beds, 
uPon which the water during high water leaves sandy 
°ams in which the gold is mixed in the form of minute 
Mes, resembling flaxseed. Now in wintertime as soon as 
he floods have subsided these are heaped above the bed 

ct the river so that in case of other high water they will 
be washed away. Then in summer time by patient and 

agenious methods the prospectors wash the sands to get 
A .of w°rthless material, by using tables of poplar, elm or 
vhite walnut or other fibrous and tough lumber, the sur- 
taces of which are bored with hollows by the saw or other 
°ols. Upon these throughout their length is thrown with 

.concave shovel the sand with abundance of water. By 
t 18 means the gold that is in the sand being heavier, en- 
a?rs the hollows and remains, being thus caught and separ- 
it • ^r°m tt*e san<T Then when any is seen to be thus caught,

18 carefully recovered and finally placed in a wooden 
resemhling the vessel used to wash sweepings, cut 

a$ many grooves in the middle; and again they wash it 
^J^ch as they can to clean it better. Finally they amal-

28 ante, p. 224.
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gamate it with mercury and strain it through a bag or sub­
mit it to the alembic (distil). There remains the gold, the 
mercury being evaporated, like a sand in the bottom of the 
vessel, which is fused with a little borax or saltpeter or 
black soap and reduced in volume, cast in bars or other 
shape as desired.”

The second book is devoted to what he calls the minor 
minerals, under which he includes mercury and its ores, 
sulphur, antimony, marcasites containing metals, vitriol, 
alum, arsenic, orpiment, and realgar, common salt and other 
salts, calamine, zaffre, ocher, Armenian bole, emery, borax, 
lapis lazuli, rock crystal and glass.

His treatment of antimony is of especial interest in 
view of the fact that as the much more complete descrip' 
tion by the pseudo-Basil Valentine has been so long be­
lieved to be earlier instead of more than a half a century 
later, this description by Biringuccio has been ignored by 
historians.

Biringuccio begins, following the conventional Greek- 
Arabian theory of the development of the metals, by ex­
pressing his judgment that antimony is a substance in­
tended by nature to form a metal eventually, but, arrested 
in its development, containing an excess of hot and dry 
material, and insufficiently digested, it is, like mercury, 
that anomaly and monster among metals, much like the 
true metals. He notes its light and brilliant color, its heavy 
weight and metallic appearance. It is whiter and has more 
luster than silver but is more brittle than glass. Alchem- 
istic philosophers are greatly interested in it for they claim 
that an oil made from it tinctures silver permanently 
gold. He has himself seen a blood colored liquid in the 
form of an oil, and the person who showed it to him claimed 
that it permanently tinctured silver to gold color, but be 
himself had not seen any silver so tinted by that person nor 
any other.

“This mineral is only found, like other metallic ores, 
in the mountains, and is extracted by various means. I 
know that some is found in Italy in several places and from
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Germany there is brought to Venice some melted in bare 
for use in bell-making, for they find that by mixing a cer­
tain amount of it with the metal it augments the sound. It 
18 also used by the makers of pewter vases, and by the 
takers of mirrors of glass which give the appearance of 
Wal. I understand also that it serves as a medicine for 
surgeons in the treatment of abscesses and incurable ulcers, 
and that, by it, corruption and dead flesh is removed and 
Mature is assisted in the healing. It also serves in making 
8everal yellow colors for painting pottery and for coloring 
®namels, glass and similar things which are desired to be 
tu8ed at a yellow heat. There are quite a number of mines 

antimony in the province of Siena, one near the city of 
Juasse, and another large one near another city called Sov- 
aila, and this one experienced investigators claim to be the 
best that is known. There are also some in the province

Santa Fiora, near a place called Seivena, and not only 
ln these places I have mentioned but in many others where, 
beeause it is a mineral not bearing gold or other impor- 
ant perfect metals, it is held of no importance, and this 
that I have told you is all I know about antimony.”

the third book are described the testing of gold and 
8aver, cupels and cupellation, the preparation, roasting, etc., 
ef the ores of the various metals preparatory to smelting, 
urnaees for smelting and methods of smelting the ores, 

e separation of metals from one another. These descrip- 
Q°ns are in general similar to those given in the small 

^man manuals previously described.
fu the fourth book he describes the preparation of and 

W of aqua fortis in parting, and processes of cementation 
y sulphur, or by antimony.

-fne fifth book treats of alloys of gold and silver, silver 
and copper) and other alloys of copper, of lead and of tin.

-The sixth book is a lengthy treatise on casting of can- 
°n, bells, and other objects, and for making the molds for 
ch castings, the metals, furnaces and appliances. Those 

157? ^ave read the memoirs of Benvenuto Cellini (1500-
') Will remember his description of such a casting, and 
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the works of Cellini and contemporary artists are evidence 
of the high degree of skill attained by Italian metal work­
ers in this sixteenth century.

Books seven and eight deal with many methods of work 
pertaining to metals and their fusions, reverberatory fur­
naces, bellows and special methods of casting particular ob­
jects.

The ninth book is devoted to arts connected with chem­
istry, as distillation and sublimation, the arts of coining 
and the manufacture of jewelry, mirrors of metal, etc. I11 
this book appears a description of “methods for extracting 
all gold or silver from the waste of the mines or sweepings 
of the mint. ” It is of especial interest because it describes, 
apparently for the first time, recovery of silver by the 
method of amalgamation, a process first apparently utilized 
on a large scale by the Spaniards in America later in that 
century. He says:

“Great consideration is due to the inventor of the short 
method of extracting gold and silver from the sweeping8 
from all the trades which handle gold or silver, and als° 
any of the substances left by smelters in the waste, aS 
also from some minerals without the labor of fusion, by 
the use of mercury. For this there is first built a largo 
walled structure of stone or lumber like a mortar, withm 
which there is arranged a grindstone made to turn like a 
millstone. In this is placed the material containing gold, 
which must first be well ground in a mortar, washed and 
dried. In the machine mentioned it is reground why6 
moistened with vinegar or water, in which there is dis­
solved sublimate, verdigris and common salt. Upon tin8 
material is placed a large quantity of mercury so that it 
covers it. It is then stirred and mixed for an hour or two 
by means of turning the grindstone by hand or horse­
power, remembering that the more the mercury and ma­
terial are rubbed together in the machine the more pe^' 
fectly will the mercury extract the metal from the material 
Finally the mercury is separated by means of a sieve oi 
by washing from the powdered earth. It is then distilled 
in an alembic or passed through a bag, there remaining
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the gold, silver, copper or that metal which has been caught 
!u the machine by the grinding. And for this secret, desir- 
laS to know it, I gave to him who taught me a ring with a 
diamond worth tweny-five ducats, and he also exacted 
1'om me the right to an eighth part of anything I should 
receive from operating it. And this I wish to say not that 

should reimburse me for teaching you but so that you 
sbould appreciate it the more.” 20

In this book also Biringuccio discusses the subject of al- 
ehemy in general, and while not attempting to dispute the 
Possible reality of the art, he yet inveighs strongly against 
rhe many vain efforts and consequent waste of time and 
^oney, and especially against the prevalent frauds and 
deceptions carried on by those who pretend to change the 
baser metals into gold and silver. He manifestly doubts 

1;it the art has any foundation in ancient times:
‘Because there is not found a single ancient writer of 

nstory, in Greek, Latin or any other language, who ever 
Mentions it. Neither is there any mention among the ap­
proved and great philosophers, as Aristotle, Plato or 
others like them, who have the means of knowing possible 
things, ’ ’

The tenth and last book is devoted to various substances 
and devices in warfare. Gunpowders are treated at length 
ahd careful discrimination made in their composition for 
yarious purposes. Thus for heavy artillery, a slower burn- 
hg powder of three parts saltpeter to two of charcoal and 

0116 of sulphur; for medium sized artillery five of saltpeter, 
°ne and a half charcoal and one of sulphur; for harque-

Ses ten of saltpeter, one of charcoal and one of sulphur, 
1 thirteen and a half of saltpeter, two of charcoal and one 

a half of sulphur. These proportions are for heavy 
like those now in use for blasting powders, while the 

Proportions for light weapons are not far from modern 
powder for rifle or shotgun use.

arious projectiles and mixtures for use in warfare— 
fireSj grenades, mines and countermines,—are de- 

2^----- --------- --------- ----------------------------------------- —----------------- —----------------------------------------------------
llnguccio, De la Pirotechnia, Libro IX, Cap. XI, p. 142. 
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scribed and illustrated. Marcus Graecus (Gracchus) is 
cited in connection with some of these “artificial fires.”

The description of sources and methods of obtaining and 
purifying saltpeter is the earliest complete account of the 
preparation of that salt. It is apparently the basis of the 
somewhat condensed description in Agricola’s De Re 
Metallica. Biringuccio says that saltpeter (sal nitro) is 
a compound of several substances, extracted by fire and 
water from dry earth containing manure, or from the ef- 
florescence produced on new walls in damp places, or from 
the mouldy earth which is found in tombs or in unoccupied 
caves where rains cannot enter. After describing its phyS' 
ical properties and its explosive character, as in gunpowder, 
he continues:

“The best saltpeter is obtained from animal manure 
converted to earth in stables, or from latrines which have 
not been used for a long time and above all from pigpens- 
This manure must be converted to earth by time and en­
tirely dried and powdered. Vats are then filled alternately 
by layers of this earth about four digits deep, and layers 
one digit deep of a mixture of two parts of quicklime and 
three parts of ashes from bitter oak. The vats are filled 
to about four digits or half an arm’s length from the top 
and then filled with water. The water seeps through tins 
earth, dissolves the saltpeter and trickles through holes in 
the bottom of the vats into conduits which carry it to other 
vats. This water is now tasted and if it is sharp and 
strongly salty it is good, otherwise it must again be passed 
over the same or other earths containing saltpeter. This 
process is continued until practically all of the saltpeter 
is dissolved. The water is then placed in copper kettles on 
furnaces and slowly boiled to about one third its originn 
volume, then drawn off and put into a strong covered cask 
and allowed to settle until clear. The clear water is then 
drawn off and again evaporated by the same process nS 
before. In order that water shall not foam and overflow 
and thus waste much good material, a measure is made ° 
three quarts of soda or of ashes of bitter oak, or oak, 
olive, and one quart of lime, and for every hundred pound 
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of water there is dissolved four pounds of alum of Rocca 
(°r rock alum).

“A glass or two of this water is added whenever you see 
that it threatens to rise and form a foam. The saltpeter 
solution is boiled until it becomes clear and of bluish color 
indicating that most of the water has been evaporated. It 
i® then drawn off and placed in casks and allowed to solid­
ly. It is then placed in wooden casks and allowed to stay 
three or four days, and then decanted, either by inclining 
phe vessel or by holes in the bottom. The decanted water 
18. saved and reboiled. The solidified saltpeter is then 
chiseled out and washed with its own solution then placed 
°n tables to dry thoroughly.”

The purification of the saltpeter is effected by two 
Methods which are briefly as follows:

First method.—For every barrel of water placed in a 
C0PPer kettle is added four to six glasses of the clarifying 
8°lution above described. Then there is added as much 
crude saltpeter as will easily dissolve on boiling. After the 
hrst boiling when scum forms, it is drawn off and passed 
through a sand filter consisting of a cask with a single 
small hole in the bottom. The bottom of the cask is cov- 
cred four digits deep with washed river sand and over this 
js placed a cloth. The filtered solution is then passed 
hrough the same process as in the first instance adding 

s°me of the clarifying solution when boiling.
Second method.—An iron or copper vessel is filled with 

saltpeter and securely covered. It is then placed in the 
^^le of a good charcoal fire until the saltpeter is melted, 
/hen well fused, finely powdered sulphur is placed on the 
Used material and burned completely until the saltpeter 

remains clear and clean. When this occurs the vessel is 
proved from the fire and allowed to cool. The saltpeter 

8 then found to be in a solid white mass resembling marble, 
at the bottom of the vessel there remains all the earthy

Matter.
. The foregoing must suffice to give an illustrative though 
^adequate impression of this earliest text book of a mod­
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ern type upon the chemical technology of metallurgy. His 
contemporary, Agricola, in the preface to his De Re Metal­
lica, thus alludes to Biringuccio’s work:

“Recently Vannucio Biringuccio of Sienna, a wise man 
experienced in many matters, wrote in vernacular Italian 
on the subject of the melting, separating and alloying of 
metals. He touched briefly on the methods of smelting cer­
tain ores, and explained more fully the methods of making 
certain juices (that is salts); by reading his directions I 
have refreshed my memory of those things which I myself 
saw in Italy. As for many matters on which I write, he 
did not touch upon them at all, or touched but lightly. This 
book was given me by Franciscus Badoarius, a Patrician 
of Venice, and a man of wisdom and repute; this he had 
promised that he would do, when in the previous year he 
was at Marienburg, having been sent by the Venetians aS 
an ambassador to King Ferdinand.”

Georgius Agricola, (this being the latinized name of 
Georg Bauer), was born in Saxony in 1494. He received 
his degree of A. B. at the University of Leipzig when about 
twenty-four years of age. He taught Greek and Latin i11 
Zwicken for a time. In 1522 he was a lecturer in the Uni­
versity of Leipzig and in 1524 went to Italy to pursue hi® 
studies for his profession of physician. In 1526 he re­
turned to Saxony and in 1527 became city physician (stadt- 
artzt) in the mining town of Joachimsthal. Later (1533) 
he occupied a similar position in Chemnitz where he re­
mained till his death in 1555.

Born and residing nearly all his life in a great mining 
district, he took the deepest interest in the problems anu 
practices of mining, mineralogy, metallurgy and assaying’ 
and his interest soon found expression in published work-­
In 1530 his first work on these subjects appeared, 
mannus. This book is in the form of conversation between 
three friends on matters relating to mineralogy. It deal® 
largely with the names of Saxon minerals and the corres­
ponding nomenclature of the ancients. To this work ha® 
often been credited the first mention of bismuth, but a®
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^Ve have seen this substance was first mentioned in the 
^utzliches Bergbiichlein. A brief treatise on the weights 
and measures of the Greeks and Romans appeared in 1532. 
Several other minor publications were issued, of no in- 
^erest from the point of view of chemistry. In 1546 ap­
peared a work on the “nature of fossils,” which is the ear- 
lest important attempt to classify minerals. The basis of 
is classification is naturally the physical properties: fusi- 

solubility, color, odor, taste, etc. In Agricola’s time 
110 other basis was possible, for except as to the ores of 
Petals, and some metallic salts, there existed no knowledge 
of the chemical composition of rocks, minerals and salts.

Agricola divides the minerals into: 1. earths, such as 
Ws, chalks, ochres, etc. 2. stones, properly so called, 
geins, semiprecious stones. 3. solidified juices, (succi 
c°ncreti), salt, alum, vitriols, saltpeter, etc. This is an 
application of the theory of the ancients that these are 
0]ived from solidified waters. 4. rocks, such as marble, 

^Pentine, alabaster, limestone, etc., hard and not friable 
‘<e the earths. 5. metals. 6. compounds, or mixtures, un- 

* Which head he classes various ores of the metals, from 
hch he recognizes that simpler constituents, as the metals, 

be obtained. The fundamental basis of this classifica- 
Agricola explains in the following manner.""

g ‘Mineral bodies are solidified from particles of the same 
^bstance, such as pure gold each particle of which is gold, 
er ^^y are of different substances such as lumps which 
8°nsist of earth, stone and metal; these latter may be 
g Plated into earth, stone, and metal, and therefore the 
g st is not a mixture while the last is called a mixture. The 
rp st are again divided into simple and compound minerals. 
8op rsimple “i^als are of four classes, namely, earths, 

nhfied juices, stones, and metals, while the mineral com- 
Ws are of many sorts, as I shall explain later.

in |i^arth is a simple mineral body which may be kneaded 
tle hand when moistened, or from which lute is made

-^iths been wetted. Earth, properly so called, is 
30 "-------- -------------------------- ------------------ —

0Vcr> op. cit., pp. 1, 2, footnote.
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found in veins or veinlets, or frequently on the surface i11 
fields or meadows. This definition is a general one. The 
harder earth, although moistened with water, does not at 
once become lute, but does turn into lute if it remains i11 
water for some time. There are many species of earths 
some of which have names but others are unnamed.

“Solidified juices are dry and somewhat hard (subdU' 
rus) mineral bodies, which when moistened with water d° 
not soften but liquefy instead; or if they do soften, they 
differ greatly from the earths by their unctuousness 
(pingue) or by the material of which they consist. Ah 
though occasionally they have the hardness of stone, ye^ 
because they preserve the form and nature which they had 
when less hard, they can easily be distinguished from the 
stones. The juices are divided into ‘meagre’ and unctuouS 
(macer et pinguis). The meagre juices, since they orig' 
inate from three different substances, are of three species- 
They are formed from a liquid mixed with a mineral com' 
pound. To the first species belong salt and nitrum (soda)» 
to the second, chrysocolla, verdigris, iron rust, and azure; 
to the third, vitriol, alum, and an acrid juice which is ufl' 
named. The first two of these latter are obtained fro111 
pyrites, which are numbered amongst the compound m111' 
erals. The third of these comes from cadmia.81 To th® 
unctuous juices belong these species: sulphur, bitumen 
realgar and orpiment. Vitriol and alum although they a^ 
somewhat unctuous, do not burn, and they differ in then 
origin from the unctuous juices, for the latter are forced 
out of the earth by heat, whereas the former are produced 
when pyrites is softened by moisture.”

The Hoovers suggest, probably correctly, that this “unnamed” substance 
is zine sulphate.

Of stones he accepts the classification of writers “o11 
natural subjects” into four classes:

“The first of these has no name of its own but is call6® 
in common parlance ‘ stone. ’ To this class belong lodestoU®’ 
jasper (or bloodstone) and aetites (geodes). The seco11 
class comprises hard stones, either pellucid or ornaments 
with very beautiful and varied colors which sparkle mar' 
vellously; they are called gems. The third comprises those
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Which are only brilliant after they have been polished, and 
are usually called marble. The fourth are called rocks. 
They are found in quarries, from which they are hewn out 

use in building and they are cut into various shapes.
■None of the rocks show color or take a polish.

“Metal is a mineral body, by nature either liquid or 
somewhat hard. The latter may be melted by the heat of 
the fire, but when it has cooled down again, and lost all 
ae&t, it becomes hard again and resumes its proper form. 
V1 this respect it differs from the stone which melts in the 
. re> for although the latter regains its hardness yet it loses

pristine form and properties. Traditionally there are 
six different kinds of metals, namely, gold, silver, copper, 
*r°n, tin, and lead. There are really others for quicksilver 
18 a metal although the alchemists disagree with us on this 
subject, and bismuth is also. The ancient Greek writers 
seem to have been ignorant of bismuth, wherefore Am- 
Monius rightly states that there are many species of metals, 
^imals, and plants which are unknown to us. Stibium 
(antimony), when smelted in the crucible and refined has 
as much right to be regarded as a proper metal as is ac- 
®°rded to lead by writers. If when smelted a certain por- 

be added to' tin, a booksellers ’ alloy is produced from 
which the type is made that is used by those who print 
°°ks on paper. Each metal has its own form which it 

Preserves when separated from those metals which are 
Mixed with it. Therefore neither electrum nor stannum is 
M itself a real metal, but rather an alloy of two metals. 
Plectrum is an alloy of gold and silver, stannum of lead 
aud silver. And yet if silver be parted from electrum then 

remains and not electrum, if silver be taken from stan­
num, then lead remains and not stannum.3”

Whether brass, however, is found as a native metal or 
■UM cannot be ascertained with any surety. We only know 
m the artificial brass, which consists of copper tinted with 
lhe colour of the mineral calamine, and yet if any should be 

up it would be a proper metal. Black and white cop- 
B^jeem to be different from the red kind. Metal there-

be recalled, that with the ancients and into the middle ages the 
allov ®^annum” was generally used for an alloy of lead and tin or other 

Xs of lead, but not as at present for tin itself. 
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fore is by nature either solid, as I have stated, or fluid aS 
in the unique case of quicksilver.”

It will be recalled that the idea that copper obtains merely 
a color and not substance from the addition of cadmia, °r 
calamine, the zinc ore, was the idea of Aristotle, repeated 
also by Albertus Magnus, and other medieval writers.

The above quotations illustrate the independence 111 
thought and expression of Agricola in discussing the nature 
and origin of metals and minerals. He is by no mean3 
free from the concepts and ideas of his predecessors, but 
he does not merely reiterate the common phrases of the 
origins of these things from air, water and earth or the 
mercury-sulphur hypothesis of the origin of metals and 
minerals. While not disputing these theories, he places 
the emphasis upon the facts determined by observation and 
experiment, and for his time is unusually independent m 
his judgments, based upon his experience and upon the 
current manuals for mining and assaying as well as on 
earlier literature.

An interesting feature of the De Natura Fossilium is hi3 
attempt to latinize and systematize the nomenclature of 
many metallic ores and minerals whose names existed to a 
considerable extent in the German vernacular, and which 
had no equivalent in Greek or Latin usage. For the forma' 
tion of these designations he employed to a great extent 
the German names. Thus for example silver ores and 
minerals are designated as “argentum rude” (crude), with 
a specific suffix which should characterize them on the basi® 
of their more obvious physical property—especially color• 
He mentions eleven such silver minerals, beginning 
pure silver, argentum purum; argentum rude, meaning 
silver minerals in general; and then argentum rude plnn1' 
bei coloris, lead-colored crude silver (silver glance); af' 
gentum rude rubrum, red crude silver (“Rot gold ertz” 111 
German); argentum rude rubrum translucidum (“Dutch' 
sichtig rod gulden ertz” or ruby silver); argentum rud® 
album (“Weis rod gulden ertz” or white silver ore); an
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similarly for liver-colored—jecoris, yellow—luteum, cinera- 
ceum—ash-colored or gray, nigrum—black, and purpur- 
Gum—purple. In his description of minerals in partic- 
plar, when dependent upon the literature he is often indef- 
llute, as were usually the descriptions in the mineralogies 
of Arabian source, as we have already seen. In the field of 
ms own experience he is often very clear, as for instance:

‘ Lead-coloured rudie silver is called by the Germans 
L'°m the word glass (glasertz) not from lead. Indeed it 
has the colour of the latter or of galena (plumbago), but 
?ot of glass nor is it transparent like glass, which one might 
indeed expect, had the name been correctly derived. This 
^neral is so like galena in colour, although it is darker, 
hat one who is not experienced in minerals is unable to 

^stinguish between the two at sight, but in substance they 
mffer greatly from one another. Nature has made this 
ind of silver out of a little earth and much silver. Whereas 

galena consists of stone and lead containing some silver, 
nt the distinction between them can be easily determined, 
°r galena may be ground to powder in a mortar with a 

Pestle but this treatment flattens out this kind of rudis sil- 
,ei- Also galena, when struck by a mallet or bitten, or 

acked with a knife> splits and breaks to pieces; whereas 
ns silver is malleable under the hammer, may be dented 
y fne teeth and cut with a knife.”33

33 Hoover, op, citi> notes pp> 108> 109.

he great work upon which the reputation of Agricola 
. ainly rests is his De Re Metallica first printed at Basel

1555, in Latin. A German translation was published in 
j 7, a second Latin edition in 1561, and an Italian trans- 
faLon in 1563. On the appearance of this work—a stately 
°n° of some 600 pages—it was evidently at once recognized 

a» a work of first-rate importance. No English transla- 
j^°n Was published until 1912, when Mr. and Mrs. H. C. 

°°ver issued their scholarly translation enriched with a 
ass of notes relating to the history and development of 

and metallurgy.
Re Re Metallica is a work which gives very clear,
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complete and detailed accounts of mining geology, mining 
engineering and working, as it existed in Germany in the 
fifteenth and sixteenth centuries, with very full descrip' 
tions of the smelting of ores and of the assaying and ana­
lysis of ores and alloys as then developed. The work is sys­
tematic in treatment and profusely illustrated with excellent 
woodcuts of all machinery, tools, and processes which lend 
themselves to pictorial illustration. The work is divided 
into twelve books. The first is devoted to a review of classi­
cal writers who have written of mines and mining, and to 
a consideration of the importance and dignity of the min­
ing profession.

‘ ‘ Certainly, if mining is a shameful and discreditable em­
ployment for a gentleman because slaves once worked 
mines, then agriculture also will not be a very creditable 
employment, because slaves once cultivated the fields, and 
even to-day do so among the Turks; nor will architecture 
be considered honest, because some slaves have been found 
skilful in that profession; nor medicine because not a feW 
doctors have been slaves.”

One is reminded that this is the time when Agrippa, aS 
previously cited, quotes the proverb, “All alchemists are 
either physicians or soap boilers.” The dignity of the 
chemical arts was indeed to be established by the works of 
just such men as Agricola and Biringuccio.

The second book is devoted to the general discussion m 
mines, their location, ownership, indication, outcrops, and 
like matters.

The third to the sixth books deal with mining operations 
veins, stringers, surveying, administration, machinery, 
tools, etc.

In Book Seven, the author discusses very fully the var­
ious methods of assaying ores. The methods given are 
much the same as previously given in the ProbierbucM^1 
and in Biringuccio’s Pyrotechnia, but described in greater 
detail and with more systematic explanations. Furnaces, 
crucibles, scorifiers and tools are described and illustrated- 
The methods of constructing the various sets of touch
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Needles for determining the composition of alloys by the 
touchstone are given in all detail.

Pook Eight is devoted to the preparation of ores for 
S1uelting-—sorting, crushing, grinding, sifting, washing, 
roasting. The use of quicksilver for recovering gold is de­
scribed, but the recovery of silver by amalgamation is not 
referred to though this process had been described by Bir- 
^guccio. Whether silver amalgamation was independently 
discovered by the Spaniards in Mexico about 1565 or 15/0, 
°r Was introduced there from the experience of Europe is 
hot known.

Pook Nine describes the various processes and machinery 
the smelting of ores. Gold, silver, copper, iron, lead, 

Pa, antimony, quicksilver and bismuth are included in these 
descriptions.
. Pook Ten deals with the making of the mineral acids used 

assaying and in “parting” operations. “Aqua valens” 
18 the term which Agricola employs indiscriminately for 
Jie acids or mixtures of acids, ignoring the terms “aqua 
tortis” or “aqua regia” then already introduced by prev- 
lous writers. His description of the materials used for 
Preparation would indicate that a considerable variety of 
strength and composition of these acids were in use. He 
^scribes ten recipes for the materials to be subjected to 
filiation in the furnace.
dhe first consists of one libra of vitriol and as much 

®alt with a third of a libra of spring water. On distilla- 
vould yield at gentle heat hydrochloric acid only, 
heating eventually some sulphuric acid also. The

Second recipe is two librae of vitriol, one of saltpeter with 
Water, as much as will pass away while the vitriol is being 
reduced to powder by the fire. This mixture gives at first 
mtric acid, more or less dilute, and in the later stages, of 

e distillation, mixed with some sulphuric acid. The third 
insists of four librae of vitriol, two and a half of salt- 
pGt(E half a libra of alum with water. The fourth to the 
eighth are mixtures of the same general nature, of some­

this - 
by forced
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what varying proportions but with no essential difference. 
The ninth contains two librae of brick dust, one of vitriol) 
one of saltpeter, a handful of salt and three quarters of a 
libra of water. This mixture would yield an aqua regia of 
concentration increasing with the progress of the distilla­
tion. The tenth mixture consists of three librae of salt­
peter, two of stones which are liquefiable in the furnace 
with the third degree of fire, half a libra each of verdigris, 
of stibium (antimony sulphide), iron scales and filings and 
asbestos, with one and one third librae of spring water. 
On distillation to dryness the product would seem to be 
nitric acid containing much nitrous acid and at the end of 
the distillation sulphuric acid also would pass over. The 
fuming nitric acid thus obtained had probably special ap­
plications in the laboratory.

The methods of parting gold from silver or silver from 
gold are those already comprised in Theophilus Presbyter, 
Geber, Biringuccio, and the Probierbiichlein, by cementa­
tion with salt, with sulphur, sulphide of antimony, and by 
the use of aqua fortis. Agricola includes a cementation 
with saltpeter not mentioned by these earlier authors. Th® 
separation of gold and silver from lead or lead ores by 
cupellation is treated in great detail. This is a very an­
cient process; Diodorus Siculus and Pliny refer to it and 
it is described more or less completely by Theophilus, 
Geber, and later writers.

Book Eleven is mainly devoted to an elaborate descrip­
tion of the “liquation” process of separating silver from 
copper. This is the method by which an alloy of coppe1’ 
with lead is heated in a reducing atmosphere to such a tem­
perature that the lead melts and largely separates out car­
rying the silver with it to a considerable extent. Frequent 
repetition of the process makes for efficiency. Book Twelve 
deals with the sources and preparation of “solidified 
juices” by which Agricola means soluble salts. He begiu3 
with common salt from sea water and from salt springs or 
mines, describing in great detail methods and appliances- 
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^oda (nitrum) is also briefly described. Saltpeter, its 
°rigin and production from earth in ■which it has rested 
many years, and from exudations from stone walls of wine 
cellars and dark places is described much as by Biringuc- 
cio, from whose work it appears to have been somewhat 
condensed. Then follows the manufacture of alum, vitriol, 
snlphur, bitumen and finally of glass of which he gives a 
clear and interesting description concluding:

‘‘The glass-makers make divers things such as goblets, 
cnps, ewers, flasks, dishes, plates, panes of glass, animals, 
trees and ships, all of which excellent and wonderful works 

saw when I spent two whole years in Venice some time 
a§o. Especially at the time of the Feast of the Ascension 
tney were on sale at Morano, where are located the most 
celebrated glass works. These I saw on other occasions 
mid when, for a certain reason, I visited Andrea Naugerio, 
111 his house which he had there, and conversed with him 
and Francisco Asulano.”34

The De Re Metallica is clearly the greatest treatise upon 
a chemical industry which is known to the history of chem- 
istry up p, or during the sixteenth century. It cannot claim 
to have introduced any great chemical discovery nor any 
•Cew idea of importance into chemical thinking. On the 
^her hand it is the product of a man of broad informa- 
10n, of scholarly training and taste, of excellent judgment 

and sound common sense devoting his wide knowledge and 
experience to compiling a work which should give to the 
detested public as clear and complete as possible an ac­
count of the profession of mining, metallurgy and accessory 

an<^ sciences.
To the scholarly and chemical world of his time this 

^ork of Agricola made no great appeal, for the greatJn- 
ciest of that time lay in the struggle against conservatism 

111 Uiedical chemistry among the physicians, or in the more 
less transcendental chemical philosophy of the alchem- 
s; But among miners and mining chemists, the work of 

^S’lcola took at once a standing which left it on a pedestal
84 Hoover, op. cit., p. 592.
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unattained in its field and unparalleled in any other field 
of chemical technology for more than a century.

The development of technical chemistry in the sixteenth 
century was marked in France by the labors and writings 
of Bernard Palissy (1510-1589). Palissy was a man with­
out classical training, could not read Greek or Latin and 
like Biringuccio and Paracelsus wrote in the vernacular. 
Palissy’s place in the history of chemistry is due not so 
much to any new facts or theories that he developed, as to 
his influence by precept and example in advancing the im­
portance of experimentation and independent observation 
over the reliance upon authorities. Becoming early inter­
ested in the problems connected with pottery and especially 
with enamels on pottery he devoted his life to the solution 
of these problems struggling with indomitable courage 
against long years of discouragement and disappointment, 
until he succeeded in the development of a characteristic 
art in pottery that France has been proud to cherish among 
her early art treasures. Palissy has told the story of his 
first incentive to work on enamels. He had been shown a 
cup fashioned and enameled in great beauty.

“Without regard to my having no knowledge of clays, 
I set myself to seek enamels like a man who gropes in dark­
ness. Without having heard how enamels were made, I 
crushed all materials which I thought might make some­
thing, and having crushed and ground them, I purchased a 
quantity of earthen pots and after breaking them in pieces, 
I put the materials that I had ground upon these, and hav­
ing marked them I put aside in writing the medicaments 
(drogues) that I had used upon each of them for memory: 
then having made a furnace after my notion I set to bake 
the said pieces, to see if my medicaments could make some 
color of white, for I sought no other color than white, for I 
had heard say that the white was the foundation of all 
other enamels.

“But because I had never seen earth baked nor knew at 
what heat the said enamel ought to melt, it was impossible 
for me to do anything by this means, if at any time my 
doings had been good, because sometimes the thing was
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heated too strongly and at other times too little, and when 
the said materials had been too little baked or overburned 
I could not judge of the reason why I made nothing good 
hut laid the blame on the materials.”

The story of Palissy’s difficulties that brought him con­
tinual disappointments during fifteen or sixteen years of 
struggle in which he felt his efforts and his means wasted, 
is an interesting one. Minor successes in pottery which 
helped to recoup his losses were no satisfaction to him 
so long as the main aim of his search remained unachieved.

“When I had invented the means of making my rustic 
pieces,85 I was in greater trouble and weariness than be­
fore. For having made a number of rustic basins and hav- 
lng had them baked my enamels were found to be some 
beautiful and well fused, others badly fused, others over­
burned, for the reason that they were fusible at different 
degrees; the green of the lizards had been burned before 
the color of the serpents was melted; also the colors of ser­
pents, crawfish, turtles, crabs were melted before the white 
had received any beauty.

“All these faults have caused me such labor and sadness 
°f spirit, that before I had succeeded in making my enamels 
°f the same degree of fusibility I thought I should enter the 
gates of the tomb.”

The final result of the labors and sacrifices of Palissy 
was the achievement of the enameled pottery which made 
his reputation. It is said that it was not superior nor 
even equal to similar Italian pottery of that period, but 

was his own achievement.
Palissy wrote several works, of which the most important 

18 a book on pottery—Des Terres d’Argile, in which he 
records his experience and methods of making and decor­
ating pottery. He wrote a work on salts in which he 
classifies as salts, couperose (green vitriol) saltpeter, alum, 
horax, sublimate, rock salt, tartar, and sal ammoniac. He 
emphasizes the occurrence of salts in plants and animals, 
an<l the importance of salts to agriculture. He even be- •—.... —.......................... .................. ................ . ............ ............  
. 35 Pottery with colored glazes, representing vessels with animals or figures 
ln relief.
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lieved that manures were useful only on account of their 
salt contents, and that soils become infertile through the 
gradual loss of their salts. In a treatise on marl (De la 
Marne), he discusses the improvement of the soil by its 
application, though its use was already in vogue. The 
Romans indeed used among other manures plaster, marga, 
and the Greeks leucargillos, or “white clay” which was 
probably the same.30

With respect to the aims of the alchemists he expresses 
himself in his Treatise on the Metals and Alchemy. He 
cherishes no illusions as to the possibility of the making 
of real gold or silver, and asserts that their pretended gold 
and silver can easily be shown by cupellation to be false. 
Nevertheless he says,

“Let them go on, that saves them from greater vices, 
since they have the means to try these things. As to the 
physicians, in following alchemy they will learn to know 
nature, and that will be of service to them in their art and 
in doing it they will recognize the impossibility of the busi­
ness.”

By exerting his influence to encourage experiment, 
research and independent thought, as against scholasti­
cism, the blind faith in authority and superstition, and by 
his own example as an indomitable and successful investi­
gator, Palissy materially contributed to the advancement 
of chemical science, and did much to dignify the labors of 
the chemist.

Palissy was a Protestant in religion and survived the 
persecutions of the Huguenots even through the St. Bar­
tholomew’s massacres, perhaps, as has been said, through 
the favor of the queen-mother Catherine of Medici, for he 
was employed in decorating by his art the royal castles and 
grounds. In 1589 however, being then about eighty years 
of age, it is related by D’Aubigne that his death was de­
manded as a heretic, and the king, Henry III, visited him to 
see if he might not persuade him to renounce his errors-

3® Of. Hoefer, Histoire de la Chimie, 2d cd., I, pp. 188, 189. 
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As however lie would not renounce his faith, he was not 
Released and died in prison.

Giovanni Baptista Porta (1537?-1615), a Neopolitan 
scholar of ability who had devoted great attention to the 
study of natural and physical science, even visiting France, 
Spain and Germany to perfect his knowledge, deserves 
Notice here by reason of the publication of his Magia Na- 
turalis—(Natural Magic). This work first published in 
1558 in three books was later, in 1584, expanded to twenty 
books comprehended in one volume. In this form the book 
had a great vogue, being translated from the original Latin 
into the principal European languages, and republished 
xn the Latin edition in many places for a hundred years. 
It is in fact a work on popular science including books on 
many subjects of natural science, cosmology, geology, 
°Ptics, plant products, medicines, poisons, cooking, etc. 
Included are books on transmutation of the metals, not 
however confining transmutation to the alchemistical sig­
nification but including chemical changes generally; dis­
tillation, artificial gems, the magnet and its properties; 
posmetics used by women, fires, gunpowders, Greek fires 
deluding preparations of Marcus Graecus, (whom he, like 
Hiringuccio, calls Marcus Gracchus); on invisible and 
clandestine writing.

In the treatment of these subjects Porta includes state­
ments of the ancients from the time of Theophrastus and 
Aristotle, as well as the contemporary knowledge of his 
°Wn time, not always with any critical discrimination be­
tween the ancient interpretations and the more modern 
facts. Thus under the heading “To change stibium into 
lead”37 he says, “if you frequently heat and burn stibium 
which the chemists call regulus you will burn it into lead, 
because we see it noted by Dioscorides saying, ‘Stibium 
A heated somewhat further is turned into lead.’ ” The 
chemists of Porta’s time by the regulus of antimony or 
stibium, meant metallic antimony, and no longer considered 

37 Joh. B. Portae, Magia NaturaUs, Amsterodnmi, 1664, p. 245.
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it as lead as did Dioscorides and Pliny. The book on imi­
tation gems is of interest, including the coloring of glass 
by metallic compounds, burned copper for the aqua marine, 
manganese for the amethyst, zaffre (cobalt) for the sap­
phire, copper and iron for the emerald, etc. So also the 
making of enamels and their coloring for pottery are de­
scribed in this book, this art in Italy being further ad­
vanced at this time than elsewhere except in China.

It should be remembered that few in Porta’s time were 
free from credulity toward many marvels and supersti­
tions which were inherited from the past and Porta’s work 
shows that he was no exception, as much of the marvellous 
is found in his writings. On the whole, however, his in­
formation is definite and practical and his work is as good 
as could be expected of one not himself a practical experi­
menter or investigator, but a conscientious and scholarly 
student of the literature, ancient and contemporary. His 
directions and recipes on a great variety of applications of 
chemistry are sufficiently definite and detailed to be of 
service in stimulating experimentation and all in all, the 
work must have been of considerable influence in dissemin­
ating interesting and useful chemical information.

Porta published in 1608 at Rome a work on distillation, 
its methods, apparatus and applications, which is of in­
terest as giving a more comprehensive view of the appli­
cations of distillation in the sixteenth century than is found 
in any other work of the period. Methods and apparatus 
for distillation had been described from very early times, 
by Zosimus, pseudo-Geber, Brunschwyk, Biringuccio, Agri­
cola and many others for particular applications.

This treatise of Porta’s, which is very different in plan 
and content from the book on distillation in his earlier 
work, is divided into nine books, dealing successively with 
the kinds of distillation, the methods and apparatus for 
distillation in general, furnaces, retorts, condensers, etc.; 
with the preparation of distilled perfumed waters, from 
roses, violets, myrtle, lavender, jasmine, lilies, etc.; with 
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Volatile oils of roses, myrtle, cloves, lemon, absinthe, jas­
mine, lavender, mint, (mentha), salvia, chamomile, anise, 
laurel, cypress, angelica, cinnamon, pepper, cardamom, etc.; 
oils distilled from resins, mastic, benzoin, styrax, ammo- 
mac, opponax, turpentine, camphor, etc., and from woods, 
guaiacum, juniper, aloes, and aspalatum. The seventh 
book deals with the distillation of strong waters, “aquae 
Validae,” he calls them. These are the corrosive mineral 
acids in the variety described in the German Probierbiich- 
^in, and in the works of many writers following pseudo- 
^eber. He includes among them the “oil of bricks,” oleum 
de lateribus, obtained by distilling olive oil from hot bricks 
as given in the manuscripts of Marcus Graecus38. Its vir­
tues are adapted he says to tense nerves, cold abscesses and 
to.cold distillations, (“vires tensis nervis, frigidis aposte- 
matibus, ac frigidis distillationibus.”) This distillation of 
alcohol from wine, and the preparation of certain oils of 
animal origin are also given, musk, civet, beaver, scorpion, 
etc.

The methods of obtaining all these oils and waters, and 
Very often also the quantitative yields obtainable are given. 
Altogether it is an illuminating exposition of the scope of 
application of distillation in the sixteenth century.

The works of these practical chemists of the sixteenth 
Century manifest a more serious appreciation of the dignity 
and importance of chemistry in its relation to the practical 
ants, and had a great stimulating influence on all chemical 
porkers. It will be noticed however that with the excep­
tion of Paracelsus these men were not greatly interested 
*n the problems of chemical philosophy. To the extent that 
they refer to chemical theory they accept the conventional 
Aristotelian or Arabian concepts. Paracelsus by the im- 
Pnession made by his three principles indeed did much to 
shatter the blind faith in the ancient theories and to pave 
the way for later constructive speculation. In so far as 
nhemical theory is concerned the sixteenth century marks

88 See ante, p. 197.’
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the decay of the old rather than the birth of a distinctly new 
philosophy.

It must not be thought that the period of superstition, 
charlatanism and alchemy had yet passed away. Illustra­
tions of this we shall see in the next chapter.



CHAPTER IX

CHEMICAL CURRENTS IN THE SIXTEENTH CENTURY

Though the works of the four last-mentioned men were 
their domains the most far-reaching and permanent 

influences of the sixteenth century, they by no means 
summarize the chemical activities of the period. Several 
factors were influential in determining the current of 
thought and interest. Doubtless the most dominant motive 
was mainly excited by Paracelsus, though not entirely due 
to him, the revolt against the absolute authority of Galen 
and Avicenna in medical theory and the campaign for the 
extension of the use of the so-called chemical medicines. 
This resulted in the bitter and intense struggle between 
Partisans of Paracelsus and his new medicines, and the 
conservatives of the medical profession and especially of 
the university medical faculties, who vigorously resisted 
those encroachments. As Agrippa puts it, at just this 
Period all chemists were either “physicians or soap boil­
ers.” it was generally true that a large part of the 
chemical thinkers were also physicians, and the chemi­
cal and medical scholars were generally involved in 
this warfare, which occupied the center of the stage for 
^ore than a century after Paracelsus.

Among the more prominent supporters of Paracelsus 
^yere Michael Toxites, physician at Hagenau, who pub­
lished a commentary on Paracelsus under the title of 
^estamentum Paracelsi in 1574 at Strassburg, and Gerhard 
$°rn, physician at Frankfurt, author of various works re- 
iating to alchemy and an enthusiastic adherent of the 
doctrines of Paracelsus who published in 1567 the Clavis 
■^otius Philosophiae Chymisticae, in the introduction of

353
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which he acknowledges his indebtedness “first to God and 
then to the doctor and our preceptor Theophrastus Para­
celsus easily chief of physicians and philosophers.” 
Adam von Bodenstein (1528-1577), a pupil of Paracelsus, 
who lectured as Professor of Medicine at Basel on the 
Paracelsan system of medicine followed Paracelsus iu 
his mystical notions as well as in his practice, and is 
credited with a work De Lapide Philosophorum, and a 
commentary on the Rosarium attributed to Arnaldus de 
Villanova. G. Dorn was a pupil of Adam von Bodenstein, 
to whom his Glavis was dedicated.2

2 Prof. John Ferguson in his Bibliotheca Chemica, II, p. 415, lists 
edition of Von Suchten’s work, “Antimonii Mysteria Gemina, Alexander vo 
Suchten, das ist von den grossen Geheimnissen des Antimonii, etc., /air® 
Johann Thblden TIessum, Leipzig, 1604.” The first edition of the TriumP^
Wagen des Antimonii of “Basilius Valentinus” was published in the sa» 
year and place by Johann Thblden.

Alexander von Suchten, of Danzig, also a student at 
Basel, was an advocate of Paracelsus and interested in- 
chemistry and alchemy. He wrote a Glavis Alchemiae and 
a work De Secretis Antimonii Liber, first published in 
Basel in 1575 and said to have been translated from Ger­
man into Latin. It is of interest to note that both the 
above works were published in German in 1604 at Leipzig 
by Johann Thblden, the supposed author as well as pub­
lisher of the Triumph Wagen Antimonii, 1604, and other 
earlier and later literature of the mythical Basilius Val­
entinus.3 The works of Alex, von Suchten were published 
in many later editions during this century.

Oswald Crollius, or Croll, (1580-1609) was another in­
fluential advocate of Paracelsus, and a contributor to the 
chemical remedies. His Bascilica Chemica, Frankfurt, 
1608, often republished, was his most popular work. 
contained an exposition of the teachings of Paracelsus, a 
treatise on materia medica in which he emphasizes the 
chemical medicines, and a treatise on the doctrine of Sig­
natures, a subject also treated in the Paracelsan literature, 
and which assumes that medicinal plants or other sources

i Gerhardus Dorn, Clavis Totius, etc. Lugduni, MDLXVIII, p. 3.
2 Schmieder, Geschichte der Alchemie, p. 276, 321.
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of medicine bear some symbol or sign of their value for 
medicine in their color, shape or other visible sign, by 
Which God intends that they shall become known to those 
expert and wise in the interpretation of these signs.

Croll is credited with being the first to mention the ex­
plosive fulminate of gold and with having given the name 
°f luna cornea, horn silver, to the fused chloride of silver. 
Kopp also credits to him the first announcement of the 
acid from amber (succinic acid) “flos succinii.”

Leonhard Thurneysser (1530-1596) was one of the most 
noted and notorius adherents of Paracelsus. Son of a 
goldsmith of Basel, he was first distinguished for having 
sold to a Jew gilded bars of lead as pure gold, as a result of 
Which he was obliged to flee from Basel. He visited Eng­
land and France. In 1552 he joined the army in Branden­
burg, but a year later abandoned that to take up his earlier 
trade of goldsmith, which he seems to have pursued in 
Various German cities for a few years, finally turning to 
mining. In 1560 his success was such that he was patron­
med by the Archduke Ferdinand of Austria, who sent him 
at his expense on an extensive investigating journey to 
Scotland, Spain, Portugal, Egypt, Palestine, Greece, Hun­
gary and other countries. During all this experience he 
evidently acquired considerable knowledge of medicine as 
WeU as of the mining and metallurgical arts, and in 1569 
We find him appointed as court physician to the Elector 
°f Brandenburg. About this time he became an advocate 
°f the Paracelsan medical doctrine, and published several 
Works of chemical and medical character. Eventually on 
aecount of swindling operations he was forced to leave 
Berlin (1584). He then went to Italy and operated as 
alchemist pretending to be able to make gold, eventually re­
turning to Germany and dying in great poverty at Cologne 
1596. At one time in Berlin he had amassed considerable 
Wealth and displayed it with ostentation. He let it be 
Understood that it was acquired by transmutation, but it 

acquired doubtless by his chemical and medical prac­
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tice, aided by the arts of the charlatan and impostor. As 
Kopp4 says, not a single useful experiment is found in his 
works, his entire accomplishment being a paraphrasing of 
the ideas of Paracelsus. Even these were not clearly under­
stood by Thurneysser, nor correctly rendered.

Ferguson says of him:
“He was endowed with quickness and obviously a power­

ful memory; but he tried to pass as a man of science, a 
learned physician, and an accurate scholar, when in reality 
he was a man of action, with a gift for organizing and com­
mercial advertisement. At the present day he might have 
been a successful manufacturing chemist, able to turn his 
raw material into gold without the red elixir. ’ ’0

An enthusiastic advocate of Paracelsan ideas was 
Joseph Duchesne, better known under his Latin appel­
lation of Quercetanus (1521->1609). He was born in Gas­
cony, studied in Germany, and in France was attached aS 
physician to the court of Henry IV. He was an extreme 
partizan of the chemical medicines of Paracelsus and added 
others of his own initiative. His position at court pro­
tected him from the hostility of the medical profession, then 
generally opposed to the new remedies, though his arro­
gance and many fantastic notions served to make him many 
enemies in the profession.

As a chemist he contributed nothing of note. Hoefer cites 
a passage from his treatise in Materia Medica, in which he 
says that saltpeter, (sal petrae) “contains a spirit which is 
of the nature of air and which nevertheless cannot sustain 
flame, but is rather opposed to it.” Though this descrip­
tion would apply to nitrogen, yet as the above statement 1S 
accompanied by no further elucidation it seems a rather 
strained interpretation that nitrogen might have been 
isolated from saltpeter by Quercetanus.”

A later French physician and better chemist than Quer­
cetanus, was Turquet de Mayerne (1573-1655), a wed

* Kopp, Geschichte der Chemie, I, p. 109.
c Ferguson, Bibliotheca Chemica, II, p. 453.
6 Hoefer, Histoire de la Chimic, 2d ed., II, p. 25. 
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educated physician and Professor of Chemistry at the Uni­
versity of Paris. Though not rejecting the Galenic medi- 
C1ne he nevertheless was an advocate of the new chemical 
Medicines, preparations of mercury and antimony, acetate 
°f potassium, benzoic acid, copper and iron sulphates, etc. 
In 1603 the medical faculty of Paris condemned him, for 
this reason, to be deprived of the decorations of the school 
and the academic privileges and forbade all true physicians 
to have any relations with him.7 As a result of this decree 
I^e Mayerne left France, and spent the remainder of his 
nfe in England where he was court physician to James I 
and later to James II. He died at Chelsea in 1655.

7 Cf. Hoefer, op. cit., p. 239, for Latin text of this decree.
Hoefer, Histoire de la Chimie, 1st ed. 1843, II, p. 16.

Turquet de Mayerne was held in high estimation as a 
Physician. His medical works containing much chemistry 
were published from about 1604 on. His complete works 
were published in England by Dr. Joseph Brown in 1701. 
Turquet is credited with some notable observations in chem- 
18try, with the preparation of the black sulphide of mer- 
cury by rubbing together mercury and melted sulphur, with 
the preparation of benzoic acid from benzoin by volatiliza­
tion with a paper cone for condensation. He has also been 
considered as the first to recognize that by the action of 
8ulphuric acid upon iron an evil smelling and inflammable 
air is evolved, though whether to Turquet or to Robert 
^°yle this discovery is due, is a question not yet settled 
beyond doubt. The problem of priority in the observation 
°I evolution of this gas and of its inflammability, as re­
corded in the history of chemistry, is interesting. F. 
Hoefer, in his Histoire de la Chimie,3 gives Paracelsus 
credit for the earliest observation as follows:

“The effervescence which manifests itself when water 
ai)d oil of vitriol (sulphuric acid) are brought into contact 
W1th a metal such as iron had not escaped this observing 
spirit. He knew that in this operation there is given off an 
a.lr like a ‘wind’ (Luft erhebt sich und bricht herfiir wie 
ein wind) and that this air separates from water of which 
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it is an element. Paracelsus had glimpsed the truth -with­
out retaining it, etc. ’ ’

So also, H. Kopp, two years later,9 evidently depending 
upon Hoefer says, speaking of hydrogen:

“The older alchemists seem to have had no knowledge 
of this gas, even Basilius Valentinus in the fifteenth cen­
tury [really the seventeenth] who repeatedly describes the 
solution of iron in sulphuric acid does not with any word 
mention the kind of air which is developed. Paracelsus, 
in the century following [really proceeding] first called at­
tention to it. His Archidoxa contain the description of 
how iron is dissolved in dilute sulphuric acid with the ob­
servation “Luft erhebt sich und bricht herfur wie ein 
wind.”

R. Jagnaux10 cites Hoefer as to the first observation of 
hydrogen by Paracelsus, quoting also the above German- 
phrase.

Hermann Schelenz,11 also speaking of hydrogen, refers 
to Paracelsus and Tholden as having had it in their hands. 
Thblden is the accepted author of the Basilius Valentinus 
literature.

In 1875, Herman Kopp,12 discussing the discovery of the 
composition of water, again refers to this subject. After 
asserting that nowhere does Basilius Valentinus allude to 
any evolution of gas or air in connection with the described 
preparation of iron vitriol from iron and oil of vitriol, he 
says:

“That Paracelsus mentions it has, indeed, been asserted. 
Hoefer says in his Histoire de la Chimie, III, 1st ed., p.
2d ed., p. 12. ‘The effervescence which,’ etc. [as above 
quoted]. I have, therefore, in my Geschichte der Chemist 
III. Theil, S. 260, also stated that Paracelsus had called at­
tention to the evolution of air on the solution of iron i11 
dilute sulphuric acid. The edition of the works of Para­
celsus to which Hoefer refers131 cannot now consult, but m _____________________________________________ _—-

9 Kopp, Geschichte der Chemie, 1845, Bd. TIT, p. 260.
i° Histoire de la Chimie, Paris, 1891, I, p. 385.

Geschichte der Pharmazie, Berlin, 1904, p. 560.
13 Kopp, Beitrage zur Geschichte der Chemie, Pt. TIT, p. 241, note 10.
i3Huscr’s 1st ed., 1589, Archidoxis, VI, p. 12.
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Huser’s edition of Strassburg, 1616, I could find nothing 
to substantiate this statement. In Book III of the Archidoxa, 
°n the separation of the elements, is stated,” (here Kopp 
Quotes the German text which contains the above quoted 
Phrase and then says) “as to action between sulphuric acid 
and a metal there occurs nothing whatsoever about these 
substances.” 14

14 The Strassburg 1616 edition is the second reprint of Huser’s edition of
1589. Though less carefully edited than the first edition, its text differs in 
110 essentials from the 1589 print, as shown in the critical bibliography of 
the works of Paracelsus by Dr. Karl Sudhoff ‘ ‘ Vcrsuch einer Kritik der Echt- 
heit der Paracelsischen Schriften, 2 vols., Berlin, 1894-1899.

15 Paracelsus Opera, Huser, Strassburg, 1616, Vol. 1, Archidoxa. Lib. Ill, 
P- 791.

The text of the passage under discussion15 is as follows:
“So merck dass die Elementen in der Scheidung ge- 

funden werden gleich in der Gestalt und Form wie sie an 
den wesentlichen Elementen seind. Dann der Lufft erzeiget 
sich gleich dem Lufft und ist nicht zu befassen, als etliche 
m ihren Gemiittern vermeinen; Auss der Ursachen dass in 
dem Instrument der Scheydung der Lufft sich erhebt und 
herfur bricht gleich wie ein Wind, und etwan mit Wasser 
aussfehret, etwan Erdtrich, etwan Fewer. Dann ein 
sondery wunderbarliche Auffhebung ist im Lufft. Als 
wann auss dem wesentlichen Element Wasser soil der Lufft 
gescheiden werden als dann geschicht durch das Sieden: 
Hud so bald es seudt so scheidet sich der Lufft vom Was- 
Ser und nimpt mit sich die leichtist Substanz vom Wasser: 
Und so viel das Wasser gemindert wirdt also nach seiner 
Proportion und Quantitet wirdt auch gemindert der 
Lufft.”

This may be translated:
“Note, therefore, that the elements are found in their 

separation (Scheydung) the same in shape and form as 
they exist in the essential elements. For air shows itself 
like air and is not to be grasped (or confined), as some 
XU their minds imagine. For the reason that in the appa­
ratus for ‘parting’ (or separating) the air rises and breaks 
forth like a wind, and sometimes passes off with water, 
sometimes with earth, sometimes with fire. For such a 
special wonderful lifting power exists in air; as when from 
the essential element water, air is to be separated, that 
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takes place by boiling, and as soon as it boils, the air sep­
arates from the water and carries with it the lightest sub­
stance of the water; and as much as the water is diminished 
just so much in its proportion and quantity the air is 
diminished. ’ ’

The foregoing passage is from a treatise on the separa­
tion of the elements, (meaning the four Aristotelian ele­
ments) from their complexes. The whole discussion is 
obscure and metaphysical. The interpretation of this 
passage is none too easy.

If we assume that Paracelsus here means by “Instru­
ment der Scheydung” the operation of parting in assay­
ing, a common process in his time and elsewhere described 
by him, that process consisted in the solution of alloys of 
silver or gold with other metals by aqua fortis (nitric 
acid) and the effervescence he refers to would be caused 
by nitrogen oxides, not hydrogen.

If, on the other hand, he means only the separation of 
air from water by boiling, as illustrated in the latter of 
the above sentences, then it may be conjectured that he 
only observes the conversion of water into vapor (air) in 
boiling. In no case is there any justification for Hoefer’s 
conclusion. Paracelsus and “Basilius Valentinus” may 
therefore both be eliminated as early observers of the for­
mation of the gas now known as hydrogen.

Eliminating Paracelsus and “Basilius” or Thblden, the 
credit of recording the first observation of the air evolved 
from iron and sulphuric acid and of its inflammable char­
acter seems to lie between Turquet de Mayerne and Robert 
Boyle. The passage upon which rests the claim of the 
former occurs in his Pharmacopoea. The date of the first 
appearance of this work is doubtful. It is included in his 
Opera Medica, edited by Joseph Browne in London, copies 
being apparently variously dated 1700, 1701, and 1703. On 
citations from this publication are based all notices thus 
far recorded of the description of this gas. Among the 
lists of the publications of Turquet there seems to be no 
earlier publication of the Pharmacopoea recorded, except 
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that R. Jagnaux states that Albrecht von Haller, a writer 
°f the latter half of the eighteenth century says that Tur- 
quet’s Pharmacopoea was issued with his Medicament- 
orum Formulae in 1640. Jagnaux, however, states that, 
Unfortunately, he has not succeeded thus far in verifying 
this publication.10 Should such a publication be confirmed 
and the same passage be found in that work, the priority 
pt notice would unquestionably be established. Even could 
it be shown or accepted that the text of the works as pub­
lished by Browne were all by Turquet and not later added 
to, the priority would still be his, as he died in 1655, some 
years before Boyle’s observations. That this edition was 
Published as written, Browne specifically states, according 
to Jagnaux. In the account of the life and work of May- 
erne in the Dictionary of National Biography, Vol. 
XXXVII, London and New York, 1894, it is stated: “On 
June 25,1616, he was elected fellow in the College of Physi­
cians of London and in 1618 wrote the dedication to the 
King of the first pharmacopoea published by the College.” 
9ne is tempted to wonder whether the pharmacopoea pub­
lished as Turquet’s work was not this work to which he 
"Wrote the dedication and whether the work itself was not 
revised after the death of Turquet. The Nouvelle Biogra- 
Phie Generale, Tome 34, Paris, 1861, lists among his publica- 
Ucations the Medicamentorum Formulae, London, 1640, 
but makes no mention of the Pharmacopoea in that con- 
Uection.

10 Jagnaux, Histoire, Paris, 1891, I, p. 386.
. K°PP, Geschichte der Chemie, II, p. 114.

»°PP;. °p- In> P- 178-Heit rage gur Geschichte der Chemie, III, p. 242, note 11.

Kopp also, who, in his Geschichte der Chemie, credits 
Turquet de Mayerne with the first notice of inflammability 
pf the gas on the basis of the Pharmacopoea which he var­
iously ascribes to “about 1600,” 17 and “about 1650,” 18 in 
lus later work10 says of the Pharmacopoea of Turquet de 
■^uyerne, that he knows no other edition than that in the 
collected works edited by J. Browne, London, 1703, but re­
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marks that Turquet de Mayerne knew in the first half of 
the seventeenth century that a product of the action of 
dilute sulphuric acid upon iron was of disagreeable odor 
and inflammable but that his observation was doubtless 
first published in the beginning of the eighteenth century/9

This statement in the Pharmacopoea is very clear. It is 
published in the original Latin by Kopp in the above men­
tioned passage in the Beitrage, and in French translation 
by Jagnaux.21 Translated the statement reads:

20 The published catalogues of the British Museum and of the U. S. Sur­
geon General’s libraries contain no edition of the Pharmacopoea "earlier than
1700.

“I have taken 8 ounces of iron filings, and in a deep glass 
cup (concha) I have added successively 8 ounces of oil 
of vitriol and a little later I have added an equal quantity 
of warm water. There was produced an enormous agita­
tion, a great ebullition, and a meteorism of matter easily 
quieted by stirring with a rod. There is also raised a most 
fetid sulphurous vapor, very noxious to the brain, which 
(as happened to me, not without danger) if brought near 
a candle takes fire, on account of which this operation 
should be made in the open air or under a chimney.”

The priority of De Mayerne in this matter then depends 
upon whether this observation was really written by him 
or was a later addition to the Pharmacopoea of the London 
College of Physicians, to the first edition of which he is 
said to have written the dedication.

In 1670 (or 1672) Robert Boyle published his New Ex­
periments touching the Relation between Flame and Air, 
in which he says:

“Having provided a saline spirit (this was hydrochloric 
acid) which, by an uncommon way of preparation, was 
made exceeding sharp and piercing, we put into a phial 
capable of containing three or four ounces of water, a con­
venient quantity of filings of steel. This metalline powder 
being moistened in the phial with a little of the menstruum, 
was afterwards drenched with more, whereupon the mix­
ture grew very hot, and belched up copious and stinking 

22 Kopp, loc. cit.
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fumes, which, whether they consisted altogether of the vola­
tile sulphur of the Mars, (iron) or of metalline steams par­
ticipating of a sulphureous nature, and joined with the saline 
exhalations of the menstruum, is not necessary here to be 
discussed. But whencesoever this stinking smoke pro­
ceeded, so inflammable it was that upon the approach of 
a candle to it, it would readily enough take fire; and burn 
^ith a blueish and somewhat greenish flame at the mouth 
°f the phial for a good while together; and that, though 
'with little light, yet with more strength than one would 
easily suspect.” 22

22 Works of Robert Boyle (Birch ed.) London, 1744, III, pp. 255, 256.

Unless, therefore, it can be shown that the statement of 
tile evolution of hydrogen gas by Turquet was really by 
him, this description by Boyle, written some sixteen years 
after the death of Turquet, but about thirty years before 
tile known appearance of Turquet’s Pharmacopoea, seems 
to be the first announcement. That both of these writers 
attempt to explain the vapors of fumes as of sulphurous 
nature is accounted for by the fact that chemists of the 
time were thinking in terms of the concept of sulphur as 
the combustible constituent of matter.

Returning from this digression to the chemists of the 
sixteenth century, and first to the progress of the cam­
paign for chemistry in medicine, which was the most prom- 
^ent feature of chemical activity of the century, the work 
and influence of Libavius cannot be ignored.

Andreas Libau, better known under his latinized name, 
Libavius, was born at Halle about 1540, and was from 1588 
to 1591 professor of history and poetry at the University 
°f Jena; later city physician and director of the gymna- 
sium or secondary school at Rothenburg; in 1607 and until 
his death, in 1616, director of the gymnasium at Koburg. 
broadly trained, somewhat conservative by nature but 
endowed with an independence of judgment none too com- 
iiion for his time, Libavius, in the latter part of his life, 
ecame interested in chemistry and the new chemical medi­--- --- ------------------------------ -------------------------------------  
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cine campaign inaugurated by Paracelsus. In this cam­
paign lie occupied a position between the enthusiasts who 
followed Paracelsus in his vagaries as well as in his re­
forms, and the antagonists of the Paracelsan reforms, who 
rejected all the new medicines as dangerous innovations. 
Thus in his printed works we find Libavius, while a Para­
celsus follower in the campaign for chemical remedies, to 
which he contributed much himself, severely criticizing the 
extravagances and vagaries of Paracelsus and his follow­
ers, and at other times opposing Erastus and other antag­
onists of the Paracelsan movement in chemical medicines. 
The independence of his attitude is well evidenced by the 
fact that many later writers classify Libavius as a Para­
celsus follower or antagonist, according to their own pre­
dilections or prejudices.

The chemical work of Libavius was generally upon the 
preparations of chemistry with reference to their uses in 
medicine. The tetra-chloride of tin, which he prepared by 
heating corrosive sublimate with tin and which he called 
“liquor or spirit of mercury sublimate,” was long known 
as spiritus fumans Libavii. He is credited with the descrip­
tion of the glass of antimony,23 an observation previously 
credited to Basilius Valentinus, in the Currus Triumphal^8 
Antimonii, a work which, however, first appeared a feW 
years later than the Alchemia of Libavius. He is further 
credited with the first recorded observation of the blue 
color produced in ammonia by copper, and with the first 
preparation of sulphuric acid by the action of sulphur and 
saltpeter. Ammonium sulphate is said to have first been 
prepared by him and to have had later extensive use in 
medicine. His work published under the title of Alchem^ 
is characterized by Kopp24 as the first real text book on 
chemistry. This work was divided into two parts, the first, 
Enchiria, on the methods of operating, or manipulations, 
the second, Chymia, on the preparation of substances which 

23 Tn his Alchymia, a work first printed in 1595.
24 Kopp, op. cit., Ill, in article on “Libavius,” pp. 145-150,
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are made by these methods. It appears to be a summary 
°f chemical methods and operations of the time. In the 
theory of chemistry it does not appear that he presents 
anything new of importance. He presents Paracelsus’s 
three principles, salt, sulphur, and mercury, in one place, 
but elsewhere discusses the composition of the metals ac- 
eording to earlier concepts of Geber and the Arabians, in 
Which mercury and sulphur alone are alluded to, evidenc- 
lng that he is here a recorder of the ideas of others rather* 
than himself a contributing thinker. With respect to the 
Possibility of transmutation of the base metals into pre- 
cious metals, Libavius not only admits its possibility but 
Records in his works various methods of carrying out such 
operations, doubtless here also as a recorder of the current 
ohemical literature of the period, rather than from any 
experience of his own in matters so foreign to his own field 
of experimentation.

The orthodox medical profession, adherents of the medi- 
°al theories of Galen and Avicenna, naturally combatted 
energetically and violently the new tendencies. Naturally 
also they were often not deeply interested in chemistry, and 
did not leave a deep impress on the positive accomplish­
ments of that science. Too often also, while doing good 
Service in criticizing the weaknesses, extravagances, and 
mipositions of Paracelsus and his followers, they depended 
more on the argumentum ad hominem, on personal abuse 
and ridicule, than on the presentation of facts and the logic 

facts, to influence the thought of the time. The most 
violent of the early critics of Paracelsus perhaps was 
Erastus (his name was Thomas Lieber) (1523-1583), pro- 
fessor of medicine in Heidelberg and later in Basel. Eras- 
tus criticized the salt, mercury, sulphur theory of Para- 
celsus, discredited the efficacy of the cures he claimed to 
have made in the use of his new medicines, and upheld 
the validity of the older Galenic system as against the new. 
Te was supported by very many conservative medical pro- 
tessors and practitioners, such as Dissenius, a prominent 
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physician and writer on materia medica; the learned Kon­
rad Gesner; and many others whose works belong to the 
history of medicine but have little of interest for the 
development of chemistry.

Although the campaign for and against the chemical in­
novations in the theory and practice of medicine was the 
most notable feature in chemical activity, there were other 
influences making toward progress or toward reaction in 
chemistry.

The extension of travel and discovery in the Americas, 
Asia and Africa, with their discovery of new plants, ani­
mals and other observations of nature, gave a new impetus 
to the study of the natural sciences, and tended to weaken 
the authority of the natural history of Aristotle and his 
imitators. With the exploitation of new civilizations in 
Mexico and Peru, and opening of new sources of knowledge 
by such travellers as Magellan and Sir Francis Drake, old 
systems of natural science proved inadequate, and neW 
and independent points of view became more numerous. 
A new spirit of observation and criticism inspired many 
strong and original thinkers. Such was that universal 
genius Leonardo da Vinci, artist, scientist, engineer and 
inventor. Konrad Gesner, Swiss scientist (1516-1565) was 
also a man of great versatility, writing on zoology, miner­
als, botany, medicine, and pharmacy as well as on philology 
and philosophy. As says Professor Ferguson: “There 
is no more notable man in the history of learning and of 
science in the sixteenth century than Gesner.” Even in 
chemistry Gesner was not without influence for his De 
Secretis Remediis Liber, etc., a compendious work on dis­
tilled waters, oils, resins, and on distillation processes in 
general, passed through many reprints and translations and 
served as the basis of similar works by other writers.25

as A work entitled ‘ ‘ Quatre Livres de Medicine et de la Philosophic chin*1' 
que, faits Francois par M. Jean Liebaut, Dijonnois, Docteur Medecin ft Paris, 
Rouen, MVIC” (preface dated 1573) is a translation from this work 
Gesner’s.

Cardanus, Stevinus, Tycho Brahe, Galileo, Vesalius, Co­
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pernicus, are names that evidence the forward looking ten­
dencies of the sixteenth century. On the other hand a 
strong reactionary tendency toward mysticism and super­
stition in natural philosophy and toward the revivification 
°f alchemical notions and aspirations was operative in 
the sixteenth and seventeenth centuries, emanating from a 
revival of neoplatonism and the Cabbala in Italy toward 
the end of the fifteenth century. The Cabbala was a trans­
cendental philosophy of nature, supposed to have origin­
ated among Hebrew Alexandrian neoplatonists, and was 
in the first instance a mystical interpretation of the scrip­
tures. It assumes the magical power of words, signs, and 
numbers, and the possibility through the knowledge of this 
Power to foresee and influence future events. It recognized 
the power of amulets, magic formulae, conjurations of 
Spirits and other supernatural agencies. Giovanni Pico 
della Mirandola (1463-1494) and Marsilius Ficinus of the 
Florentine Academy were active propagandists of the Cab­
bala, and in Germany, Reuchlin (1455-1522) Trithemius 
(1462-1516), and Agrippa von Nettesheim (1480-1535). 
trithemius is mentioned by Paracelsus as one of his valued 
teachers and from him and possibly also through Agrip­
pa’s influence, Paracelsus became a believer in this mag­
ical or occult philosophy, as is evidenced in many of the 
treatises written by him or ascribed to him.

Griovanni Pico della Mirandola also wrote a treatise De 
Auro, in which he testifies to having several times wit­
nessed the making of gold. Marsilius Ficinus is credited 
'With a work De Arte Chimica, in which theosophical and 
chemical notions are mingled. Through all these influences, 
and not the least through Paracelsus, minds mystically in- 
cdned, and they were very many in those times, were often 
turned to alchemy with its mysteries, rather than to the 
8aner aspects of chemical research.

For the history of chemistry these occult philosophers 
are without importance, though they were very prominent 

the time when alchemy was a live issue. Such were, 
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among a multitude of less prominence: Denis Zacchaire 
(1519-1556), Gaston Claves (or Dulco), Sebastian Sieben- 
freund, John Dee (1526-1608), Edward Kelly (1555-1597); 
Heinrich Khunrath (ca. 1560-1601), Michael Mayer (ca. 
1568-11622), Alexander Sethon, or Setonius ( ? -1604); 
Robert Fludd (1574-1637), Michael Sendivogius (1566- 
1646). Some of these later alchemists were simply mystics, 
others credulous fanatics, some simply charlatans and con­
fidence operators. The story of their careers sometimes 
ends in assassination, and sometimes in legal execution, 
oftener in obscurity; but their works have left little if any 
permanent influence unless it be that they have served 
as encouragement for such mystic or theosophic cults aS 
the Rosicrucians or their modern successors.

The works published under the names of Johann Isaac 
Hollandus and Isaac Hollandus deserve consideration here, 
not on account of any intrinsic value, but because of the 
place they have held in the history of chemistry. From the 
early years of the seventeenth century until quite recently 
they were generally, though not universally, believed to 
have been written in the fifteenth century. Even Kopp 
and Hoefer accept this literature as of the fifteenth cen­
tury, the former evidently with some uncertainty. B. B- 
Penotus (1608) states that the works of Is. Hollandus are 
based upon Paracelsus.26 T. Bergman, also, in his Opuscule 
Physica et Chemica (1779-1788) places Isaac Hollandus at 
the beginning of the seventeenth century.27 Hoefer re­
marks that the works of Hollandus so resemble those of 
Basilius Valentinus that they perhaps are by the same 
author.28 The latter works are also now known to be of 
the beginning of the seventeenth century, but there 1s 
no evidence that they are by the same author. Even Prof- 
John Ferguson, in his Bibliotheca Chemica (1906) is un* 
certain as to the period and authorship of the Hollandus

so Schubert & Sudhoff, Paracelsus Forschungen, Frankfurt, 1887, Pt. I, P" 
76.

27 The English translation (Edinburgh 1791) of Bergmann’s Essays, say8 
by error seventh instead of seventeenth, 3, p. 123.

as Hoefer, Histoire de la Chimie, I, p. 478.
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literature. More recent researches into the extant litera- 
ture, printed and manuscript, have established, beyond 
reasonable doubt, that the works attributed to the supposed 
father and son Hollandus are post-Paracelsan. Prof. Karl 
Sudhoff, who as early as 1887 claimed that the Hollandus 
literature rests on Paracelsus,29 in a personal communica­
tion to the present writer in 1913, stated that after exam­
ination in recent decades of thousands of manuscripts 
there is no possible room for doubting that all the Hol­
landus and Basilius literature is post-Paracelsan. More 
recently still another authority in alchemical literature, 
Hl- von Lippmann,30 has discussed the question of the period 
and authorship of the Hollandus literature, and gives an 
extensive list of writers on alchemy and alchemists whose 
^orks of the fifteenth, sixteenth and early seventeenth cen­
turies he has examined without finding any reference to 
works of Hollandus. The first mention of Johann Isaac 
Hollandus he finds in a work printed in 1582, falsely at­
tributed to Paracelsus, the Centum Quindecim Curationes 
Bxperimentaque. Libavius (1597) alludes to him also and 
first voices the accusation that Paracelsus plagiarized the 
idea of the three principles from Hollandus, a theory 
fiailed with enthusiasm by the many anti-Paracelsus writ- 
eys of the seventeenth century. Von Lippmann also is con- 
vinced that the Hollandus literature is post-Paracelsan and 
that it depends on Paracelsus for any contents of essential 
value. Other scholars of early chemistry, as H. J. Holgen,31

Paul Diergart,82 confirm this conclusion.
The first recorded publication of any work by one of 

these authors was in 1572 at Prague; Joh. Isaac Hollandus, 
de Minerale Lapide et Vera Metamorphosi Metallo- 

rUm. The Opus Vegetabile et Animate, by the same author 
^as published in 1582. Other works were printed up to 

$$$• No original manuscript is known, though W. P. Jo- 
so Seubert and Sudhoff, toe. cit.

„ vnn Lippmann, Chemiker Zeitung, 1916. Vol. 40, p. 605; 1919, Vol. 43, 
aiir5 V and 286 //.
3 L- J. Holgen, Chemiker Zeitung, 1917, Vol. 41, p. 643.

•t^aul Diergart, Chemiker Zeitung, 1919, Vol. 43, p. 201.
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rissen cites a manuscript copy of a work which bears the 
date of 1567. It will be remembered that Paracelsus died 
in 1541. Jorissen also still clings to the possibility of the 
early date of the Hollandus works, but presents no evi­
dence in support of that hypothesis.33

33 W. P. Jorissen, Chemiker Zeitung, 1919, Vol. 43, p. 105.
34 v. Lippmann, Chemiker Zeitung, Vol. 40, p. 605; and Vol. 43, p. 265.

The mystery which puzzled the early historians as to 
the personality of the two supposed Hollandus,’ Johann 
Isaac, and Isaac, is not yet convincingly solved. Von Lipp­
mann calls attention34 to certain circumstantial evidence 
found in Ben Jonson’s play The Alchemist. In this play, 
first staged and printed in 1610, referring to the charlatan 
and pretended alchemist who fills the title role, it is said:

“Face. Will he win at cards too?
“Sub. The spirits of dead Holland, living Isaac, you’d 

swear were in him, such a vigorous luck as cannot be re­
sisted.”

Wharton, the eighteenth century editor of Jonson’s 
works, remarks on this passage, “The poet alludes to the 
two famous chemists, Isaac and John Isaac Hollandus, 
who flourished about that time and wrote several treatises 
on alchemy.” Ben Jonson is also known to have himself 
spent some time in Holland previous to 1610.

Antonio Neri, who wrote a treatise on glassmaking, first 
printed in Italian in 1612, refers to “This method of imi­
tating gems which I received (or obtained) from Isaac 
Hollandus when I was in Flanders.” Neri’s sojourn in 
Flanders was about 1609. This statement does not in itself 
necessitate the interpretation of personal contact between 
Neri and Isaac Hollandus, although von Lippmann call8 
attention to the fact that Neri, in his work, has not the 
habit of citing written works as authorities, and that the 
published works of Hollandus contain no such matter aS 
Neri here describes.

Von Lippmann also calls attention to the reference 
Hollandus by Sir Francis Bacon, (1561-1626), as presump' 
tive evidence that one of that name was still living. Bacon, 
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after speaking in strong disapproval of the influence of 
aracelsus and his many radical adherents, says, ‘ ‘ Such 

a one is Isaac Hollandus and by far the greater part of 
the crowd of chemists.”35 That this circumstantial evi­
dence as to the personality and period of the authors of 
these works is not conclusive must be admitted, and 
^is has been emphasized by Jorissen30 and also by 

. Schelenz.37 These writers, however, present no posi- 
Ave evidence as to the pre-Paracelsan period of their 
authorship. The fact that the “Hollandus” writers 
C1te no authorities of the sixteenth century is an argu­
ment of no weight if we consider that the writings 
Avere expressly intended to convey the belief that they 
Were more ancient than Paracelsus and his contempo- 
raries, which is apparently the fact. Von Lippmann pre- 
8ents many items38 in the writings themselves that indicate 
the improbability of their early date. Holgen quotes from

16 Opus Vegetabile, attributed to J. I. Hollandus:39 “Take 
he best sugar of the Island of Madeira which is very 

~ard,” and cites Reese,40 as stating that sugar from Ma- 
eira first came to Amsterdam in the early sixteenth cen- 
Ury. Whatever the facts may be as to the authors, it may be 
aken as established beyond reasonable question that the 
°flandus literature is of the latter third of the sixteenth 

aiid the early part of the seventeenth century.
■A-8 to the character of these works: Hand der Philo- 

^phen, Opuscula Alchimica, Opus Batumi, Opera Vegeta-
1 la> Opus Minerdie, Von der Cabala, De Lapide Philo- 

s°phica, etc., it may be said that they contain nothing that 
mtinguishes them from a great mass of contemporaneous 

a chemistical literature.41
lona^’ ®acon *n He Interpretatione Naturae Sententiae, “Talis. est Is. Hol- 

3a r e* turbae chemistarum pars longe maxima.”
37 rrC' c^-
3s v 8°helnz, Zeitschrift fur Angewandte Chcmie, 1917, p. 195.
3(! a- Lippmann, Chemiker Zeitung, 1919, p. 265 ff and p. 286 ff.
4o Amsterdam edition of 1659, p. 82.
4X q,® BWkcrhandel von Amsterdam, Haag, 1908.

to h 16 c<Utions of works of the Hollandus, Joh. Isaac and Isaac, accessible 
vWritor are Hie Hand der Philosophcn, etc., Frankfurt, Gotzen, 

(Sclm-/ (1667!) : and Sammlung unterschiedlicher bewahrter chymiseher 
[etc.p Wien, 1773.
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Although the literature which appeared under the name 
of the alleged Benedictine monk, “Basilius Valentinus” is 
now generally conceded to have been written at the close 
of the sixteenth or the beginning of the seventeenth cen­
tury, its relation to the history of chemistry is so similar 
in many ways to that of the Hollandus literature that it 
may be best considered in this connection.

The earliest publications under that name were pub­
lished by Johann Thblde (or Thblden), of Hesse, himself a 
chemist, part owner of salt works in Franckenhausen i11 
Thuringia, and a councillor (Raths Kammerer) of that 
town. He was also author in his own name of a work on 
salts (Haligraphia) in 1603. The principal works of “Ba­
silius ’ ’ were issued by Thblden as follows: De MicrocoS' 
mia, von der Welt im Kleinen, Eisleben, 1602. Vom Grossed 
Stein der Uhralten Weisen, Zerbst, 1602. Tractat von Na' 
turlichen und Uebernaturlichen Dingen, Eisleben, 1603. 
Occulta Philosophia, 1603. Triumph Wagen Antimon^/ 
Leipzig, 1604.

These works Thblden claimed were translated into Grer- 
man with great labor from original Latin manuscripts. It 
does not appear that Thblde ever gave any information aS 
to the source of these alleged manuscripts, nor were the 
original manuscripts ever placed in evidence. The works 
attracted great attention, and were frequently republished, 
commentated, and translated into Latin and other laU' 
guages. Other works were also published by various 
persons and ascribed to Basilius Valentinus.

The interesting fact was soon noticed that there was a 
strange similarity of many ideas, points of view, and eveU 
of modes of expression between this Basilius Valentinus 
and Paracelsus. Such were these resemblances that B 
was a reasonable assumption that one of these writers was 
dependent on the other for many facts and ideas. In tbe 
state of opinion and feeling toward Paracelsus at the be­
ginning of the seventeenth century, it was natural that the 
orthodox medical faculties and practitioners should prefer 
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to believe Paracelsus the borrower, rather than the newly 
discovered Basilius. The problem as to the personality 
°f Basilius and the period of the literature which was at­
tributed to him was much contested in the seventeenth 
century. The works themselves gave no definite informa­
tion for identification, and the statements that the sup- 
Posed author was a brother of the Benedictine order, 
that he was a native of the upper Rhine region, and 
had traveled in the Netherlands, England and Spain, 

all that the works themselves indicated.
In 1675 Gudenus, in his history of Erfurt, stated that in 

H13 a monk named Basilius Valentinus lived in St. Peter’s 
doister in Erfurt, a man deeply versed in medicine and 
Natural science. This very definite information, though un- 
Sripported by any evidence to substantiate the statement, 
^as evidently largely accepted as answering the doubts. 
Io be sure it was soon recognized that the alleged date 
1413 must be an error, because the works of Basilius Va­
lentinus were found to refer to the use of antimony in metal 
ype used in printing, a use known to be not earlier than 

^he latter half of the fifteenth century; and they also con­
fined references to the disease of syphilis under the name 
of morbus gallicus, which name was first used about the 
close of the fifteenth century. Elaborate search into the 
records of the Dominican monasteries in Germany and the 
records at Rome revealed no Dominican member of that 
Paine. At a somewhat later period the statement appeared 
Ppfi became generally accredited that in 1515 the Emperor 
yfximilian I had instituted a search to establish the ex- 
rstence and identity of the alleged Basilius Valentinus, 
Hrough with negative results. The importance of this ru- 
^ror consisted in this, that if Basil Valentine was known

1515 , he was evidently pre-Paracelsan. Prof. Kopp, who 
Pl hig History in 1843 credits and repeats this rumor, in 
Prs Beitrage in 1875 calls attention to the baselessness of 
rPc statement, and states that, of the many manuscripts 
P’hich he has consulted in the principal collections of Eu-
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rope, there is none that refers to Basilius that is with any 
probability earlier than the seventeenth century.

However, the seventeenth and later centuries generally, 
while doubting the authenticity of the personality of Basil' 
ius Valentinus, accepted the assumption that the literature 
under his name was really written in the fifteenth century- 
Paracelsus was therefore suspected or believed to have had 
access to some copy of these works, and this explained the 
similarity of ideas and expressions. To be sure, there were 
skeptical critics, as Vincent Placcius, an early bibliographer 
who asserted that the real name of Valentinus was 
Thblden.42 To this conclusion also came the anonymous 
author of the Beytrag zur Geschichte der Hohen ChemiG 
1785.43 Older skeptics as to the early origin of the Basilius 
Valentinus literature did not, however, prevent the general 
acceptance of the fifteenth century period for these works. 
Thus Gmelin, in his carefully compiled and conscientiously 
edited Geschichte der Chemie, 1797, accepts that period f°r 
the writing of the works, although dubious as to the alleged 
personality of the author. Kopp also in his Geschichte def 
Chemie, 1843-1847, accepts the fifteenth century as the 
probable date of these writings, though in his later Beitrage 
Kopp presents, very circumstantially, evidences for doubt­
ing that conclusion and for believing that the works are 
really of the seventeenth century. He hesitates, however, 
to attribute their authorship to Thblden, seeing no reason 
why this chemist should have wished to deceive the public- 
In his latest work, Die Alchemic, 1886,44 Kopp hesitates no 
longer and, in view of all that he then had been able to 
learn, states that the reasonable interpretation of the situa­
tion is that Thblden must be considered as the author as well 
as publisher of the Basilius literature which he issued- 
Hoefer,45 also states that the evidence is that there was

42 Cf. A. E. Waite, The Triumphal Chariot of Antimoy, by Basilius WU 
entinus, p. xv, citing Placcius’ Theatrum Anonymorum et Pseudonymor^’ 
Hamburg, 1708.

43 John Ferguson, Bibliotheca Chcmica, II, p. 446.
44 Kopp, Die Alchemic, pp. 29-32.
45 Histoire de la Chimie, 1st ed., 1842, 1, pp. 453-454 and 2d ed., 1" ' 

Vol. I.
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no Benedictine monk of that name, and that the pseudony- 
m°us author belonged at the end of the fifteenth century 
°r perhaps even later. He states that none of these works 
was printed before 1602-1604, and refers to certain manu­
scripts of the seventeenth century—French translations of 
certain treatises. Yet he, like Gmelin and Kopp, accepts the 
Pre-Paracelsan character of the Basilius works and his his- 
tory is written accordingly. With the impetus given by these 
three important authorities on early chemical history, the 
Gasilins literature has in the later and brief histories of 
chemistry generally been treated as pre-Paracelsan.

Since Kopp expressed his conviction that Tholden, from 
1602 on, must be held as responsible for the authorship as 
wdl as the publication of the Basilius works, the researches 

many scholars interested in the early history of chem- 
lstry, medicine, and pharmacy, have served only to confirm 

conclusion of Kopp; and the question may now be con- 
sidered as settled beyond reasonable doubt that all the 
facts and ideas contained in the literature of Basilius 
Valentinus were compiled after all the works of Paracelsus, 
^iringuccio, Agricola, Porta, Konrad Gesner, and many 
lesser compilers and writers were in print. From this 
dewpoint there is little if anything of importance, even 
111 the Triumphal Chariot of Antimony, that is not antici­
pated in these other writers. It is worthy of mention also 
that this latter work was issued by Tholden in the same year

which he published an edition of Alexander von 
®achtensM De Secretis Antimonii. The author of the Bey- 
^ra9 (1785) suggests that the Triumphal Chariot of Anti- 
m°ny may possibly have been compiled from this work.47

However this may be, and whatever sources besides 
Paracelsus Tholde may have utilized, there is no doubt 
^at that his treatise brought together into one volume the 
facts of the chemistry of antimony and its combinations, 

its uses in medicine in a form that made his book the ——____________________________
40 See ante, p. 354.

erguson, Bibliotheca Chemica, II, p. 417.
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standard work on that subject for many decades. The work 
is, in so far as its chemistry is concerned, clear and com­
prehensible for its time. Its philosophy is medieval im 
deed, except that the tria prima of Paracelsus are utilized 
formally though without the interpretation of those terms 
so frequently emphasized by Paracelsus. Thus “Basilius’ 
says:48

48 Waites’ translation, p. 89.
48 Authors who may be cited as expressing these convictions on the question 

are for example: Kopp, Die Alchemie, 1886, pp. 29-32; M. Berthelot, Intr°' 
duction a I’etude de la Chimie, 1889, pp. 279, 280; Ferguson, Bibliotheca 
Chemica, 1906, I, p. 81, and II, pp. 445, 446; H. Sehelenz, Geschic'1. 
der Pharmazie, 1904, p. 480; F. Dannemann, Die Naturwissenschaften t'1 
ihrer Entwickelung und in ihren Zusammenhang, 1910, I, p. 343; 
Campbell Brown, A History of Chemistry, 1913, p. 196; E. von Lippman”’ 
Entstehung und Ausbreitung der Alchemie, 1919, p. 640; Karl Sudhoff, (s^ 
ante, p. 369).

“Woe unto you, who neither understand nor care to un­
derstand my words! If you knew the meaning of fixation 
and volatility, and of the separation of pure and impure, 
you would cease from your foolish occupations and follow 
me alone. It is I, Antimony, that speak to you. In me 
you find mercury, sulphur, and salt, the great principles of 
health. Mercury is in the regulus, sulphur in the red color, 
and salt in the black earth which remains. Whoever can 
separate these, and then re-unite and fix them by art, with­
out the poison, may truly call himself blessed; for he has 
the Stone, which is called fire, and in the Stone, which can 
be composed out of Antimony, he has the means of per­
fect health and temporal subsistence.”

In his bitter and contemptuous arraignments of the con­
ventional physicians, he imitates Paracelsus, so that it 1s 
not surprising that, if the seventeenth century accepted 
the Basilius literature as of the fifteenth century, it should 
also have concluded that Paracelsus was the imitator, 
having had access to some unknown copy of this earl/ 
author’s work. This long accepted theory, however, may 
be considered as finally abandoned, for all modern histor­
ians40 who have studied into the literature of this period 
agree upon the post-Paracelsan character and on the 
fraudulent intent of the writer in ascribing to his alleged 
__________________________________________________________________ ■ 
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■Basilius Valentinus an earlier date than the dates of publi­
cation.

Briefly characterizing the contributions of the sixteenth 
century to the development of chemistry, we recognize the 
aPpearance of a new spirit of appreciation of the dignity 
and importance of the science and the decadence of the 
Veneration for ancient and traditional doctrines and au­
thorities, which so characterized preceding centuries. Many 
able and independent thinkers and workers contributed 
Valuable additions to the literature of chemistry. Numerous 
experimental additions to chemical knowledge were made 
and many compilers and editors gave wide circulation to 
these advances in knowledge. None of these discoveries, 
t° be sure, can be considered as epoch-making, but they 
^ere preparing the way and providing the material for 
uture constructive developments. These advances in ex­

perimental chemistry were mainly in practical lines, in 
chemical processes and preparations and in their applica­
tion to the chemical arts or to the arts of medicine and 
Pharmacy. Great advances in the philosophy of chem- 
istry We a0 not but in the newly established and more 
llberal attitude of thought toward traditional authority 
aud ancient dogma, new ideas were not so universally 
^eit to be necessarily dangerous heresies, merely because 
they were new.

The one important theoretical advance is the notion of 
the three Paracelsan principles constituting substances, 
mercury, sulphur, and salt, replacing in interest, to a great 
extent, the Platonic-Aristotelian concept of the four ele­
ments, and the more mystical Greek-Arabian concept of 
sulphur and mercury as the constituents of metals. Un­
questionably, the appeal of the tria prima to the chemists 

the period lay in its more comprehensible relation to ex­
perimental observation. Mercury, as the embodiment of 

was merely volatile in the heat, sulphur of what 
vay, and salt as the constituent which was fixed 

and nonvolatile and noncombustible, was a concept the 
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justification of which was to, be found in experiment and 
experience rather than in inherited dogmas.

The importance of the wide acceptance of the three prin­
ciples lay not in any permanent value this theory possessed, 
but in that this acceptance was a distinct break with ancient 
authorities and appealed to experience for its justification, 
and opened the way for further development on the basis 
of wider future experience.



CHAPTER X

THE SEVENTEENTH CENTURY

The seventeenth century is marked by an increase in 
chenaical experimentation and by a still greater independ­
ence of thought. Though the ancient authorities and 
theories found many stout defenders, there were many 
chemists who ventured new explanations of phenomena on 
the basis of an increasing knowledge of chemical facts and 

observations. The main current of chemical thought and 
activity in the first half of the century was in the domain 
°f their application in medicine and pharmacy, though 
Metallurgy and other practical arts were not neglected. 
The most important of the chemical writers of that period 
^ere physicians, as Angelus Sala, Daniel Sennert, J. B. 
^an Helmont, Sylvius de le Boe, Otto Tachenius, Werner 
tfolfinck, and others of less importance. J. R. Glauber was 
distinctively a metallurgist, though his activities also ex­
pended to chemical medicines. Robert Boyle, whose chemi­
cal publications appeared from 1660 on, is credited with 
. eMg the first chemist of the century to study chemistry for 
As own sake, and not as an accessory to medicine or any 
chemical art.

Angelus Sala, born at Vicenza, went to Germany when 
young and passed his life there. He practised medicine 
hrst in Dresden, and later in Bavaria and Austria. 
Ma was interested in chemistry and an able experimenter. 
/M works were published in 1647 by F. Beyer. He seems 
0 have been a man of conservative judgment, free from 

Vanity, which was rather the exception in chemical writers 
his period. He criticized both Paracelsists and Galen- 

lsts. Sala credited with a number of notable observations
379
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and discoveries in chemistry, though it is difficult to know 
with certainty at this period whether a particular one of 
them is first discovered by him. Sala seems to be the first 
who prepared sal ammoniac synthetically. “If you place 
together one part of sal volatile from urine, with a proper 
proportion of spirit of salt, you will obtain a product re­
sembling in all respects ordinary sal ammoniac.”

Sala tried to prove that the precipitation of copper from 
vitriol solution by metallic iron was not, as was supposed 
by many, due to a transmutation of iron into copper but 
was due to the separation of copper present in the vitriol- 
He recommended lime and albumen from eggs for refining 
of sugar, promoted the use in medicine of the fused silver­
nitrate (lunar caustic) and noted that oil of vitriol, or aS 
he called it “spirit of sulphur,” was produced by burning 
sulphur in moist air under a bell jar. Lemery improved 
this process by the addition of saltpeter (4 lbs. of sulphur 
to 4 ounces of saltpeter) and thus began the commercial 
manufacture of sulphuric acid, which had previously been 
obtained by distillation of vitriols or alums. Ward in Eng­
land established a factory on this principle, and when m 
1746 Roebuck and Garbill replaced the glass jar by lead- 
lined chambers, the price of sulphuric acid was reduced to 
perhaps a very small fraction of what it was before tins 
development began.

Sala was also an important champion of the introduction 
of the chemical medicines. Sala’s description of “fermen­
tation,” as an intimate movement of elementary particles 
which tend to group themselves in a different order to make 
new compounds, is evidence of a concept doubtless derived 
from the atomic theory of the Greeks, and differs from the 
concept of chemical action in the nineteenth century mainly 
by lacking qualitative and quantitative definition.

Daniel Sennert (1572-1637) of Breslau, a celebrated 
teacher of medicine at Wittenberg, was a follower of Para­
celsus in the campaign for the chemical medicines, though 
independent in his judgment, so that he criticized Para' 
celsus and many of his followers in many things, especially 
for his belief in the existence of a universal medicine °r
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Alkahest. He also blamed the Galenists for resisting the 
Progress of medicine by their obstinate conservatism. 
Robert Boyle manifestly considered Sennert one of the 
chief exponents of the theory of the “three principles” 
and cites him in the Sceptical Chymist.

Johann Baptista Van Helmont (1577-1644), born in Brus- 
sels, was the most prominent chemist of the first half of 
the seventeenth century. He came of a noble family, was 
educated in the conventional classical course at the Univer- 
S1ty of Louvain, though he refused to accept the degree of 
faster of Arts on the ground that he was not qualified for 
that degree. He also attended courses in magic and mysti­
cal philosophy conducted by Jesuit teachers, and began the 
study of theology. An interest in natural science together 
With a missionary and unselfish impulse to the service of 
ds fellows determined him to follow medicine as a pro- 
iession, and in 1599 he took his doctor’s degree at Louvain.

As a student of medicine he was strongly influenced by 
the works of Paracelsus, not only by his progressive 
1(ieas, but also by his transcendental and mystical philoso­
phy. Van Helmont resembled Paracelsus, however, too 
^ch in his disregard of traditional authority to be a 
hlmd follower of Paracelsus. While he accepted some of 
fhe latter’s most characteristic ideas, as the “Archaeus” 
Presiding over functions of digestion, etc., he rejected some 
of.his more prominent theories as, for example, the three 
Principles of matter.

As chemist and as physician Van Helmont held a high 
Place. He visited London in 1604-1605 and was received 
With honor, returning to Vilvorde near Brussels where he 
Raided until his death in 1644. His complete works were 
hrst published by his son, Franciscus Mermurius Van Hel- 
^nt, in 1648, and were often reprinted and translated.1

1 The edition of his works accessible to the writer is that of Frankfurt, 1682.

The chemistry of Van Helmont was largely developed 
With reference to physiological or medical functions, but 

exclusively. His ideas of matter and its changes were 
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largely original. For instance the Aristotelian theory of 
the four elements as well as the Paracelsan concept of the 
three principles were alike rejected by Van Helmont.2 Of 
the latter he says they are new inventions against the 
truth of nature and fact. They are not primary constitu- 
ents but are produced by the agency of fire and are hence 
new entities which were previously nonexistent. Instead 
of the four elements of Aristotle, he assumes that there 
are two primitive elements, air and water. Of these two, 
water, he says, is the more active, because from it all other 
substances, except air, are produced; and into it all other 
substances, excepting air, may be changed.

2 Opera Omnia, 1682, p. 101.

His reasons for the belief that water can be changed 
into all other forms of matter, except air, are based upon 
his own experiments and observations rather than upon 
the authority of Thales, though it is not impossible that he 
was influenced by the thought of that Greek philosopher- 
Van Helmont calls attention to the fact that a great number 
of substances, mineral, animal, and vegetable, yield water 
on distillation or ignition, and he assumes that they are 
partly converted into water. His widely cited experiment 
upon the willow tree was his most impressive argument.

Van Helmont placed two hundred pounds of carefully 
dried earth in an earthen pot, and planted in it a five- 
pound willow. The pot was covered with a perforated plate 
of tinned iron to guard against loss or gain of weight by 
dust, etc. The pot was supplied with nothing but water, 
either rain water or distilled water. After five years, he 
removed the willow, weighed it again, finding one hundred 
sixty-nine pounds and three ounces. The earth was dried 
and again weighed and was found to have lost but two 
ounces. Van Helmont concluded that one hundred and 
sixty-four pounds of willow tree had been produced from 
pure water.

If we recall that at that time there was no knowledge or 
suspicion of the presence of carbon dioxide or of nitrogen
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compounds in the atmosphere, and that nothing was known 
°f their relation to vegetation, and again if we consider 
the large number of substances obtained by the distillation 
°f Wood, we cannot regard Van Helmont’s conclusion as 
anything but a reasonable deduction from the facts as he 
knew them. Furthermore, his conclusion was confirmed 
from certain facts of which he knew but had not person­
ally experimented upon. Such was the often repeated account 
of certain springs which have the power of converting wood 
Or charcoal into stone, a process usually interpreted at that 
hittie as a kind of transmutation. As charcoal is producible 
from water alone, and as charcoal can be changed to stone, 
this proved to Van Helmont that the stone also is materi- 
aHy water.8 Also the fact that fishes spend their lives in 
the water and obtain their development by things occurring 
111 the water is interpreted by Van Helmont to mean that 
they, lil<e his willow tree, are also ultimately produced from 
Water.
. Van Helmont experimented also with chemical processes 
111 which various gases are produced and was the inventor 
°f the term gas to distinguish these substances from ordi- 
nary air or from easily condensible vapors. Especially was 
°Ur carbon dioxide, which he called gas silvestre or spiritus 
^vestris, the object of his attention. We have already 
h°ted that he derived this word from chaos, a term used 
V Paracelsus as a sort of generalized term for air.4 Van 
fclmont burned sixty-two pounds of charcoal and found 

there was left one pound of ash. The other sixty-one pounds 
disappeared as an invisible spirit. “This spirit, 

hitherto unknown, I call by a new name gas, which cannot 
e confined in a vessel nor reduced to a visible body, unless 

* s seed be first destroyed.” 5 And again he says, “There- 
°re with the privilege of a paradox and needing a name 
have called this vapor gas, not very different from the 

Claos of the ancient secrets.” He recognized that this gas 
cit, P- 104, 105. ~ ”

6 n e ante, P- 323.UP- cit., p. 102.
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is heavier far than air, but more “subtle” than the vapor 
of water.0

Gas silvestre, he also found, was produced not only from 
burning charcoal, alcohol and other substances of organic 
origin, but by fermentation of wine and beer, by the action 
of acids or of distilled vinegar upon shells of crabs (lap' 
ides cancrorum), and occurs in some springs and subter­
ranean caves. The action of aqua fortis upon silver, of 
heat upon saltpeter, the burning of sulphur and the action 
of sal ammoniac and aqua fortis, all produce gas silvestre- 
Though he notes differences of odor or color in some of 
these products, he does not seem to consider it necessary t° 
give them different names, they are all gas silvestre. This 
is not very surprising for there was as yet no notion of 
their composition nor of any relation of odor or color to 
composition.

Van Helmont distinguished clearly between the uncon­
densible vapors that he calls gas, and those which are easily 
condensible, or are substances vaporized by heat but con­
densible in the cold to their original state. He recognize8’ 
as did the metallurgists at the time, the persistence of 
metals in their preparations or solutions. He states that 
silver dissolved in parting water, though invisible is y®t 
present in its previous essence, just as salt dissolved i® 
water remains salt and can be recovered unchanged. Se 
also asserts that when glass is made from sand and alkalb 
the sand even in the fusion remains as such, being merely 
enveloped in the transparent glass.7

6 Op. cit., p. 69.
7 Cf. Strunz, F. J. B. Van Helmont, Leipzig, and Wien, 1907, for an 

esting study of his points of view and his work.

Van Helmont uses the terms acid and alkali, and refer8 
to the effervescence of alkali with acid in the production ot 
this gas silvestre, and uses the term saturation in a way 
that indicates some comprehension of limiting conditions- 
He devised (apparently about 1620) the term ‘sal salsv1^ 
to distinguish from sal acidum and sal alkali that which 1s 
now commonly called a neutral salt.
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His notion of the cause of chemical action is quite mys- 
lcal. He supposes a “ferment,” a formless and unsub- 

s^ntial something implanted by the divine will in all sub- 
8tances, to be the thing which determines what the action 
and the products shall be. The various functions of the 
W, for instance, take place under the initiative of the 
erment, and under the guidance or direction of the Arch- 

^eus, a sort of resident spirit, the concept of the Archaeus 
eing derived, somewhat modified, from the Archaeus of

J aracelsus.8
Much of Van Helmont’s theory and speculation is mysti- 

and difficult to understand. In the words of Professor 
hos. Thomson: “The system of Van Helmont has for 
8 basis the opinion of the spiritualists. He arranged 

the influence of evil genii, the efforts of sorcerers, and 
e Power of magicians among the causes which produce 

leases.”
toward the marvelous he was certainly credulous, and 

ya8 sometimes thus led to endorse the facts of transmu- 
^ation of the metals. He relates for example that in 1618

6 had received from an adept one fourth of a grain of a
Wder with which he himself had changed eight ounces of 
oreury into pure gold.0

fl an Helmont’s chemical experiments and his chemical 
ones exerted a powerful influence on the chemists of

.8 century. No chemist is cited more frequently nor with 
Sher respect. Yet, his theory of the two elements, air and

, er> did not, with many, replace the four Aristotelian 
hientgj nor the three principles, though the latter had 
this time been frequently elaborated into five, sulphur, 

amCUr^’ sa^ (the active principles), and phlegm (water)
°arth (the passive principles). The suggestion of the 

lonal and desirable term gas which he used, was ignored 
r> eaHy successors. Boyle, Boerhaave, and Priestley 
^instead the terms “artificial air,” “factitious air,”

» On6 a"te’ ?24’
V- cit., “Vita Aeterna,” p. 697 b. Sec Kopp, Alchemic, I. Tl., p. 82. 
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or “different kinds of air,” and it remained for Lavoisier 
and Macquer, a hundred and fifty years later, to reintro­
duce Van Helmont’s convenient word gas to comprehend 
that class of bodies.

Johann Rudolph Glauber (1604-1670) was a German 
chemist, born in Karlstadt, who also shared the esteem 
of the seventeenth century, second only, perhaps, to Van 
Helmont. He was a man of very different training and ex­
perience from his elder Netherlands contemporary. He 
lacked classical training necessary at that time to the stu­
dent of the chemical or medical literature. He wrote his 
many works in German, though later they were translated 
into Latin, and into French and English. He was an active 
chemical worker, and his experience in the field of the 
metallurgist and assayer is summarized in his really in1' 
portant work (for his time) on New Philosophical Fur' 
naces.10 This is a well organized book on the construction of 
various furnaces, illustrated with woodcuts of furnaces and 
accessory apparatus, and is an extensive treatise not only 
on furnaces, but also on the various methods of distillation 
and on the various kinds of “spirits, oils, and flowers 
(that is distillates solidified to powders on cooling) 
animal, vegetable or mineral sources, and on their uses m 
chemistry, medicine, and other arts. For the well described 
observations and many new experiments described here, 
Glauber well deserves to be remembered.

Fumi Novi Philosophici, Amsterdam, 1651. a
11 Johannis Rudolphi Glauberi, Philosophi & Medici Celeberrimi, 0pe’ 

Chymica, 2 Vols., Franchfurti am Main, 1658, 1659.

Glauber wrote many other works, and his Opera OmniO1 
Chymica were published in 1658 in Amsterdam and in the 
same year in Frankfort.11

Much practical information of chemical value is con­
tained in many of these works. Next in importance per' 
haps to the Furni was his treatise on the Welfare of 
many—Des Teutschlands Wahlfahrt, in which he discusses 
the natural resources of Germany. This work is a power' 
ful appeal to German chemists and manufacturers to
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develop their natural chemical resources, and to become 
hereby less dependent upon Italy and France for many raw 

Materials. This work was published in six parts.12

in P'e first two arc in Opera Chymica of 1659, the others being issued
13 “O x between 16S9
uQm e,. aUira Salium,” Opera Chymica, p. 452.

°f ?lln> Geschichte der Chemie, I, pp. 625-657, records a large number
18 observations.

The chemical philosophy of Glauber is much the same 
as that of Paracelsus, whom he esteemed highly, and of 
^hose works (published in German) he was a student. Of 
,constitution of matter, he says:
‘The principles of vegetables are water, salt, and sul- 

Phur, from which also the metals are derived, not from 
fanning mercury, as many of you think, for that mercury 
8 a special metal and from these same three principles as 
ther metals and vegetables, namely, from water, salt, and 
ulphur, which are found on decomposing (Anatomisirung) 

mem. ’ ’13
This substitution of “water” for Paracelsus’ “mer- 

cury,” £njg anajOgy |n t]ie practice of other contempo- 
lary chemists in substituting the term “spiritus” for “mer- 

t° represent the principle of volatility.
That Glauber, in spite of his many valuable improve- 

^Pts in metallurgy and other branches of practical 
Ministry, and his many clearer descriptions of processes,14 
as something of the charlatan, is quite evident. The won- 

? ul and absurd claims he makes for the virtues of his 
^'^rabile, and the quarrels he had with his contem- 
P°raries on account of the exaggerated values he assumed 
Or the secret remedies he sold, make it evident that he 
as not free from practices very common at his time, and 
°t unknown to-day. The name “Glauber’s salt,” still 
Ueh in use, especially in medicine, as applied to crystal- 
pd sodium sulphate, is a reminder of the great virtues 
Uch Glauber assigned to his sal-mirabile or wonderful 

t . ^his sal-mirabile is discussed at great length in his 
^eatise on De Natura Salium, and in Miraculum Mundi.

not claim that the discovery of it is his own, but 
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believes it to be the rediscovery of the sal-enixum of Para­
celsus, for which also the properties of universal solvent 
and medicine were claimed. His general description of the 
properties, uses, and preparation of his sal-mirabile are 
written much in the style of the modern vendor of secret 
nostrums ;15 and it is by no means clear that he intends to 
describe its preparation and properties so clearly as to be 
understood by his competitors. Here are the directions 
as given:18

15 Opera Chymica, I, pp. 495-502.
18 Glauber, op. cit., I, p. 495.

“It should be known that my sal-mirabile may be sep­
arated and prepared from all common salts, but from soW° 
more easily than from others. For not only common cook­
ing salt, but also saltpeter, alum, and vitriol can yield it. 
But because alum and vitriol possess many sulphureous 
and mineral qualities which are troublesome to separate, 
and saltpeter is burning and volatile, therefore we had bet­
ter leave these salts alone and prepare our sal-mirab'W 
only from common cooking or kitchen salt, separate fro#1 
it its earthiness by the aid of fire and water, and use it t° 
the honor of God and the service of our neighbor as W0 
know or can: and first:

“Concerning the external form, color, taste, and odoi 
of the sal-mirabile.

‘ ‘ This salt when well prepared, appears like frozen watef 
or ice, crystallizing much like saltpeter, quite clear an 
transparent, melting easily on the tongue like ice; in tasi 
not sharp, but peculiarly saltish and somewhat astring011 ’ 
not decrepitating like common salt when laid on glowing 
charcoal, nor inflaming like saltpeter, but may be ignit0 
without giving off odor, which takes place with no oth0 
salt. ’ ’

These properties of the sal-mirabile agree with those 
sodium sulphate, though the description of the preparati0^ 
of the salt is vague—from common salt by aid of fire an 
water. Nevertheless, all later writers identify his 
mirabile with the salt now known as sodium sulphate. J 1 
powers that Glauber attributes to this salt are absurd^ 
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exaggerated. He devotes great space to the enumeration of 
powers and virtues. Professor Thomson says:17

. ‘In the treatise called Miraculium Mundi his chief ob­
ject is to write a panegyric on sulphate of soda, of which 

e Was the discoverer, and to which he gave the name of 
^^-mirabile. The high terms in which he speaks of this 
innocent salt are highly amusing, and serve well to show 
/•e spirit of the age, and the dreams which still continued 
0 haunt the most laborious and sober minded chemists.”

Ihough Glauber’s writings on chemical philosophy fol- 
°Wed the obscure, medieval transcendentalism of previous 

Centuries, and though he elaborately advertised the rem- 
les he dispensed, nevertheless, as a practical chemist, 

and as a careful and reliable recorder of the results of the 
exPeriments of himself and others, Glauber set a new land- 
, ar^ in technical chemistry, and insured for himself a 

served place in the history of the arts of chemistry.
Glauber practised chemistry and medicine in many cities 
Germany, Austria, and Switzerland,—Salzburg, Vienna, 

asel, Frankfort, and Cologne. In 1648, he removed to 
. ^sterdam, where he spent the remainder of his life, dying 
11 1670.18 In Amsterdam, his first book—on the furnace— 

been printed for the first time in 1651.
he two most prominent representatives in the middle 

the seventeenth century of the iatro-chemical impetus 
Vigorously inaugurated by Paracelsus and his followers, 

so strongly developed by the efforts of Libavius, Sala, 
a uber, and Van Helmont, and others, are, perhaps, Fran- 

^scus Sylvius de le Boe (1614—1672) and his enthusiastic 
Pporter, Otto Tachenius (ca. 1620-1690). Both were 
Warily physicians, but experienced in chemistry and 

1 mclined to make the theory and largely also the prac- 
°I medicine depend upon chemical analogies.

ylvius was born in Hanau, whither his Netherlands 
‘ ents had taken refuge during disturbances in their 

^ Gcountry. He received his first schooling at Sedan and 
is ^story of Chemistry, I, 229.

^ualh/gx8011’ Bibliotheca Chemica, I, p. 329, for reasons for 1670 as against
y cited date of 1668.
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at Leyden, eventually receiving his doctor’s degree at
Basel. As a practising physician, he first resided at HanaU, 
later at Leyden, finally settling in Amsterdam, where he 
achieved a high reputation as a skilful and careful phyS1' 
cian and a scientist. This reputation finally brought him 
the position of professor of medicine at Leyden, in 1658, a 
position he occupied with great prestige until his death' 

The writings of Sylvius were first published between 1659 
and 1674, all on medical subjects primarily, unless we ex­
cept his brief treatise on Chemical Medicines,10 which 18 
practically confined to the various medicinal compounds of 
antimony—“flowers,” “liver,” “regulus,” “glass,” anti­
mony diaphoreticum, butter of antimony, the latter made 
by distilling crude antimony (that is sulphide) with 
mercury sublimate (that is mercuric chloride). These com­
pounds were, however, all known by 1600 and well sum­
marized in pseudo-Basilius’s (Thblden’s) Currus Trl' 

io Sylvius, Opera Medica, Venice, 1696, pp. 576, 577.

umphalis Antimonii.
Sylvius was profoundly influenced by Van Helmont m 

his theories of the chemical functions of the organism, ana 
the authority of his position and reputation gave much 
weight to his chemical speculations. He was also a wel
informed chemist for his time. _

His tendency was the same as that of nearly all medica 
chemists of his period—to accept a plausible analogy 1ft' 
stead of waiting for more basis in facts for his conclusion8. 
Especially notable was his attempt to make the ch emica 
function of the body depend on action between acids a» 
alkalies. So for instance he said that in the right auride 
and ventricle of the heart, the blood in its circulation meet8 
the blood charged with bile. The mixture of these tW 
effervesces on contact like iron and oil of vitriol. Th18 
is the source of animal heat. The function of respirati°n 
he concludes is to temper the heat produced by this efin1 
vescence, and expiration from the lungs carries away t 
vapors produced by the effervescense.
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diseases generally are, in his view, due to some super­
acidity or superalkalinity, acids are generally the causes 

stomach disease because alkaline medicines are more
^quently the remedies. The plague is caused by sal- 
0 atile, because its injection into the veins causes symptoms

S1ttular to the plague. Acid remedies are therefore the best 
leaiedies.

^tto Tachenius, younger partisan of the medical phil- 
°s°phy of Sylvius, was born in Herford, Westphalia, and 

udied the trade of apothecary at Lemgo. Driven thence 
some theft,20 he served as apothecary’s assistant 

ip ^let, Danzig, and other German cities, then going in 
,. to Italy, and there studying medicine, eventually taking

degree of M. D. at Padua, and remaining in Venice 
ere he was still living in 1699.21

th^01011^ wor^s on ^ediciiie, the most interesting from 
e chemical point of view are his Hippocrates Chymicus

, $8) and Hippocraticae Medicinae Clavis (1668), 
republished in many editions and in English transla- 

n. While the immediate aim of these volumes was to 
°ve that the medical philosophy of Hippocrates really 
ant nothing essentially different from the then prevalent 

crnical medical theories (an object as may be imagined, 
a^ained in a purely scholastic sense, if at all), yet 

y are a treatise on the chemical philosophy of medicine
to t UP°n chemical medicines. His philosophy is similar 

. °f Sylvius, especially in the relative importance of 
us and alkalies. Indeed, his statements are even more 
1 avagant than are those of Sylvius. Thus while Tache- 
s> not unreasonably, says that “all salts are composed 

an acid and an alkali,” 22 yet he says also “But we for our 
cater knowledge and light call these two Hippocratic 
ncipleg acid and alkali, because from these two universal 

are made all things in the universe,”23 and yet
20 -------------- —------------------------------- —-------------------------------------------------------------------- ----------
2i p PP’ Geschichte der Chemie, I, p. 140.
22 Ott^U^°n’ Bibliotheca Chemica, II, p. 424.
28 Otf ° mac’len*us> Hippocrates Chimicus, 3d ed. Lugd. Bat. 1671, p. 8.

0 Tachenkis, Hippocraticae Med. Clavis, 3d ed. Lugd. Bat. 1671, p. 2. 
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again he says, “After showing above that there is nothing 
in the universe but alkali and acid, from which nature com­
poses all things,”24 etc. This theory Tachenius was pro­
pounding in Italy as Sylvius was doing in Holland. Tache­
nius appears to have been well versed in the chemical 
knowledge of his time. We may note his statement that 
lead gains one tenth in weight when roasted to red heat 
and is reduced to its previous weight upon reduction,25 a 
very accurate statement for his time. He accounts for this 
increase by the absorption of “acids” from the fuel or 
wood (“acidis lignis”).

24 Tachenius, Zoc. cit., p. 42.
25 Tachenius, Hippocrates Chemicus, 3d ed. p. 167.

The latter half of the seventeenth century is marked by 
the activity of a considerable number of able investigators 
and writers on chemistry, notable among whom are Nicolas 
Le Febre (or Le Febure), (?—1674); Christopher Glaser 
(died about 1670-1673); Robert Boyle (1627-1691); Thomas 
Willis (1621-1675); Johann Kunkel (1630-1702); Johann 
J. Becher (1635-1682); John Mayow (1645-1679); Nicolas 
Lemery (1645-1715); and Wilhelm Homberg (1652-1715)- 
All these men contributed to the increase of knowledge of 
the facts of chemistry by their researches and publications, 
which appeared from about 1660 to the close of the 
century.

We may note in general a more rational discussion of 
chemical problems, and, while correct solutions were often 
lacking, thinkers were less dominated than their prede­
cessors by the extravagant and imaginative conceptions 
of the past. In this period also were founded the influen­
tial learned scientific societies, the “Academia del Cimenti’ 
of Florence, founded in 1657; the “Academia Naturae 
Curiosorum” of Vienna, 1652; the Royal Society of Great 
Britain, 1662 (formed by the association of two local socie­
ties of Oxford and of London); and in 1666, from a 
similar amalgamation of local societies, was established 
Paris the “Academic Royale des Sciences.” The influence 
of these societies, where scholars could exchange and discuss 
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their knowledge and speculation, is not easy to overesti­
mate.

No one of the chemists of this period exerted so profound 
an influence upon the development of chemistry toward a 
real science as did Robert Boyle. The particular circum- 
stances which conspired to give him the place were, in the 
first instance, as Kopp emphasizes, that he was “the first 
phemist whose efforts are employed primarily in the noble 
Unpulse to investigate nature.” In other words the facts 

nature interested him rather than their applications to 
Medicine or any of the arts. More important was his 
mental attitude, unique in his time, toward the solution of 
^fie problems he studied. He approached these problems 
Angularly unbiased by previous authorities or speculations, 
aud was able to preserve the attitude of really scientific 
skepticism toward generally accepted theories. These 
Qualities, with his excellent preliminary education, his un­
tiring energy, his modesty, made effective by ample means 
and leisure for experiment, his lack of dogmatism, and the 
respectful consideration which he gave to the views of op­
ponents, gave him a unique place in his generation.

Robert Boyle, seventh son and fourteenth child of Sir 
Richard Boyle, Earl of Cork and Lord High Treasurer of 
Beland, was born in Lismore in the province of Munster, 
January 25, 1627. He tells us that he “was born in con­
dition that neither was high enough to prove a temptation 
i() laziness nor low enough to discourage him from aspir- 
mg. ’ ’ Ulis early education was careful and thorough. He 
sPent four years at Eton and later studied with private 
tutors, and at twelve years of age he was sent to Europe 
and remained there for six years, studying, with masters at 
Geneva and Florence, French and Italian, mathematics, 
geography, and physical accomplishments—fencing and 
dancing. In Florence, he tells us, he spent the time, spared 
rom his language study, in reading modern history in 
talian and “the new paradoxes of the great star-gazer 

Ralileo, whose ingenious books, perhaps because they could 
P°t be so otherwise, were confuted by a decree from Rome. ’ ’ 
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Galileo, indeed, died while Boyle was in Florence, January 
8, 1642.

Boyle’s return was delayed until 1644 by the Irish Re­
bellion which embarrassed for a time the affairs of the 
English Lord Treasurer, his father, and determined Robert 
to go on to their English estate at Stallbridge, where he 
lived until 1650, applying himself devotedly to his re­
searches into natural philosophy and chemistry. In 1654 
he removed to Oxford, where he continued his scientific 
work and was associated with the framers of the Royal 
Society in 1662 of which he was President from 1680 
until his death in 1691.

The scientific publications of Boyle began in 1660 with 
his extensive treatise on the Spring of the Air, in which ho 
made use of Un improvement on the air pump discovered 
by Otto von Guericke,—his “newly discovered pneumatic 
engine.” This was a very important contribution to th? 
physics of air, in the course of which he announced the 
generalization still called “Boyle’s Law” and sometimes 
called “Marriott’s Law,” though Marriott announced it 
some seventeen years later.

In 1661, appeared Certain Physiological Essays and 
other Tracts, largely chemical, and the Sceptical Chymist, 
which doubtless was most influential of all his works 
upon chemical thought. This work was an elaborate an­
alysis and criticism of the two then prevalent theories of 
the elementary composition of substances, the Peripatetic 
or Aristotelian theory of the four elements, air, fire, water, 
earth, and the Spagyric or Paracelsan concept of the three 
principles, mercury, sulphur, and salt, and of the variations 
of the latter theory which had arisen. Boyle was the first 
to challenge the validity of both these systems. He saw no 
reason, and asks to be shown any reason, for supposing 
that any four or three or five substances are the elements 
that enter into the composition of all matter. Though the 
first edition of the Sceptical Chymist was issued anony­
mously, the work attracted wide attention and the author­
ship soon became known. The second, also unsigned, 



THE SEVENTEENTH CENTURY 395

edition was issued in 167920 with supplementary articles, 
though in the mean time the work had been translated into 
Latin and “reprinted many times” before this second 
edition appeared.

The influence of this work was epoch-making and did 
Qiore than any other work of the century to arouse a truly 
critical spirit of scientific logic in chemical thinking. The 
book is written in the form of a discussion among a group 
of scientific friends, Carneades representing the sceptical 
chemist; Themistus, the exponent of the Aristotelian or 
Peripatetic four elements; Philoponus, the defender of the 
three Paracelsan principles, Eleutherius an independent 
and open-minded participant, and “I,” the anonymous re­
porter of the conversation.27

20 The title page is dated 1680.
27 The Sceptical Chymist is easily accessible in the fonn of a volume of 

popular series entitled “Everyman’s Library.”
*8 Boyle, Sceptical Chymist, 2d cd., 1680, pp. 32-34.

Themistus first presents the customary arguments for 
the truth of the four elements, to which Carneades replies 
at length. In his summing up, for example, he says:

“I consider then [says Carneades] in the next place 
that there are divers bodies out of which Themistus will 
Uot prove in haste that there can be so many elements as 
four extracted by the Fire. And I should perchance 
trouble him if I should ask him what Peripatetic can show 
Us (I say not all the four elements, for that would be too 
rigid a question, but) any one of them extracted out of 
gold by any degree of Fire whatsoever, etc.

“The next argument [continues Carneades] that I shall 
Urge against Themistus’s opinion shall be this. That as 
fhere are divers Bodies whose analysis by Fire cannot 
deduce them into so many heterogeneous substances or in­
gredients as four; so there are others which may be re­
duced into more, as the Blood (and divers other parts) of 
Ulen and other animals, which yield when analyzed five dis- 
duct substances, Phlegm, Spirit, Oyle, Salt, and Earth,” 
etc.28

The doctrine of the three principles is discussed much 
Ulore elaborately
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“because the Chymical Hypothesis seeming to be much 
more countenanced by experience than the other, it will 
be expedient to insist chiefly upon the disproving of that. 
Especially since most of the Arguments that are employed 
against it may, by a little variation, be made to conclude 
at least as strongly against the less plausible, the Aristot­
elian Doctrine.”

Carneades begins this discussion by stating four propo­
sitions as a preliminary basis of the discussion. These 
are of interest as formulating Boyle’s hypothesis of the 
constitution of matter in general, and his notion of what 
should constitute an element. These propositions are as 
follows :28

2° Boyle, op, cit., pp. 36-46.

“1. It seems not absurd to conceive that the first Pro­
duction of mixt Bodies, the Universal Matter whereof they 
among other Parts of the Universe consisted, was actually 
divided into little Particles of several sizes and shapes 
variously moved.

“2. Neither is it possible that of these minute Particles 
divers of the smallest and neighboring ones were here and 
there associated into minute Masses or Clusters, and did 
by their Coalitions constitute great store of such little 
primary Concretions or Masses as were not easily dissip' 
able into such Particles as composed them.

“3. I shall not peremptorily deny that from most of such 
mixt Bodies as partake either of Animal or Vegetable Na­
ture, there may by the Help of the Fire be actually ob­
tained a determinate number (whether, Three or Four or 
Five, or fewer or more) of Substances worthy of differ­
ing Denominations.

“4. It may likewise be granted, that those distinct Sub­
stances, which Concretes generally either afford or are 
made up of, may without very much Inconvenience be called 
the Elements or Principles of them.”

It appears from the above that Boyle entertains the 
hypothesis of a universal matter, the concept of atoms of 
different shapes and sizes, and the possibility of existence 
of substances that might properly be called elements, though 
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111 his extended discussion of the problems he does not 
Venture to assert that any known substance can safely 
he asserted to be such an element, though he knows, for 
example, no fact that would prove that gold, for instance, 
might not as well be called an element as anything else.

The atomic theory as originally conceived by Democritus 
and Epicurus, developed by Lucretius, and resurrected by 
Gassendi from about 1647 on, was doubtless the source 
Uom. which Boyle derived his ideas on this subject, as he 
C1tes both Epicurus and Gassendi. Boyle, however, in the 
above proposition carefully avoids any dogmatic assertion 
°f these hypotheses. It is plain, however, that these atoms 
Or “corpuscles” as he calls them are a constant element 
°f his thought. In part six (an appendix) to the Sceptical 
^hymist, he states more distinctly his definition of a chemi- 
eal element. Carneades says :80

“And to prevent mistakes, I must advertize you, that 
I now mean by Elements, as those Chymists that speak 
Plainest do by their Principles, certain Primitive and 
Simple, or perfectly unmingled bodies; which not being 
^ade of any other bodies, or of one another, are the In­
gredients of which all those called perfectly mixed Bodies 
are immediately compounded, and into which they are 
ultimately resolved.”

This definition was as accurate a definition as the knowl- 
edge of the time permitted; and was indeed the same as 
IVven by Lavoisier and by later chemists until the develop- 
pient of the phenomena of radioactivity afforded a more 
*mimate concept of the nature of the element. Neither 
^°yle nor his contemporaries ventured to assert that any 
mown substance was such an element, and the subsequent 
1X8e and acceptance of the Phlogiston Theory tended to 
P°stpone any recognition of the elementary character of 
°ven such metals as gold or silver, until that theory was 
abandoned.
, It is not necessary here to summarize the mass of evi­

30 Royle, op. cit., p. 354.
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dence presented by Boyle—experiments, observations, and 
logical deduction—to show the lack of basis in fact or 
reason for the theory of three, or five, principles or ele­
ments. It will be sufficient to explain that theory in the 
form in which it was generally accepted in the latter half 
of the seventeenth century. This can best be seen in the 
series of text books on chemistry most popular and au­
thoritative by Nicolas Le Febure (or Lefebre) (first edi­
tion 1660), Christofle Glaser (first edition 1663), and Nico­
las Lemery (first edition 1675). These chemists occupied 
successively the position of Chemist at the Jardin des 
Plantes at Paris. All these authorities present essentially 
the same explanation of the theory in question. The pres­
entation by Nicolas Lemery in his Cours de Chymie is the 
best and clearest. Lemery’s work marked a distinct ad­
vance on any preceding works as a general text on chem­
istry. Lemery (1645-1715) was himself an able chemist, 
and he was free from dogmatism and egotism. His Cours 
de Chymie passed through some fourteen editions in Paris 
alone, through four editions in English, was translated into 
Latin, Italian, German, and Spanish, and was the most 
authoritative text in general chemistry for more than fifty 
years.

The theory of the principles of Le Febure, Glaser, and 
Lemery varies from the original Paracelsan theory in that 
it recognizes, beside the original three active principles, 
two passive principles. Lemery presents the theory thus :31

“The first principle that can be accepted in the compo­
sition of mixed bodies is a mineral spirit, which being dis­
tributed everywhere, produces various things according 
to the different matrices or pores of the earth in which it 
may be entangled: but as this is somewhat metaphysical, 
and as it is not subject to the senses, it is well to establish 
the sensible principles of it. I will report those in common 
use.

“As the Chemists in analyzing various mixtures, have ______________________________________________ __ —'
si The passages here are translations from the ninth Paris edition of ti10 

Cours de Chymie, 1701.
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found five kinds of substances, they have concluded that 
there are five principles of natural substances, water, spirit, 
°il, salt, and earth. Of these five, three are active, spirit, 
°il, and salt, and two passive, water and earth. Those are 
called active because being in active motion they cause the 
activity of the compound. The others are called passive 
because being in repose they serve only to restrain the 
vivacity of the active ones. Spirit, which is called Mer- 
cury is the first of the active principles which we obtain

making the analysis of a compound.32 This is a subtle 
substance, slightly penetrating, which is in livelier agita­
tion than any other’ principle. It is that which makes com­
pounds grow in greater or less time according as it occurs 
there in greater or less quantity: but also by its too violent 
Motion, it follows that bodies in which it abounds are more 
subject to corruption: this is what is noticed in animals 
and plants. On the contrary the greater number of min­
erals where it is present in small quantity seem incorrupt- 
xble. It cannot be obtained pure from compounds, for 
either it is mixed with a little oil which it carries with it, 
aud then is called volatile spirit, such as the spirits of 
Wine, of rosemary, of ginger, or else it is entangled in salts 
Which restrain its volatility, and then it may be called fixed 
spirit, such as the acid spirits of vitriol, of alum, of salt, 
etc.
. “Oil, which is called sulphur, because it is inflammable, 
18 a substance mild, subtle, unctuous, which passes off after 
the spirit. It is said to cause the variety of colors and 
°dors. According to its distribution in bodies it causes 
their beauty or their ugliness; binding the other principles, 
ft also allays the sharpness of salts and by stopping the 
Pores of the compound, it prevents decay from seizing them 
either from too much moisture or by the cold; this is why 
8°iUe trees and plants which abound in oil last longer than 
ethers in verdure, and resist entirely the severity of bad 
Weather. It is always recovered impure from compounds, 
t°r it is either mixed with spirits, like the oils of rosemary 
°r Javendar which swim upon water or it is filled with salt 
Which it entangles in the distillation, as with the oils of

82 Distillation is here meant.
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box, guayacum, and cloves which are precipitated to the 
bottom of water because of their heaviness.

“Salt is the heaviest of the active principles, it is also 
commonly recovered last: this is an incisive and penetrat­
ing substance, which gives to a compound solidity and heavi­
ness, it preserves it from decay and excites various fla­
vors according as it is differently combined...................... •

“The water called Phlegm is the first of the passive 
principles: it passes over in the distillation before the 
spirits when these are fixed, or after them when they are 
volatile. It never passes off pure and there always re­
mains some impression of the active principles. This it is 
that causes it to have, ordinarily, more detersive power 
than is possessed by natural water. It serves to dilute the 
active principles and to moderate their agitation.

“Earth, which is called Caput Mortuum or DamnatuM, 
is the other passive principle, it can no more than the others 
be separated pure, for it always stubbornly retains some 
Spirits, and if, after being so far as possible deprived of 
these, it is left long exposed to the air, it takes them up 
anew. ’ ’

That this theory contains very much that is not estab­
lished as a scientific consequence of any known facts 1S 
evident, and Boyle’s arguments to show upon what inade­
quate basis of fact and logic it was sustained were very 
impressive to open-minded readers. Boyle’s discussions 
generally are very clear, illustrated with a wealth of ex­
amples from known facts and experimental evidence. H1S 
style, however, is often almost painfully prolix.

Another theory which at this period had been developed 
to an unwarranted extent, and which also became a target 
for Boyle’s logical analysis, was that of acids and alkalieS' 
We have seen the extent to which, under the authority of 
Van Helmont, Sylvius de le Boe, and Tachenius, these con­
cepts had been carried. It may be recalled that the an­
cients did not differentiate sharply between the acid of 
vinegar, acetum, and other acid juices. The Arabic word 
alkali, was derived from Kali, the name of a plant (a glass- 
wort) the ashes of which were leached to obtain the salt
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(carbonates of potassium and sodium) used in soap-mak- 
lng and glass-making. The application of the term had 
gradually been extended to mean any substance which ef­
fervesced with an acid, and finally it came to be under­
stood that any effervescence was evidence of reaction 
between acid and alkali. Thus Sylvius states33 that effer- 
vescence always shows the coming together of an acid and 
alkali; and Lemery states that an alkali may be recognized 
by the effervescence which occurs when an acid is poured 
upon it.

In his Disputatio de Chyli Secrctione, 1659.
Reflections nouvelles sur l’acide et sur Valcali, par M.. Bertrand, Doe- 
en Medecine Agreg6 au College des Medicins de Marseille, Lyon, 1683.

The seventeenth century concepts of acid and alkali are 
Well given by Dr. Bertrand in his book devoted to that 
subject in 1683.34 In this work of 359 small octavo pages 
be discusses very fully the current concepts referring es­
pecially to Van Helmont and Tachenius. He is by no
Uieans an extremist like Tachenius or Sylvius. His con- 
eepts do not differ essentially from those expressed more 
briefly by Lemery in his Cours de Chymie.

Bertrand explains that in endeavoring to define the “na­
ture of these two salts, I shall not imitate the process of 
some who content themselves with saying in general that 
an acid is that which ferments [that is, effervesces] with 
an alkali, and that an alkali is that which absorbs the acid, 
fhese notions are too vague and obscure.

“I say that an acid is a liquid body composed of small 
urm and pointed particles, slightly resembling very fine and 
delicate needles. This idea accords exactly with all the 
notions of which we see acids to be capable. For by its 
Particles of such a shape it excites a prickling when ap­
plied to the tongue, and is fitted to cause effervescence 
wben mixed with certain bodies which it penetrates, and of 
^hich it violently disturbs the particles. Some of these 

dissolves by disturbing and breaking up the tissues in 
Penetrating their pores, and others it coagulates by be- 
c°ming entangled in their branching and irregular particles, 
as occurs with milk. Moreover, as acids are not all entirely 

33
34 

teur
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alike, as their particles may have different sizes and points 
more or less fine, it should follow that they ought not to 
dissolve every sort of body indifferently, but only those the 
pores of which are accommodated to their shapes, and the 
textures of which cannot resist their force and activity. 
We see therefore that aqua fortis which dissolves silver 
cannot dissolve gold, and that distilled vinegar while it 
dissolves lead cannot act on mercury.

“Alkali, on the contrary, should be a solid earthy body 
the particles of which have between, their junctions pores 
of different structure. It is for this reason it can be dis­
solved by an acid, and that it effervesces with it and blunts 
its points: that it cleans cloth and is capable as alkali of 
some other actions that experience teaches us to recognize. 
But it is only by reason of this particular contexture that 
it accomplishes these.”

Bertrand does not agree with Tachenius and others that 
every substance contains an acid or an alkali, nor does he 
deem it necessary to assume that every body which fer­
ments with an acid is necessarily an alkali or contains an 
alkali. There may be structural peculiarities of substance 
other than those pertaining to alkalis.

In 1676 Robert Boyle published a paper in which he criti- 
other than those pertaining to alkalies.

“I cannot acquiesce, [says Boyle] in this hypothesis of 
alcali and acidum, in the latitude wherein I find it urged 
and applied by the admirers of it, as if it could be usefully 
substituted in the place of matter and motion.

“And first it seems precarious to affirm that in all bodies, 
or even in the sensible parts of all mixeds, acid and alcah- 
zate parts are found: there not having been, that I know, 
any experimental induction made of particulars anything 
near numerous enough to make out so great an asser­
tion. . . . Some spagyrists when they see aqua fortis 
dissolve filings of copper, conclude from thence that the 
acid spirits of the menstruum meet with an alcali upon 
which they work; which is but an unsafe way of arguing,

a® Reflections upon the Hypotheses of Alkali and Acidum, Opera, 1744, Uh 
pp. G03-608.
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smce good spirits of urine, which they take to be a volatile 
alcali [that is ammonia or ammonium carbonate] and which 
Will make a great conflict with aqua fortis, will, as I have 
elsewhere noted, dissolve filings of copper both readily 
enough and more genuinely than the acid liquid is wont to 
^° • . . and yet if one should urge that quicksilver 
readily dissolves gold in amalgamation, he may expect to be 
fold, according to their doctrine, that mercury has in it an 
occult acid, by which it performs the solution: whereas it 
seenas much more probable that mercury has corpuscles of 
such a shape and size as fit them to insinuate themselves 
into the commensurate pores they meet with in gold, but 
make them unfit to enter readily the pores of iron to which 
nature has not made them congruous. ... It seems a 
slight and not philosophical account of their nature (that is, 
of acids), to define an acid by its hostility to an alcali, which, 
they will say, is almost as if one should define a man by 
spying that he is an animal that is at enmity with the 
serpent, or a lion that he is a four footed beast that flies 
^r°m a crowing cock.”

_ With respect to the phenomenon of effervescence as a 
S1gn of action between acids and alkalis, Boyle says:

“And as for the other grand way that chemists employ 
fo distinguish acids and alcalies, namely by the heat com­
motion and bubbles that are excited upon their being put 
fogether, that may be no such certain sign as they pre- 
Sume, they having indeed a dependence upon particular 
c°ntextures, and other mechanical affections, that chemists 
ure not wont to take any notice of. For almost anything 
that is fitted variously and vehemently to agitate the minute 
Parts of a body will produce heat in it, and so, though 
water be neither an acid nor an alcalizate liquid, yet it 
Would quickly grow very hot, not only with a highly acid 
ml of vitriol, but (as I have more than once purposely tried 
and found) with the fiery alcalizate salt of tartar” (that is, 
Potassium carbonate).

Of the notions of sympathy and antipathy in connection 
^ith chemical actions he expresses himself:

lam dissatisfied with the very fundamental notion of 
ms doctrine, namely a supposed hostility between the tribe 
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of acids and that of alkalies, accompanied, if you will have 
it so, with a friendship or sympathy with bodies belonging 
to the same tribe or family. For I look upon amity and 
enmity as affections of intelligent beings; and I have not 
yet found it explained by any, how those appetites can be 
placed in bodies inanimate and devoid of knowledge or of 
so much as sense,” etc.

In his conclusion Boyle voices his scientific spirit in say­
ing:

“Nor do I pretend by the past discourse, that questions 
one doctrine of the Chemists, to beget a general contempt 
for their notions, and much less of their experiments. For 
the operations of chemistry may be misapplied by the er­
roneous reasonings of the artists, without ceasing to be 
themselves things of great use, as being applicable as well 
to the discovery or confirmation of solid theories, as the 
production of new phenomena, and beneficial effects. And 
though I think that many notions of Paracelsus and 
Helmont and some other eminent Spagyrists are unsolid, 
and not worthy of the veneration that their admirers 
cherish for them, yet divers of the experiments which 
either are alleged to favour these notions or on other ac­
counts are to be met with among the followers of these 
men, deserve the curiosity, if not the esteem, of the indus­
trious enquirers into nature’s mysteries.”

Just as Boyle in his Sceptical Chy mist offers no scheme 
of elements to replace the discredited Aristotelian and 
Paracelsan scheme, so also here he presents no definitions 
or criteria of acid and alkali as satisfactory to his judg­
ment and experience.

Theories of combustion, as they existed at the end of the 
seventeenth century and before the advent of the phlogis­
ton theory of Stahl, may perhaps be advantageously con­
sidered here.

With the ancients, following Plato and Aristotle, burn­
ing was interpreted as the passing off of the element fire 
from its compounds. When the alchemistic notion of sul­
phur and mercury as constituents of metals and other sub­
stances became prevalent, combustion was understood t° 
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be the burning of the sulphur. Paracelsus in his extension 
°f this theory to the three principles also says, “all that 
burns is sulphur.” So also says Lemery in his text book 
(1675), “Sulphur is the only principle which takes fire.”

That air was necessary to maintain combustion was a 
fact of common knowledge from ancient times, but the func­
tion of air in combustion other than to carry off the heat 
and “sulphurous vapors” seems to have received no at­
tention from chemical philosophers before the sixteenth 
century. And the earliest speculations on this matter seem 
to have been excited by the fact that in the case of some 
Petals, their burning or calcination was accompanied by a 
gain in weight. In the case of ordinary combustibles, the 
Volatile and gaseous product escaped into the air, and the 
Unburned residue was lighter than the original material, 
^hy, on the other hand, should lead or tin or antimony 
gain in weight when fire or sulphur departed? Why should 
the calx be heavier than the metal? No methods were then 
known for collecting, isolating, and weighing the gaseous 
and volatile product of combustion, and it was assumed 
Very naturally that the burning of these metals was ex­
ceptional in increasing the weight which existed before 
burning. Eck von Sulzbach, about 1490, seems to be the 
first who records the increase of weight of metals in cal­
cination and he describes his experiments on mercury and 
Quicksilver amalgams when calcined. Even the pseudo- 
Creber (about 1300) speaks of tin as acquiring weight in 
beating (in magisterio) and says that when obtaining sil- 
yer from lead, the lead does not keep its own weight but 
18 changed into a new weight.

Speculations as to the cause of this phenomenon are 
Various and numerous in the sixteenth and seventeenth 
centuries. Thus Cardanus (1553) notices the increase in 
tbe weight of lead on calcination and attributes it to the 
loss of celestial fire. By the departure of this life giving 
Principle or soul the metal becomes heavier, and the no- 
tion seems to be that the metal is buoyed up by the fire 



406 THE STORY OF EARLY CHEMISTRY

element. Later theorists, the phlogistic philosophers, 
thought of phlogiston, or the fire element, as having nega­
tive weight. Cardanus’s contemporary, Scaliger, thought 
the gain in weight must be due to consumption or vanishing 
of the element air enclosed in the metal, and that its loss 
left the metal denser, confusing thus specific weight with 
absolute weight. Le Febure (1660) thought the increase 
due to some material of the light or heat of the flame. 
Tachenius (1666) attributed it to the fixation in the calx 
of acids from the flame of the fuel. He determined the 
gain in weight of lead roasted to minium very closely at 
one tenth the weight of the original lead and showed that 
by reduction the lead returned to its original weight. The 
French physicist and chemist Duclos experimented on the 
change in weight when antimony is oxidized in the heat of 
the burning glass, and attributed the gain to the absorption 
of sulphur from the air.

Christophle Glaser attributed the gain in weight to “cor­
puscles of fire” which are incorporated with the calx.38

Becher (1635-1682), whose ideas of combustion were 
later elaborated by Stahl into the phlogiston hypothesis, in 
1669 discussed the gain in weight of metallic calxes, and 
pronounced the opinion that the only source of this must 
lie in the fixing of some fire material which was the only 
thing which could pass through the glass of the apparatus—- 
and this material of the fire when fixed by the calx caused 
the gain in weight. This opinion being reinforced by such 
authorities as Robert Boyle and Nicolas Lemery was 
quite generally accepted. Boyle in 1673 published a series 
of tracts upon this subject under the titles of Yew Experi­
ments to make the Parts of Fire and Flame Stable and 
Ponderable, Additional Experiments about arresting and 
weighing of Igneous Corpuscles, A Discovery of the Perv­
iousness of Glass to Ponderable Parts of Flame.

In these treatises Boyle subjects many metals, calxes of
88 Traits de Chimie, 4th ed., 1676, p. 109. 
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Petals, and other substances to the action of heat in glass 
Or metal, usually in the presence of more or less air, and in 
all cases finds a greater or less increase of weight. In the 
case of calxes of the metals, this gain of weight which he 
finds, must have been due either to the fact that they were 
originally incompletely calcined or to their absorption of 
carbon dioxide, or sulphur dioxide from the fuel gases. 
$°yle also took fresh and well burned quicklime. Even 
that he found after two hours heating upon a cupel over a 
strong fire had increased in weight “somewhat beyond my 
expectation.” Two drachmas had increased to two drach­
mas and twenty-nine grains. That at the temperature of 
heating of his cupel in the furnace, this calcium oxide had 
absorbed carbon dioxide, was at that time beyond the knowl­
edge or conjecture of Boyle. He even found that two 
drachmas of good red coral, hermetically sealed up in a 
Ihin bubble of glass and heated upon kindled coals in­
creased in weight by over three grains and a half. This 
^ct is difficult to explain except on the basis of some er- 
r°r in experiment. Boyle also heated weighed amounts 
°f tin and of mercury in sealed flasks so that no extra­
neous matter should enter during the heating, and still 
found small amounts of calx produced, and slight increases 
m weight. This was convincing to Boyle and his con- 
emporaries, as proving that fire material was the source 

°f the increased weight, because there was in none of their 
minds the notion that this might be caused by an essential 
Part of the enclosed air.

fhe experiments and conclusions of Boyle appeared to 
]ave been convincing, and the gain in weight of metals 
^hen roasted was now very generally accepted as due to 
med fire substance. That this apparent proof was in part 

<Ue to the very inaccuracies of some of Boyle’s experi­
ments, and to the misinterpretation of some others is evi- 
aent. This acceptance, however, was an important ob- 
stacle in the way of a true concept of the function of the 
lr m combustion. When we consider the great amount of 
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experimentation upon phenomena of combustion, it seems 
strange that a clearer notion of the part played by air in 
that process was not reached earlier. Some speculations 
of thinkers seemed to lead toward such a consummation.

That universal genius, Leonardo da Vinci, (1451-1519), 
expressed his view of the relation of the air to combustion 
in a way that if followed up would seem to have led to­
ward a correct solution. He said, “The element fire con­
sumes continuously the air as concerns that portion which 
nourishes it, and there would be formed a vacuum, if other 
air did not come to supply its place,” and again, 
“When a flame occurs there is started a current of air 
generated thereby. This draft serves to maintain and to 
increase the flame. The fire destroys without intermission 
the air which supports it and would produce a vacuum, if 
other air could not come to supply it. So soon as the air is 
no longer in condition to sustain a flame, no earthly crea' 
ture can live in it any more than can the flame. ’ ’37

s’ Marie Herzfeld, Leonardo da Vinci, der Denker, Forscher und Poet) 
Jena, 1911. See also E. v. Lippmann, Leonardo da Vinci als GMehrter und 
Techniker, Vortrag in 1899 in Abhandlungen, [etc.,] zur Geschictye der Fa' 
turwissenschaften, I, pp. 361, 362. Cf. D. H. Grothe, Leonardo da Vince U 
Ingenieur und Philosoph, 1874, p. 46.

38 Essais de Jean Ley. Reimpression de 1’edition de 1630. Publifie ave 
preface par fidouard Grimaux, Paris, 1896. Essays of Jean Ray, Alem™ 
Club Reprints, No. 11, Edinburgh-London, 1895.

Leonardo utilized his conception by devising a lamp chim­
ney to regulate the draft, but seems not to have discussed 
the problem further.

In 1630 there was printed a treatise by a French 
scholar, Dr. Jean Rey, upon the causes why tin and lead 
are augmented in weight when calcined. The answer to 
this question as given by Jean Rey is38
“that this increase of weight comes from the air, which has 
been condensed (spessi), made heavy (appesanti), and 
rendered somehow adhesive by the vehemence and long con­
tinued heat of the furnace, which air mixes with the calves 
(frequent agitation aiding) and attaches to their more 
minute parts, not otherwise than water makes sand heavy 
by moistening and adhering to the smallest of its grains.

The postulates that led Rey to this conclusion are im
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teresting. In the first place he accepts that all the four 
elements—air, fire, water, and earth, have positive weights 
' that is that all tend to approach the center of the earth. 
This is in opposition to the concept of negative weight 
held by some theorists of the time. He calls attention to 
the fact that tests with the balance may deceive in this, for 

cannot weigh air in air, nor water in water, but you 
pan show that air has weight by compressing it or rarefy- 
lng it in a vessel before weighing. Another concept of Rey 
was, that as in nearly all distillations of what he calls homo­
geneous bodies, as turpentine, vitriol, wine, these are by 
the action of the fire separated into parts of varying densi­
ties, the parts longest subjected to heat and remaining in 
he retort longest being, as he thinks increased in density 

hy the fire. Thus even water is acted upon as he thinks, 
a lighter distillate first passing over and subsequent frac- 
!°ns being ever heavier as the process continues. Dis- 
hled water is therefore more penetrating and subtle than 

°1-dinary water. So it is also with air, and consequently 
long and intense heating of lead, tin, antimony, etc., in 

xv’ air is constantly being rendered more dense and 
is air is what sticks to the particles of calx formed by 

eat from the metal and so increases its weight. To the 
Question, why one could not increase the weight indefinitely 
y the continued action of heat in the air, he replies by 

saying that there is a definite maximum of such absorption 
air by the calx just as there is in the absorption of water 

y sand or flour, etc. Rey also discusses the various 
°ries advanced by his predecessors and contemporaries 

. acpount for this gain in weight of some metals by cal­
culation and shows why they are, from his point of view, 
^adequate, though his reasoning is not always scientific, 
°r conclusive.
This theory of Rey’s, of course, did not explain the 
ction of the air as now known, but it was an approach 

tr-u^e. truth, in so far as it recognized air as the con- 
11 Siting source of the increase of weight instead of fire 
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material absorbed by the calx, which was the explanation 
offered by Boyle and Lemery nearly half a century later.

Rey’s work seems to have made no impression on his 
times. This is in part explained by very much in his treatise 
which shows a curious lack of understanding of elementary 
physics. His work was forgotten and his little book was 
extremely rare, when it was recovered from oblivion by 
Bayen in a communication to the Journal de Physique in 
1775. This was after Lavoisier’s proof in 1774 that the 
gain in weight of tin heated in a sealed vessel in a confined 
volume of air, was equal to the loss of weight by this air, 
and due to fixation of a part of the air by the metal form­
ing the calx.39

See E. 0. von Lippman. Zur Wiirdigung Jean Heys; 1910, Ahhand- 
lungen, [etc.] zur Gescnichte der Naturwissenschaften, II, p. 292.

40 Kopp, op. cit., Ill, pp. 133, 134.

Robert Hooke, in 1665, was seemingly the next writer to 
advance the theory of the function of the air in combustion- 
Hooke concludes that there is a certain substance in the 
air, which is similar to, if not the same as, a substance con­
tained in saltpeter. This substance has the power to “dis­
solve” all combustibles when they are sufficiently heated. 
Fire may be caused by this solution, which is not merely a 
phenomenon of motion. The products of this may be 
aerial, liquid, or solid. In saltpeter this substance is so 
condensed that there is more of it in a given space than in 
the same space of air. Combustion in a limited air space 
ceases when the quantity of this substance in the space is 
saturated.40 Hooke’s promise to explain further this theory 
was never carried out. Hooke’s explanation of combustion 
is at fault in his supposition of solution instead of com­
bination, and his uncertainty as to what the substance is 
which in air or in saltpeter supports combustion.

So also in 1671 Thomas Willis proposed a theory of com­
bustion. When a flame arises and is maintained there is 
need of continuous supply of air, not merely to prevent the 
flame being suffocated by vaporous effluvia, but to supply 
the nitrous food (pabulum nitrosum) necessary to the burm
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lng’ of anything which is supplied by the air, for every 
sublunary fire is fed by particular sulphurs from the com­
bustible body, and nitrous particles (nitrosis) which every­
where abound in the air.41

op. cit., Ill, pp. 135, 136.
gyle's Works, Vol. 1, p. 33.

This notion seems quite similar to Hooke’s except that 
Gillis appears to entertain the notion of a combination 
by the collision between the sulphureous particles of the 
pombustibles and the nitrous particles of the air. It is 
mteresting to note that Robert Hooke, Dr. Willis, and Rob- 
ert Boyle were intimate friends and co-workers in Oxford 
aud later in London, and were alike early members of the 
Uewly founded Royal Society. Thomas Birch, in his life 
of Boyle, for instance, referring to the air pump which 
^°yle made in 1558-1559 and which was perfected by Mr. 
Robert Hooke, says:
. ‘Mr. Hooke, who was afterwards professor of geometry 
2 Gresham College, and doctor of physic, then lived with 
ur. Boyle, whom he assisted in chemistry, having been 
^commended to him by Dr. Willis, the physician whom 
le had before served in the same capacity.”42

Boyle, who contributed so greatly to the physics of the 
air> and experimented much with various chemical actions 
111 air, shares the same concept of the relation of air to 
combustion as Hooke and Willis. In his Suspicions about 

le Hidden Realities of the Air (1674), his ideas are ex­
pressed :

‘I have often suspected that there may be in the air some 
" more latent qualities or powers differing enough from 

1 these [that is from gravity, elasticity, light refraction] 
ad principally due to the substantial parts or ingredients, 
r hereof it consists. . . . For this is not as many 
tagine a simple and elementary body, but a confused ag- 

b^egate of effluviums from such differing bodies that 
mugh they all agree in constituting, by their minuteness 
d various motions, one great mass of fluid matter, yet

*s scarce a more heterogeneous body in the world.
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. . . The difficulty we find of keeping flame and fir® 
alive, though but a little time, without air, makes me some' 
times prone to suspect that there may be dispersed through 
the rest of the atmosphere some odd substance, either of a 
solar, or astral, or some other exotic nature, on whose 
account the air is so necessary to the subsistence of flame. 
. . . And indeed it seems to deserve our wonder, what 
that should be in the air, which enabling it to keep flam6 
alive, does yet, by being consumed or depraved, so sud­
denly render the air unfit to make flame subsist, and it 
seems by the sudden wasting or spoiling of this fine sub­
stance, whatever it may be, that the bulk of it is but very 
small in proportion to the air it impregnates with its vir­
tue. . . . And this undestroyed springiness of the air 
seems to make the necessity of fresh air to the life of hot 
animals (that is warm-blooded animals) . . . suggest 
a great suspicion of some vital substance, if I may so call 
it, diffused through the air, whether it be a volatile nitre, 
or [rather] some yet anonimous substance, sydereal or 
subterranean, but not improbably of kin to that, which 
I lately noted to be so necessary to the maintenance of 
other flames.”

The statement of Boyle that only a very small propor­
tion of the bulk of the air is consumed, is easily explained 
by the fact that he has used alcohol or other organic com­
bustibles, so that the volume of oxygen consumed has been 
replaced largely by the carbon dioxide and monoxide pro­
duced, and that only that variable volume has disappeared 
produced by the oxidation of the hydrogen of the combusti­
ble. It will be noted that Boyle, in using the term volatile 
nitre, recognizes like Hooke and Willis the similarity 0 
the action of saltpeter to the unknown substance in th® 
air.

The most important of these seventeenth century re­
searches into the relation of the air to combustion ^a® 
published in the same year, 1674, in which Boyle published 
the above observations. This was the work of John May0^ 
(1643-1679) a young English physician, a fellow of 
Souls’ College, Oxford University. He also became a i®1' 
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low of the Royal Society, being nominated for that honor 
V Robert Hooke in 1678. Mayow’s publication comprised 
^ve treatises on chemical and medical subjects, those bear- 
lug on the present topic being the first and second, entitled 

Sal-Nitro et Spiritu Nitro-Aereo and De Respiratione.
Miese works published in Latin were reprinted at the 
Gague, 1681, and at Geneva, 1685, but appear, nevertheless, 

have failed to make the impression that they deserved 
and were quite generally forgotten for nearly a century, 
though Stephen Hales refers to Mayow in his Vegetable 
Statics (1727). J. F. Gmelin mentions him and refers cas- 
Ually to hig explanation of respiration in that the lungs 

animals draw in from the air a substance (Gmelin called 
“saltpeter”) which passes over into the vital spirits 

and gives warmth to the blood, but “without any experi­
ments of his own.” Though Gmelin cites the work above 
mentioned, he seems to have seen only the earlier publica­
tion of 1668 by Mayow on Respiration, and not the 
treatise De Sal-NitroN The later historians, Hoefer and 
M>pp, however, recognize more fully the value of his work. 

J-11 recent years the work of Mayow has been issued in ac- 
eessible form.44

44 J- T. Gmelin, Geschichte der Chemie, 1798, II, p. 112.
j waH’s ^iassiker der exakten Wissenschaften Nr. 125, Untersuehungen 

Vd' den Salpeter und den salpetrigen Luftgeist, das Brennen und das 
jnej?1611 V01} John Mayow, Leipzig, 1901; Alembic Club Reprints, No. 17; 
Phi, ?'°.'Physieal works being a translation of Tractatus Quinque Medico- 

Jszci, by John Mayow, LED, M.D. (1674), Edinburgh and Chicago, 1908,

Mayow was acquainted with the publications of Hooke, 
Willis, and Boyle, all of whom he cites, the last frequently. 
”S own work may be considered as the final stage of the 

fievelopment of the theory of a “nitrous” substance in the 
Mniosphere as the cause of combustion of sulphureous 
Gnat is, combustible) materials, though he also fails to 
Understand the actual process taking place. Mayow, like 
*°oke and Boyle, is impressed by the fact that the same 

substance which enables saltpeter to burn combustibles 
of contact with the air, is the substance which main- 

ams combustion in the air. His treatise begins with the 
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statement that air “is impregnated with a universal salt 
of a nitro-saline nature, that is to say, with a vital, igneous, 
and highly fermentative spirit.” He first discusses exten­
sively the properties of niter or saltpeter, and the conditions 
of its formation in the soil. He then gives experimental 
evidence to show that when niter is distilled it is separated 
into a volatile spirit which passes over into the receiver, 
and a “fixed niter” resembling sal alkali which remains in 
the retort. So also if the acid spirit of nitre is poured upon 
any alkali, sal nitrum is generated.45 He next discusses the 
formation of niter in the soil, giving evidence to show that 
it is derived in part from an alkali contained in the earth 
while the more volatile part, “its acid spirit” has its origin 
in the air itself. He further concludes that not all the acid 
spirit of niter is obtained from the air, but some part of it 
only.

45 It should be noted that “sal” (salt) was used at that time in a verl 
general way to indicate not only substances we call salts, but also acids a® 
bases as well.

“With regard then to the aerial part of nitrous spirit, 
we maintain that it is nothing else than the igneo-aerial 
particles which are quite necessary for the production of 
any flame. Wherefore let me henceforth call the fiery 
particles which occur also in the air, nitro-aerial particles 
or nitro-aerial spirit. . . . As regards the sulphureous 
particles which are also indispensable for the production 
of fire, the necessity for them seems to arise merely from 
this, that they are naturally fit to throw nitro-aerial par­
ticles into a state of rapid and fiery commotion. . . • 
Nor should it be overlooked that antimony, calcined by the 
solar rays, is considerably increased in weight as has been 
ascertained by experiment. Indeed, we can scarcely 
imagine any other source for this increase of the antimony 
than the nitro-aerial and igneous particles fixed in it during 
calcination.”

And considering the action of niter heated with antimony, 
he says:

“Clearly, then, the fixation of antimony appears to be 
caused, not so much by the removal of extraneous sulphur, 



THE SEVENTEENTH CENTURY 415

as by the fixation in it of the nitro-aerial particles in which 
the flame of niter abounds.

“With regard to fire, it is to be noted that for the burn- 
lng of things, it is necessary that nitro-aerial particles 
should either be already in the burning mass or be supplied 
from the air. Gunpowder burns very readily on account 
°f the nitro-aerial particles it contains: plants burn partly 
from the nitro-aerial particles they contain, and partly 
from such as come from the air; but sulphureous matter, 
Pure and simple, can only be ignited by nitro-aerial par­
ticles supplied by the air. ’ ’

Mayow advances many speculations as to the functions 
°f the nitro-aerial spirit, which show that he does not 
distinguish clearly between this spirit and the phenomena 
of heat generally, as in producing rigidity in bodies, and 
m affecting their elasticity, and that the elastic power of 
air is due to nitro-aerial spirit. He arrives at these con- 
cMsions on the basis of experiments described, but often 
misinterpreted.

The similarity of respiration to ordinary combustion 
Mayow clearly comprehended. He cites the previous ob- 
8ervation of Lower that the venous blood becomes bright 
red by the air in the lungs. Mayow cites experiments to 
show that blood which has been kept some time in a glass 
Wssel and is bright red only at the surface, when placed 
Under the air pump, will at the surface effervesce gently 
and rise in bubbles, but fresh arterial blood on the other 
. aUd will, in vacuo, expand remarkably and rise in an almost 
^finite number of bubbles. Mayow considers that the nitro 
^mial spirit thus absorbed in the lungs by the blood plays 
me same part as in other combustions and this accounts for 
u® heat of the animal body.

, Mayow’s experiments on burning substances over water 
111 a fixed volume of air and similarly on the respiration 
°f animals in a fixed volume of air are well devised. He 
U°tes that when alcohol or camphor is thus burned, that 

le air is diminished in volume and weight. His observa- 
1Qns of the diminution of volume are complicated by the 
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fact that he had burned material composed largely of car- 
bon and hydrogen, and the carbon oxides replace a larg6 
and variable part of the oxygen consumed. He notes f°r 
instance, in one experiment, that the volume is reduced one 
thirtieth, and that respiration of an animal reduces the 
volume by one fourteenth. He notes also that the air left 
over when an animal or a lamp has expired in it “is p°s' 
sessed of no less elastic force than any other air.” But 
this, he says, seems flatly to contradict what has been said 
on this matter, but his attempt to explain this contradiC' 
tion is not clear or convincing.

Yet these experiments, observations, and ideas, °f 
Mayow, on the existence and actions of his nitro-aeriai 
spirit, foreshadowing clearly as they do the existence and 
behavior of the oxygen of the air, are far from the dis­
covery and identification of oxygen. He apparently has 
no concept, for instance, that this spirit is a gas or that 
it forms any definite proportion of the volume of the air- 
He has no idea that it might be isolated. He seems t° 
consider the nitro-aereo-spirit as excitable particles, which 
are capable of being set into violent motion by contact with 
sulphureous matter, and this motion is the cause of heat’ 
Nor does his discussion of the gain in weight of antimony 
from heating in air necessarily conflict with Boyle’s idea 
of the fixation of fire material, for Mayow seems to con­
sider heat to be mainly due to the excited motion of hi® 
nitro-aereo spirit. Yet Mayow’s experiments were so wet 
directed and his reasoning so keen, that it seems in no way 
improbable that, had his life not been so early cut om 
he might have been the one to discover the existence 0 
oxygen gas and of its real function in combustion—a d1S' 
covery that was to wait a hundred years after his time.

Both Boyle and Mayow were disciples of the mechanica 
or corpuscular theory of matter. Boyle seems to have bee11 
particularly influenced by Gassendi, though familiar alga 
with Descartes’ theory, while Mayow was a disciple 0 
Descartes. While Gassendi, 1592-1658, was a follower 0
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P ■Picurus, and maintained the existence of indivisible atoms 
^id the existence of vacuum, Descartes, 1596-1650, disbe- 
leved in both indivisible atoms and in the possibility of a 

Vacuum, assuming an ether to fill the spaces between other 
fatter. Yet, in so far as their doctrines concerned the 
Phenomena of chemistry and physics, Boyle considers the

Vo doctrines for all practical purposes one philosophy.
I esteemed that, notwithstanding these things wherein 

le atomists and the Cartesians differed, they might be 
10ught to agree in the main, and their hypotheses might 
y a person of reconciling disposition be looked on as upon 
a matter, one philosophy. Which, because it explicates 

. Pngs by corpuscles, or minute bodies, may not very unfitly 
e called corpuscular. ’ ’40

. Soth Boyle and Mayow, in attempting to visualize chem- 
*cal and physical actions of bodies consider them as due 
0 the properties and the coming together of different cor- 

P?sdes, as Boyle calls them, or particles, according to 
ayow. Boyle, however was not the first of the chemical 

^P°sophers of that period to think in terms of some sort
atoms or corpuscular hypothesis. Van Helmont (1577- 

. ), who was an opponent of the Aristotelian natural 
8cience, frequently uses the atomic hypothesis, though not

th consistency nor very clearly. Daniel Sennert (1572- 
“0 considered all changes in bodies as due to different 
°ms participating. The ideas of van Helmont and Sen- 
^t seem to be derived from the ancient atomists rather 
$P from the influence of Gassendi or Descartes.47 
-two prominent names among the chemists of the seven-

17^^ century were Johann Kunckel (or Kunkel) (1630- 
2), and Johann Joachim Becher (1635-1682). Kunkel 

as born in Holstein near Rendsburg. He was at first 
, °thecary, but soon become interested in the problem of 
enemy, and, for a time, endeavored to realize the con-

°f base metals into gold. He was encouraged by
n ’3 Worka, 1744, Vol. I, p. 228.

Ehrenfeld, Grundriss einer Entwickelungs-Geschichte der 
Bellen Atomistic, Heidelberg, 1906, pp. 131-148. 
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various noble patrons in this endeavor. He was apparently 
honest, however, in this aim, and more than once unmasked 
the designs of impostors. It is evident that the possibility 
of transmutation was an abiding conviction, for he says> 
in his Laboratorium Chymicum, written late in life and 
published after his death, referring to alchemistic works 
which had been accomplished for the electorate of Saxony1

<8 An Edition in French was issued, by Baron d’Holbaeh, Paris, 1752.

“Who can not see from this, that the Transmutatio Me- 
tallorum is a certain and true art, which certain ones out 
of gross ignorance deny and speak of in mockery, etc.? 
But he did not believe all the assumed possibilities of the 
alchemists, who claimed to be able to transmute not only 
the metals but even to create living beings, since he says 
imthe same work:

“There are in chemistry separations, combinations, purl' 
fications, but there are not transmutations. The egg hatches 
by the heat of the hen. With all our art, we cannot make 
an egg. We can destroy it and analyze it but that is all-

The influence of Kunckel on theoretical ideas was, how­
ever, small, and his interest was largely in practical cheni' 
istry, and it is on account of the many practical chemica 
facts and observations that his name achieved its pronH' 
nence. None of these was at all epoch-making, though he 
wrote several works on chemical topics, which were much 
read in his time. Among these his Ars Vitraria Exp^' 
mentalis (1679) was the one of most lasting value. TjuS 
was a treatise on glass making and coloring, extending 
the earlier works of Neri and Merret.48

Kunckel attracted attention also as the discoverer 0 
phosporus. This substance had really been prepared by a 
man named Brand. This coming to Kunckel’s knowledg6’ 
he determined to obtain from him the process and wen 
from Dresden to Hamburg to see him. Finding manifeS 
disinclination to impart the secret, Kunckel wrote a no 
to a Dresden friend, a Mr. Krafft, telling him of the s1 
uation. Krafft, according to Kunckel’s story, did not an 
swer him, but journeyed to Hamburg and purchasedjj^ 
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secret from Brand for 200 thaler, on the condition of 
rand not revealing that fact to Kunckel, after which he

Returned to Dresden as he had come, Brand telling him he 
ad not succeeded in repeating his previous work. Kunckel, 
°wever, found out that urine was the source of the prep­

aration and, by his own labors, prepared the substance. 
. e published a book upon phosphorus and its properties 
111 1678, in which, however, he gives no details of its prep- 
aration.

About the same time, Robert Boyle had discovered phos­
phorus, and, in 1680 (September), he described its prepara- 
10n in a paper deposited with the Royal Society but not 

Published until 1692. In the same year, 1680, however, he 
Published papers on the Aerial Noctiluca in which he speaks 
^Uch of the samples brought by Mr. Krafft to show King 

harles. Boyle met Krafft and states that Krafft gave 
Ui no information as to its preparation other than that it 

^as derived from “somewhat that belonged to the body of 
Ulan.” This information gave him a valuable clue to limit

8 experiments to a few substances and a further hint he 
Received later from a stranger, “countryman, if I mis- 
^a<e no^ 0£ who referre(f to the high degree

beat necessary for the operation. The method which 
°lle used was to distil evaporated urine with about three 
uies its weight of fine sand at high temperature for sev- 

^ al hours, condensing under water the eventually distilling
°8phorus. This is also the process by which Kunckel 
ePared phosphorus as described by Homberg (in 1692) 

^i° had seen the operation of Kunckel. Stahl relates that 
rafft, whom he knew, told him that he had described the

cess to Boyle, but this statement is hardly credited as 
nJ1 nst Boyle’s specific statement to the contrary, consider- 
t $ the universal conscientiousness and professional cour-

aud consideration of Boyle. Boyle makes no claim to 
^discovery of phosphorus, and on the contrary says: 

ab ^ie inventi°n is by some ascribed to the 
°Ve mentioned Mr. Krafft (thought I remember not, that
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when he was here, he plainly asserted it to himself), by 
others attributed to an ancient chemist dwelling at Ham­
burgh, whose name, if I mistake not, is Mr. Brane [evi­
dently Brand], and by others again, with great confidence, 
asserted to a famous German chymist in the court of Sax­
ony, called Kunckelius, but as to which of these so noble 
an invention ... is justly due, I neither am qualified 
nor desirous to judge.”40

The process used by Kunckel and Boyle gives slight 
yield and phosphorous was an expensive product in their 
day. Only after Gahn or Scheele (about 1771) had shown 
that bones contain phosphoric acid, was discovered the 
process in which the syrupy liquid produced by removing 
a great part of the calcium by nitric or sulphuric acid is 
reduced by ignition with carbon. By this method phos­
phorus was obtained at a cost which removed it from the 
class of expensive rarities, and gave it wide industrial pos­
sibilities.

Johann Joachim Becher was born at Spire, 1635, the 
son of a Protestant minister. The Thirty Years War, which 
so devastated Germany, deprived him of property, and hiS 
father’s death compelled him as a boy to earn his livelihood 
by teaching writing and reading. He was not systemati­
cally educated, but possessed a vivid imagination, a passion 
for chemical knowledge, and an ambition which soon 
brought him into prominence. In 1666 he was appointed 
professor of medicine at the University of Mainz (May- 
ence), and afterwards became court physician to the Elec­
tor of Bavaria at Munich; from there he went to Vienna aS 
a member of the newly formed Commercial College- 
Becher had evidently an unfortunate disposition which 
soon lost him the favor of patrons, and made many ene­
mies, and in 1678 he fled to Holland; in 1680 he appears 
London where he died in 1682. Becher’s fertile imagina­
tion, together with his unpractical character, caused him 
suggest many plausible schemes of an industrial nature, 
which attracted more or less attention but apparently were

49 Boyle’s Works, 1744, IV, p. 21.
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rarely realized. Thus he proposed to the States General of 
Holland, a project for utilizing the sand of the dunes to re­
cover gold. He promised an income of a million thalers a 
year from the project, through a process involving the use 
°f a million marks a day of silver. The States General 
Were favorably impressed and agreed to pay him a royalty, 
but after preliminary tests, the scheme was abandoned as 
^practicable. Becher was a prolific writer. Gmelin re­
cords sixteen works of his authorship, covering a wide field 
°f subjects, practical and theoretical, and his works at­
tracted much attention in his time. They evidence much 
independence and imagination and show him to be a man 
of much native ability. He was, however, like many other 
self-made and self-educated men, unclear in his reasoning 
nnd his ideas were so often obscure and his various theo- 
retical developments so inconsistent, that there is little 
that has left any impress on the history of chemistry. 
His place in the history of chemistry is due to his 
theory of the constitution of matter, which as inter­
preted and extended by Stahl and his followers, formed the 
basis of the phlogiston theory, an explanation of the proc­
esses of combustion, oxidation, and reduction, which dom- 
lnated chemistry until Lavoisier.

Lecher, in his earlier writings, adopts the tria prima— 
mercury, sulphur, and salt—as the composition of matter. 
Later he framed a new formulation which, however, is 
Wither verbal than essentially new. Though not always 
dear or consistently expressed, his concept seems to be 
Practically as follows :60

60 Cf. Kopp, Beitrage zur Geschichte, 1875, III, p. 203, ff.

All earthly substances are compounds; there is no existing 
substance which is elementary. All mineral substances are 
c°mposed ultimately of earth and water, but proximately of 
three earths: terra prima, fusible or stony; terra secunda, 
Pinguis or fatty; terra tertia, fluid. The first of these earths 
be describes as resistent to fire and vitrifiable, the second 
18 to the first as soul to body and imparts combustibility, 
the third imparts malleability, volatility, fusibility to its 
c°mpounds."———________________ _______ _____________________
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It will be noticed that these are respectively the char­
acteristics and influences attributed at that time by chem­
ists to salt, sulphur, and mercury. Becher recognizes this 
but objects to the latter terms because the actual substances 
thus named are not elementary but themselves compounds.

These three earths or terrae are also the constituents 
from which animal and vegetable substances are composed, 
but their proximate constituents are more complex than 
in the minerals.

Ordinary sulphur is composed of an acid and this terra 
secunda or fatty earth, and it is the content of this earth 
which makes any substance combustible. Combustion is the 
separation of the burning substance by fire into hetero­
genous parts, but the fatty earth is not alone sufficient for 
combustion, for saline parts must cooperate. From the 
baser metals, a volatile part is driven off by fire. As to the 
gain in weight of metals upon calcination, Becher attrib­
utes this, as do Boyle and Lemery, to absorption of fire ma­
terial.

It is difficult to see in the characteristics and properties 
of the three earths of Becher any substantial improvement 
on the tria prima of Paracelsus and his successors, other 
than the avoidance of the use of the three names which 
were in common use in two different meanings. For the 
three principles of that name, as chemists of that school 
took great pains constantly to explain, were not the same 
as the common substances so named. Nevertheless, the 
new name terra pinguis or fatty earth for the older 
sulphur, as the substance which departs in combus­
tion, certainly gave the stimulus which incited Stahl and 
his followers to develop the influential phlogistic hypothesis 
and Becher thus played a not unimportant part in the his­
tory of chemical theory.

Despite the growing tendency toward real and practical 
aims in chemistry, the seventeenth century is marked by 
the vitality of traditional alchemical activity. Several 
of the chemists who contributed to the expansion 



THE SEVENTEENTH CENTURY 423

chemical knowledge still held belief in the reality of the 
transmutation of metals. On the other hand, there were a 
multitude of writers who may be classed as merely al­
chemists. Such for instance, were notably the Scotch al­
chemists, Alexander Setonius, Michael Sendivogius, Pierre 
Fabre, George Starkey, Joli. Friedrich Helvetius, and the 
pseudonymous Philaletha. The writings of earlier alchem­
ists were also frequently republished. Compilations of al­
chemical writings, early and late, were issued by Elias 
Ashmole (Theatrum Chemicum Britannicum, London, 
1652, a collection of 32 writings by English alchemists), and 
by J. J. Manget, (Bibliotheca Chemica Curiosa, 1702). 
Olaus Borrichius published a Dissertatio de Ortu et Pro- 
gressu Chemiae, 1688, and Conspectus Scriptorum Chem- 
icorum, 1697. He was professor of philology, poetry, and 
chemistry at Copenhagen and an ardent defender of the 
truth of alchemy.

The secret society of the Rosicrucians, which tradition 
says was originally established in the fifteenth century, was 
Particularly active in the seventeenth century. This was 
an organization of mystics devoted to alchemy, cabalism, 
and theosophy. Its existence and the impression it pro­
duced on the popular imagination are evidences of the per­
sistent appeal which mysticism and mystery exerted in this 
century.



CHAPTER XI

THE EIGHTEENTH CENTURY: THE RISE AND FALL 
OF THE PHLOGISTON THEORY

If Boyle was the first chemist, as Kopp believes, to prose­
cute the study of chemistry solely with the object of find­
ing the truths of nature, the century following his death 
contained many followers of that ideal. To what extent 
that is due to the teachings and example of Boyle or to 
what extent it was a general tendency of which Boyle was 
an early and influential example, it would be hard to say- 
That Boyle’s influence was great, we know from the almost 
universal tributes of admiration which the early eighteenth 
century elicited. Thomas Birch, the biographer of Boyle, 
says that his merit as a writer in natural philosophy and 
chemistry is universally acknowledged. Boerhaave, author 
of the most popular treatise on chemistry of the early 
eighteenth century is quoted by Birch as saying:1

1 Tn his Methodus discendi medicinam.
sRedi’s Works, TV, Florence, 1724.
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“Mr. Boyle, the ornament of his age and country, suc­
ceeded to the genius and inquiries of the great Chancellor 
Verulam. Which of Mr. Boyle’s writings shall I recom­
mend ? All of them. To him we owe the secret of the fire, 
air, water, animals, vegetables, fossils: so that from his 
works may be deduced the whole system of natural knowl­
edge. ”

And the Italian natural philosopher, Francisco Bedi, is 
cited as asserting that “he was the greatest man who ever 
was, and perhaps ever will be, for the discovery of natural 
causes.” 2

At all events the scientific spirit of Boyle found a fertile 
soil in the eighteenth century. Many influences conspired 
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to encourage scientific investigation and publications, not­
ably, in chemistry, the publication of serials. Besides the 
publications of the Royal Society and the Memoirs of the 
Paris Academy, the Journal de Physique (founded 1778), 
Annales de Chimie (1789), Crell’s Chemische Journal 
(1778), and the publications of the Berlin Akademie der 
Wissenschaft (1710) may be especially noted.

The teaching of chemistry in the universities of Europe 
Was steadily acquiring a more important status. Instead of 
being mainly an appendix to medicine, it was given more 
and more by men who were primarily chemists, even though 
holding the degree of Doctor of Medicine, for the univer­
sity courses in medicine were still the conventional courses 
for those who were interested in natural science. Many 
Works on chemistry—texts and special treatises—theoret­
ical and practical, appeared in the eighteenth century, 
evincing the rapidly growing importance of chemical 
science. Thus in the early part of the century may be men­
tioned the works of Stahl, F. Hoffmann, Boerhaave, Junc­
ker, Neumann, and in the latter half of the century works 
by Marggraf, Macquer, Bergman, Scheele, Morveau, Black, 
Priestley, Cavendish, Berthollet, and Lavoisier.

The most influential development of chemical theory of 
the eighteenth century was the phlogistic theory which 
attempted to explain and to correlate the phenomena of 
combustion, oxidation and reduction in a relatively simple 
and comprehensive manner. The credit of founding this 
theory and of attracting the attention of chemists to it is 
due to Stahl.

Georg Ernest Stahl was born at Ansbach in 1666. He 
''vas educated as a physician at Jena and taught medicine 
there from 1683. Upon the foundation of the University 
of Halle, he was appointed professor of medicine at 
that university where he taught medicine and chemistry 
for twenty-two years. His especial interest in chemistry 
}vas shown here by the number of his students whom he 
inspired to chemical study. In 1716 he was called to Ber­
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lin as Royal Court Physician, where he continued to pub­
lish chemical works until his death in 1734. Stahl is cred­
ited with many minor discoveries and rediscoveries of 
chemical phenomena which found their place in the rapidly 
growing body of chemical facts in his period and which 
manifest his chemical knowledge and ability.

But the high place in history which is accorded to 
Stahl is mainly due to his formulation of the proper­
ties and relation to chemical action of the supposed 
phlogiston. The term “phlogiston,” from the Greek 
^>Xof, flame, was used, though rarely, by Becher to 
designate his terra pinguis or sulphur principle, the 
inflammable principle which was supposed to be given off 
during any combustion process. Stahl, in his earlier works, 
also used the word “phlogiston” seldom, more commonly 
using the conventional terms “sulphureous principle,” 
“fatty earth,” or “principle of inflammability,” though 
in his later works he formally adopts the word “phlogis­
ton” as best expressing the supposed substance. He says:

“From all these combined circumstances, I have judged 
that no more fit name could be given to this material than 
that of inflammable matter or principle. Indeed, as up to 
the present time no one has been able to find or recognize 
any portion of it except in combination, and no one conse­
quently can give a definition of it nor any name after some 
property which uniquely belongs to it, it seems to me 
nothing is more reasonable than to name it after the gen­
eral effects that it produces even in its final combinations, 
that is why I give it the Greek name of ‘phlogiston,’ 
phlogistic or inflammable.”3

Stahl ascribes many properties to phlogiston which are 
conjectural rather than demonstrated, as that of imparting 
colors and odors to its combinations, and on account of the 
properties of the many solid substances in which it occurs, 
he approves Becher’s characterization of it, that it is of 
earthy nature, dry and well adapted to solid combination.

a Traite du Soufre translation in Paris, 1766, from Stahl’s Zufdlligc Ge- 
danken und nutzliche Bedenken Uber den Streit -von dem sogenannten Sulphur, 
Halle, 1717, page 57 of the French translation.
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Stahl gives Becher full credit for originating the theory of 
Phlogiston.

Later students of the history of chemistry consider that 
Stahl has drawn a much more consistent hypothesis from 
his studies of Becher than that chemist himself possessed. 
Becher’s modification of the older mercury, sulphur, salt 
hypothesis was little more than a change of names. But 
Stahl conceived Becher’s idea of the terra pinguis or sul­
phureous principle to be that of a single substance, instead 
°f the earlier notion that there were many sulphurs, mer- 
curies, et cetera. In other words, he starts with the con­
cept of a definite substance, the same in all its combina­
tions, which existed in definite chemical union in various 
Proportions with other substances. Possibly Becher’s idea 
°f common sulphur as being a combination of an acid and 
this terra pinguis or phlogiston was the starting point of 
Stahl’s development as he also lays some stress on this 
^ea. From the early belief that the metals also contained 
sulphur, which Becher extended to his terra pinguis, Stahl 
formulated his theory that the calcination of metals was 
analogous to the burning of sulphur or other combustibles, 
that the metals lost combined phlogiston and that the 
Petals were themselves definite combinations of phlogiston 
and the resulting calx. When these substances, which are 
left by the escape of phlogiston, are heated with substances 
;vhich contain much phlogiston, as oils or fats, sulphur or 
charcoal, they again combine with phlogiston and the 
original unburned substance is produced. Stahl reproduced 
sulphur from oil of vitriol by combining the latter with an 
alkali salt, heating this with charcoal and precipitating the 
sulphur with acetic acid. By this experiment he under­
stood that he had reconveyed phlogiston from the charcoal 
1° the acid and again reproduced the sulphur. So phos­
phoric acid—obtained from burning phosphorus—when 
heated with carbon recombined with phlogiston and the 
Phosphorus was again produced. The reduction of calxes 

the metals to the metallic state by heating with char­
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coal was similarly interpreted as recombination of the 
calx with phlogiston. Stahl was entirely cognizant of the 
fact that some of the metals gained in weight by the proc­
ess in which phlogiston was supposed to leave the metal, 
but these facts bore no relation to the process in his mind, 
nor in those of his followers, as phlogiston was known only 
in combinations and nothing whatever was known of Rs 
own intrinsic properties, or its possible relation to weigh­
able matter. Its influence on the weight of other substances 
came to be considered as diminishing rather than increas­
ing this weight. Stahl also refers to the necessity of the 
presence of air for reactions resulting in loss of phlogiston, 
but expressly states that the air seems not to enter into 
the combination.

Until it could be proved that the source of the gain m 
weight of calcined metals was due to combination with a 
definite and weighable constituent of the air, and that 
this constituent of the air takes part in all cases of com­
bustion and calcination, the phlogistic philosophy—aS 
elaborated by Stahl, his pupils, and adherents—offered to 
chemists the first coherent and plausible explanation of all 
those phenomena which are now known as oxidation and 
reduction, direct and indirect.

Two serious obstacles to continuous progress were, ho^' 
ever, inherent in this theory. The supposed phlogiston 
could not be separated or isolated and weighed. It could 
not be known whether it had a positive weight in combina­
tion, nor whether it could affect in any definite or determin­
able way the weight of other substances. It might even 
have the effect of buoyancy or of diminishing the weigh* 
of substances with which it was combined, and so long aS 
such ideas were held the weights as given by the balance 
could not be depended upon to give the real quantitative 
relations of chemical reactions.

The second obstacle this theory offered to chemical de­
velopment lay in the fact that so long as this theory was 
maintained, no identification of substances as elements wa» 
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Possible. Boyle had given us a proper definition of an 
clement, but so long as such oxidizable substances as phos­
phorus, sulphur, iron, zinc and carbon were considered as 
combinations of phlogiston with other substances, (namely, 
their oxides) and so long as the products of combustion, 
as we now know them, such as the oxides of phosphorus, sul­
phur, iron, etc., were considered as products of the loss 
°f phlogiston, and therefore to that extent simpler or more 
Nearly elementary than the combustibles from which they 
^ere produced, it is manifest that the elementary character 
°f most of the now known elements could not have been 
recognized.

The importance of the phlogistic hypothesis in the de- 
Velopment of chemical science as founded by Stahl and 
elaborated by the most able and prominent chemists of the 
century must, however, not by any means be under­
estimated. Although its fundamental basis was what we 
How regard as a mistaken idea, and although it is quite 
Probable that in some respects its false concepts may have 
delayed the discovery of oxygen and of the function of air 
ln combustion, nevertheless, it must be remembered that it 
yas the first important generalization in chemistry correlat­
es in a simple and comprehensive manner a great number 
°f chemical actions and certain relations existing between 
a great variety of substances, and that it thus served to in- 
spire an enthusiasm for research in a great body of able 
scholars whose results fell into place easily and more sim­
ply when Lavoisier and his co-workers elaborated the true 
theory.

The theory of phlogiston did not appeal to all of Stahl’s 
contemporaries. Notably is this true of two of the most 
Popular chemistry teachers of the time, Hermann Boer- 
naave at Leyden and Friedrich Hoffmann of Berlin. Both 
of these men accepted the idea of Becher’s predecessors 
that combustion consisted in the loss of some substance, 
sulphur (sometimes called “phlogiston” by Hoffmann), oil 
(oleum) or “pabulum ignis” (the food of fire) by Boer- 
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haave. Both accept the idea that when sulphur burns the 
inflammable substance leaves and the resulting acid is what 
remains. Both of them reject the analogy of the action of 
metals in calcination, Hoffmann believing that the calx is 
a combination of the metal with an acid “sal acidum” from 
the air, while Boerhaave thought that the calxes of metals 
were not very different from the metals, and that the oc­
casional gain in weight by calcination was due to the fixa­
tion of some foreign substance from the heating vessel but 
not of fire material, which he considered imponderable- 
Hoffmann thought that metal calxes heated with charcoal 
gave up some material to the charcoal. In rejecting the 
analogy between ordinary combustion and calcination, 
however, they naturally saw no great difference between 
the phlogiston theory of Stahl and the previous sulphur 
theory of Paracelsus or its subsequent variations by later 
theorists. For the same reason doubtless neither Hoff' 
mann nor Boerhaave was interested in actively opposing 
Stahl’s theory.

Friedrich Hoffmann (1660-1742) as professor of medi­
cine at Halle was influential in obtaining for Stahl his 
professorship in that university. His friendly relations 
with Stahl were, however, later disturbed by differences of 
opinion on scientific subjects. Hoffmann was a broadly 
trained scholar, a public-spirited and devoted officer of 
the university, a constant correspondent with eminent 
chemists of the time, and a member of several scientific 
societies. He was a widely known and highly respected 
physician, chemist and teacher, and published very many 
works and papers on medicine and chemistry. The latter 
were mainly on methods of analysis. Gmelin4 cites the 
titles of 122 books and papers pertaining to chemical anal' 
yses and descriptions of properties. Especially important 
were his treatises on mineral waters, and the salt contents 
of these, with methods for detecting the presence of th® 
various constituents. He introduced the use of a mixtui’0 

4 Geschichte der Chemie, Vol. II, p. 179 ff.
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of alcohol and ether in equal parts for quieting pain, which 
long carried the name of “anodyne liquor of Hoffmann.” 
Hoffmann’s works Chymia rationales et experimentalis 
(1784) and his collected works under the title of Opera 
omnia physico-medica (published first at Geneva 1740-1760 
m eleven folio volumes) were highly esteemed sources of 
naedicine and chemistry in the eighteenth century.

Hermann Boerhaave (1668-1735) was born at Voorhout, 
near Leyden, and is called by Professor Thomas Thomson6 
“perhaps the most celebrated physician that ever existed, 
if we except Hippocrates.” He received his degree of 
Doctor of Medicine at the University of Harderwyk in Hol­
land in 1693. In 1702 he was appointed professor of medi­
cine at Leyden, and later also was awarded professorships 
there in botany and in chemistry. The reputation of Boer­
haave attracted a great body of students to Leyden and 
raised that university to an eminent position for the study 
°f medicine and the natural sciences.

Boerhaave’s lectures on chemistry excited wide attention. 
In 1724 there was published in Paris an apparently un­
authorized edition of his chemistry, Institutiones et Experi- 
Wenta Chemiae, which was translated with many notes by 
Deter Shaw and E. Chambers in 1727. This edition was 
80 full of errors and perversions of his ideas that in 1732 
Boerhaave published his Elementa Chemiae in two quarto 
v°lumes, on the history, science, and practical experiments 
°f chemistry. This edition contains his manuscript (auto- 
Sraph) signature to a statement of the authenticity of the 
Work and his repudiation of the responsibility for any 
earlier work. The Elementa soon became the most popular 
Heatise on the chemistry of the period. The Latin edition, 
according to Hoefer,0 passed through ten editions between 
1132 and 1759 in Leyden, Paris, London, Basel, Leipzig, 
and Venice, and it was translated into German, French, 
and English in several editions.

5 History of Chemistry, 1830, I, p. 209.
G Hoefer, Histoire de la Chimie, 2d ed. IIj x>. 368.
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Professor Thomson says of the work that it “was un­
doubtedly the most learned and most luminous treatise on 
chemistry that the world had yet seen; it is nothing less 
than a complete collection of all the chemical facts and 
processes which were known in Boerhaave’s time.” That 
some of his supposed facts, resting on the authority of 
many previous writers, were not entirely to be depended 
upon is not a reproach, for all these facts could not be 
verified by his own experiments. Yet the work was a con­
servative summary of chemical facts and theories, free 
from all mysticism, and presented in orderly, dignified and 
comprehensive system.

This work “adopted in all schools,” as says Hoefer, ex­
erted a profound influence toward a sane and scientific 
attitude in the study of chemistry. It is worthy of note 
that Boerhaave, in his Elementa, makes no reference to 
Stahl or to his phlogistic theory, though he mentions Stahl 
among his list of authorities in the division of his book 
relating to the history of the science. When in the latter 
half of the century, this theory became the most important 
phase of chemical thought and became almost universally 
adopted, Boerhaave’s work lost in popularity, being re­
placed by texts containing phlogistic philosophy, as Neu­
mann, Macquer, and Bergman.

Boerhaave’s many experimental researches described 
in his textbook or in the Philosophical Transactions of the 
Royal Society of London, or the Memoirs of the Academy 
of Sciences of Paris, show no discoveries that are in any 
sense epoch-making. By his experiments on the trans­
mutation of metals he assisted materially in giving the 
death blow to the traditional belief, still more or less 
accepted by chemists of his time, that mercury was capable 
of being rendered a hard metal by long subjection to heat 
and that it was a constituent of other metals. He kept 
mercury for fifteen years at a warm temperature in an 
unsealed vessel, and for six months at high temperature 
in a sealed vessel, and distilled mercury five hundred times,
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without any material change being produced. So also 
he disproved the alchemical statement that mercury 
could be generated from lead by dissolving lead nitrate in 
Water, precipitating with ammonium chloride, and digest- 
lng for some time with caustic potash or soda. This prod­
uct, when distilled was supposed to yield mercury. Cal­
cined sugar of lead treated with caustic lye was also sup­
posed to give the same result. Boerhaave repeated these 
experiments extending the time of digestion, even to six 
months. That he obtained no mercury went far toward 
discrediting these lingering traditions of the alchemists.

An early disciple of Stahl in his phlogistic hypothesis 
Was Dr. Johann Juncker (1683-1759), professor of medi­
cine at Halle, who published in 1730 a Conspectus Chemiae 
expressly stated as “explained from the dogmas of Becher 
and Stahl.” This is one of the best of the early treatises 
°f chemistry on the phlogistic foundation. Another fol­
lower of Stahl was Caspar Neumann (1683-1737) who was 
first an apothecary, but his ambition not being satisfied by 
that profession, he was, by the favor of the King of Prus- 
sia, financed to traverse Holland, England, France, and 
Italy, where he formed connections with eminent chemists, 
and on his return was made professor of chemistry in the 
^ledicinisch-Chirurgische Bildungsanstalt in Berlin. He 
Was made a member of the Royal Society of London as 
also of the Berlin Academy. Neumann was particularly 
mterested in his researches on the chemical analyses of 
Various products, chiefly organic—camphor, wines, thyme 
01l, ethereal oil of ants, etc. His reputation as an able 
analyst was well deserved, though no very important dis­
coveries or observations can be cited. As a lecturer he 
Was very popular and after his death, his works were pub­
lished in various editions; by Johann C. Zimmerman in 
Berlin 1740, two volumes quarto, second edition by Zim­
merman, 1755-1756, a more extended edition by C. H. Kes-

Zullichau, four volumes quarto, 1749-1755, and a con­
densed edition of this in two volumes, 1755-1756. This con­
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densed edition was translated into Dutch in 1766, French 
in 1781, and a further condensation was published, with 
later notes, in English by William Lewis in London, 1759, 
one volume quarto.

The general character of Neumann’s chemistry is prac­
tical rather than theoretical. It describes plainly and in 
considerable detail the occurrences, properties and prepa­
rations of a large number of mineral, animal, and vegetable 
products, and the value which it must have possessed 
at that time as a condensed encyclopedia of chemical 
facts is manifest. Neumann apparently accepts the phlo­
giston hypothesis without reservation. In the discussion 
of metals, which he divides into perfect metals—gold and 
silver; imperfect metals—lead, copper, iron and tin; and 
semimetals (not malleable)—mercury, bismuth, zinc, anti­
mony, arsenic, he has this to say under the head of im­
perfect metals:7

7 Chemical Works of Caspar Neumann translated with additions by 
liam Lewis, London, 1759, p. 53.

“These metals appear actually to contain an inflam­
mable principle, which is burnt out in the calcination, and 
extracted from them by acids. Nitre, which deflagrates 
with and dissipates the inflammable principle wherever R 
is to be found, deflagrates with the imperfect metals, and 
thus occasions instantly the same change that fire alon0 
would more slowly produce: Some of these metals emit 
visible flames by themselves.

“The phlogistic principle is the same in one metal as in 
another, in metals as in other bodies, in the mineral »s 
in the vegetable and animal kingdoms. When metals, by 
the loss of their own pholgiston, have been changed into a 
calx or vitreous mass; the introduction of any other inflam­
mable matter, from vegetables or animals, charcoal, resins, 
oils, fats, etc., instantly restores their metallic appearance, 
and all their pristine qualities.

‘ ‘ The calx differs greatly in different metals; it is on this 
that the distinguishing characters of each particular metal 
depend, the calx of one metal forming always with phlogis­
ton no other than the same metal again. These calxes ar® 
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Supposed to consist of a certain fixed vitrescible earth, and 
a more volatile principle called mercurial.8

8 Here we have a vestige of the ancient belief that mercury is a constituent 
°t the metals, as to which Boyle expresses his scepticism, and which Boerhaave 
Coinbatted experimentally.

0 Apparently an attempt to explain the fact that oxides of some metals 
Vhen very strongly heated or when fused with certain vitrefiable impurities 
ar° with difficulty reduced or dissolved by acids.

“When metals have been but barely calcined, they have 
lost only their phlogiston, and are recoverable by the intro­
duction of fresh phlogiston. A more thorough calcination, 
by long continuance of fire or by additions, dissipates a 
Part of this mercurial principle; and as no method has 
been discovered of supplying it by art, the quantity of 
pietal revivable will be proportionably less. The process 
xs capable of being carried so far that no metal at all shall 
be recovered, and that the calx shall differ but little from 
Uicre earth.0

“The perfect metals of the foregoing class, though not 
resoluble by these operations into any dissimilar parts, are 
supposed, from analogy, to consist of the like principles.’’

This is an exceptionally concise and clear statement of 
the essentials of the phlogiston theory. In discussing sul­
phur, Neumann says:

“Experiment has fully evinced that sulphur is no other 
than the concentrated vitriolic acid combined with a small 
Proportion of the phlogistic or inflammable principle, and 
to this combination alone, which is always one and the 
same except for adventitious admixtures, the more judi- 
eious chemists have wholly confined the name. ’ ’

Neumann notes the gain in weight of lead and of zinc 
when calcined, but does not mention nor seem to see any 
bearing of these facts upon the phlogiston hypothesis.

Three prominent German chemists, each exerting much 
mfluence on his time, and all supporters of the phlogiston 
theory were: Johann Theodor Eller (1689-1760), Johann 
Heinrich Pott (1692-1777) and Andreas Sigismund Marg- 
graf (1709-1782).

Eller belonged to a wealthy family, and received an 
eXcellent education; studying first jurisprudence at Jena, 



436 THE STORY OF EARLY CHEMISTRY

later medicine and natural science at Halle, Leyden, 
and Amsterdam. He studied also at Paris and visited 
London, meeting many distinguished scholars of the 
time. In 1724 he received appointment as professor 
of anatomy at Berlin. In 1755 he was appointed privy 
councilor and first court physician by Frederick the Great, 
and in that year also was made director of the physics 
class of the Berlin Academy of Sciences. Eller’s personal 
influence and his interest in chemistry were influential in 
obtaining from the government support for chemical and 
other scientific institutions. He issued, between 1745-1757, 
in the Berlin Academy publications, many papers which, 
after his death (1760) were published in collected form. 
None of his discoveries in chemistry are of more than 
minor importance. He noted that water saturated with 
one salt was capable still of dissolving other salts, and he 
determined the solubility of several salts with greater ac­
curacy than had been previously accomplished. His theo­
retical discussions were not always logical, and did nothing 
to advance that branch of chemistry.

Pott was a native of Halberstadt, and was sent to Hall® 
by his parents to study for the ministry, but, developing 
interest in medicine and especially in chemistry, he studied 
with Hoffmann and Stahl and devoted himself to chemistry- 
He made his residence in Berlin, and was elected to the 
Academy. After the death of Neumann (1777), Pott was 
appointed his successor in the professorship of chemistry 
in the Medicinisch-Chirurgische-Bildungsanstalt. He was 
a well-informed chemist, an energetic experimenter, and 
was very clear and straightforward in his descriptions- 
He was, on the other hand, of a contentious disposition, 
and his many disputes with other members of the 
Academy—as Eller, Marggraf, Brandes—often over­
stepped the bounds of courtesy. In 1761 his relations with 
his colleagues in the Academy were such that he severed 
his connection with it entirely.

Pott was a devoted worker, chiefly in the field of inor­
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ganic chemistry. He was especially active in the study of 
the action of high temperatures on minerals and mixtures 
of minerals. This feature of his work was doubtless due, 
in part at least, to the commission of the King of Prussia 
requesting him to find out the constituents of the porce- 
iain made at Meissen, Saxony. Pott devised an improve­
ment on a portable form of furnace originally invented by 
Becher. He thus obtained more effective blast. He gave 
great attention to devising more resistant compositions for 
crucibles. This enabled him to study high temperature 
reactions of minerals, especially at fusion temperatures, 
more efficiently than any of his predecessors. He often 
erred in the interpretation of his results, and paid little 
attention to analysis by wet methods. He investigated 
Pyrolusite without discovering the manganese, describing 
it as a combination of an alkaline earth resembling alumina, 
With a combustible material. He proved that plumbago, 
°r black lead, contained no lead, as was previously believed, 
but thought it perhaps the same as molybdenite.

As the result of his investigations, Pott believed that 
earths may be classified into four divisions, the alkali, or 
lime earths, the aluminous, the gypsumlike, and the vit­
reous or flinty earths. In his experiments on porcelain 
constituents, he is said to have executed three thousand 
separate fusions of single or mixed earths or minerals, at 
varying temperatures, and through this work to have aided 
materially in the development of the art of porcelain manu­
facture.

Pott was an adherent of the phlogiston theory, but 
added nothing of interest to theoretical chemistry. His 
extensive practical observations gave him a wide reputa­
tion in his time, and his works, collected by himself and 
by others, were published and translated into other lan­
guages, furnishing a mass of clearly described operations 
Which contributed in an important way to the growing body 
°f chemical phenomena.

The last of the important German phlogistonists was 
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Andreas Sigismund Marggraf, son of a Berlin pharmacist. 
He studied his first chemistry in his father’s business, 
later studied chemistry under Neumann, and afterwards 
studied at the University of Frankfort on the Oder, at 
Strassburg, at Halle, and at the Mining School at Frei­
berg, returning to Berlin, where he became connected with 
the Academie der Wissenschaften and devoted himself to 
chemical research. He was made a director of the Academy 
in 1760 and continued researches until his death in 1787. 
Marggraf’s work was contributed to the publications of 
the Berlin Academy from 1747 to 1781, though many of the 
more important papers were translated into German10 and 
published in two volumes in 1761 and 1767.

Marggraf’s many contributions to chemical research are 
characterized by painstaking thoroughness, and careful de­
scription. Like Boyle, he was, however, cautious in mak­
ing theoretical deductions. Marggraf did much to extend 
the use of the wet methods of analysis, as distinguished 
from dry fusions and distillations, then the prevalent 
methods of examination of various chemical substances. 
His chief field of research was the salts and earthy min­
erals, but he did not confine his researches to these. He 
first proved (1750) that gypsum consisted of lime and sul­
phuric acid. He investigated the properties of platinum, 
“the new mineral body called platina del Pinto,” which 
had recently been described by English chemists.

As early as the sixteenth century some information had 
arrived in Europe, from the Spanish gold miners in Cen­
tral America, of the existence of an infusible metal which 
gave trouble to the refiners of gold. Julius Scaliger (who 
died 1558), in criticizing some views of Cardanus, and es­
pecially his definition of a metal as something that can he 
melted and becomes hard when cooled, says that according 
to that, mercury would be no metal, and besides in regions 
between Mexico and Darien there are known to be fodina3 _________________ __________________________  -—

io At this time the regular publications of the Berlin Academy were issued 
in French.
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(mines or diggings) of a brass (“orichalci”) which thus 
far can not be melted by fire nor by any Spanish devices. 
The first recorded introduction of platinum into Europe 
"Was through Charles Wood, an assayer of Jamaica, who 
had obtained it from Cartagena, Colombia, about 1741. 
He gave some of the pieces to a Dr. W. Brownrigg who 
presented them to the Royal Society of London in 1750. 
On December 13, 1750, a brief description of this “semi­
metal” by Brownrigg was presented at the Royal Society 
by Dr. W. Watson. Brownrigg stated that at Cartagena 
s°me time previously five pounds had been purchased for 
less than its weight of silver. A note by Enrico Mendez 
da Costa was read by Watson at the same session, stating 
that in 1742-1743 there were brought from Jamaica sev­
eral bars supposed to be gold. These bars had the same 
specific gravity as gold, or rather more, and were of like 
color and grain.' A piece of one of these counterfeit gold 
bars sent to the mint for.testing showed it to be twenty- 
one carats and three grains “worse than standard.”

Gold and platina alloys were said to be brittle and hard 
and it was reported that it was impossible to separate the 
gold from this alloy. The name platina del Pinto, by 
Which the metal was known, was derived from its general 
resemblance in appearance to silver (plata), platina being 
fhe diminutive of plata, and from the river Pinto, a prin­
cipal source of the grains and nuggets in the gravel. In 
1752 Scheffer, a Swedish chemist, presented before the 
Stockholm Academy, a series of experiments on the metal, 
emphasized its resemblance to gold, and called it white 
(°r blanc) gold. He suggested that its qualities would 
make it suitable for construction of telescope tubes, being 
Wry permanent in the air. In 1754, William Lewis pre- 
8ented a paper before the Royal Society in which he de- 
scribed a great variety of its reactions.

The discovery of a new metal created a real sensation 
among chemists at the time, and many of the prominent 
chemists obtained specimens of the crude platinum metal 
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and repeated and extended the examinations. Marggraf 
was one of these, and his researches were published in 1757 
in the proceedings of the Berlin Academy, confirming re­
sults of Scheffer and Lewis, but adding little of positive 
value to their observations. The same may be said of the 
work of Maequer and of Baume, issued in 1758 in the mem­
oirs of the Paris Academy. The early investigations 
on platinum were made exceptionally difficult by the 
impossibility of fusion, and by the many impurities 
of the crude metal. That from Colombia was rarely 
of greater than 85 per cent purity, the principal im­
purities being iron and the then unknown rarer plat­
inum metals—iridium, osmium, rhodium, and palladium- 
The labors of Buffon, Achard, Bergman, Knight, Wollaston, 
and others gradually wrought toward a greater purifica­
tion of the metal and to methods of working it into wire 
foil, crucibles, etc., though it was not until well into the 
nineteenth century that these methods were sufficiently 
developed to bring platinum ware into common use. The 
statement by Lewis that the specific gravity of platina is 
from 18 to 1911 (pure platinum is over 21), and of Marggraf 
that its weight is to gold as 18% to 19 (the specific gravity 
of gold is about 19.3) are evidences of the impure state of 
the metals with which they were working.

ii Hoefer, op. cit., 2d ed. IT, p. 361.
12 Marggraf, Chymische Schriften, Berlin, I, p. 49.

Marggraf contributed importantly to the knowledge of 
phosphoric acid. He prepared the oxide of phosphorus, 
noting the increase of weight when phosphorus was 
burned,12 and improved the process of making phosphorus, 
by reducing phosphoric acid by ignition with charcoal or 
soot. As a consistent phlogistonist, Marggraf naturally 
believed that what we call an oxide of phosphorus was pro­
duced by the loss of phlogiston from phosphorus and he 
interpreted the reduction of phosphoric acid by charcoal 
as the restoring of phlogiston from the charcoal. From 
serpentine, Marggraf separated the base magnesia and 
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recognized it as different from lime or alumina (thonerde). 
The name “magnesia” was, however, of later origin.

The most important of Marggraf’s investigations, from 
the industrial point of view, was the demonstration in 
1757 that the source of the sweetness of the juice of certain 
domestic vegetables was the same as the sugar from the 
sugar cane. Out of eight ounces of dried white beets 
(Weisser Mangold Wurzeln) he obtained half an ounce of 
crystallized sugar (about 6.2 per cent) by drying and 
powdering the beets and exhausting with alcohol, filtering 
and evaporating to crystallization. From a half pound of 
dried red beets he obtained two and one half Quentchen.13 
As Marggraf estimated the dried beet as one quarter of 
the weight of the fresh beet,14 the percentage of sugar he 
recovered was a small fraction of the real contents, but 
there was then no method known to determine the content 
of sugar in the juice as is now done with the polariscope.

13 Marggraf, Chymische Schriften, 2d ed., 1767, Theil II, p. 74. Assuming 
‘he pound at 7219 grains and the Quentchen at 57.47 grains (old German 
heights) this would give about 4 per cent sugar obtained.

14 Marggraf, loc. cit., p. 86.
15 Refined cane sugar in London, as cited by von Lippmann, cost eighty-

three (83) marks per fifty kilo in 1750 and one hundred and fifty-three (153) 
’"arks per fifty kilo in 1805, or twenty (20) cents to thirty-five (35) cents 
Per pound. Cf. Lippmann’s Kurzer ' Abriss der GeschicMe des Zuckers. 
1" his Abhandlunnen und Vortrdge zur Geschichte der Naturwissenschaften, 
h P. 273,

Marggraf realized the importance of his discovery, and 
continued his experiments to show that sugar and syrup 
could be obtained from the beet by slight modification of 
the customary process of production of sugar from the 
cane. He says:

“From what has been related it is clear what domestic 
advantages may be drawn from these experiences, of which 
for example, I will only advance this: that the poor culti­
vator could well serve himself with this plant sugar or its 
syrup instead of the usual costly product,16 if by help of in­
expensive machines he pressed this juice from these plants, 
somewhat purified it, and reduced it to the consistency of a 
syrup. This would certainly be cleaner than the ordinary 
black sugar syrup [molasses] and there is no doubt the
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residues from the pressing could be usefully employed by 
the farmer.”

The attempt to utilize this discovery of Marggraf’s, on 
a technical scale, was first made by a former pupil of 
Marggraf’s, Franz Karl Achard. After years of experi­
ment he established, with assistance from King Friedrich 
Wilhelm III of Prussia, a beet sugar factory at Cunern in 
Schlesien in 1802. This was the beginning of the beet 
sugar industry. The beet as a source of sugar achieved 
great importance during the partial blockade of Europe 
during the Napoleonic wars, and Napoleon stimulated the 
manufacture in France by liberal subsidies, so that the 
French factories were for a time the largest source, though 
Germany later achieved supremacy.16

m For a more detailed account of Achard and the foundation of the beet 
sugar industry see E. O. von Lippman, Einige Wortc zum Andenkcn Achard S- 
In his Abhandlungen, I, p. 296.

Though the phlogistic theory was of German origin and 
though the most influential of German chemists were 
phlogiston supporters, adherence to the theory was by no 
means confined to the chemists of Germany. The most 
prominent chemists of all nations were followers of this 
theory. Such were in France, Pierre Joseph Macquer 
(1718-1784), Guyton de Morveau (1737-1816); in Sweden, 
Torbern Olaf Bergman (1735-1784), Karl Wilhelm Scheele 
(1742-1786); in Great Britain, Joseph Black (1728-1799), 
Henry Cavendish (1731-1810), Joseph Priestley (1728- 
1804), Richard Kirwan (1733-1812).

Macquer was not, indeed, the first to introduce the phlog­
istic theory into France. Several prominent chemists and 
teachers had adopted it in their philosophy. Such were 
Stephen Geoffroy (1672-1731), Duhamel de Morveau (1700- 
1781), and Guillaume Francois Rouelle (1703-1770). Yet, 
by common consent Macquer is considered the most prom­
inent and most enthusiastic French advocate of the phlo­
gistic philosophy. Macquer was born in Paris of Scotch 
ancestry, followers of the Stuarts who migrated to France 
on the expulsion of that dynasty. The original Scotch
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form of the name seems not to be known.17 Macquer early 
acquired prominence in medicine and chemistry and was, 
at the age of twenty-seven, elected member of the Academy. 
As professor of chemistry at the Jardin des Plantes, he 
occupied a position long held by a succession of the 
most influential teachers of chemistry in France.

Macquer was an active worker and writer on chemical 
subjects, and his contributions to the memoirs of the 
Paris Academy are numerous. While no discovery of great 
importance is credited to him, he contributed many investi­
gations to the rapidly increasing mass of chemical facts in 
this active period of chemical observations. He made valu­
able observations on the solubility of many oils and salts 
in alcohol, the properties of platinum, on reactions of 
Prussian Blue, on arsenic acid and the arsenates, upon the 
manufacture of optical glass, and contributed by his super­
vision and encouragement to the manufacture of the Sevres 
Porcelain ware. His works on chemistry were of far 
greater influence than his experimental researches. His text 
books, Elements de Chymie theoretique (1709) and 
Elements de Chymie pratique (1751), were widely circu­
lated in France and in other countries, and a new edition in 
1775 Elements de la Theorie et de la Pratique de la Chymie, 
met with similar wide approval, being issued in many edi­
tions and translations. In 1766 he issued his famous Dic- 
Honnaire de la Chymie, a work in three volumes octavo, 
^hich was reissued in 1778 expanded to four volumes. This 
york was practically the first great encyclopedia of chem- 
mal knowledge and long held its prestige, being translated 
mto nearly all European languages. Macquer was the last 
°f the great French phlogistonists, as Marggraf was the 
lust of the great German phlogistonists. When Lavoisier’s 
^vork appeared, Macquer found it necessary to attempt to 
reconcile the new facts with the phlogiston theory and 
though his attempts were not satisfactory to himself in all 
respects, he still believed that eventually these facts would

17 Cf. William Thomson, History of Chemistry, J, p, 29b.
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be found to be explained without sacrificing the theory 
which had been of so great service in chemical thinking' 
He died, still a phlogistonist, in 1784.

Sweden furnished two very able and influential chemists 
in Torbern Olaf Bergman (1735-1784) and Karl Wilhelm 
Scheele (1742-1786). Bergman was born in Katharinaberg, 
West Gothland. After his elementary schooling, he was 
sent in 1752 to the University of Upsala to prepare for 
law or the ministry, but soon developed a taste for mathe­
matics, physics and chemistry. By industry he succeeded 
in fulfilling the desires of his relatives as to law studies 
while giving his main attention to natural science. By 
overwork his health was affected so that he was compelled 
to leave the university and return to his father’s home, 
and to observe a careful regime of out door exercise. He 
utilized this time under the inspiration of the great Lin 
naeus, then teaching at Upsala, in making collections of 
plants and insects, and sent many new insects to Linnaeus 
by whom they were classified and named. He returned to 
the University after the restoration of his health and, re­
leased from the obligation to study law, he devoted con­
siderable attention to natural history, and his first pub­
lished paper was on the ovum of a species of leech. His 
work met the approval of Linnaeus and was printed in the 
memoirs of the Stockholm Academy in 1756. Bergman 
took his master’s degree in 1758, his thesis being on Astro­
nomical Interpolation. He soon received an assistant’s po­
sition in the university and in 1761 was appointed adjunct 
in mathematics and physics.

When in 1767 Johann G. Wallerius, professor of chem­
istry at Upsala, resigned his chair, Bergman presented 
himself as a candidate for the vacancy and, not without 
spirited rivalry, was elected. This position he held 
till his death, though in 1776 Frederick the Great of 
Prussia made him a tempting offer to join the Academy 
of Sciences at Berlin. Notwithstanding Bergman’s com­
paratively early death, in his forty-ninth year, he succeeded
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Jn putting forth such a variety and volume of excellent 
experimental work as to distinguish him among the greatest 
chemists of his century. It was against his declared prin­
ciples to permit himself to carry speculation or theory 
beyond the logical bounds of deduction on the basis of 
dear and sound experimental evidence, and he kept within 
that limit about as well as was possible for a thoughtful 
and earnest student.

The investigations and opinions of Bergman were very 
uuportant for his time, and it should be remembered that 
his was a period of great activity in chemistry, and there 
"Were many able investigators whose work was contempo- 
1'aneous with his. The publications of the various scientific 
academies and societies, as well as of many journals, served 
to keep the chemical writers in touch with the general prog- 
ress better than ever before. We can perhaps realize 
more fully the chemical atmosphere of this time, if we re­
collect that at about 1775 all the following distinguished 
mvestigators were in the prime of their working power: 
Bergman, Black, Scheele, Cavendish, Priestley, Kirwan, 
de Morveau, Klaproth, Berthollet, and Lavoisier. The 
high authority which Bergman achieved in his time was 
gained only by valuable contributions to chemistry in many 
lines.

In the introduction to the first volume of his Opuscula, 
Bergman lays down the principles of investigation which 
be had adopted as his guides. They are, categorically, as 
follows :18
B “A. In investigating the principles of a body, we must 
Uot judge of them from a slight agreement with other 
known bodies, but they must be separated directly by 
analysis, and that analysis shall be confirmed by synthesis.

“B. Analysis should chiefly be conducted in the humid 
way. (He comments that the dry way may sometimes be 
Useful, but oftener tends rather to confusion.) 
—--------------------------------------------------------------------------------------------------

18 Cited, from Dr. Cullen’s translation, Physical and Chemical Essays, 
translated from the original Latin of Sir Torbern Bergman, London, 1784. h P- xxx ff.
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“C. Such experiments should be instituted as are 
adapted to the discovery of truth.

“D. Experiments should be made with the utmost pos­
sible accuracy.

“E. The experiments of others, particularly the more 
remarkable ones, should be candidly reviewed.
II . “(Of Causes)

‘A. In the investigation of causes, we must begin by 
phenomena sufficiently varied, and well observed; and pro­
ceed in order from proximate causes to the more remote.

“B. A cause in whatever way indicated by phenomena, 
may for a while be assumed as true, and from it may be 
deduced the necessary consequences, which, being sepa­
rately examined by suitable experiments, either confirm or 
overturn the position.

“C. Besides, the cause should, if possible, be so com­
pared with the effect, that the exact relation may be dis­
covered, even as to quantity.

“Finally, I aim at giving denominations to things, aS 
agreeable to truth as possible.”

Bergman comments on these various principles in an 
interesting and illustrative way, but the principles them­
selves even as categorically stated are an excellent program 
for the investigator of the unknown.

A very important series of investigations was carried 
out by Bergman, and published in 1778, upon the “Anal­
ysis of Waters,” comprising natural waters, including hot 
and cold mineral waters, and on the artificial preparation 
of hot medicated waters. After a careful summary of the 
work of previous writers on various tests and reagents for 
detecting particular constituents, he discusses the various 
known constituents, the reagents used for detecting these, 
and thus elaborates for the first time a scheme for qualita­
tive analysis of the many substances found in natural 
waters. The contents of natural waters, which he notes aS 
either constant or occasional (translating the nomenclature 
into modern phraseology), are dissolved air, carbonic acid, 
“inflammable air” (hydrogen or hydrocarbons), potassium 
carbonate, sulphate or nitrate, sodium carbonate, sulphate 
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or chloride, ammonia “probably from putrid vegetable or 
animal substance,” barium chloride, calcium carbonate, 
sulphate, nitrate, or chloride, magnesium carbonate, sul­
phate, nitrate or chloride, aluminum sulphate; and among 
Petals, iron as carbonate or sulphate or chloride, manganese 

‘has not yet been found except as chloride,” copper as sul­
phate, arsenic rarely, organic matter, sometimes a sulphur­
ous substance.

Reagents employed by Bergman, were: litmus, Brazil­
wood, turmeric solution, tincture of nutgalls (for iron), 
‘phlogisticated alkali” (for iron; this was potassium ferro­

cyanide), giving a blue with iron, red with copper, white 
with manganese. Concentrated vitriolic acid (sulphuric) 
immediately precipitates any “terra ponderosa” (baryta). 
The “acid of sugar” (oxalic acid) is one of the most deli­
cate tests known for lime; more slowly and less effectually 
acts microcosmic salt. Aerated fixed alkali (potassium or 
sodium carbonate) precipitates all earths and metals from 
solution. Aerated volatile alkali (ammonium carbonate) 
Precipitates all earths and metals, but caustic volatile al­
kali (ammonium hydroxide) has no effect on lime or 
baryta. This reagent produces a cloudiness in a very dilute 
solution containing copper, which becomes an intense blue 
solution with a super-abundance of the volatile alkali. 
Limewater dropped into water containing any “aerial acid” 
(carbonic acid) renders it instantly turbid. Salited terra 
Ponderosa (barium chloride) is of use in discovering the 
smallest trace of vitriolic acid (sulphuric).

“Salited lime” (calcium chloride) is considered a use­
ful test for fixed alkali, for the aerated lime (that is, car­
bonate) separates, “but this experiment is ambiguous be­
cause if vitriolated magnesia (magnesium sulphate) be 
Present, a double decomposition takes place and a gypsum 
18 formed.”

“Nitrated silver” solution affords a most complete 
method of detecting the smallest trace of marine acid (hy­
drochloric acid); he cautions, however, that sulphur com-
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pounds present (“hepar”) turn this white precipitate 
brown and black and that silver nitrate also gives a cloud 
with a solution of sal soda.

Mercury nitrate, corrosive sublimate, white arsenic, and 
lead acetate are occasionally used as reagents, and soap 
is described as an indication of hard waters, as when added 
to them “a decomposition takes place, the acid unites with 
alkali, and the oil is disengaged: such waters as these are 
generally called hard waters, and are unfit for washing 
cloaths, as also for boiling pulse and the harder kinds of 
flesh.”10 The list of qualitative reagents for the many 
constituents of natural waters comprises the principal 
reagents in use at present.

10 Bergman's Essays, (Cullen), I, p. 139.

Bergman’s scheme for the quantitative analysis of min­
eral waters evidences much knowledge and careful con­
sideration of properties of the chemical constituents. On 
the other hand, his methods were not always capable of 
giving results of great accuracy. Gaseous contents were 
obtained by boiling in a retort a fixed volume of the water, 
collecting the gases in a graduated cylinder, correcting for 
the volume of air in the retort before the boiling, and de­
termining the carbon dioxide by absorbing it by means of 
lime water.

The solid contents were obtained by evaporating to dry­
ness and weighing. The various constituents were separ­
ated first by extraction with alcohol, thus dissolving chlor­
ides and nitrates of calcium, magnesia, and barium if that 
were present, and sometimes ferric sulphate (dephlogisti- 
cated martial vitriol).

The residue from alcoholic digestion is then treated with 
a limited quantity of cold water (eight times its volume) 
and, after standing, filtered. The filtrate contains alkali 
salts, and sulphates of alkaline earths, and of metals. These 
he separated usually by their varying solubilities, identi­
fied by their crystallized form and other properties. The 
residue from the cold water extraction was then boiled
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"With a large quantity of water, which dissolved mainly 
sulphate of calcium (gypsum). The residue from hot-water 
extraction, Bergman says contains generally three ingred- 
lents, though sometimes more.

If iron is present, the dry residue is subjected for “sev­
eral weeks” to sunlight which renders the iron insoluble 
in acetic acid, after which acetic acid dissolves the calcium 
and magnesium carbonates which are separated by dilute 
sulphuric acid, precipitating calcium and dissolving mag­
nesia. The residue from acetic acid treatment consists of 
elay, silicious matter and iron. The clay and iron are dis­
solved by “marine” acid (hydrochloric) and the iron pre­
cipitated by caustic alkali (phlogisticated alkali) and the 
day by alkali carbonate. The silicious matter may be 
1(lentified by its complete solution with effervescence under 
the blowpipe with “mineral alkali” (sodium carbonate).

This outline of the general scheme of quantitative anal­
ysis is necessarily incomplete, but it can be readily seen 
that systematic as it is, it could not give very accurate re­
sults. Though Bergman was apparently considered in his 
°Wn time the master of quantitative analysis, and his 
Method was quite generally adopted as authoritative, yet 
he was not himself so accurate an analyst as some of his 
contemporaries. This was partly owing to his habit of 
Weighing constituents in the form of their crystalline salts, 
a method which itself was capable in many instances of in­
troducing errors. Some of Bergman’s contemporaries ex­
ceeded him in accuracy of determination—even when 
following his own scheme of analysis. Klaproth improved 
°n Bergman by heating constituents to dryness when pos- 
sible before weighing, and thus obtained more accurate 
results in general.

Bergman published also a treatise on the analysis of sev­
eral noted mineral waters of Europe—Seltzer, Spa, Pyr- 
m°nt, Seydschutz, Aix-la-Chapelle, Medway, and various 
local water supplies of Upsala in Sweden—tabulating the 
results.
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One very interesting research by Bergman was intended 
to throw light upon the much disputed differences in coni' 
position of cast iron, wrought iron and steel. For this pur* 
pose he collected very many samples from many sources. 
His first effort was to ascertain the relative purity of these 
samples of iron. As a phlogistonist, he believed that the 
purest sample of the metal should contain the most phlo­
giston, and he accepted the interpretation first announced 
by Cavendish that “inflammable air” (hydrogen) obtained 
by the action of hydrochloric or dilute sulphuric acid on cer­
tain metals was nearly pure phlogiston. He therefore dis­
solved equal weights of his irons in hydrochloric acid (“ma­
rine acid”) and measured the volumes of hydrogen set 
free. He found that the average of his various kinds of 
iron gave volumes in the ratio of 50 for wrought iron, 
48 for steel, and 40 for cast iron. The inference was there­
fore that their relative purities were in this ratio.

To confirm the results obtained by this method, Berg­
man utilized another process which the phlogistonists un­
derstood in this way: when a metal forms a calx (we say 
oxide) or when it forms a salt, it loses phlogiston. When 
a metal is precipitated in the metallic state from a solution 
of its salt, it regains phlogiston. Therefore when one metal 
replaces another from a neutral solution, when no effer­
vescence takes place, the quantity of phlogiston given off 
by the dissolving metal will be proportional to the quantity 
of the metal precipitated. Bergman used neutral solu­
tion of silver salts, and added identical weights of differ­
ent iron samples, of which he had already determined the 
relative volumes of inflammable air given off. When ac­
tion was complete, he weighed the quantities of silver 
precipitated.

For instance, Bergman found that 66.7 pounds of silver 
were reduced by 19.5 pounds of Osterby iron and by 17^ 
pounds of Grangen iron. These quantities therefore con­
tained the same amounts of phlogiston. Or in equa 
weights of the three metals, if we assume for silver the 
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amount of phlogiston (unweighable) to be 100, the other 
metals would have 342 for the Osterby iron, and 373 for 
the Grangen iron. But these two irons gave ratios of vol­
umes of inflammable air of 48 to 51 volumes. The ratio 
°f 48 to 51 is practically the same as that of 342 to 373. 
Another pair of iron samples, which had yielded inflam­
mable air in ratios of 48 to 46 cubic inches, gave ratios of 
Phlogiston by the other method of 347 to 333. These ratios 
are identical, and Bergman naturally assumed that the 
method of measuring the relative phlogiston contents by 
the relative volumes of inflammable air yielded by solution 
m hydrochloric acid was a reliable method, and therefore 
the relative purity of the various samples of iron could be 
thus determined.

Bergman pursued his investigation of iron samples to 
determine what substances, not iron, constituted their im­
purities. He examined the residues from the solution in 
acid of the weighed samples. His results showed:

Impurities in Iron

Silicious Matter Graphite or 
Plumbago

Crude cast irons................ ..................
Steels..

1.0 to 3.4
0.3 to 0.9
0.05 to 0.3

1.0 to 3.3
0.2 to 0.8
0.05 to 0.2Wrought irons.......................................

the rest being iron with varying manganese content. His 
Uaethod of determining manganese was imperfect and the 
quantitative results unreliable.20

20 Bergman, Analyse du Fer, translation of M. Grignon, Paris, 1783, p. 58. 
sY^lnan states that “Plumbago is a species of sulphur composed of an acid 

■ turated with phlogiston. ’ ’ By ‘ ‘ species of sulphur, ’ ’ Bergman means a 
^oinbustible substance, which was generally understood by phlogistonists as 
g .ootnbination of phlogiston and some acid, here carbonic. His friend 

heele had, in 1779, shown that plumbago (graphite), by ignition with salt-
r> Was converted into fixed air (carbon dioxide), and concluded that it 

a8 a combination of fixed air and phlogiston.

It may be seen from this illustration how the phlogistic 
Philosophy, before oxidation phenomena were understood,
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and before there was any concept of atomic weights of the 
elements, was used to explain quantitative relations dis­
covered by experience. It may also be understood hoW 
this hypothesis, mistaken though it was, yet came to obtain 
such a hold on the chemists of the period, that it was with 
difficulty that they could accommodate themselves to ac­
cept the simpler and more correct explanation of existing 
relations.

Bergman contributed to many important fields of chemi­
cal knowledge of his time. He added to the knowledge of 
crystallography in a treatise on the “Forms of Crystals’ 
presented to the Royal Society of Upsala in 1773. He was 
also the first to attempt a serious classification of minerals 
on the basis of their chemical composition. The Swedish 
mineralogist, Cronstedt, had indeed, in 1758, attempted 
a classification on this basis, but the facts of chemical com­
position were then too limited for a satisfactoiy outcome- 
Bergman himself had, however, in the following quar­
ter of a century, made so many analyses of minerals, and 
Wenzel, Kirwan, Scheele, and others, had so added to the 
material, that Bergman’s classification was far in advance 
of Cronstedt’s beginning.21 This classification of Berg­
man was superseded by the later work of Hauy on min­
eralogy, 1801.

21Bergman, Sciagraphia, regni minerals secundum principia Pr0^^ 
digesti, 1782. Accessible to the writer through the French translation 
Mongez; New edition by J. C. Delamethene, two volumes octavo, Paris, 1'

The contribution of Bergman to the knowledge of car­
bonic acid or “aerial acid’’ will be alluded to in connec­
tion with the development of Pneumatic Chemistry, and In® 
extensive work on Chemical Affinity will be referred to in 
connection with the history of early ideas on that subject-

Bergman died in 1784 at the age of about fifty years, 
having contributed so importantly to many fields of chemi­
cal knowledge as to have won the respect and admiration 
of the whole chemical world. Though Lavoisier’s new in- 
terpretation of the phenomena of oxidation and reduction 
was already promulgated. Bergman died still a believei
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m the phlogistic hypothesis, and at the time of his death 
Hone of the important phlogistonists was convinced of the 
superiority of the new explanation.

Carl Wilhelm Scheele (1742-1786) was born in Stralsund, 
Swedish Pomerania, on December 19, 1742. He was one 
of the younger sons of a family of eleven children of a 
Stralsund merchant. At the age of fourteen years, after a 
brief school experience, Carl was entered as apprentice 
With an apothecary in Gothenburg. Endowed by nature 
with the ability and enthusiasm for investigation, the boy 
Was fortunate to find in Herr Bauch a sympathetic master 
and in the pharmacy many chemicals and some apparatus. 
Ue also had access here to the textbooks on chemistry of 
Caspar Neumann, Nicolas Lemery, and Herman Boer- 
haave, then the best texts extant. Works of Kunckel, and 
Stahl were also studied by him. The eight years that 
Scheele spent with Bauch were years of intense study and 
experiment, his work keeping him often late into the night 
Performing experiments described in his texts or on his own 
Initiative.

When Bauch disposed of his business, Scheele took a 
Place with an apothecary in Malmo. His new master, Kjell- 
strom, also encouraged his zeal for study. Here he formed 
a useful friendship with Andreas Johann Retzius, after­
ward a professor in Stockholm. In 1768, Scheele removed 
1° Stockholm, as assistant to another apothecary. While 
there in connection with Retzius who had also come 
t° Stockholm, he worked on cream of tartar and dis­
covered and isolated tartaric acid, the work giving rise to 
a Paper presented by Retzius to the Academy of Stockholm 
and published in 1770, being the first published paper bear- 
ing Scheele’s name. In this year, Scheele moved to Up- 
8ala, taking a position with an apothecary named Lokk. 
The five years of his residence in Upsala were of great im­
portance to Scheele’s development and reputation. Not 
Ihe least important event was his meeting here with Berg­
man, then at the height of his fame and influence.
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The story of his introduction to Bergman, as told by 
Thomson and by Kopp, is very interesting. It seems that 
Lokk, his employer, had noticed the curious fact that when 
saltpeter was kept in fusion for some time, its properties 
were changed. Although still neutral, yet, when distilled 
vinegar was poured upon it, red fumes were given off, 
whereas previous to the heating, vinegar (acetic acid) had 
no such action. Lokk mentioned this curious fact to the 
mineralogist Gahn, desiring an explanation. Gahn could 
offer none, but related the fact to Bergman who also could 
offer no suggestion. When Gahn called later at Lokk’S 
shop, he learned that Scheele had explained the fact by 
stating that there were two “spirits of niter”; besides 
the ordinary spirit (our nitric acid) there was another 
related to it. By heating saltpeter, this other was formed; 
the first acid possessed a greater affinity for the base than 
did the acid of vinegar, while the second variety (our 
nitrous acid) had a less affinity for the base than the vine­
gar and was consequently driven off by it, forming those 
red fumes.22 When this was reported by Gahn to Berg­
man, he expressed a desire to become acquainted with 
Scheele. The acquaintance thus formed led to a life long 
intimacy of the two distinguished chemists. Retzius after­
ward stated that their relations were such that it was 
difficult to decide which of the two was the teacher and 
which was the taught.

22 Cf. Kopp, Geschichte der Chemie, I, p. 256.

Bergman persuaded Scheele to undertake the chemical 
investigation of the “black magnesia” (black oxide of man­
ganese) which resulted in the discovery of many manga' 
nese compounds and the first preparation of chlorine. 
Bergman also facilitated the publication of Scheele’s most 
celebrated work on Air and Fire, and wrote a lengthy in­
troduction to the work. In 1775, Scheele was elected t° 
membership in the Royal Academy of Sciences, an honor 
never before extended to a man with no higher academic 
status than that of a student of Pharmacy. The position of
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Scheele as a chemical genius was now firmly established. 
If he had possessed an ambition for prominence, he 
c°uld certainly have fulfilled his aim; but he was de- 
sirous only of opportunity to quietly pursue his studies.

In this year of 1775, he learned of a position as super­
intendent of a pharmacy at Hoping made vacant by the 
death of the pharmacist Pohls, the business being inherited 
by the young widow. Scheele understood that the business 
was prosperous and that the widow had considerable prop- 
ei'ty. He applied to the goverment for a license for the 
appointment, passed the required examination with distinc­
tion, and received the appointment. As a matter of fact, he 
found the business more or less financially burdened. He 
learned soon after that the widow contemplated the sale of 
tile pharmacy to another, and his disappointment was ex­
pressed in his letters to his friends. This occasioned many 
1nvitations to Scheele. Bergman invited him to come to Up- 
Sala, Gahn to join him at Falun, and it was also suggested 
that he become Chemicus Regius (royal chemist) at Stock­
holm. It is stated that he also received an offer of a salaried 
Position in Berlin. Meanwhile his reputation and person- 
aUty so appealed to the citizens at Hoping that permission 
was obtained for him to open an independent pharmacy, 
^ith the promise of adequate patronage. As a result, the 
contemplated sale of the pharmacy was given up, and in 
1777 a contract was signed with the widow whereby the title 
of the pharmacy passed to Scheele. The remainder of his 
life was passed at Hoping, and here much of his splendid 
Work was done. It is related that he contemplated mar- 
riage with the widow of his predecessor, who had acted as 
bis housekeeper, so soon as he should have accumulated 
some means of his own. At all events, shortly before 
bis death (1786) he willed the property to her, and in his 
last illness, and but two days before his death, they were 
Carried.23 ---- —__ ____________________________________ ___ ____ _

23 Tilden, William A., Famous Chemists, the Men and Their Work, 
London, 1921, p. 53 ff.
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Bergman had died two years before, and thus, as wrote 
Crell in 1787, “the world lost in less than two years two 
men, Bergman and Scheele, two chemists who were deeply 
beloved and mourned by all their contemporaries, and 
whose memories a grateful posterity will never cease to 
honor.” 24

24 Chemische Annalen, 1787, Band I, p. 192.

The scientific work of Scheele was of such a character 
as to have attracted the admiration of his contemporaries 
and of all succeeding chemists. His thorough chemical 
preparation, the ingenuity and skill with which he de­
signed his experiments, the care with which he confirmed 
his results by varying his methods, the clearness with 
which he described his proceedings, and the independence 
and scientific logic with which he interpreted his results 
place him among the most brilliant of investigators. He 
was a consistent disciple of the phlogistic philosophy until 
his death, and though cognizant of the experiments of 
Cavendish and Lavoisier which were destroying the basis 
of that theory, he did not accept the interpretation of these 
facts as made by Lavoisier. But these developments came 
to him at a time when his working powers were impaired 
by ill health and in the last years of his life. It is hard 
for the reader of Scheele’s papers to believe that, had he 
continued to work, he would have long continued an ad­
herent of this theory, for difficulties were occurring to him 
which he hoped later to explain without discarding the 
phlogiston hypothesis.

The work (Air and Fire) which Scheele had completed 
for printing, by 1775, but which was not printed until 
1777, was undertaken to attempt to solve the problem of 
the constitution of fire. Scheele recognized that this prob­
lem was not to be solved unless the constitution of the air, 
in which combustions take place, was also known. His first 
effort therefore was to analyze the air, and his first step 
was to subject a confined volume of air to various sub­
stances which, as he would say, give off phlogiston readily 
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(or as we would say, take up oxygen readily) and to note 
the effect on the volume and character of the residual air. 
For this purpose, he employed “alkaline liver of sulphur” 
(alkaline sulphides), cloths dipped in a solution of potas­
sium carbonate, and submitted to fumes of burning sulphur 
(therefore potassium sulphite), turpentine oil, iron vitriol 
Precipitated by caustic lye (that is, ferrous hydroxide), 
sulphur, phosphorus, etc. In all these cases, he found the 
Volume of air reduced roughly by one fourth to one third 
°f its original volume. Reasoning from the point of view 
that a combustible substance is composed of phlogiston 
aud some acid, he concludes that the air has an attraction 

phlogiston, that the combination with phlogiston is the 
cause of the disappearance of the air, but as to whether 
the phlogiston still exists in the remaining air or whether 
the disappearing air has combined with, or become fixed 
m, the liver of sulphur, oil, etc., these, he says, are questions 
°f importance.

He then proceeds to prepare by various methods this 
constituent of the air which supports combustion and which 
he calls “fire air” (that is, oxygen), distinguishing the re­
mainder of the air by the name “spoiled air.” He pre­
pares fire air by distilling fuming nitric acid and absorbing 
the acid distillates by slacked lime; by heating black oxide 
°f manganese and sulphuric acid, by distilling manganese 
hitrate or saltpeter (the latter, he says, is the cheapest and 
best method). He also obtained fire air from silver nitrate, 
Precipitated by potassium carbonate, washed and dried. 
The aerial acid (he adopts Bergman’s name for Black’s 

fixed air” or carbon dioxide), also given off was removed 
by slacked lime from the oxygen given off. Scheele took 
the “fire air” obtained by these methods, mixed it with 
two or three parts of the “spoiled air,” and showed that 
lt acted in all respects like common air. Scheele says:25

“I have reported that I have found the spoiled air lighter
, 25 Scheele, SammtUclie physische und chemische Werlte: Chemische Abhand- 

n9 liber Luft and Feuer, Berlin, 1891, p. 115.
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than the ordinary air. Must it not follow that the lire air 
is heavier than our air. Indeed I actually found that after 
I had accurately weighed as much lire air as occupied the 
space of twenty ounces of water, this was nearly two grains 
heavier than just as much ordinary air.

“These experiments therefore show that the fire air is 
just that air by means of which fire burns in common air, 
it is only here mixed with such an air as seems to have 
no attraction for the combustible, and this it is which 
causes some hindrance to the otherwise rapid and violent 
kindling. And indeed if the atmosphere consisted of fir® 
air only, water would furnish poor service in extinguishing 
conflagrations. ’ ’

It is difficult, from a modern point of view, to under­
stand why Scheele was not led on, by this clear compre­
hension of the nature of common air and of its relation to 
combustion, to see the unnecessary character of the phlo­
giston hypothesis, or at least to accept promptly the 
suggestion of Lavoisier to that effect. We can better 
understand the weight of authority of that theory, however, 
when we remember that Bergman (who prefaced Scheele s 
book), Kirwan and Priestley, who read and commentated 
it, also saw no reasons for abandoning that hypothesis, 
though Kirwan indeed some years later appreciated the 
logic of the facts. ,

Priestley had discovered oxygen “ dephlogisticated air 
in 1774 and published his experiments in 1775. Scheele’S 
manuscript was with the publisher in 1775, but it is gener­
ally accepted that each worked without any knowledge of 
the experience of the other. Priestley is entitled to the 
credit of original discovery by priority of publication, 
though Scheele’s laboratory notes, published by Norden- 
skjold in 1892, give evidence that Scheele had really ob­
tained oxygen as early as 1771. He then called it “aer 
vitriolicus. ”26

Scheele’s idea of what takes place in combustion in air 
is that the combustible body loses phlogiston under the

2® Muir, History of Chemical Theory, p. 40.
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^fluence of more or less heat when some substance is 
present which can take up the phlogiston, for the latter 
never exists uncombined. The fire air takes up this phlo­
giston and disappears as visible volume, and the combina­
tion of fire air and phlogiston becomes heat or the material 
°f heat and light. Of the nature of fire air itself, he says: 
‘I consider the fire air as an elastic fluid, consisting of a 

general inelastic foundation or saline principle (principium 
Salinum), of a certain though small quantity of phlogiston, 
and a certain quantity of water.” This statement Scheele 
Diade in 1785 after there had come to his attention the 
experiments of Cavendish and of Lavoisier, showing that 
water is produced by the union of definite weights of in­
flammable air (hydrogen) and “pure air” (oxygen). 
Scheele repeated the experiments himself with carefully 
dried inflammable air and fire air, and verified the depo­
sition of water, but this did not convince him of the cor- 
Bectness of the conclusion of Lavoisier. For inflammable 
air was for Scheele as for Cavendish nearly pure phlogiston, 
and fire air (oxygen) he thought contained water as a 
c°nstituent. But 1785 was the year preceding the death 
°f Scheele, and his health was poor and his working power 
seriously impaired.

Scheele was in his forty-fourth year when he died. The 
volume of his publications was small as compared with the 
dumber and value of his experimental results. He was 
distinctly an investigator, and all his publications were 
Bpon subjects of his research, and these were in many fields 
°1 chemistry. At the suggestion of Bergman, he undertook 
aB investigation of the so-called “black magnesia” (black 
°xide of manganese), the results of which he published in 
1774. This investigation is a model of systematic and well 
directed research of a substance of unknown composition, 
Ip the course of it he observed and recorded the principal 
Properties and reactions of manganese compounds, in- 
ciuding the chameleon solution, or permanganate solution.

did not indeed obtain the metal manganese itself, though 
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Bergman in that year announced, apparently on the basis 
of Scheele’s work, that the “black magnesia” was the calx 
of a metal as difficult to fuse as platina. Gahn, the Swedish 
mineralogist, however, in the same year succeeded in ob­
taining manganese metal by improved furnace methods.

By the action of “marine acid” on the black oxide of 
manganese, Scheele obtained chlorine gas and described its 
principal characteristic properties. He called it dephlo- 
gisticated marine acid. The name was reasonable from his 
point of view, since “inflammable” air (hydrogen) was 
conceived to be chiefly phlogiston and the above action 
deprived marine acid of its hydrogen. Chlorine was not 
conceived to be elementary in its nature even by Lavoisier> 
Sir Humphry Davy, in 1810, was the discoverer of its 
elementary nature, and he it was who suggested the name 
“chlorine.”

Scheele proved that plumbago, when ignited with salt­
peter, was converted into fixed air (carbon dioxide) and 
assumed therefore that it was composed of that acid and 
phlogiston, that is, it was the same in composition as char­
coal. It will be recalled that Pott had demonstrated that 
plumbago contained no lead (plumbum) as had been gener­
ally assumed by his predecessors.

Scheele first prepared prussic acid, and first separated 
the hydrofluoric acid from fluor spar. He obtained and 
studied molybdic acid, tungstic acid, arsenic acid, and a 
number of organic acids, lactic, citric, and malic. 
isolated a “sugar substance” (glycerol) from fats and oils- 
The green pigment, the arsenite of copper, still bears the 
name of ‘ ‘ Scheele’s Green. ’ ’ In these and other researches, 
Scheele operated with such skill and intuition, and his de­
scriptions were so clear and his deductions so convincing 
that he acquired the highest reputation as an investigator 
among all his contemporaries.



CHAPTER XII

tHe development of pneumatic chemistry in 
THE EIGHTEENTH CENTURY

It was the development of the chemistry of gases that 
contributed chiefly to the overthrow of the theory of phlo­
giston. Yet the men whose discoveries contributed most 
definitely to that end were all themselves phlogistonists, 
^ith the single exception of Lavoisier, who was himself 
css a discoverer than a clear interpreter of the results of 

others.
The most productive of English chemists of the latter 

Fdf of the eighteenth century, Joseph Black (1728-1799), 
Henry Cavendish (1731-4810), Joseph Priestley (1733- 
1^04), and Richard Kirwan (1733-1812), were all phlogiston- 

Black and Kirwan indeed ultimately ac- 
i force of Lavoisier’s logic, after their own 
was over.

*sts, although 
hhowledged th 
chemical worl

The researches which distinguish Black, Cavendish, and 
Destley as chemists, were almost entirely on the prep- 

aration, properties, and reactions of gases. On account 
°I the importance of the chemistry of gases or “pneumatic 
chemistry” in the development of chemical science, it will 
. c Worth while to follow chronologically the work and 
heas of chemists on this subject, the researches and views 

°I Van Helmont, Rey, Boyle, Hook, and Mayow having 
a ready been considered.

The first investigator after Mayow to devote any 
c°hsiderable attention to the subject, was an English 

ergyman, Stephen Hales, who was interested in problems 
Connected with the development of plant life. In connec- 
10n with this subject, he made many experiments. Hales

461
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had observed that the atmosphere seemed to play an im- 
portant part in the life and growth of plants as well as of 
animals, and he sought to discover something of these 
relations. Hales was not a chemist, but he had read much 
of Boyle’s and of Mayow’s work, and was manifestly 
impressed with the fact that gaseous bodies were often fixed, 
that is, absorbed or combined in many substances, and that 
this fact might be of importance. Hales published two 
volumes of his investigations, Vegetable Staticks, 111 
1727, and Statical Essays or llaemastaticks, in 1733. These 
works contain chapters on “Analysis of Air,” etc., which 
comprise his work on gases.

He starts from the point of view that distillation will 
disengage gases absorbed or fixed, and therefore he distils 
various substances, vegetable, animal, and mineral, to dis­
cover the nature and the quantities of air so fixed. For 
this purpose, he subjected to distillation such various sub­
stances as hog’s blood, tallow, horn, oyster shell, oak wood, 
peas, mustard seed, tobacco, brandy, well-water, niter, 
pyrites, phosphorus, antimony, (that is, the sulphide), etc- 
The various gases and mixtures of gases thus developed 
were passed from the retort and collected over water and 
their volumes measured, and then allowed to stand, after 
which the diminution of volume due to absorption by the 
water was noted. Not only distillation but also fermenta­
tion and putrefaction changes were studied in the same 
way. Hales also obtained and measured gases produced by 
the action of acids on metals, of aqua-regia on gold and on 
“antimony,” of nitric acid on iron and on “antimony 
(“antimony” meaning then the sulphide of antimony), and 
of diluted oil of vitriol on iron filings, etc.

It is evident therefore that the gaseous products obtained 
by Hales comprised nearly all the common gases in the im­
pure state, and mixed with other gases. Even oxygen was 
evidently obtained, as he found much “air” set free by 
distilling saltpeter and bone ash, although he did not dis­
tinguish it from other kinds of air.
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As Hales was chiefly interested in finding out how much 
air” was “fixed” in all these substances and whether 

these airs retained their elasticity or were more or less 
fixed” by standing ovex’ water, he did not investigate the 

essential differences between the various gaseous mixtures 
he obtained. In fact, it would appear that as he was not 
a chemist, it did not occur to him that it was possible for 
fiim to distinguish between them. “Air” was probably to 
him, as it was to Boyle, the same substance containing, how­
ler, many kinds of impurities which imparted to it various 
differing properties, odors, colors, etc., such as Boyle 
called “effluvia.”

Though Hales’ work contributed no completed chemical 
discoveries, his conscientious observations were later a 
8°urce of inspiration and interest to experimenters, and 
ho Was an oft-cited authority for later chemists.

The next important work upon the gases of the at­
mosphere was that of Dr. Joseph Black (1728-1799). Black 
^as of Scotch extraction, though his father was born in 
Ireland, and himself at Bordeaux, where his father was 
established as a wine merchant. Black’s elementary 
schooling was at Belfast; thereafter he attended the Uni- 
Wrsity of Glasgow as a student of medicine. Here he came 
aUder the inspiring influence of Dr. William Cullen, a pro- 
mssor of medicine and a lecturer on chemistry. Black was 
taken by Dr. Cullen as his assistant in chemistry in which 
CaPacity he served three years.
. While Cullen himself was not an important original 
tuvestigator, as a teacher he exerted an unusually inspiring 
mfluence on the development of interest in chemistry in 
”reat Britain. Professor Thomas Thomson1 says of Dr. 
Sullen, referring to his call in 1756 to the professorship

'Thomson, History of Chemistry, I, p. 307.

chemistry at Edinburgh:
, ‘The appearance of Dr. Cullen in the College of Edin- 

Urgh constitutes a memorable era in the progress of that 
memorable school. Hitherto, chemistry, being reckoned of 
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little importance, had been attended by very few students- 
When Cullen began to lecture, it became a favorite study; 
almost all the students flocking to hear him, and the chemi' 
cal class becoming immediately more numerous than any 
other in the college, anatomy alone excepted. The students 
in general spoke of the new professor with that rapturous 
ardor so natural to young men when highly pleased.”

It will be recalled that Cullen translated Bergman’s 
Essays into English.

Black left Glasgow for Edinburgh in 1751 to complete 
his medical studies. He received his medical degree there 
in 1754, presenting for his thesis the results of his in- 
vestigation upon magnesia, lime, and many other alkalieS; 
and “fixed air,” upon which his fame chiefly rests. The 
subject of this thesis was prompted by the differing opin­
ions of physicians as to the actions of certain remedies then 
in use for alleviating the pains of urinary calculi, these 
being usually strong alkalies. The results achieved by 
Black far surpassed in chemical interest however then’ 
possible medical value, and it resulted that in 1756 Black 
was appointed professor of anatomy and chemistry at Glas­
gow, succeeding Dr. Cullen, who was in that year called to 
Edinburgh. When, in 1766, Dr. Cullen resigned the Chaii 
of Chemistry at Edinburgh, Black was appointed as h1S 
successor. This position he held until his death. In the 
last years of his life, his health failed and he was compelled 
to limit his activities. His last lectures were given in 1796- 
1797, and he died in 1799. Dr. Thomson says of Black at 
Edinburgh, that his talent for communicating knowledge 
was not less eminent than his faculty of observation, ant 
that his lectures were attended by an audience which con­
tinued increasing from year to year for more than thirty 
years.

It is well to remember that at the time Black undertoo < 
his investigations, the prevalent belief was that the alkaline 
carbonates, or “mild alkalies,” were simple bodies, tha 
when they were combined with phlogiston, they yielded the 
caustic alkalies. So when limestone was heated and yieWe
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Quicklime, it was supposed that the heat material or phlo­
giston combined with this material to form quicklime. 
Hales had also shown that chalk, when heated, yielded a 
considerable quantity of absorbed or fixed air. Van Hel- 
^ont, too, had long before noted that a peculiar kind of 
air, which he called gas sylvestre, was given off by burning 
charcoal and by the action of acids on lime and other alka- 

substances, although he did not clearly differentiate 
He gas from other gases set free by other chemical re- 
actions. Black’s work from 1752-1754 (printed in 
17552) was the first to establish clearly the relation of his 
fixed air (carbon dioxide) to the “mild” and “caustic” 
alkalies.

2 Experiments upon Magnesia Ana, Quicksilver, and some other alcaline 
substances, 1755, being the chemical part of his Latin thesis printed in 1754.

Black first experimented on “magnesia alba” (car­
bonate). He proved that magnesia is essentially different 
Hom lime. He heated “magnesia alba” (carbonate) to 
‘such a temperature as is sufficient to melt copper” to see 

^hether, at that temperature, it would yield a true quick- 
knie. He noted that the magnesia alba lost about seven 
twelfths of its original weight. The calcined magnesia 
dissolved in acids without effervescence, and from the 
solutions he obtained the same salts as were produced by 
dissolving the magnesia alba in those acids. Black then 
boated in a retort a weighed quantity of mild magnesia 
(carbonate), and, as he found in the cooled distillate only 
a little water, he justly concluded that the loss of weight 
°u heating was mainly due to the loss of air. He next 
calcined two drams (160 grains) of mild magnesia, dis­
solved the residue in sulphuric acid, and added “alkali” 
(by which he meant the carbonates of sodium or of potas- 
sium) and obtained 150 grains of a magnesia with the 
same properties as the original uncalcined material. He 
therefore concludes that the “air” which was “fixed” in 
Ho alkali had been driven out by the acid and had been 
attached to the magnesia, yielding again the mild magnesia.
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Black repeated these experiments, using chalk instead of 
magnesia, and showed in the same way, and with fairly 
accurate quantitative data, that quicklime differed from 
chalk in the same way that his calcined magnesia differed 
from mild magnesia. Although it was not possible to drive 
off the fixed air from “alkalies,” to form caustic alkalies, 
yet he recognized that a similar relation must exist be­
tween them, as between chalk and quicksilver.3

3 See M. M. P. Muir, History of Chemical Theories and Laws, N. Y. an 
London, 1907, pp. 203-207.

4 Cf. Wm. Ramsay, The Gases of the Atmosphere, London, 1896, p. 55.
5 Wm. Ramsay, loc. cit., pp. 59, 60. ,
o P. Dugud Leslie, A Philosophical Inquiry into the Cause of Animal Hea ’ 

London, 1778, p. 152.

Black recognizes that his fixed air is not the same as 
ordinary air, as Hales appears to think, for in discussing 
the attraction which quicklime and its aqueous solution 
possess for fixed air, he says:

“Quicklime, therefore, does not attract air when in fl® 
most ordinary form, but is capable of being joined to one 
particular species only, which is dispersed through th0 
atmosphere, either in the shape of an exceedingly subtil0 
powder, or more probably in that of an elastic fluid. To 
this I have given the name of fixed, air, and perhaps very 
improperly: but I thought it better to use a word already 
familiar in philosophy than to invent a new name, befor0 
we be more fully acquainted with the nature and properties 
of this substance, which will probably be the subject of my 
future inquiry. ’ ’4

As to the real nature of fixed air, Black, in his manu­
script notes, says: “With regard to its origin, when 
treating of inflammable substances and metals, I shall con­
sider this more completely. I shall now only hint that fl 
is a vital air, changed by some matter, seemingly the prin­
ciple of inflammability,” [that is phlogiston].3 A con­
temporary of Black, Dr. Leslie, also says, “Dr. Black seems 
to consider fixed air as a particular modification of common 
air with the principle of inflammability. ”0

Black was an adherent of the phlogiston theory untfl 
after Lavoisier had published, in 1789, his Elemental!)
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Treatise on Chemistry, with the new chemical nomencla­
ture based on the antiphlogistic philosophy. In a letter to 
Lavoisier in 1791, Black first acknowledges the superiority 
°f the new point of view, although he says that for thirty 
Years he has believed and taught the phlogistic theory.7 
Slack is further distinguished by his discovery of the 
Latent heat of melting, and of vaporization of water (1762), 
although a Swedish physicist, J. C. Wilcke, had also de- 
Veloped the idea of latent heat about the same time.8

David Macbride, a prominent surgeon of Dublin, was 
the next to contribute to the chemistry of gases. He pub­
lished a work entitled Experimental Essays in 1764.9 
Macbride was especially interested in the fermentation 
Processes in the animal body. Knowing that “fixed air” 
Was an important product of these fermentations, he was 
Dd to investigate fixed air. His book consists of five essays, 
two of which, “On the nature and properties of fixed air,” 
and “On the dissolvent power of quicklime,” contain his 
contribution to the knowledge of fixed air.

Macbride was cognizant of the earlier work of Van 
Delmont and he recognized that his gas Sylvestre was the 
same as fixed air. He also cites the term gas subtile 

early chemists as a synonym, and he uses the 
®nnple word gas as synonymous.10 Macbride also was thor­
oughly acquainted with the work of Hales and of Black, 
Whose results he understands and thoroughly appreciates.

Macbride lays great stress on a supposed function of 
fixed air in acting as the immediate cause of cohesion in 
bodies either mineral or organic. This theory he accepts 
L°m the earlier speculations of Hales and of Haller. Hales 
Lad said:11

-------------------------------------------- - --------- ---------------------------------------- 
y, Of. Kahlbaum and Hoffman, Veber die Einfiihrung der Lavoisier’schen

Deutschland, Leipzig, 1897, p. 133.
y 1' or a recent and comprehensive account of Black, sec Sir William Ramsay, 

an^ Letters of Joseph Black, London, 1918.
p P's book was translated into French by Dr. Abadie, and published in 

aris jn 1766. It . th. translation upon which the present writer is de- 
Pendent.
prp°7Aiin d’eprouver les effets du gas, on le vapeur qui se degage dans Ie 

^ler degre de fermentation.” Macbride, Abadie, p. 319.
Hales, Vegetable Staticlcs, London, 1727, I, page 314.
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“The air is very instrumental in the production and 
growth of animals and vegetables, both by invigorating 
their several juices while in an elastic and active state, 
and also by greatly contributing in a fixed state to the 
union and firm connection of the several constituent parts 
of those bodies, viz. their water, salt, sulphur and earth.’ 
Macbride finds great justification for this idea in his own 
experiments, for after the distillation, ignition, or fermen­
tation of substances which yield fixed air by these proc­
esses, they all lose their coherency. Macbride says:

“We shall see in what follows that the opinion of Hales 
and Haller is well founded and that the principle which is 
generally known as fixed air is the immediate cause of co­
hesion, since the preservation of the solidity and good 
condition of bodies depends upon that which prevents the 
flight of this air; for at the moment when it escapes and 
recovers its elasticity, we shall see that the other constitu­
ent parts, the terrestrial, the saline, the oily or inflammable, 
and the aqueous, being set in motion by that, commence 
immediately to exercise their different powers, attractive 
and repulsive, and enter into new combinations which firsl 
change and finally destroy the texture of the substances 
that they had previously composed, provided that this sub­
stance contains in it water enough to permit the intestinal 
[that is internal] movement by giving it the proper degree 
of fluidity.”

Macbride also attributed to fixed air important anti­
septic and antiscorbutic properties. This opinion of Mac­
bride inspired Priestley’s invention of water charged 
with fixed air or “soda water” as it came to be called.

Attributing such importance to the functions of fixed 
air, Macbride conceived it of importance to determine m 
his experiments the amount of fixed air set free, as dis­
tinguished from any other airs or mixtures of airs also 
produced. His method was well devised, though the appa' 
ratus, he says, was “the invention of Dr. Black, who com­
municated it to my very ingenious friend Dr. Hutchison, 
lecturer on chemistry in the University of Dublin.”

This apparatus consisted of two bottles or jars, with a 
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glass tube connecting the necks of the bottles. The smaller 
°f the bottles contained “volatile alkali spirit distilled 
°ver quicklime” (ammonia water freed from carbonate), 
While the larger bottle contained the material which evolved 
the fixed air—fermenting or putrefying material, or 
chemicals generating fixed air. This bottle was provided 
with a stoppered inlet, through which acids or other ma­
terial could be added. Fixed air generated in this bottle 
Passed over into the smaller vessel and was absorbed by 
the ammonia, forming the carbonate. When the evolution 
Was complete, clear lime water was added and chalk was 
Precipitated. The chalk was allowed to settle, filtered, and 
acid was added to set free the fixed air, which, measured, 
gave the quantity of fixed air given off by the fermentation 
°r other reaction, as distinguished from any other gaseous 
Products mixed with it.

_ Macbride made an interesting test to ascertain the car­
rier of fixed air in blood. He drew blood from a healthy 
Person and separated the clear serum from the coagulum 
containing the red corpuscles. The clear serum, treated 
With clear lime water, he found yielded no precipitation of 
chalk on standing. The coagulum, however, gave a notable 
Precipitation of chalk when so treated, and he rightly con­
cludes that “the fixed air appears to be united to the red 
corpuscles and to that portion of the blood that M. Senac 
calls ‘lympha coagulabilis. ’ ”

. In 1766 appeared the first contribution of Henry Caven­
dish (1731-1810), that distinguished investigator and 
eccentric personality. Descended from a long line of 
English aristocracy, he was born at Nice, his mother 
having gone to that genial climatic region on account 
°f her health. She died when he was but two years 
°hh Little is known of his earlier years except that

attended school at Hackney in 1742 and that he entered 
St- Peter’s College in Cambridge in 1745. He remained at 
Cambridge in regular attendance for the conventional four

12 Macbride, Abadie, p. 354.
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years, but did not take tHe degree. His biographer, Pr°' 
fessor George Wilson, surmises that this may have been 
for the reason that he was reluctant “to submit to the 
stringent religious tests applied in his day to candidates 
for degrees.” 13

13 George Wilson, Life of the Honorable Henry Cavendish, etc., London, 
1851, p. 181.

Op. cit., I, p. 336.
is Sir William A. Tilden, Famous Chemists, the Men and Their Work, l>°n' 

don and New York, 1921.

From the time of his leaving Cambridge until he joined 
the Royal Society in 1760, there seems to be no record of 
his activities. But in the Royal Society, where he formed 
his few associations, he was soon recognized for his scien­
tific ability as well as for his strangely shy personality 
and eccentric behavior.

Dr. Thomas Thomson14 relates that during his father’s 
lifetime Henry Cavendish received an annuity of 500 
pounds. After the death of his father and of other rela­
tives, he became very wealthy, but as he had no extravagant 
tastes, he had little use for his large income. At the time 
of his death, he was the largest shareholder in the Bank 
of England, and his estate was estimated by Dr. Thomson 
at 1,300,000 pounds, and by Sir William A. Tilden15 at 
about 1,500,000 pounds.

Biot says, in the Biographic Universelle, that he was the 
wealthiest of all scholars (savants) and probably also the 
most scholarly (savant) of all the wealthy. His wealth* 
however, meant little to him; he did not vary his methodic 
style of living and left to his bankers the investment of 
funds, stipulating only that he should not be bothered about 
it. He occasionally made gifts, often of generous amounts, 
to worthy objects, but apparently only when friends sug­
gested the desirability of such action, and with little de- 
liberation on his own part. An incident illustrative of this 
is given by Professor George Wilson on the authority of 
W. H. Pepys:

“At one time Mr. Cavendish had a large library
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London, which was in a bad state of arrangement. It was 
Proposed to him to allow a gentleman, who Was not very 
Well off, to reside in the house, as being a clever man he 
Would in return arrange the books, and render the library 
Ulore useful for consultation, which Mr. Cavendish freely 
flowed. After this gentleman had resided there a con- 
siderable time, and had succeeded in classifying the books, 
he left to go to the country. Mr. Cavendish, dining one 
day at the Royal Society Club, some person present men­
tioned this gentleman’s name, upon which Mr. Cavendish 
said, ‘Ah! poor fellow: how does he do? How does he get 
on?’ ‘J fear very indifferently,’ said this person. ‘I am 
sorry for it,’ said Mr. C. ‘We had hopes you would have 
done something for him, sir.’ ‘Me, me, me, what could I 
do?’ ‘X little annuity for his life, he is not in the best of 
health.’ ‘Well, well, well, a check for ten thousand pounds, 
Would that do?’ ‘Oh, sir, more than sufficient, more than 
sufficient.’ ”

Cavendish died in his seventy-ninth year after a brief 
dlness, quietly and refusing all attention or attendance at 
his deathbed. His biographer, Dr. Wilson, offers his esti­
mate of the character of Cavendish, in part, as follows:

‘‘Morally it was a blank, and can be described only by a 
series of negations. He did not love; he did not hate; he 
did not hope; he did not fear; he did not worship as others 
do- He separated himself from his fellow men, and appar­
ently from God. There was nothing earnest, enthusiastic, 
heroic or chivalrous in his nature, and as little was there 
anything mean, grovelling, or ignoble. He was almost 
Passionless. All that needed for its apprehension more 
Luan the pure intellect, or required the exercise of fancy, 
pagination, affection or faith, was distasteful to Caven­
dish. An intellectual head thinking, a pair of wonderfully 
acute eyes observing, and a pair of very skilful hands ex­
perimenting or recording are all that I realize in reading 
his memorials. . . . Cavendish did not stand aloof from 
ether men in proud or supercilious spirit, refusing to 
count them his fellows. He felt himself separated from 
them by a great gulf, which neither they nor he could bridge 
Over, and across which it was vain to stretch hands or ex­
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change greetings. A sense of isolation from his brethren 
made him shrink from their society and avoid their pres­
ence, but he did so as one conscious of an inferiority, 
not boasting of his excellence. . . . His theory of the 
universe seems to have been, that it consisted solely of 
multitudes of objects which could be weighed, numbered, 
and measured; and the vocation to which he considered 
himself called was to weigh, number, and measure as many 
of those objects as his alotted three score years and ten 
would permit. ’ ’10

To whatever degree this estimate of Dr. Wilson may be 
true to the real Cavendish, it may be accepted as a faithful 
picture of the impression which Cavendish made by hiS 
personality upon the great majority of his acquaintances, 
but no one seems to have doubted his devotion to his ideals 
of scientific truth nor the consistency and honesty with 
which he pursued them.

The first publication by Cavendish was on Factitious 
Airs, three papers read before the Royal Society in 1766- 
The term “factitious air” was used in the same sense as by 
Boyle a century earlier. Cavendish says:

“By factitious air, I mean in general any kind of air 
which is contained in other bodies in an inelastic sense 
and is produced from thence by art. By fixed air, I mean 
that particular species of factitious air, which is separated 
from alcaline substances by solution in acids or by calcina­
tion; and to which Dr. Black has given that name in his 
treatise on quicklime.”
The first of the three papers is on inflammable air, the 
second on fixed air, and the third on certain experiments 
on the air produced by fermentation and putrefaction, an 
examination to see whether they yield any other sort of air 
besides fixed air as shown by Dr. Macbride.

Inflammable air was first clearly noted by Boyle about _____________________________  _______________ ____ —"
ro Readers are referred for a comprehensive account of Cavendish’s life and 

work to the above-noted life by Dr. Wilson, and especially to the Scientific 
Papers of the Honorable Henry Cavendish, F. R. S. Two volumes, Cambridge- 
1921. Volume I contains his electrical papers with introduction by Clara 
Maxwell; Volume II contains his Chemical and Dynamical Essays wth an 
introduction by T. E. Thorpe.
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1670, or possibly even earlier by Turquet de Mayerne,17 
and was well known by chemists of the time of Cavendish, 
although there was much confusion between different in­
flammable airs as to their nature, as they were sometimes 
hydrogen, sometimes carbon monoxide, and sometimes 
hydrocarbons. Cavendish, however, leaves no doubt of the 
hind he means, because he begins his paper by saying: “I 
know of only three metallic substances, namely zinc, iron, 
and tin, that generate inflammable air by solution in acids: 
and those only by solution in the diluted vitriolic acid 
(that is, sulphuric acid) or spirit of salt (hydrochloric 
acid).”

17 See ante, pp. 357-362.
. ft will be remembered that in Cavendish’s time there was as yet no con- 

Pt of combining, or atomic, weights of the elements.

Cavendish found that at 30 inches barometer, and 50° 
Fahrenheit temperature, one ounce of iron gave 412 and one 
°Unce of zinc gave 202 ounce measures. These volumes 
are approximately inversely proportional to the present 
atomic weights of these metals.18

Cavendish determined that from nitrous (nitric) acid, or 
concentrated oil of vitriol, no inflammable air was produced 
by these metals, also that from copper and “spirit of salt” 
(hydrochloric acid) there was nearly no action in the cold 
and that from hot acid no inflammable air was produced, 
but that the air that was then given off, lost its elasticity 
^'hen in contact with water. This he notes as “remarkable 
enough to deserve mentioning. ” Evidently this was hydro­
chloric acid gas, though Cavendish does not examine it 
further than to describe its sudden absorption by the water.

Cavendish studied the inflammable air obtained by differ­
ent acids on the metals, and found no difference between the 
Properties of the gas from these sources. He showed this 
gas to be insoluble in water or alkalies, fixed or volatile. 
He found inflammable air to be about 10% to 10% 
Tinies lighter than common air. The real value is 
about 14.4 times lighter, but Cavendish’s method at this 
Period of his work of weighing either common air or in-
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flammable air in a distended bladder, was incapable of 
giving accurate results. What Cavendish understands re- 
specting the nature of this inflammable air he expresses 
thus:

“It seems likely from hence that when either of the 
above mentioned metallic substances (zinc, iron, tin) are 
dissolved in spirit of salt, or the diluted vitriolic acid, 
their phlogiston flies off, without having its nature changed 
by the acid, and forms the inflammable air; but that when 
they are dissolved in the nitrous acid, or united by heat to 
the vitriolic acid, their phlogiston unites to part of the 
acid used for their solution, and flies off with it in fumes, 
the phlogiston losing its inflammable property by the 
union.”

This suggestion of Cavendish that inflammable air 1s 
phlogiston was accepted as the reasonable interpretation 
by nearly all his contemporaries, though in later years 
Cavendish saw reasons for believing that inflammable air 
was a combination of phlogiston and water, but this idea 
was not promulgated by him until 1784.

The paper on fixed air is an extension of the work of 
Black and Macbride in determining more carefully and 
quantitatively the properties and reactions of fixed air. He 
determined that water at 55 degrees Fahrenheit dissolved 
a little more than an equal volume of “the more soluble 
part of this air.” He found that after boiling for fifteen 
minutes, all fixed air was expelled from the water solution- 
By the use of bladders for weighing, he found the specific 
gravity of fixed air at 1.57 heavier than common air. This 
result was much more accurate than his determination of 
the specific gravity of inflammable air, the correct value 
being 1.53. He determined the proportion of fixed air 1U 
marble at 408/1000 (instead of about 440/1000), and de­
termined also the proportion of fixed air in other alkaline 
carbonates. In connection with this work, he notes an 
observation of Dr. Black that a solution of salt of tartar 
(potassium carbonate), exposed to the open air for a long 
time, formed some crystals which seemed to be the alkali
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United to more than its usual proportion of fixed air. To 
^st this, Cavendish dissolved a weighed quantity of pearl- 
nsh (potassium carbonate) in water in a bottle, to the open 
mouth of which was fixed a bladder kept full of fixed air 
hy means of a tube from a generating bottle, which was 
supplied with “marble and spirit of salt.” The bottle was 
agitated from time to time, and the crystals forming on 

surface were thrown down and fresh solution exposed 
to the “air.” These crystals were finally removed, dried 
°n filter-paper, and analyzed. He found 42.3 per cent of 
fixed air (theory is 43.6 per cent). Previous experiments 
^th pearlash yielded 28.7 per cent (theory is 31.8 per cent), 
thus Black’s surmise was proved justified, and the quan­
titative relation approximately determined.

The third investigation, on the air production by fermen­
tation and putrefaction, was undertaken with a view of 
determining whether these processes yield any other air 
than the fixed air which Macbride had shown was given 
°T. He therefor conducted fermentation experiments 
^th sugar solution, and with fresh apple cider, and found 
.hat the gas given off was all fixed air, with properties 
Jdentical with the fixed air from marble. The putrefaction 
°xPeriments were conducted with ‘ ‘ gravy broth ’ ’ and with 
law meat and water. The air given off was conducted 
luto a bottle containing alkali (sope leys) and the unab- 
®°rbed gas, which was of considerable volume, was found 
o he inflammable and its specific gravity about one tenth 

°i that of common air. He concludes that this air is the 
same as that from metals, though it seems a little heavier, 
und is “mixed with some air heavier than it, and which has 
Ui some degree the property of extinguishing flame like 
hXed air.”

. These experiments of Cavendish, carefully described and 
giving characterizations of fixed and inflammable air more 
specific and detailed than in any previous investigations, 
^as of considerable volume, was inflammable and its spe- 

theoretical suggestion made, that inflammable air was 
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phlogiston, was also immediately adopted by Kirwau> 
Scheele, and other phlogistonists.

The next significant publication on air was by Daniel 
Rutherford in 1772 in his doctor’s thesis. Rutherford wa® 
a pupil of Dr. Black and the subject was suggested by Black’ 
Dr. Black had shown that fixed air could be separated froia 
the air which no longer supported combustion and respira' 
tion, but other constituents of the air which no longer sup' 
ported combustion were uninvestigated, and this was th® 
problem he suggested for Rutherford.

Rutherford’s experiments were devoted to completing 
combustion in a confined volume of air, and examining 
the residual air, after absorbing the fixed air by lime water- 
He found that it was not a simple thing to burn the air 
to complete saturation with phlogiston, as the current 
theory had it, or as we would now say, to complete coni' 
bination of its oxygen. After a mouse died in the enclosed 
air, the residual air still supported the combustion of a 
candle, and after the candle was extinguished, light6 
tinder would still smoulder a short time. Rutherford found 
that burning phosphorus was most efficient, and the fumeS 
of the burning phosphorus could be absorbed by limewater- 
Though Rutherford does not appear to have investigate 
thoroughly the properties of this residual air, he calls i 
mephitic air and characterizes it as atmospheric air sat' 
urated with phlogiston.

To Rutherford is attributed the first isolation of tbe 
gas now called nitrogen. It is worthy of note in this cod' 
nection that Cavendish left among his unpublished paper® 
one describing this gas more specifically than did Ruther' 
ford. The manuscript in question bore a superscript!011 
by Cavendish “Communicated to Dr. Priestley,” and D1; 
Priestley hijnself refers to its contents in his account 0 
Experiments and Observations made in and before 1‘ . 
the same year in which Rutherford’s paper appeared. TDS 
paper by Cavendish was published by Mr. Harcourt 1° 
1839 in the British Association’s Papers (page 64 ff-b 
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Cavendish prepared the gas by passing atmospheric air 
repeatedly over red hot charcoal and removing by means 

caustic potash the carbon dioxide (fixed air) formed.
Cavendish says:

‘The specific gravity of this air was found to differ 
Very little from that of common air: of the two, it seemed 
father lighter. It extinguished flame, and rendered common 

!r unfit for making bodies burn, in the same way as fixed 
but in a less degree, as a candle, which burned about 

seconds in pure common air, and which went out imme- 
lately in common air mixed with 6/55 of fixed air, burnt 
bout 26 seconds in common air mixed with the same por- 

1011 of this burnt air.” 19
In 1774 Torbern Bergman presented his treatise on the 

atmospheric acid (Luftsaure or “Aerial acid”) the most 
a°niplete and systematic discussion of the sources, prepara- 
10n, properties and combinations of carbon dioxide and 

Carbonic acid. He begins by explaining that about 1770 
le had informed his foreign correspondents of his ideas of 

nature and properties of that elastic fluid, and cites 
r- Priestley who mentioned his ideas in the Philosophical 
ansaction for 1772 and in a new edition of his work on 

ams had confirmed them by several fine experiments.
Pergman explains why he prefers the term “air acid” 
aerial acid to the then usual name—fixed air. In the 

l place, because this is only one of several kinds of air 
hich occur fixed, and in the second place, because it is 
fne same time a true acid and a constant constituent of 

e atmosphere. Fixed air, he says, is a true acid, because 
Possesses a distinctly acid taste; it reddens litmus 
Pwnsol”); it attacks caustic fixed alkalies, rendering 

lem mild; a smaller quantity of this acid than of the 
r°nger acids saturates these alkalies and renders them 

Crystallizable and less soluble; it makes the volatile al- 
ah (ammonia) more fixed, less odorous and penetrating 

causes it to crystallize; when it just saturates quick- 
it deprives it of its solubility and acrimony and causes

^r- G. Wilson, Life and Works of Henry Cavendish, p. 28. 
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it to crystallize, but when in excess it renders 'it again sol­
uble; it produces the same effect with terra ponderosa 
(baryta); it produces with magnesia a neutral crystalliza' 
ble earthy salt; with iron, zinc, and manganese it forms 
salts which, when dissolved in water, redden the tincture 
of litmus, like all other salts of the metals.20

an Bergman’s Essays, translated by William Cullen, I, p. 72, ff.
21 See ante, p. 474.

Bergman describes at length the preparation and prop' 
erties of carbonic acid salts, with determinations by weight 
of the quantities of acid and base (these not always ac­
curately, however). He also determined the relative “elec­
tive attractions” of the acid for different bases. His order 
of such affinities is as follows:

pure terra ponderosa
pure lime
pure fixed vegetable alkali 
pure fixed mineral alkali
pure magnesia
pure volatile alkali 
zinc

(baryta)
(calcium oxide)
(potassium hydroxide)
(sodium hydroxide)
(magnesium oxide) 
(ammonium hydroxide)

manganese 
iron

fThis is a fairly correct order of the general stability $ 
the corresponding carbonates. Bergman notes that tlus 
acid appears the weakest of all known acids and that tbe 
specific gravity is one and a half times that of air. Caveh' 
dish had announced it at 1.57.21

In discussing an experiment by Priestley—in which a 
electric spark passed through air confined over litmus soh1 
tion in an inverted U-tube produced an acid reaction 011 
the litmus (oxidation of nitrogen to nitrous acid)—Berg 
man makes this interesting statement:

“We now know that common air consists of three elasi1C 
fluids mixed together; viz., 1st of the aerial acid in its d1S^ 
engaged state, but in so small quantity that it alone canno 
impart a visible redness to tincture of turnsol; 2nd of a 
air unfit for sustaining flame, or being subservient^ 
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respiration (this we may call vitiated air until we are 
better acquainted with its nature and properties); and 3rd 

air indispensably necessary to flame, and animal life, 
which forms only about one fourth of common air, and 
^hich I call pure air.” 22

This obvious reference to oxygen is of especial interest. 
It is established that Priestley had in August 1774 first 
Prepared oxygen and had, in October, stated to Lavoisier 
an<l to others in the latter’s laboratory in Paris his dis­
covery of an extraordinary gas, which supported combus- 
tion to an unusual degree. This he had obtained by heat- 

mercury precipitate. At this time he stated that he 
bad given no name to the new gas. Lavoisier repeated the 
exPeriment in November 1774, and in February 1775 an- 
^Unced his discovery to the Academy of Sciences, calling 
me new air, purer air (air plus pur). Priestley’s publica- 
^°u of his discovery of “dephlogisticated air” was in 1775. 
Bergman’s treatise was delivered in 1774 at the Academy

Sciences of Upsala, though not printed until 1775. The 
Tiestion arises as to whether Bergman was drawing upon 
earliei. knowledge of Scheele’s discoveries or possibly had 
revised his manuscript for the printing in 1775. The ex- 
Pvession “pure air” is not Scheele’s, who called the gas 
‘Neuer Luft,” or “fire air.” It is not Priestley’s “de- 

P^ogisticated air.” It is more like Lavoisier’s “more 
Pure air” or “very pure air.” Scheele’s best attempts to 
determine the proportion of his fire air in the atmosphere 
Save him about one fourth instead of one fifth, as Priest- 

y s experiments showed.
No Englishman took a more prominent part in the dis- 

coveries in pneumatic chemistry than did Joseph Priest- 
eL Without training in science, unfamiliar with the pre- 

^Ons work of chemists in general, Priestley took up the 
study of chemistry as an amateur, but with great en- 
^usiasm, a decided talent for experimental devices, and 

Essays, translated by William Cullen, London, 1784, I, 
Sern’ 76 ’ also the same in French in Opuscules chymiques et physiques de 

Oman, translated par M. de Morveau, Dijon, 1780, pp. 62, 63.
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keen powers of observation; and he accomplished many 
notable results.

“If,” says Mr. Frederic Harrison “we choose one mal1 
as a type of the intellectual energy of the eighteenth ce»' 
tury, we could hardly find a better than Joseph Priestley, 
though his was not the greatest mind of the century. Hi0 
versatility, eagerness, activity, and humanity; the immense 
range of his curiosity in all things, physical, moral, 
social; his place in science, in theology, in philosophy, aI1C1 
in politics; his peculiar relation to the Revolution, and th® 
pathetic story of his unmerited sufferings, may make hiF 
the hero of the eighteenth century. ”23

23 This quotation from Frederic Harrison serves to introduce the 
of H. C. Bolton’s Scientific Correspondence of Joseph Priestley, New 
1892; and likewise the excellent work of Professor T. E. Thorpe, J°s * 
Priestly, London and New York, 1906.

Priestley was born at Fieldhead near Leeds, England’ 
on March 13 (old style), 1733. His family were Calvinist0 
and his schooling was directed toward the ministry. As h® 
early developed dissenting views, it was finally granted 
him that he should be trained for a more liberal or less of' 
thodox ministry at Daventry. He finished his formal cour00 
of training of three years at twenty-two years of 
ter some years of experience in the ministry, and 
teaching, he was appointed teacher of classical language0 
and polite literature at the Warrington Academy in 17^’ 
Here he remained until 1767, and his experience here yaS 
of great importance to him in many ways. His teaching 
was by no means confined to his nominal chair. Thorp0 
says that there was practically no department of education 
at the Academy in which at one time or another he 
not called upon to assist. Lectures on chemistry wel6 
given at Warrington by Matthew Thorner, a Livei' 
pool physician, who is believed to be the first to attra® 
Priestley’s interest to chemistry, although Priestley aP' 
parently did nothing with it there.

He published an Essay on Education (1764) and coa 
ducted lectures on the Study of History in General, Hislop 
of England, and the Present Constitution and Laws ofE^ 

age. 
in
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^nd. The first two were later published. He published a 
laH of Biography—a tabulated compilation of eminent 

^611 of every age and profession, from which could be 
leadily ascertained the relative periods and ages of the 

at any time, the lengths of their lives, and so forth.
°r this accomplishment, he received from the University 

°t Edinburgh the degree of Doctor of Laws. Occasional 
V1sitg to London gave him opportunity of enlarging his 
acquaintance with eminent men. Here he became ac- 
quainted with Benjamin Franklin and formed an enduring 
uendship with him. Under the inspiration and at the 

^ggestion of Franklin, Priestley wrote a History and 
Resent State of Electricity, mainly a compilation from the

^osophicdl Transactions, though entailing much cor- 
respondence and some experimentation. This work 
^t. with general approval and passed through five 
editions during the author’s lifetime. This publication 
Secured his election to the Royal Society in 1766.

tn 1767 Priestley accepted a call to preach at Mills Hill 
bapel at Leeds. Here his position permitted him leisure

continue his scientific activities. He published in 1770 
Familiar Introduction to the Theory and Practice of Per- 

sPective, and in 1772, a History and Present State of Dis- 
c°veries Relating to Vision, Light and Colours. In this 
^car also (1772) appeared his first contribution to the

emistry of gases. Living next door to a brewery, he was 
stimulated to study the properties of the fixed air which

0Ver the surface of the liquid in the fermentation vats.
hen he removed his dwelling from that neighborhood, he 

e°utinued his experiments with fixed air obtained from
alk and acid. Priestley added nothing of importance to 
e discoveries of Black, Macbride, Cavendish, or Berg- 
dlb reSpec£ .gxe(j put he made an application
its use in 1772, which brought him the award of the 

°Ptey Medal in 1773. The basis of the award was thus 
escribed by Sir John Pringle, then President of the Royal

Society;
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“For having learned from Dr. Black that this fixed °r 
mephitic air could, in great abundance, be procured fr0111 
chalk by means of diluted spirits of vitriol; from Bp 
Macbride, that this fluid was of a considerable antisept10 
nature; from Dr. Cavendish, that it could in a large quam 
tity be absorbed by water; and from Dr. Brownrigg that i1 
was this very air which gave the briskness and chief vi!' 
tues to the Spa and Pyrmont waters; Dr. Priestley, I say, 
so well instructed, conceived that common water impr0#' 
nated with this fluid alone might be useful in medicin0, 
particularly for sailors on long voyages, for curing or p1'0' 
venting the sea scurvy.”

In 1772, Priestley accepted an offer of a position a® 
librarian to Lord Shelburne, who had been Secretary ot 
State for the Southern District with charge of the affair 
of the American Colonies, under the ministry of Pitt. But, 
because of his conciliatory attitude towards the colonists, 
he had been, in 1768, relieved from this latter charge, and 
in the same year had resigned his office and was living 111 
comparative retirement at his estate at Caine, though he 
was still active in the House of Lords. He was of scholarly 
tastes and desired a congenial companion as well as a 
librarian. Priestley was recommended by a mutual friend, 
Dr. Price, a well-known liberal, and, as Priestley had taken 
a prominent part in the support of the colonists’ side 01 
the controversies, he was doubtless for that reason mor0 
acceptable. The new position gave Priestley a much larg01 
income, 250 pounds a year, with a residence at Caine 111 
the summer and at London in winter, and with the assuf' 
ance of 150 pounds annuity for life at the severance 0 
their relations.

This situation Priestley held until 1780; and here ke 
made his most important discoveries in chemistuB 
which were much appreciated and encouraged by Bo1 
Shelbourne. Priestley’s activity in political, education!1' 
and theological propaganda was likewise continued, a 
though the freedom with which he maintained his the<^ 
logical heresies produced an increasing unpopularity an
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eventually created somewhat strained relations between 
him and his patron. In 1780, therefore, their contract was 
terminated on Priestley’s initiative, Priestley receiving 
regularly thereafter the promised annuity from Lord Shel­
burne.

In 1780, Priestley accepted the ministry of a dissenting 
congregation at Birmingham, where he found many sym­
pathizers in his liberal views on political and religious mat­
ers, as well as an enthusiastic group of scientists in the 
celebrated Lunar Society, so called because it met monthly 
011 the Monday evening nearest the full moon. Here he 
completed his six volumes on Different Kinds of Air, and 
Produced a revised and condensed edition of the same work 
ln three volumes, in 1784. His views on religious and on 
Political questions were becoming more and more radical; 
a Work of his on the history of the Corruptions of Chris- 
^nity Was received with a storm of hostile criticism from 
English and European Calvinists and Lutherans. In 1785,

Was ordered to be burnt by the hangman at Dordrecht, 
Holland. Priestley replied to his antagonists with a 

i°ur volume work on the History of Early Opinion Con- 
<ffrning Jesus Christ, which only added to his unpopularity 

orthodox religious sects and especially in the Established
Church of England.

Conservative sentiment in England was also seriously 
disturbed, at this time, by the success of the American 
devolution, and still more by the development of democratic 
sPirit and the antichurch sentiment excited by the rise 

progress of the French Revolution. As Priestley had 
avored the cause of the American colonists, so he was 

sympathetic with the ideals which dominated the rise and 
6aHier development of the French revolutionary move- 
^nt. The government party in England was aroused 
gainst Priestley, especially by his caustic reply to Edmund 

rirke’s attack on the French Revolution in 1790. As Burke 
ao been an outspoken advocate of the cause of the Ameri­

ca colonists before the American Revolution, Priestley,
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who considered the principle of human liberty equally in- 
volved in both revolutions, arraigned Burke severely io a 
pamphlet dated January 1, 1791, in which he made a 
strong plea for the French Revolutionists. Government 
and church adherents, fearful of the influence in England 
of the revolution, were very indignant with Pristley, whom 
the great majority doubtless considered as a dangerous 
agitator.

At last, on July 14, 1791, the anniversary of the fall of 
the Bastile, a body of some eighty sympathizers having 
gathered for a celebration at a hotel in Birmingham, 
a mob assembled and stoned the hotel windows, though 
well after the adjournment of the meeting. (Priestley waS 
not an attendant at this meeting.) Becoming more excited, 
the mob went to the New Meeting House, where Priestley 
preached, and burned all that was combustible in it. 
then destroyed the Old Meeting House, and proceeding f° 
Priestley’s residence, the mob destroyed that and his lab' 
oratory, and other residences and meeting houses of um 
popular dissenters. After three days of rioting, the am 
rival of dragoons put a stop to the activities of the mob- 
The King (George III) is quoted by Thorpe24 from a letter 
to Secretary Dundas, approving the sending of the dra­

24 Op. cit., p. 134.

goons :
“Though I cannot but feel pleased that Priestley is th6 

sufferer for the doctrines he and his party have instilled, 
and that the people see them in their true light, yet I can­
not approve of their having employed such atrocious mean3 
of showing their discontent.”

Priestley escaped personal injury by the mob, through 
the assistance of friends, and finally arrived in London- 
Here he endeavored to continue his ministry and other 
activities for some three years, and, though he had man/ 
offers of assistance from friends and admirers, public senti' 
ment in general was so adverse that he gradually realize 
the futility of his efforts. He was assailed by the pres®
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and received many abusive communications. Edmund 
$urke attacked him on the floor of the House of Commons, 
and his fellows of the Royal Society were so generally un­
friendly that he felt compelled to resign formally from 
that body. The facts that the French Academy of Science 
ln July 30,1791, addressed him a message of sympathy, and 
that the French Assembly in September, 1792, made him a 
citizen of France, and offered him a membership in the 
National Committee, were not calculated to increase his 
Popularity in England. The courts eventually awarded 
^m about 2500 pounds for the damage to his property at 
■Birmingham, and he finally decided to emigrate to America, 
^here his three sons were already established, and in 
^Pril, 1794, he sailed for New York.

Here he was welcomed by many societies and individuals, 
frc Was offered the ministry of the Unitarian Church in 
New York, and was urged to take the professorship of 
chemistry in the University of Pennsylvania, but he finally 
decided to accept neither, and established himself at North­
umberland, Pennsylvania, where he built a house and 
ahoratory and spent the rest of his days. Here he com­

pleted his History of the Church from the Fall of the West- 
^rn Empire to the Reformation. He wrote many theo- 
*°gical papers, continued his chemical experiments, wrote 
Wo defenses of the phlogiston theory, the more elaborate 

°n Doctrine of Phlogiston Established and that of the Com- 
sition of Water Refuted, printed at Northumberland in 

$P0, with a second edition at Philadelphia in 1803. He 
led in 1804 in his seventy-first year, and was buried in 
c Quaker cemetery at Northumberland.
Phe chemical work of Priestley which has given him 

0 Prominent a place in the history of chemical discovery 
^as carried out between the years 1771-1777; and though 

m work and publications extended almost to the time of 
18 death, yet in these later years he added little of import- 

ance. His chemical experimentation was indeed the recrea- 
011 °f a lifetime deeply engrossed in the duties of a
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preacher and theological writer. He was about thirty' 
eight years of age when he began his chemical activity; 
and, as before noted, he was possessed of no considerable 
previous training in chemical knowledge, or experimental 
methods. This may well account for the fact stated by 
Thorpe

“The contrast between Priestley, the social, political and 
theological reformer, always in advance of his times, re- 
ceptive, fearless and insistent; and Priestley the man ot 
science, timorous and halting when he might well be bold; 
conservative and orthodox when almost every other active 
worker was heterodox and progressive—is most striking-

The most productive years of his chemical discoveries 
were those spent with Lord Shelburne, when he was re- 
lieved from parochial responsibilities. Though Priestley 
entered upon his chemical researches with the prepar' 
ation and the spirit of an amateur, his native ingenuity; 
the intense scientific curiosity he possessed, and h1S 
unquenchable enthusiasm enabled him to achieve very 
many important discoveries. The absolute frankness 
and, one might say, naivete, with which he described hi® 
experiments and his interpretation of their significance 
rendered his writings readable and attractive. All that he 
did and thought was as a new world to him and he convey® 
that feeling to his readers. His attitude toward research, 
he states in the preface to the first volume of Differed 
Kinds of Air, when he says:

“I do not think it at all degrading to the business 0 
experimental philosophy, to compare it, as I often do, 
the diversion of hunting, when it sometimes happens tb^ 
those who have beat the ground the most, and are con®c' 
quently the best acquainted with it, weary themselves with' 
out starting any game; when it may fall in the way of $ 
mere passenger; so that there is but little room for boastu’o 
in the most successful termination of the chase.”

Priestley’s earliest important discovery was that of tbe 
gas which he called “nitrous air,” now known as nib^

so T. E. Thorpo, Joseph Priestly, 1906, p. 168. 
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°xide. He tells us that he had been struck with Dr. Hales’ 
account of an experiment, performed by him, in which an 
air> produced by the action of spirit of niter upon Walton 
Pyrites, when mixed with common air “made a turbid red 
fixture and in which a part of the common air was ab- 
s°rbed. ” Priestley had never expected to see this inter- 
csting phenomenon, “supposing it to be peculiar to that 
Particular mineral.” Priestley, mentioning this to Mr. 
Cavendish in London in the spring of 1772, the latter sug­
gested that other kinds of pyrites or even the metals them- 
sdves might answer as well, as probably the phenomenon 
depended on the spirit of niter. Acting on this suggestion, 

nestley found that all the common metals gave, with 
spirit of niter (nitric acid), this peculiar kind of air, and 
iat from all these metals the air was apparently the same. 
The reaction between “nitrous air” and common air, he 

Pen studied in great detail. He collected the nitrous air 
°) er water and over mercury, and mixed it with common 

m various proportions over water and over mercury.
e soon established that the presence of a certain amount 

Water seemed to produce the greatest contraction of 
^°lume. He also found that the greatest amount of reduc- 

1011 jn the volume of air so produced was one fifth, and 
Pat.this reduction could be produced by about one volume 

0 nitrous air to two of air. He then tested the behavior 
. nitrous air toward common air vitiated, or rendered 
^Pure, by combustion, putrefaction, or respiration, and

Ps found that the purer the air, the greater was the 
contraction in volume on addition of the fixed volume of 
Porous air.

This discovery, that the “relative purity” of the air 
c°uld be thus easily determined, attracted general atten- 
. °n, and more convenient forms of apparatus for measur- 
Pg the purity of the air were soon proposed. One of the 

earliest was by Felix Fontana, professor of mathematics at 
orence. Cavendish read a paper on a New Eudiometer 

efore the Royal Society on January 16, 1783, which begins
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with these words: “Dr. Priestley’s discovery of the 
method of determining the degree of phlogistication of air 
by means of nitrous air, has occasioned many instruments 
to be contrived for the more certain and commodious per­
formance of this experiment; but that invented by the Abbe 
Fontana is by much the most accurate of any hitherto pub­
lished.” He then discusses in detail the relative merits 
and results of Fontana’s and of his own apparatus. The 
word “eudiometer,” now so commonly used for graduated 
apparatus for gas measurements, was thus first used to 
mean a measure of purity of the air. As the discovery of 
oxygen by Priestley was not made until August 1774, what 
was here meant by purity was the degree to which the air 
could support combustion or was respirable. Priestley had 
shown also that inflammable air and fixed air gave no 
reaction with his nitrous air. Priestley’s determination 
of purity was no less important because no one yet knew 
that what they were really determining was the relative 
oxygen content of the airs tested.

Interested by Cavendish’s observation upon the action of 
spirit of salt upon copper, in which he found no inflam­
mable air produced, but an air which was extremely soluble 
in water, Priestley repeated this experiment but, as he 
had done with nitrous air, he collected this air also over 
mercury. He thus obtained a colorless gas very soluble in 
water. With lead, iron, tin, and zinc, he found that a 
variable mixture of inflammable air with this new air was 
obtained. He noticed that water impregnated with the nev' 
gas tasted very acid and dissolved iron very fast, yielding 
inflammable air. Finally, suspecting that the new air 
might come from the spirit of salt and not from the metal, 
he heated the spirit of salt alone, and found that “this 
air was immediately produced in as great plenty as be­
fore. ’ ’ He therefore rightly concluded that this ‘ ‘ air is in 
fact nothing more than the vapour or fumes of spirit of 
salt,” “and therefore may be very properly called an 
acid air, or more restrictively, the marine acid air.” Priest-



CHEMISTRY IN EIGHTEENTH CENTURY 489 

ley, therefore, was the first to isolate hydrogen chloride, 
and to show that its solution in water was the well-known 
acid then called “spirits of salt” or “marine acid.” This 
discovery occurred in 1772.

In 1773 it occurred to Priestley to apply the method he 
had used to obtain his “marine acid air” to see whether 
an alkaline air might be obtained from substances con­
taining volatile alkali. He procured some “volatile spirit 
of sal ammoniac” (that is, ammonia water), placed it in 
a thin phial and heated it with a candle. A great quantity 
°f vapor was discharged, which, collected over mercury, 
‘continued in the form of a transparent and permanent 

air, not at all condensed by cold.” Sal volatile (that is, 
ammonium carbonate) and other “salts obtained by the dis­
tillation of sal volatile with fixed alkalies,” were tried but 
found to yield much fixed air also, so that he eventually 
Used the mixture then customary for preparing the “vola­
tile spirit of sal ammoniac,” viz., one part of sal ammoniac 
with three parts of slaked lime, which furnished him a 
targe and easily controlled supply of pure ‘ ‘ alkaline air. ’ ’

Having found that this new air was extremely soluble 
in water and that the solution was a very strong volatile 
spirit of sal ammoniac, Priestley next was curious to find 
°ut whether this alkaline air mixed with his marine-acid- 
air might not give a neutral air, “and perhaps this very 
same thing with common air.” But, brought together, 
these two airs produced a “beautiful white cloud” which, 
When it had settled, he found to be common sal ammoniac 
(ammonium chloride). Priestley found the new gas, when 
Uiixed with fixed air, to yield oblong and slender crystals 
Which “must be the same thing with the volatile alkalies 
Which chemists get in a solid form by the distillation of sal 
ammoniac with fixed alkaline salts (that is, sal volatile).”

Priestley conducted many experiments with his alkaline 
air, as he had with his acid air, by means of which the more 
°bvious physical and chemical properties were made known.

The isolation of the marine acid air suggested to Priest' 
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ley that airs might similarly be obtained from other 
acids, and the “volatile vitriolic acid” was the first he 
chose to investigate. He therefore wrote to his friend Mr- 
Lane to send him a quantity of that substance, but, by a 
misunderstanding, something else was sent, and the matter 
went over till he met Mr. Lane, who told him that if he 
would only heat “any oily or greasy matter” with oil of 
vitriol, he would easily procure the “volatile or sulphureous 
vitriolic acid.” It was not, however, until the 26th of 
November, 1774, that he was able to pursue this investiga­
tion. As, according to the theory of phlogiston, the vola­
tile vitriolic acid was phlogisticated oil of vitriol, any solu­
tion rich in phlogiston heated with oil of vitriol should 
give the volatile acid. He soon succeeded in producing the 
gas from olive oil and oil of vitriol and later from oil of 
vitriol heated with charcoal, mercury, and other substan­
ces. Collecting the gaseous product (sulphur dioxide) over 
mercury was again his method for obtaining it in form 
to study its properties.

Having in 1774 procured a lens of twelve inches diam­
eter and twenty inches focal distance, Priestley “proceeded 
with great alacrity to examine, by the help of it, what 
kind of air a great variety of substances, natural and 
factitious, would yield ... on the 1st of August, 
1774,1 endeavored to extract air from mercurius calcinates 
per se, and I presently found that, by means of this lens, 
air was expelled from it very readily.” 20

20 Joseph Priestly, Experiments and Observations on Different Kinds of Ait, 
2d ed., London, 1776, II, Sec. Ill, p. 29 ff. “Of Dephlogisticated AiL 
and of the Constitution of the Atmosphere. ’ ’

The substance he used was the red oxide of mercury ob­
tained by heating mercury in air. He found that the air 
so obtained was not imbibed by water.

“But what surprised me more than I can well express 
was, that a candle burned in this air with a remarkably vig­
orous flame, very much like that enlarged flame with which 
a candle burns in nitrous air exposed to iron or liver of 
sulphur (that is, nitrous oxide reduced from nitric oxide, 
his ‘nitrous air’); but as I have got nothing like this re-
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Markable appearance from any kind of air besides this 
particular modification of nitrous air, and I knew no nitrous 
air was used in the preparation of mercurius calcinatus, 
I was utterly at a loss how to account for it.”

At this time also, he tried his lens on “red precipitate” 
(that is, mercuric oxide made by dissolving mercury in 
nitric acid and igniting), and, obtaining similar results, he 
imagined something might have been communicated to it 
from the nitrous acid (our nitric acid), and that possibly 
also the mercurius calcinatus had collected something of 
nitre, in that state of heat, from the atmosphere. Priest­
ley also found that red lead (minium) yielded the same gas 
but mixed with some fixed air, manifestly owing to impuri­
ties in his material. In October of the same year, his then 
Patron, Lord Shelburne, took Priestley to the continent for 
a few weeks. While in Paris, he visited Lavoisier and other 
chemists, and in Lavoisier’s laboratory he told this chem­
ist, and several others present, of the strange air he had 
Just obtained from mercurious calcinatus- and from red 
had. This announcement of Priestley’s discovery while 
he had as yet but begun his investigation, and had as yet 
no name for his new gas, without doubt seemed much more 
sigificant to Lavoisier than it did to Priestley, for Lavoisier 
had himself already been occupied with the problems of 
the calcination of the metals, and with the general subject 
°f pneumatic chemistry. On November first, 1772, Lavoi- 
sier had deposited a sealed note with the Secretary of the 
■Academy of Sciences, in which he states that he has dis­
covered that sulphur and phosphorus when burned gained 
^eight.27 “This increase of weight is due to a great quan­
tity of air which becomes fixed during the combustion and 
Wch combines with the vapours.” He expresses his con­
viction that the same is true of all combustions and cal­
cinations. In December of the following year (1773) he 
laid before the Academy a treatise in two parts, the first "—— ____________ ________ _____ _ ________________  
„ 27 Oeuvres de Lavoisier, Paris, Imprimerio Imperials, Tome I, 1864, pp. 445- 
u66. Marggraf had previously noticed the gain of weight in phosphorus on 
urning. (See ante, p. 440.)
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being an historical review upon “Elastic Emanations” 
which are disengaged during combustion, fermentation and 
effervescence, from Van Helmont’s time on, including very 
completely Priestley’s experiments to that time. The 
second part of the work consists of an account of many 
experiments by Lavoisier himself upon changes taking place 
in calcination, the evolution or fixation of gases, etc., with 
careful data upon the changes of weight in these reactions- 
The trend of his thought may be gathered by the gen­
eralizations he draws in Chapter VI of this work, viz.:

1. That the calcination of metals when they are contained 
in a portion of air confined in a glass bell jar does not take 
place with quite the same facility as in free air.

2. That this calcination even has limits, that is to say 
when a certain portion of metal has been reduced to a 
calx in a given quantity of air, it is no longer possible to 
carry it beyond that calcination in the same air.

3. That in proportion to the calcination occurring there 
is a diminution of the volume of the air, and that this 
diminution is nearly proportional to the increase in weigh® 
of the metal.

4. That in comparing these facts with those reported 1U 
the preceding chapter, it would appear proven, that there 
combines with the metals during their calcination, an elas­
tic fluid which becomes fixed, and it is to this fixation that 
is due their augmentation in weight.

5. That several circumstances would seem to tend to the 
belief that all of the air that we breathe is not fit to be 
fixed for entering into combination of metallic calxes, but 
that there exists in the atmosphere a particular elastic fluid 
which occurs mixed with the air, and that at the moment 
when the quantity of this fluid contained under the bed 
jar is exhausted, that the calcination can no longer take 
place, etc.28

It is manifest from Lavoisier’s treatise that while skep­
tical as to the phlogistic theory, which he alludes to aS

28 Oeuvres de Lavoisier, Paris, Imprimerie Imperials, Tome I, 1864, p- 6"®' 
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the theory of the followers of Stahl, he was as yet not 
ready formally to advance a substitute.

We can imagine then with what interest and with how 
rnuch greater realization of the importance of the new 
discovery, Lavoisier listened to Priestley’s account of the 
new gas which supported combustion with such great 
energy. In the month of November 1774, the month follow­
ing Priestley’s visit, he began a verification of Priestley’s 
experiment of heating mercury precipitate per se by the 
lens and in collecting and examining the properties of the 
air given off. The paper in which he announced the re­
sults of his experiment was reported in Rozier’s Journal 
f°r May, 1775, and the memoir is on “The principle which 
combines with metals during their calcination, and which 
augments their weight. ’ ’29

Lavoisier describes the well-known properties of this air, 
Lut makes no mention of Priestley’s work on that subject, 
though in later writings he acknowledges his priority. He 
concludes his paper by expressing the belief that all metal­
lic calxes, could we decompose them without reducing 
^edia such as charcoal, would also give this “purer part” 
°f the air we breathe, and finally notes that as mercurius 
Precipitatus per se heated with charcoal gives fixed air and 
Uiercury only, this fixed air “is the result of the combina­
tion of this eminently respirable portion of the air with 
the charcoal.”

Priestley, after his return from the continent in Novem­
ber, 1774, did 110t take up the more extensive study of the 
Uew gas he had obtained from mercurius calcinatus until 
i^ay 1, 1775. He then found that when tested for purity 
by his usual test, the nitrous air, that the new gas was much 
Purer than common air, “even between five and six times 
as good as the best common air that I have ever met with.” 
“Being now fully satisfied with respect to the nature of 
this new species of air, viz., that, being capable of taking 
^ore phlogiston from nitrous air, it therefore contains less

Oeuvres de Lavoisier, Tome II, p. 122, ff.
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of this principle: my next inquiry was, by what means it 
becomes to be so pure, or philosophically speaking, to be 
so much dephlogisticated.”

By phlogisticated air Priestley understood any air which 
had been rendered noxious, that is, a nonsupporter of com­
bustion or respiration, this condition being generally 
recognized by chemists of the time to be produced by the 
phlogiston given off when substances were burned or when 
metals were calcined.30

His new gas supported combustion or respiration to a 
higher degree than common air, and therefore had a greater 
capacity for phlogiston than common air, and was, there­
fore, in relation to that, dephlogisticated. Priestley be­
lieved all gases to contain phlogiston, and the dephlogisti­
cated air was, in his opinion, only relatively dephlogisti­
cated. “It is pleasing” he says “to observe how readily 
and perfectly dephlogisticated air mixes with phlogisticated 
air, so that the purity of the mixture may be accurately 
known from the quantity and the quality of the two kinds 
of air before their mixture.”

Priestley was far from any correct understanding of the 
nature of these gases. While he believed that his dephlo­
gisticated air contained less of phlogiston than common 
air, and still less than phlogisticated air, yet phlogisticated 
air itself he conceived to consist of nitrous air and phlo­
giston, and common atmospheric air he considered to con­
sist of “the nitrous acid and earth, with so much phlogis­
ton as is necessary to its elasticity and likewise so much 
more as is required to bring it from its state of perfect 
purity to the mean condition in which we find it. ’ ’31 Priest­
ley ’s ability in the realm of chemical philosophy was in no 
way commensurate with his enthusiasm and skill in ex­
perimentation or the acuteness of his power of observa­
tion. Phlogiston was to him a sort of mystical element 
which he used very ingeniously but not always consistently 
to solve his theoretical problems.

so Cf. Priestley, Different Kinds of Air, 2d ed., 1775, I, p. 178.
si Priestley, Different Kinds of Air, 2d ed., 1776, II, p. 55.
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In 1777 appeared the notable work of Scheele on Air and 
Fire already referred to.3'2 It will be noted that this work 
contained many of the discoveries made by Priestley, and 
as Scheele’s manuscript had been delayed for some two 
years in printing, the work of Scheele was independent of 
Priestley’s publication and accomplished about the same 
time. Scheele, however, interpreted his results as Priest­
ley does in terms of the phlogistic hypothesis.83

It is evident that by 1777 Lavoisier was convinced that 
the phlogiston hypothesis was untrue to the facts as well 
as embarassing to the development of the science. There 
Were, however, certain unsolved problems which stood in 
the way of the general acceptance of the explanations from 
Lavoisier’s point of view. The principal one of these was 
connected with the nature of water. The general opinion 
of water was that it was an element. Any reaction which 
We should interpret as involving a decomposition of water 
had usually been explained by some combination of water 
with phlogiston or other material. In 1783, however, Henry 
Cavendish proved that “inflammable air” combined with 
“dephlogisticated air” to form water and water only. As 
Cavendish then considered inflammable air as phlogiston, 
this discovery Cavendish interpreted as proving that de­
phlogisticated air (that is, oxygen) was only water de­
prived of phlogiston. In June of this year, Sir Charles 
Llagden, a mutual friend of Cavendish and Lavoisier, com­
municated to Lavoisier Cavendish’s discovery and his in­
terpretation. That this announcement should have been, 
With his clearer viewpoint on oxidation phenomena very 
important and clarifying, may be easily understood. He 
at once repeated this experiment of Cavendish and pre- 
sented his results to the Academic des Sciences on Novem­
ber 12th, 1783. An abstract was published in the Decem­
ber 1783 issue of Rozier’s Observations sur la Physique. 
This was before Cavendish had formally made his an-

82 See ante, p. 456.
33 See ante, p. 450.
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nouncement to the Royal Society in his Experiments on Aif) 
January 15, 1784. Lavoisier, in this announcement, makes 
no reference to Cavendish as the first discoverer, though 
in the revised memorial printed in 1784, he says:

“This was on June 24, 1783, that we made this experi­
ment, M. la Place and I, in the presence of MM. le Roi, de 
Vandermonde and other members of the Academy and M- 
Blagden, present Secretary of the Royal Society of London; 
the latter informs us that M. Cavendish had already tried 
burning inflammable air in closed vessels and that he had 
obtained a very sensible quantity of water. ’ ’34

The question of the priority of the discovery of the com­
position of water gave rise to an extensive controversy be­
tween advocates of Cavendish, Lavoisier, Watt, and Priest­
ley. The mass of evidence and argument cannot be sum­
marized here. It must suffice to say that the final verdict 
is that, while Watt and Priestley had observed that the 
combustion of inflammable air in common air or in de- 
phlogisticated air was accompanied by deposition of moist­
ure, they had no realization of the significance of the 
phenomenon nor of the quantitative relation of the reac­
tion. It is conceded that to Cavendish is due the credit of 
discovering that the two gases united completely to form 
water and water only, and that Lavoisier undoubtedly ob­
tained his first knowledge of the reaction through Blagden 
from Cavendish. It is also true that Lavoisier was the 
only one of these men to comprehend the nature of the 
reaction, all the others being confused by their particular 
phlogistic hypotheses.35 ______________________ ________________________ __ —

34 Lavoisier, Oeuvres, Tome II, p. 338.
35 The evidence and arguments in the so-called "Water-Controversy” may 

be found in the following works:
James P. Muirhead; Correspondence of the late James Watt on his Discovery 

of the Composition of Water, etc., London, 1846.
George Wilson, M.D.; The Life of the Honorable Henry Cavendish, etc. 

London, 1851, pp. 265-445.
Hermann Kopp; Deitrdge zur Geschichte der Chemie, Th. Ill, Draunschweid: 

1875, pp. 235-310.
M. Berthelot; La Revolution Chimique Lavoisier, Paris, 1890, pp. 109-1’q
G. W. A. Kahlbaum and August Hoffman; Die Einfiihrung der Lavoisier 

schen Theorie in besonderen in Deutschland: Veber den Anteil Lavoisier’s 
der Feststellung der das Wasser Zusammensetzenden Gase, Leipzig, 1897, pp' 
150-165.
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The demonstration of the composition of water may be 
Said to have removed the last obstacle to the substitution 
°f Lavoisier’s theory of oxidation for the phlogistic hy­
pothesis. Cavendish was evidently impressed by Lavoi­
sier’s interpretation of the decomposition of water, for in 
his paper of January, 1784, he says:

“It seems, therefore, from what has been said, as if the 
Phenomena of nature might be explained very well on this 
Principle, without the help of phlogiston; and indeed, 
as adding dephlogisticated air to a body comes to the same 
thing as depriving it of its phlogiston and adding water 
to it, and as there are perhaps no bodies entirely destitute 
of water, and as I know no way by which phlogiston can be 
transferred from one body to another, without leaving it 
Uncertain whether water is not at the same time trans­
ferred, it will be very difficult to determine by experiment 
Which of these opinions is the truest, but as the commonly 
received principle of phlogiston explains all phenomena at 
least as well as Mr. Lavoisier’s, I have adhered to that.” 30

It will be recalled that Scheele also, when informed in 
the year before his death, of the discovery of the composite 
Mature of water was sufficiently interested to confirm the 
result of burning specially dried “inflammable air” and 
“fire-air,” though he also preferred his complex assump­
tion that “fire air” (or oxygen) was a composition of a 
saline principle, phlogiston, and water, rather than that it 
Was simply an elementary constituent of water.

Another important discovery by Cavendish is based upon 
an observation of Priestley. Priestley had experimented 
hy passing the electric spark through air confined over 
Water colored with litmus, and found that the air was 
diminished in volume and that the litmus was reddened. 
As Priestley believed that electricity was another form of 
Phlogiston, his results were puzzling to him. His curiosity 
excited by Priestley’s observations, Cavendish also attacked 
the problem. This resulted in his proof that, by this means, 
Practically all the phlogisticated air could by a sufficient 

36 Scientific Papers of the Hon. Henry Cavendish, II, pp. 180, 181.
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excess of dephlogisticated air be converted into an acid. 
This acid Cavendish absorbed by an alkali (soap solution) 
and eventually recovered as niter.

“We may safely conclude, [he says] that in the present 
experiments the phlogisticated air was enabled by means of 
the electric spark to unite to form a chemical combination 
with the dephlogisticated air, and was thereby reduced to 
nitrous (that is, our “nitric”) acid, which united to the 
soap-lees and formed a solution of nitre. ... A fur- 
thur confirmation of it is, that, as far as I can perceive, 
no diminution of air is produced when the electric spark is 
passed either through pure dephlogisticated air, or through 
perfectly phlogisticated air, which indicates the necessity 
of a combination between these two airs to produce the 
acid. ’ ’

In connection with this work, Cavendish used “a solu­
tion of liver of sulphur” to absorb the uncombined excess 
of oxygen—
“after which only a small bubble of air remained unab­
sorbed, which certainly was not more than 1/120 of the 
bulk of the phlogisticated air let up into the tube, so that 
if there is any part of the phlogisticated air of our atmo­
sphere which differs from the rest, and cannot be reduced 
to nitrous acid, we may safely conclude that it is not more 
than 1/120 part of the whole.”87

This small volume of air, ignored for a hundred years 
by later experimenters, was presumably argon and its 
related gases. That Cavendish’s estimate of 1/120 of the 
volume of the nitrogen used, or .65 volume per cent of the 
atmosphere, is smaller than the actual content (about .93 
volume percent as at present determined) is doubtless due 
to the fact of the solubility of argon in water.

Lavoisier now considered the phlogiston theory as virtu­
ally overthrown, and turned to the organization of his neW 
philosophy, called for a time the antiphlogistic philosophy, 
and now recognized generally as the foundation of the 
modern theory of oxidation and reduction.

37 Scientific Papers of Hon. Henry Cavendish, June, 17.85, II, p. 193.



CHAPTER XIII

EARLY IDEAS OF CHEMICAL “AFFINITY”

Doubtless the earliest experimenters in chemistry recog­
nized that chemical action, sometimes energetic and some­
times sluggish and incomplete, was due to peculiar forces 
°r attractions which caused these differences. The earliest 
chemists were, however, not primarily interested in ac­
counting for such facts by physical causes. They were 
satisfied with noticing the facts, considering the causes as 
manifestations of divine intention or of mysterious occult 
Powers. In later periods of development, it seems to have 
been considered that the cause which stimulated chemical 
combination was that substances which combined, did so 
because they were in some respects alike; “like likes like,” 
‘similia similibus” are phrases which embody, in a man­

ner, very ancient symbolism. The word “affinity”—affin- 
^as, as employed by early writers—implies the idea of a 
resemblance or similarity in some respects between the re­
acting bodies. Albertus Magnus, in the thirteenth century, 
uses the word “affinitas” in this sense when he says that 
‘sulphur destroys the metals because of its natural affinity 

to them.” J. R. Glauber, in his Novi Fu^i Philosophici 
(1648), has the same notion when he says, “For sand and 
ffs like have a great community (“Gemeinschaft”) with 
the salt of tartar (that is, potassium carbonate) and they 
t°ve each other very much, so that neither of them willingly 
Parts from the other.”

It will be recalled that Boyle, in his Sceptical Chymist1 
(1680), protests against the prevalent accrediting to ma­
terial substances of the ideas of antipathy and sympathy, 

1 See ante, pp. 403-404.
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or enmity and amity, these qualities being attributes of 
the human mind and not common to inanimate bodies.

Perhaps the earliest attempt to give to this force of 
chemical affinity a more precise definition was by Isaac 
Newton in his Opticks.2 His consideration of the subject 
is in No. 31, the last of a series of queries propounded to 
the reader at the close of the last book of his Opticks “in 
order,” as he says, “to a farther search to be made by 
others.”

“Have not the small Particles of Bodies certain Powers, 
Virtues or Forces, by which they act at a distance, not 
only upon the Rays of Light for reflecting, refracting and 
inflecting them, but also upon one another for producing 
a great part of the Phenomena of Nature? For it’s well 
known that Bodies act one upon another by the attractions 
of Gravity, Magnetism and Electricity; and instances sheW 
the Tenor and Course of Nature, and make it not improb­
able but that there may be more attractive Powers than 
these. For Nature is very consonant and conformable to 
herself. How these Attractions may be performed, I do 
not here consider. What I call attraction may be performed 
by impulse, or by some other means unknown to me. 1 
use that Word here to signify only in general any Force by 
which Bodies tend towards one another, whatsoever be the 
Cause. For we must learn from the Phaenomena of Nature 
what Bodies attract one another, and what are the Laws 
and Properties of the Attraction, before we enquire the 
Cause by which the Attraction is performed. The Attrac­
tions of Gravity, Magnetism and Electricity, reach to very 
sensible distances, and so have been observed by vulgar 
Eyes, and there may be others which reach to so small dis­
tances as hitherto escape Observation; and perhaps elec­
trical Attraction may reach to such small distances, even 
without being excited by Friction.

“For when Salt of Tartar [that is, carbonate of potas­
sium] runs per deliquium [that is, deliquesces spon­
taneously] is not this done by an Attraction between Jhg

2 1st ed., 1701, 2d ed., London, 1718. It is this second edition from whie11 
the quotations are made, p. 350, ff.
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Particles of the Salt of Tartar, and the Particles of the 
Water which float in the Air in the form of Vapours? And 
why does not Common Salt, or Saltpeter, or Vitriol, run 
per deliquium, but for want of such an attraction? Or why 
does not Salt of Tartar draw more Water out of the Air 
than in a certain Proportion to its quantity, but for want 
of an attractive Force after it is satiated with Water? 
And whence is it but from this attractive Power that Water 
Which alone distils with a gentle lukewarm Heat, will not 
distil from the Salt of Tartar without a great Heat? And 
is it not from the like attractive Power between the Par­
ticles of Oil of Vitriol and the Particles of Water, that Oil 
of Vitriol draws to it a good quantity of Water out of the 
Air, and after it is satiated draws no more, and in Distil­
lation lets go this Water very difficultly? And when Water 
and Oil of Vitriol poured successively into the same Vessel 
grow very hot in the mixing, does not this Heat argue 
a great Motion in the parts of the Liquors? And 
does not this Motion argue that the Parts of the two 
Liquors in mixing coalesce with Violence and by con­
sequence rush towards one another with an accellerated 
Motion? . . . When Salt of Tartar per deliquiwn, 
being poured into the solution of any Metal, precip­
itates the Metal and makes it fall down to the bot­
tom of the Liquor in the form of Mud: does not 
this argue that the acid particles are attracted more 
strongly by the Salt of Tartar than by the Metal, 
and by the Stronger Attraction go from the Metal to the 
Salt of Tartar? . . . The parts of all homogeneal hard 
Bodies which fully touch one another, stick together very 
strongly. And for explaining how this may be, some have 
invented hooked Atoms, which is begging the Question; 
and others tell us that Bodies are glued together by rest, 
that is by an occult Quality, or rather by nothing; and 
others, that they stick together by conspiring Motions, that 
is by relative rest among themselves. I had rather 
infer from their Cohesion, that their Particles attract one 
another by some Force, which in immediate Contact is ex­
ceeding strong, at small distances performs the chymical 
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Operations above mentioned, and reaches not far from the 
Particles with any sensible Effect.”

Newton adduces many different chemical reactions to 
illustrate his point of view and mentions other attractions, 
such as cohesion and capillary attraction, advancing numer­
ous hypotheses, not all of which are at present justified. 
With respect to chemical attraction, however, he recognizes 
the varying degrees of attraction among similar actions, as 
when—
“a Solution of Copper dissolves Iron immersed in it and 
lets go the Copper, or a solution of Silver dissolves the 
Copper and lets go the Silver or a solution of Mercury in 
Aqua Fortis being poured upon Iron, Copper, Tin or Lead 
dissolves the Metal and lets go the Mercury, does not this 
argue that the Acid Particles of the Aqua Fortis are at­
tracted more strongly ... by Iron than by Copper, 
and more strongly by Copper than by Silver, and more 
strongly by Iron, Copper, Tin and Lead, than by Mercury?”

It may well be that when Newton speaks of explanations 
based on hooked atoms or on conspiring motions, he is re­
ferring to some speculations of Boyle, Lemery, and others 
of his predecessors, who sought to explain the mechanism 
of chemical action by the shapes of the ultimate particles 
and their interpenetrations or entanglements. Boyle and 
Lemery were believers in the corpuscular or atomic struc­
ture of matter, and both attributed to the physical struc­
ture and motions of these corpuscles many properties of 
substances otherwise unexplained.

This suggestion of Newton’s of the existence of a spe­
cial kind of attraction for chemical actions differing in its 
manifestation from the ordinary phenomena of gravita­
tion, magnetism, or electricity, and subject to laws of its 
own, as yet unknown, made immediate impression on chem­
ical thought. Its tendency was to cause chemists to think 
of chemical action in terms of mechanical forces, that is aS 
an attraction producing motion of some kind among the 
minuter particles or atoms of bodies. In the version of 
Boerhaave’s Chemistry, published in 1727, by Drs. ShaW 
and Chambers, the above article of Newton’s is cited in a 



EARLY IDEAS OF CHEMICAL AFFINITY 503

footnote,3 quite extensively, and very appreciatively. In 
the text also, the function of chemistry is defined in the fol­
lowing manner:

8 A New Method of Chemistry, written by H. Boerhaave. Translated by 
B. Shaw, M.D. and E. Chambers, Gent. London, 1727, p. 170, ff.

4 Boerhaave, op. cit., p. 174. It will be recalled that Boerhaave, in his (Latin) 
Elementa Chemiae of 1732, declines responsibility for any previous version of 

chemistry.

“All the operations therefore which chemistry performs 
on bodies are mere changes in respect of Motion. Now 
a body may be changed in motion two ways: either when 
its whole bulk is removed from place to place, which does 
not come under the consideration of Chemistry, but of 
mechanics; or, when its parts are changed among them­
selves, that is when there is a transposition of its con­
stituent parts.”

These changes, however, do not go so far as to produce 
alterations in the elements themselves:
“Art goes no farther than to elements. . . . And 
hence Chemistry may be defined as the art of Changing 
bodies by solution or coagulation. In effect Chemistry in 
all its latitude is either the separating of parts before 
United, or uniting parts before separated, that is either the 
adding of bulk to bulk or separating of bulk from bulk.”4

Boerhaave uses the term “affinitas” in his Latin treatise, 
hut no longer in the sense of the ancients, implying a like­
ness of properties or contents of the reacting bodies, but 
it is applied to the tendency to react between bodies of 
opposite as well as of similar qualities, as with Newton. 
Writers after Boerhaave use apparently the term “affin­
ity” as attraction, with Newton’s significance for a specific 
attraction between reacting bodies. We find, also that the 
emphasis of attention is rather upon the limitations and 
laws of attraction than on its ultimate cause which indeed 
is little comprehended today.

Buffon, the celebrated French naturalist, about 1778 
advanced the proposition that the phenomena of chemical 
affinity could be accounted for by the force of gravitation, 
the manifestations of its action being modified by the small 
distances between particles and by their varying shapes.
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This theory was endorsed by Bergman, by de Morveau, 
and others.

The attention of many chemists from about this time 
was devoted to ascertaining the laws and generalizations 
of chemical attraction or affinity. The first serious at­
tempt to systematize the relative affinities between sub­
stances was that of Rtienne Frangois Geoffroy (1672-1721), 
Professor of Chemistry at the Jardin du Roi from 1712 
to 1731. He presented a memoir to the Academy of 
Sciences at Paris in 1718, entitled Table of the different 
Connections (“rapports”') observed in Chemistry between 
different Substances. In this he lays down as his funda­
mental law: “Whenever two substances having some ten­
dency to combine with each other are found combined and 
there enters a third which has more affinity with one of 
the two, it unites with that one, setting the other free.”

On this basis he constructed his table showing the rela­
tive affinities of many substances as he had determined 
them. His table was printed in chemical symbols—or short­
hand.5 The principle of its arrangement may be illustrated 
by the following translation into the English language 
of the first four of the sixteen columns. The substances at 
the head of the columns are related to those below in the 
order of diminishing affinities.

Relative Affinities

Acids Acid of 
Sea-salt

Nitrous Acid 
(our nitric acid)

Absorbent Earth

Fixed Alkali
Volatile Alkali 
Absorbent Earth 
Metals

Tin
Regulus of

Antimony
Copper 
Silver 
Mercury

Iron 
Copper 
Lead 
Mercury 
Silver

Vitriolic Acid 
Nitrous Acid 
Acid of Sea-salt

5 See Muir, History of Chemical Theories and Laws, for a facsimile of the 
original table, p. 382.
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Geoffroy meant by this that any one of the substances 
in a certain column had a greater affinity for the substance 
at the head of the column than any lower substance, and 
would therefore displace such substances from their com­
binations with the substance at the head. The example of 
Geoffroy stimulated many chemists to improve or to ex­
tend his tables of affinities. Gilbert, de Limbourg, de 
Machy, de Fourcroy, Wenzel, Rouelle, de Morveau, and 
Bergman are among those who helped in developing the 
affinity relations in the eighteenth century.

All these tables assumed that there existed a certain 
constant value for affinity, but the data varied naturally 
according to the conditions under which they were de­
termined.

Wenzel (1777) endeavored to determine the relative af­
finities of different metals for the same solvent by making 
cylinders of standard size, covering with a protecting 
Varnish all but the surface of one end of the cylinder, and 
determining the relative affinities by the relative velocities 
of the solvent action. He did not succeed, however, in ob­
taining results that were accurate.

Two very able chemists of the latter part of the 
eighteenth century devoted much attention to determining 
the relative affinities of chemical substances. These were 
Torbern Bergman, who presented his paper on Affinity at 
the Upsala Academy in 1775, and Guyton de Morveau, of 
Dijon, who published in the Siemens de Chymie, Theorique 
et Pratique (1777), a discussion of the subject, and later 
Wrote for the Encyclopedie Methodique" a more elaborate 
discussion. Both these chemists believed in the existence 
of a constant value for these affinities, though both realized 
the difficulties in the way of obtaining their values, owing 
to disturbing factors. Both recognized the disturbing in­
fluence of excesses of a reacting body, and the variations 
resulting from determinations at different temperatures.

The tables of affinity which they constructed were the
6 Article “Chymie,” I, 786, 
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expressions of their judgement, from experimental data 
of various kinds, as to the normal relative affinities at 
ordinary working temperatures. Bergman, indeed, con­
structed tables for both the wet way and the dry way, thus 
recognizing the influence of the wide range of tempera­
tures. His elaborate tables of affinity consisted of fifty- 
nine columns headed by as many substances, acids, alkalies, 
the calxes of the metals, etc., with all other substances 
known to combine with them arranged below in the dimin­
ishing order of their supposed affinities. From these 
tables it was assumed that chemists would be able to fore­
see the course of any action between the corresponding sub­
stances. He calls them tables of “Simple Elective Attrac­
tions.” They may be illustrated by the following transla­
tion of columns one (1) and forty-eight (48).7 (See p. 507).

7 Adapted from Traite des Affinites Chymiques ou Attractions Electives: 
traduit du Latin, sur la derni^re Edition de Bergman, Paris, 1788.

8 Essai sur la Phlogistique, etc., traduit de 1’Anglais de M. Kirwan, Paris, 
Metallic calxes

The tables of affinities and particularly those of Berg­
man made a strong appeal to the chemists of the latter 
period of the eighteenth century. Lavoisier evidently was 
strongly impressed that in that direction lay the hope of 
developing chemistry to a true science, though he per­
haps, more than any other appreciated the obstacles that 
lay in the way of that development. His latest discussion 
of the subject was in his comments upon Kirwan’s book on 
Phlogiston, which it may be recalled was translated into 
French by Madame Lavoisier, with comments by Lavoisier, 
Monge, de Morveau, Laplace, Berthollet, and de Four- 
croy. Kirwan had cited the table of affinities of oxygen 
from Lavoisier with several criticisms, and to these criti­
cisms Lavoisier replies at length.8 He begins:

“Mr. Kirwan, in the defects that he takes exception to 
in my table of the affinities of the oxygen principle with 
various substances, does not judge me more severely than 
I have judged myself, but he should be warned that all the 
objections he makes against this table I have made before 
he did, and perhaps in a stronger manner.”
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Simple Elective Attractions

Column 1
Sulphuric Acid

Column 48 
Calx of Mercury

By the wet way By the dry way By the wet way By the dry way

2 Baryta pure
3 Potash ‘ ‘
4 Soda
5 Quick lime
6 Ammonia pure
7 Magnesia ‘ ‘
8 Alumina

Baryta pure
Potash ‘ ‘
Soda “
Quick lime
Magnesia pure 
Metallic calces

Acid sebacic
‘ ‘ hydrochloric
‘ ‘ oxalic
“ karabic
‘ ‘ arsenic
‘ ‘ phosphoric

Gold 
Silver 
Platinum 
Lead 
Tin 
Zine

Bismuth

Copper 
Antimony 
Arsenic
Iron
Saline liver of Sul­

phur?

Ammonia
‘ ‘ sulphuric
‘ ‘ lactic
‘ ‘ tartaric
‘‘ citric
' ‘ formic
‘ ‘ tungstic 1
‘ ‘ malusie
‘ ‘ nitric
‘ ‘ fluorhydric
1 ‘ acetic
‘ ‘ carbonic

9 Calx of zinc 
10 “ “ iron 
11 “ “ man­

ganese 
12 “ “ cobalt 
13 “ “ nickel 
14 “ “ lead 
15 “ “ tin 
16 “ “ copper 
17 “ “ bismuth 
18 “ “ anti­

mony 
19 “ “ arsenic 
20 “ “ mercury 
21 “ “ silver 
22 “ “ gold 
23 “ “ plat­

inum 
24 “ “ water 
25 “ “ alcohol

Alumina pure

Lavoisier then cites verbally from his Memoire presented 
to the Academic des Sciences in 1782, in which that table 
of affinities was first printed. In this treatment, he be­
gins by stating that he is not ignorant of the difficulties 
involved in making a table of affinities. And first, he says, 
all such tables represent only simple affinities while we 
recognize that there exist cases of double, triple, and much 
more complicated affinities, Next, the influence of tempera­
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ture is considered, which complicates reactions by melt­
ing or vaporizing or otherwise affecting bodies in a way 
which alters their relative affinities. Mr. Bergman, he 
says, has sought to remedy this inconvenience by dividing 
his tables into two parts, one presenting the results of 
experiments in the wet way, and the other by the dry way, 
but to obtain tables rigorously in accord with experience, 
it would be necessary to make a table for each degree of 
the thermometer.

“A second fault of our tables of affinity is that they take 
no account of the influence of the attraction of water, and 
perhaps even of the decomposition of water in reactions 
by the wet way, because that acts as a real disturbance 
which ought to enter into account.

The third ‘imperfection’ of the affinity tables is in 
their inability to express changes which occur in the force 
of attraction, owing to the different degrees of saturation 
of substances. Thus sulphur and oxygen, in sulphuric acid, 
have a different attraction from that which these two sub­
stances have in sulphurous acid. Hydrochloric acid shows 
similar differences, and nitrogen, he says, is capable of com­
bining with oxygen in a very great number of degrees of 
saturation.

“This which I have said against the tables of affinity 
in general naturally applies to the one I am pre­
senting, but I think, nevertheless, that it may have some 
utility at least in so far as the more numerous experiences 
and the applications of calculation to chemistry place us 
in position to carry forward our views. Perhaps some day 
the precision of the data will lead to the point that the 
mathematician will be able to calculate in his study the 
phenomena of any chemical combination whatsoever, m 
the same manner, so to say, as he calculates the movement 
of the celestial bodies.”

After the quotation from the memoir of 1782, Lavoisier 
states that in the four years since that presentation, he 
sees little to add to what he then said. He adds but two 
suggestions; first that we should avoid the mistake of sup­
posing that one substance necessarily seizes on all of that 
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substance for which it has the greatest affinity. As when 
sulphuric acid is boiled with mercury, copper, etc. In this 
case, only a part of the acid combines with the metal, and 
it is necessary to consider the oxygen as obeying two un­
equal forces, it is partly attracted by the metal, convert­
ing that to' the oxide, partly by the sulphur, forming the 
sulphurous oxide. “In the second place, when I wrote 
in 1782, the decomposition of water was only a suspicion. 
The now proven decomposition of water obliges us to con­
sider in a very different manner all affinities taking place 
in dilute water solution.”

We possess only one later reference by Lavoisier to 
the affinity tables, viz., in the Traite Elementaire de Chymie 
(1789). In the Preliminary Discourse, he says:

“This rigorous rule, from which I have not been able to 
deviate, of forming no conclusions beyond what experi- 
nients present, and of never supplying the absence of facts, 
lias not permitted me to include in this work that part of 
chemistry the most susceptible, perhaps, of some day be­
coming an exact science; this is the part which treats of 
chemical affinities or elective attractions. Messrs. Geof­
froy, Gilbert, Bergman, Scheele, de Morveau, Kirwan, and 
many others have collected a great number of particular 
facts, which only await the places which should be assigned 
to them; but the principal data are lacking, or at least 
those we have, are not sufficiently exact nor sufficiently cer­
tain to become the fundamental basis upon which can rest 
so important a part of chemistry. The science of affinities 
is moreover to ordinary chemistry as the transcendental 
geometry is to elementary geometry; I have not believed I 
ought to complicate by such great difficulties the simple and 
easy elements which will be, as I hope, in reach of a very 
great number of readers.

“Perhaps a sentiment of amour propre has given weight 
to these reflections, without my perceiving it. M. de Mor­
veau is at the point of publishing the article Affinite of the 
Encydopedie Methodique, and I have good reasons to fear 
Working in competition with him.”

No better statement of the limitations of the affinity 
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problem was possible in. the eighteenth century. Lavoi­
sier’s realization of the importance of the subject is justi­
fied by the results of the researches in the nineteenth and 
twentieth centuries of many of the ablest investigators, 
Berthollet, Berzelius, Davy, Faraday, Guldberg and Waage, 
Berthelot, Ostwald, Van’t Hoff, Arrhenius, and many 
others. It is worthy of note that Lavoisier, in the treatise 
upon the new nomenclature in Part two of his Traite Ele- 
mentaire, in treating of the nomenclature of the salts of 
the various acids, arranges the bases under each of the 
acids “in the order of their affinities with this acid’’; and 
this order is essentially the same as in Bergman’s tables 
in the wet way.9

9 Excellent articles on the development of the theories of chemical affinity 
are in: Raoul Jagnaux, Histoire de la Chimie, Affinite Chimique, 1891, 
I, pp. 300-360; Wilhelm Ostwald, Lehrhuch der AUgemeinen Chemie, 2te Auf- 
lage, 1896-1902, II, 2, Verwandtschaftslchre, pp. 18-198; M. M. Pattison 
Muir, Chemical Theories and Laws, 1907. Chap. XIV, pp. 379-430.



CHAPTER XIV

LAVOISIER AND THE CHEMICAL REVOLUTION

The history of the antiphlogistic theory would not be 
complete without giving credit to a Russian physicist and 
chemist, whose activity in chemistry was during the period 
of the most rapid development and spread of the theory 
of phlogiston (1741 to 1756). Michael W. Lomonossoff 
Was born in 1711, the son of a peasant in the north of Rus­
sia. Against his father’s wishes, he left his home at about 
twenty years of age (1731) to seek an education in Mos­
cow. Here he studied, much burdened by poverty, for 
five years. A call came in 1735 from the Academy of 
Sciences in St. Petersburg for nomination of the best 
and most worthy students of the Moscow Academy to be 
sent abroad for study. Lomonossoff was among those 
chosen. He thus was enabled to study at Marburg and 
h'reiberg for five or six years, devoting his attention largely 
to mathematics, physics, chemistry, and metallurgy. Re­
turning to St. Petersburg in 1741, he was appointed an 
adjunct of the Academy and in 1745 was made professor 
°f chemistry. Here he remained till his death in 1765.

Lomonossoff was a man of unusual versatility; his repu­
tation as a poet was well recognized. He wrote a gram­
mar and a rhetoric. He is credited with founding the art 
°f mosaics in Russia, and wrote works on geography, as­
tronomy, and metallurgy. Of his work in chemistry, 
strangely enough, only fragments have been preserved and 
apparently they made little or no impression upon the 
chemists of Europe of his time, and his work and his name 
seem to have been lost to chemical literature until the dis­
tinguished Russian chemist, Professor B. N. Menschutkin, 
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in 1904, collected and published his surviving notes.1 
Though all his laboratory notes are missing and 
his lecture notes are merely in the form of con­
densed digests, the chemical ideas are so sane and so 
far in advance of such able contemporaries as Pott, Marg- 
graf, Macquer, Cullen, etc., that, reading from the point 
of view of present knowledge, it seems strange that they 
could have been so neglected and forgotten. It is probable, 
however, that they were so far out of sympathy with the 
current ideas among the chemical thinkers of the very 
popular phlogistic hypothesis, that they had no weight at 
the time and perhaps, therefore, were never published m 
generally accessible or popular form.

i M. W. Lomonossoff als Physiko-chcmikcr, St. Petersberg, 1904. (In O'0 
Russian language.) Translated in great part by Dr. Max Speter and P1}”' 
lished as No. 178 of Ostwald’s Klassiker der Exalcten Wissenschaften, Leipz’?! 
1910. See also the brief memoir by Alexander Smith, “An Early Phys'c® 
Chemist—W. M. Lomonossoff,’’ Journal of American Chemical Society, 19m,

Lomonossoff approached chemistry from the point of 
view of the physicist and mathematician. He believed that 
the changes of matter should be capable of explanation on 
the basis of mechanics, that they were due to motions of 
the constituent particles. These particles consisted of 
“elementa” or of corpuscles, elementa being portions 
of a body which are composed of no smaller or different 
kinds of parts (corresponding somewhat to the definition 
of atom before radioactive phenomena were discovered), 
corpuscles being the word used by Boyle, and used by 
Lomonossoff as indicating the union of elementa to a 
minute or inconsiderable mass (something like our mole­
cule). These corpuscles are “homogeneous” when com­
posed of the same kind of elementa (like our molecule of 
an element), “heterogeneous” when composed of different 
kinds of elementa (like our molecules of compounds) of, 
when differently combined, or in different numbers. By 
principium, Lomonossoff means any body which consists of 
the same kind of corpuscles, that is any homogeneous sub­
stance.

p. 109.
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It was Lomonossoff’s idea that it should be eventually 
possible by mathematics and mechanics to develop the 
science of changes in matter from the motions of these 
elementa and corpuscles on the assumption that heat was 
the cause of these motions. He adhered to the principles 
set forth by Gassendi and Descartes that heat is a mode 
of motion. This concept, obscured by the material concept 
of heat of the phlogiston hypothesis, but accepted by 
Lomonossoff, may be said to have protected Lomonossoff 
from many errors which confused his contemporaries. It 
Will be remembered that experiments of Boyle, which satis­
fied him that the gain in weight of metals heated in contact 
With more or less air, was due to the absorption of some 
element of fire, had been quite generally accepted, although 
Mayow had a much clearer idea of the source of this added 
Weight as coming from the “igneous particles” of the air.

Lomonossoff was prompted in 1756 to repeat Boyle’s 
experiments, and he says:

“I have conducted experiments in air-tight sealed glass 
Vessels, to ascertain whether the weight of the metals in­
creases on account of the heat. These attempts showed 
that the opinion of the celebrated Robert Boyle is false, 
for without the admission of external air, the weight of 
the burned metal remains the same.”2

2 Ostwald, Klassilcer, No. 178, p. 51.
8 Ostwald, op. cit., No. 178, “Lomonossoff,” p. 27.

These experiments of Lomonossoff, were some eighteen 
years previous to similar demonstrations by Lavoisier. It 
is in this proof and his rejection of the phlogiston hypoth­
esis as an unnecessary hypothesis that Lomonossoff is a 
forerunner of Lavoisier. In his Gedanken uber die 
Ursachen der Wdrme und Kalle (1744 to 1747), Lomon­
ossoff says:

“From all which we conclude that it is quite superfluous 
to attribute the heat of bodies to a subtle, specially devised 
Matter. Heat on the contrary consists in an internal cir­
cular motion of the combined matter of the substance, etc. ’ ’3

Antoine Laurent Lavoisier was born at Paris in 1743.
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His family was of the people rather than of the aristocracy. 
Antoine Lavoisier, who died in 1620, was a postrider or 
postillion, as was also his son of the same name, who be­
came master of the post at Villers-Cotterets. His son, of 
the same name, was a bailiff; his son, Nicolas, a merchant; 
his son, Antoine, attorney or procurator of the bailliwick 
of Villers-Cotterets. His son, Jean Antoine, was procu­
rator of the parliament at Paris, and married a Mlle. 
Punctis, daughter of a wealthy advocate. The great La­
voisier was the only son of this couple. A daughter died at 
the age of fifteen, leaving him the only child. His mother 
died also while he was a mere child, and his grandmother 
and an unmarried aunt, Mlle. Punctis, had the bringing up 
of the young Lavoisier, his father having come to live with 
them after the loss of his wife.

All three were devoted to the boy and there was fortune 
enough in the family so that no expense was spared in his 
education. He was educated at the Mazarin College, then 
distinguished for its courses in the sciences. Lavoisier dis­
tinguished himself in his studies. His first bent was toward 
literature; in 1760 he took the second prize in rhetoric. 
Soon, however, he developed a taste for mathematics and 
physical science, although pursuing legal studies as his 
main interest, eventually receiving the bachelor’s degree in 
law, and obtaining an appointment as advocate or procu­
rator to Parliament, the position previously occupied by 
his father.

His scientific studies were pursued with zeal, however, 
and in many lines. In mathematics and astronomy he was 
under the guidance of the eminent astronomer, Abbe de la 
Caille, in botany under Bernard de Jussieu, in mineralogy 
and geology under the the eminent Guettard, and in chem­
istry under Rouelle, an inspiring teacher and a distin­
guished chemist. Anatomy and physiology also claimed 
his attention to some degree. In his earlier years he de­
voted much attention to meteorology and to the construc­
tion of accurate barometers and other instruments.
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In his twentieth year, he was already in correspondence 
with many of the most distinguished mathematicians, 
meteorologists, and astronomers of his time. In 1763, he 
accompanied Guettard on geological expeditions, paying at­
tention also to botanical observations in the field.

At the age of twenty-two (1765), he presented his first 
paper before the Academy of Sciences, on the analysis of 
gypsum, in which he explains the action of the plaster of 
Paris in setting, as due to the reunion with expelled water 
of crystallization. In this paper also he determined the 
solubility of various specimens of gypsum (1 part to 426- 
476 water). The composition of gypsum, however, had 
been previously determined by Marggraf in Berlin in 1750, 
Which Lavoisier acknowledges in an appended note, as 
having been brought to his notice since the reading of his 
Paper.

In 1765 we find him presenting an essay in competition 
for a prize of the Academy, offered at the request of the 
king’s ministry, for the best essay on the methods of 
lighting the streets of a large city at night. For this essay, 
he received a gold medal from the king. In the course of 
Preparation of the essay, he made many experiments on 
lamps, reflectors, illuminating oils, with careful estimates 
°f costs. It is related of him that, in order to make his 
eyes more sensitive for photometric purposes, he remained 
in a darkened chamber for six weeks.

In 1767, he accompanied Guettard on a royal commission 
to Alsace and Lorraine for the purpose of preparing a 
inineralogical atlas of France. In 1768, he was elected to 
the Academy of Sciences, though the appointment by the 
king was delayed, an older man receiving the honor. A 
few months later, however, Lavoisier, who in the mean­
time occupied a position created for him by the king’s 
ministry, as adjunct chemist, received full standing in the 
Academy. He was then but twenty-five years old. From 
the time of his entrance he took a very active part both in 
the scientific and in the administrative work of the Acad-
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emy, an activity which terminated only with the abolition 
of the Academy during the Reign of Terror.

In this same year—1768—Lavoisier, through his father’s 
exertions and his own, became a member of the “Fernie 
Generale.” This was a great corporation which, under 
charter of the king, had control of the leases of royal do­
mains, the enforcing of laws pertaining to indirect taxes, 
customs, and revenues, the sale of salt and tobacco, and 
other large sources of revenue. For these privileges, the 
Ferme paid large annual royalties to the royal treasury- 
Lavoisier, at first, had a third of a share, but some years 
later increased his holding to a full share. His third of a 
share cost him about 520,000 francs. His income from his 
whole share in the ferme is said to have varied from 60,000 
to 139,000 francs per annum. It is no matter of surprise 
that much odium should have been attached by the people 
to an organization with such power and such wealth. At 
times it was doubtless a power that was used unscrupu­
lously, and under a corrupt court there was much corrup­
tion connected with its administration. The anecdotes, 
however, which illustrate this, usually—perhaps always—- 
refer to a time previous to Lavoisier’s connection with the 
Ferme. Lavoisier threw himself into the management of 
the organization with characteristic energy, and business 
sagacity. His influence seems always to have been used 
for better business methods and for honest administration- 
Nevertheless, the unpopularity of the company was the 
agency that finally brought the career of Lavoisier to its 
untimely end.

In 1771, Lavoisier married the fourteen year old daughter 
of M. Paulze, a wealthy member of the Ferme, though not 
so wealthy as was Lavoisier himself. His marriage seems 
to have been a happy one, and during all his later scientifio 
work his wife was a zealous and able assistant in his labor­
atory and in his writing. After his death, also, she edited 
and published much of his scientific work.

The king was persuaded to separate the manufacture of
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saltpeter, and gunpowder from the general management of 
the Ferme for the more perfect development of the indus­
try, and Lavoisier was appointed one of the three commis- 
sioners to take charge of this department. He at once 
undertook the scientific development of this industry and 
soon brought the French powders to the position of the 
best in Europe. Several of his more laborious investiga­
tions were directed to the chemical questions involved in 
this work. From this time on, we find him connected with 
numerous important commissions and occupying the most 
varied posts of responsibility. He was at one time or an­
other President of the Academy of Sciences, chief of the 
Bureau of Accounts, member of the commission of the Na­
tional Treasury, member of the Orleans Assembly, member 
of the National Assembly, member of the commission for 
the revision of weights and measures, and of other com­
missions.

But the times were becoming stormy with the advance of 
the revolutionary movement, and Lavoisier, as a noble, 
a man of wealth, and one who had received many royal 
commissions, became more and more unacceptable to the 
radical element of the commune. The existence of the 
Academy of Sciences, as well as of all other institutions 
operating under royal charters, was threatened. Here La­
voisier proved his devotion to the Academy by his per­
sistent efforts to maintain its integrity. He freely advanced 
money to sustain its scientific work, and endeavored to 
awaken a feeling of respect for its services. His efforts 
Were futile; and in August, 1793, the Academy was abolished 
by a decree of the National Assembly.

Lavoisier began to feel his own insecurity; he was 
Personally attacked in pamphlets. Gradually he withdrew 
from his public offices, giving his attention more completely 
to the work of the commission of weights and measures, 
then laboring with the determination of the standards of 
the metric system.

Finally came the blow which was to prove fatal to La-
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voisier. The members of the Ferme Generate were ar­
rested on the charge of having oppressed the people and 
robbed the public treasury. An examination of their ac­
counts was held which lasted several months and resulted 
finally in the order for confiscation of the property of the 
members of the Ferme and the handing over of their per­
sons to the committee of public safety. The trial was 
brief, as was usual with that body, preserving but a pre­
tense of formality, and the death sentence was followed, 
within twenty-four hours, by the execution on the guillotine 
of thirty-two members of the Ferme. M. Paulze, his 
father-in-law, preceded Lavoisier to the block, and a mo­
ment later fell the head of France’s greatest chemist.

The national repentance came soon. By a strange coin­
cidence, the same man Dupin who had presented the de­
nunciation of the Fermiers Generales in the National As­
sembly, introduced, one year later, into the convention, a 
resolution for the restitution to the widows and heirs of 
the property of the “financiers unjustly condemned,” and 
this meager justice was accomplished.

In October, 1795, the Lycee des Arts, unveiled a bust of 
Lavoisier with this inscription:

Victime de la tyrannie, 
Ami des arts tant respecte, 
Il vit toujours par le genie 
Et sert encore 1’humanite.

In August, 1796, the same society honored his memory 
with a grand funeral ceremonial in the presence of three 
thousand people, and a laurel-crowned bust of Lavoisier 
was unveiled with impressive ceremony.

The last letter written by Lavoisier seems to have been a 
letter to a cousin Augez de Villers, probably written after 
the mock trial before the committee of public safety.

“I have achieved [he says], a passably long career, above 
all very happy, and I believe that my memory will be ac­
companied with some regrets, perhaps with some glory- 
What more could I desire? The emergencies in which I 
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find myself enveloped will probably avert from me the 
inconveniences of old age. I shall die complete, which is 
an advantage that I ought to estimate with the number of 
those I have enjoyed. If I experience some painful senti­
ments, it is that I have not done more for my family; to 
be deprived of everything and not to be able to give to 
them, to her, nor to you, some pledge of my attachment and 
of my gratitude. It is then true that the exercise of all 
the social virtues, important services rendered to my coun­
try, a career usefully employed for the progress of the arts 
and of human knowledge, do not suffice to preserve a man 
from a disastrous end and to prevent him from perishing 
like a guilty person.

“I write to you to-day because tomorrow it will per­
haps not be permitted me to do it, and because it is a sweet 
consolation for me to occupy myself with you and with 
persons who are dear to me in these last moments. Do 
not forget those near who are interested in me, that this 
letter may be communicated to them. It is probably the 
last that I shall write you. ’ ’4

4 Lavoisier, 1743-1794, d’apres sa correspondence, ses manuscrits, etc. 
Grimaux, Paris, 1888, pp. 296, 297.

c Oeuvres de Lavoisier, six volumes quarto, Paris, 1862—1893.

Lavoisier.
The work of Lavoisier covers a wide range of subjects. 

It has been collected and published in six large quarto vol­
umes by the French government.5 Many of these writings 
are reports written in his official capacity in the various 
bureaus and commissions of which he was a member. Such 
are, among many others, papers and reports upon:

Saltpeter production
Solid foods for use of sailors
The adulteration of cider
Report on projects for the removal of the abat­

toirs from the middle of Paris
Reports on the hospitals of Paris
Papers relating to the Bureau of weights and 

measures
Reports on agriculture, mines and mining.



520 THE STORY OF EARLY CHEMISTRY

There are a number of papers upon physical subjects: 
essays upon the application of the heat of the sun’s rays 
(by burning glasses); determining the specific heat of 
liquids and gases; the expansion of solids (with Laplace); 
the use of an ice-calorimeter for determining heat of com­
bustion and specific heats (with Laplace); the weight of a 
cubic foot of water and the contents of the pint at Paris; 
observations on the great cold at Paris of 1776 (meteoro­
logical). His first chemical work was upon gypsum, previ­
ously alluded to, and published in 1765.

In 1770, was published the proof that water is not con­
verted to some extent into earth by repeated distillation. 
Boyle had announced such to be the case; Boerhaave had 
re-investigated the question and found the contrary, but the 
error still had adherents; and Lavoisier proved by a care­
fully controlled investigation, that this “earth” was only 
the result of the corrosion of the glass vessel and was equal 
in weight to the loss in the weight of the retort."

In 1774, he demonstrated that the gain of weight in the 
calcining of metals (tin) is at the expense of the air, and 
that the loss in weight of air equals the gain in weight of 
the tin. Boyle had experimented in a similar way but 
through oversight had come to wrong conclusions.7 La­
voisier also conducted similar experiments on the burning 
of sulphur and phosphorus.

In 1775, Lavoisier published his paper on the composi­
tion of the air. In this historically interesting memoir, 
Lavoisier refers first to the action of heat upon a mixture 
of iron calx (oxide) and charcoal in giving “fixed air,” and 
to the similar action of mercury precipitate and charcoal. 
He then describes an experiment, in which he subjected the 
mercury precipitate to strong heat by itself and collected 
the expelled gas over water. This gas on examination gave 
properties familiar to us as those of oxygen.

The testimony seems conclusive that Lavoisier had re-
” See Muir, History of Chemical Theories and Laws, New York and London, 

1907, p. 49.
’ See ante, p. 407.



THE CHEMICAL REVOLUTION 521

ceived personally from. Priestley cognizance of his experi­
ments along a similar line and with similar results. It 
has been a shadow on Lavoisier’s fame that in this paper 
no allusion to Priestley’s work is made. Nevertheless, the 
memoir is almost epoch-making in chemical thought on ac­
count of the clear inferences made by Lavoisier, in contrast 
with Priestley’s deductions as published shortly after La­
voisier’s paper. Priestley, dominated by the phlogiston 
theory, supposed the resulting gas to be common air partly 
freed from the mystic phlogiston. Lavoisier, skeptical as 
to this theory, at once drew a logical scientific conclusion.

After noting the greater readiness of the air to support 
combustion, and applying to it the term “more pure” than 
common air, he says: “It appeared proved after that, that 
the principle which combines with metals during calcina­
tion and which augments the weight of them is no other 
than that “more pure” portion of the air that surrounds 
Us, which we breathe and which passes in this process 
from a condition of expansibility into one of solidity; if 
then we obtain it in the condition of “fixed air” in all 
metallic reductions when we use charcoal, it is to the com­
bination of this last with the pure portion of the air that 
this result is due, and it is very probable that all the metallic 
calxes would give, just as mercury does, this air eminently 
respirable if we could reduce them all without addition [of 
carbon] as we reduce the mercury precipitate (that is, 
oxide of mercury, as we now call it.) ”

He proceeds to apply the same reasoning to the action 
of nitrates and carbon in giving fixed air, to show that ni­
trates must contain pure air. Finally he concludes:

“Since the carbon disappears completely in the revivi- 
cation of the calx of mercury, and we obtain nothing but 
fixed air and mercury, we are forced to conclude that the 
principle to which up to now has been given the name 
fixed air is the result of the combination of the eminently 
respirable portion of the air with the carbon.”

He thus ignores entirely phlogiston as a term in the chem­
ical equation, and begins the antiphlogistic campaign.
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We find Lavoisier now making many experiments with 
reference to the function in combination of the “air more 
pure.” In 1777, he proves by heating mercury with oil of 
vitriol that sulphurous acid gas is produced and mercury 
precipitate left, which on heating can be made to give off 
the air “more pure,” thus demonstrating the fact, to use 
our modern vocabulary, that sulphuric acid is a combina­
tion of oxygen and sulphurous acid. He also demonstrates 
in the same year that the conversion of pyrites into green 
vitriol is due to the union of the iron and the sulphur with 
the “air more pure.” In the same year, also, he explains 
to the Academy his theory of combustion, which process 
he summarizes as consisting of four phenomena:

1. Heat or light is disengaged.
2. Substances burn only in “air pure.”
3. The “air pure” which disappears is equal in weight 

to the augmentation in weight of the burned body.
4. The product of the combustion is an acid body.

He demonstrates that both bases and acids contain this 
“air pure.”

On Septembei- 5,1777, Lavoisier presented a paper to the 
Academy on “Considerations upon the Nature of Acids,” 
in which occurs this noteworthy passage:

“I have already imparted to the Academy my first es­
says upon this subject. I have demonstrated to it in the 
preceding memoirs as far as it is possible to demonstrate 
in physics and chemistry, that the air more pure, that to 
which M. Priestley has given the name of dephlogisticated 
air, enters as a constituent part into the composition of 
several acids and notably of phosphoric, vitriolic, and 
nitrous (our nitric) acid. More numerous experiments 
place me to-day in the position of generalizing these con­
clusions and of advancing the proposition that the air 
more pure—the air eminently respirable, is the constitut­
ing principle of acidity, that this principle is common to all 
acids, and that there enter into the composition of each 
of them one or more other principles which differentiate 
them and which constitute them as one acid rather than 
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another. From these facts, which I regard already as very 
solidly established, I will designate hereafter the ‘ dephlog- 
isticated air’ or ‘air eminently respirable,’ in the state of 
combination and of fixity, by the name of ‘ acidifying prin­
ciple’ or if one likes better the same meaning under a 
Greek word by that of ‘oxygine principle.’ This name will 
save periphrasis, will introduce greater conciseness in my 
manner of expressing myself, and will prevent misunder­
standings into which we shall be liable to fall if I employ 
the word air.”

We know that this conclusion of Lavoisier regarding 
the relation of oxygen to acids was too sweeping, as there 
are acids which do not contain oxygen and oxides which 
are base-forming and yet the generalization was at the 
time extremely important, and the combustion theory it­
self a clear exposition of the general facts.

Under the stimulus of his new point of view, we find La­
voisier making many investigations, repeating numerous 
experiments of other chemists, sometimes giving careful 
and detailed credit to his predecessors, sometimes making 
no references whatever to previous work, but reinterpreting 
the results obtained in the light of his new point of view. 
Thus he repeats and extends Priestley’s investigations upon 
respiration, and explains the function of oxygen in respira­
tion.

It is to be noted that Lavoisier makes no direct or formal 
attack in his earlier work upon the phlogiston theory, but 
quietly leaves it out of account.

The phenomena of heat require explanation, however, 
and he expresses himself in favor of the material theory 
of heat—as an imponderable fluid pervading all space, 
Which condensing in the pores of a substance accounts for 
the various phenomena of absorption or evolution of heat. 
The physicists, in fact, were divided for a long time after 
Lavoisier upon the nature of heat—whether it were a 
mode of motion or an imponderable fluid. An English 
writer, Metcalfe, in a two volume work on caloric, 1837, 
presents the material theory about as strongly as possible. 
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It will be impossible to review in detail the particular 
investigations which Lavoisier carried on in extension of 
his theory.

The relation of Lavoisier to the discovery by Cavendish 
of the composition of water and his clearer concept of the 
nature of this process has already been discussed.8

8 See ante, p. 496.

In the year 1783, Lavoisier makes a formal attack upon 
the phlogiston theory in a memoir to the Academy, Re­
flexions sur le Phlogistique, a few lines of which it will be 
interesting to quote:

‘ ‘ In the course of the memoirs that I have communicated 
to the Academy, I have passed in review the principal 
phenomena of chemistry. I have insisted upon those which 
accompany combustion, the calcination of metals, and, in 
general, all the operations where there is absorption and 
fixation of air. I have deduced all the explanations from 
a simple principle. This is that the air pure, the vital air, 
is composed of a simple principle which is peculiar to it, 
which forms the base of it, and which I have called “prin- 
cipe oxygine”—combined with the material of fire or heat. 
This principle once admitted, the chief difficulties of chem­
istry have appeared to vanish and be dissipated, and all 
phenomena have been explained with astonishing sim­
plicity.

“But if everything is explained in chemistry in a satis­
factory manner without the aid of phlogiston, it is, by that 
only, infinitely probable that this principle does not exist, 
that it is a hypothetic entity, a gratuitous supposition, 
and surely it is according to logical principles not to mul­
tiply entities (etres) unnecessarily. Perhaps I might have 
held to negative proofs, and contented myself with having 
proved that we can account for phenomena without phlo­
giston better than with phlogiston; but it is time that I 
explain myself in a manner more precise and formal upon 
an opinion that I regard as a sad error in chemistry—and 
which appears to me to have retarded progress by the bad 
method of philosophizing that it has introduced.”

There follows a critical analysis of various of the doc­
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trines of Stahl and their relation to observed facts; con­
cluding with the expression that he does not expect his 
views to be accepted immediately.

“It is for time to confirm or to destroy the opinions I 
have presented. Meanwhile I see with, great satisfaction 
that the young people who commence the study of chem­
istry without prejudices, and the geometers and physicists 
who have new heads for chemical facts, no longer believe 
in phlogiston in the sense in which Stahl presented it, and 
regard all this doctrine as a scaffolding more embarrassing 
than useful to continue the edifice of chemical science.” “

Soon after the discovery of oxygen, Lavoisier had recog­
nized that, as “fixed air” was obtained by the combustion 
of charcoal or the diamond, it was composed simply of 
carbon and oxygen. In his memoir with Laplace, Sur 
Chaleur, presented in 1782 before the Academy,10 the quan­
titative composition of the oxide of carbon was approxi­
mately estimated. In a treatise presented in the same year 
(1783, though included in the volume for 1781) Lavoisier 
made a more accurate estimate from heating charcoal with 
minium, showing:

9 Oeuvres de Lavoisier, Paris, 1862-3893, Tome II, p. 655.
10 Published in the volume of memoirs for 1780 which was not printed until 

1783. This habit of including in the memoirs for a particular year articles 
of importance of later origin is frequently confusing. As there was often 
a delay in printing of the memoirs of as much as three years, this was a 
possibility several times utilized by Lavoisier.

Carbon Dioxide

Lavoisier Actual 
Composition

Carbon..................................................... 72.125 72.727
Oxygen.................................................... 27.875 27.273

This was an important and original discovery.
In 1782, Lavoisier constructed a blast for oxygen for the 

purpose of producing high temperatures, and by its means 
first succeeded in melting platinum. The essay in which 
he announces this work is also interesting, because it con­
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tains at the same time the first formal recognition of the 
priority of Priestley in the discovery of oxygen, and 
another quiet ignoring of Priestley’s priority in the use 
of the oxygen blast. “This air,” says Lavoisier, “which 
M. Priestley has discovered about the same time as I and 
I believe even before me.” Of his present problem he 
says: “This idea has doubtless presented itself to many 
other persons before me, and I am even assured that M. 
Achard, a celebrated Berlin chemist, has made applications 
of it.” About six years previously, Priestley, in his then 
celebrated work on different kinds of air,11 had written:

11 Different Kinds of Air, 2d ed., 1776, II, p. 100.
12 Read before the Academy of Sciences in 1783. Oeuvres de Lavoisier, 

Tome II, p. 546 ff.

“Nothing however would be easier than to augment the 
force of fire to a prodigious degree by blowing it with de- 
phlogisticated air, instead of common air. This I have 
tried, in the presence of my friend Mr. Magellan, by filling 
a bladder with it and puffing it through a small glass tube 
upon a piece of lighted wood, but it would be very easy 
to supply a pair of bellows with it from a large reservoir. 
Possibly much greater things might be effected by chymists 
in a variety of respects with the prodigious heat which 
this air may be the means of affording them. I had no 
sooner mentioned the discovery of this kind of air to my 
friend Mr. Mitchell than this use of it occurred to him. He 
observed that possibly platina might be melted by means 
of it.”

Lavoisier makes no reference to this in his memoir.
In line with previous experiments of Bergman on the 

relative affinities of combination, are his experiments on 
the affinity of oxygen for different substances.12 His con­
ception underlying his problem is thus briefly suggested:

“To form precise ideas upon these phenomena, it is 
necessary to represent all bodies of nature as immersed in 
a fluid, elastic, very rarefied, very light, known as the ig­
neous fluid, the principle of heat; this fluid which pene­
trates them all tends constantly to scatter their parts and 
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would accomplish it if they were not retained by the at­
traction that they exercise upon one another; it is this 
attraction that one is accustomed to call by the name of the 
‘affinity of aggregation.’ ”

The following is his table of affinities, interesting as 
being the list, as he says, of nearly all the substances with 
which oxygen combines. The arrangement is in the order 
of decreasing affinities toward oxygen.

Principe Oxygine
Unknown principle of muriatic acid (or muriatic principle)

[this is chlorine]
Carbonaceous substance
Zinc 
Iron 
Inflammable principle of water [hydrogen] 
Regulus of Manganese
Cobalt
Nickel 
Lead 
Tin 
Phosphorus of Kunckel 
Copper
Bismuth
Regulus of Antimony
Mercury
Silver
Regulus of Arsenic
Sugar
Sulphur
Nitrous air
Principle of Heat
Gold
Fuming Muriatic acid of common Nitrous acid [nitric acid]
Calx of Manganese

The work of Lavoisier on substances of organic origin 
Was epoch-making. His predecessors and his contempo­
raries had prepared and studied extensively organic sub­
stances, but they had only vague notions of their nature. 
The phlogistic hypothesis was the greatest obstacle in the 
way of clear ideas. Lavoisier, having broken away from 
that theory, was in a position to attack the problem of the 
real nature of organic substances; and so soon as he had 
realized that fixed air was only a compound of carbon and 
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oxygen and that water was composed of hydrogen and oxy­
gen, he was quick to draw the inference that organic sub­
stances, which gave mainly fixed air and water by their 
burning, must be composed largely of carbon, hydrogen, 
and oxygen. He made many analyses of organic bodies to 
show their elementary composition, that is the proportions 
of the simple bodies of elements which made up these sub­
stances. He was the first to devise methods for elementary 
analysis of organic bodies in so far as their carbon, hydro­
gen, and oxygen contents were concerned. His results, to 
be sure, were often inaccurate. One reason for this was 
that his estimate of the quantity of hydrogen and oxygen 
in water was inaccurate. He says, in his Traite Ele­
mentair e de Chimie, 1789,13 “It is by an experiment of 
this kind that we have recognized, M. Meusnier and I, that 
85 parts by weight of oxygen, and 15 parts, similarly by 
weight, of hydrogen, are necessary to make 100 parts of 
water.” As the true proportion by weight is 88.9 of oxy­
gen to 11.1 of hydrogen, this discrepancy alone was enough 
to create serious errors of analysis, as the hydrogen was 
usually determined from the weight of water produced. 
His analysis of sugar (on page 142 of the same work) is 
given in the following table, together with the correct 
values:

Hydrogen.............................
Oxygen.................................
Carbon..................................

Lavoisier’s
8 parts

64 ”
28 ”

100

Instead of the
Correct Composition

6.43 parts
51.46 ”
42.11 ”

100.00

That his determinations of the elementary composition 
of organic substances were not accurate by present stand­
ards is a matter of slight significance, in consideration of 
the fact that he was the first to recognize the common ele­
mentary constituents of organic bodies, and the first to 
devise a method for their determination. As stated by

is 1st ed., Paris, 1789, Tome I, p. 100.



THE CHEMICAL REVOLUTION 529

August Kekule, referring to the beginnings of organic 
chemistry:

“Lavoisier’s investigations had broken the path; they 
had, namely, exploited a method of analysis which was soon 
improved by Gay Lussac and Thenard, by Saussure, and 
by Bergelius to attain finally under Liebig’s hands such 
a degree of simplicity and precision that later decades 
could only retain the method in general, while adding, in­
deed, for special cases, some modifications.”

Chemists of the latter part of the eighteenth century were 
seriously impressed with the necessity of a more systematic 
nomenclature of chemistry. Guyton de Morveau, profes­
sor of chemistry at Dijon from about 1782, undertook the 
task of devising a new system, in correspondence with 
Bergman of Sweden, and with other chemists. Lavoisier, 
with his more advanced insight into chemical theory, saw 
the necessity more keenly and realized its importance to 
his new antiphlogistic chemistry. He endeavored to gain 
the adherence of influential French chemists to this theory. 
De Morveau was doubtful, until he had a personal session 
with Lavoisier, whether the phlogistic hypothesis could be 
entirely dispensed with. Fourcroy was unconvinced until 
1786. After many conferences, however, by 1787, they were 
united in a plan for the new nomenclature and in that year 
was published the result of these conferences, in a volume 
entitled Methode de Nomenclature Chimique, proposed by 
MM. de Morveau, Lavoisier, Berthollet and de Fourcroy, 
to which is joined a new system of characters adapted to 
this nomenclature by MM. Hassenfratz and Adet.14

14 Paris, 1787, under the privilege of the Academy of Sciences.

This work was of great importance, appearing as the 
phlogiston theory was tottering. It consists of several 
distinct articles, first, a memoir by Lavoisier on the neces­
sity of reforming chemical nomenclature, read at the 
Academy of Sciences, April 18, 1787, followed by a memoir 
upon the development of the principles of a methodic 
nomenclature, read on May 2, before the Academy by de 
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Morveau; appendices containing the nomenclature of some 
compound substances, which combine sometimes like simple 
bodies; a memoir by de Fourcroy, explaining the tables of 
nomenclature (thirty-seven octavo pages); a directory of 
the new nomenclature in ninety-four pages, and the sym­
bols prepared by Hassenfratz and Adet, a chemical short­
hand by which the names of elements and compounds could 
be replaced by symbols. This system never came into gen­
eral use, and symbols, in so far as they were used by chem­
ists, were of the already developed systems, until Dalton’s 
concept of the atomic weights and symbols had been sim­
plified by Berzelius (in 1815) into the system still in use.

The new nomenclature consisted essentially in the sub­
stitution for the medley of empirical names of substances 
of names intended to express the composition, for instance, 
“ferrous sulphate” for “green vitriol,” “alkaline sul­
phide” instead of “liver of sulphur,” etc. Objection to 
these changes, made at the time of the discussion by some 
participants, was that this new nomenclature depended on 
suppositions that might be wrong. Indeed, many of the 
names then suggested convey the mistaken ideas of the 
time, as when what we know as chlorine gas was called “gas 
acide muriatique oxygine, ” on the supposition which pre­
vailed before Davy and Faraday that chlorine contained 
oxygen combined with an as yet unknown element. The 
opponents of the system contended that an empirical name 
was at least not liable to confuse the users by being com­
plicated with theories which might be mistaken. The sys­
tem of nomenclature in use in mineralogy is a good illustra­
tion of the older system of nomenclature in chemistry, the 
names making no pretense to define the constitution of the 
mineral. The system of nomenclature suggested by the 
French chemists was soon translated into the other modern 
languages and into Latin, and, with such modifications as 
increasing knowledge necessitated, it is the system at pres­
ent used.

Just how much of this work on nomenclature is due to 
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Lavoisier and how much to his collaborators is not easy 
to say, but from our knowledge of his general views and 
character it is safe to assert that his mind was extremely 
influential, if not indeed controlling.

Two years later (1789), Lavoisier published his cele­
brated Traite Elementaire de Chimie.15 In the preliminary 
discourse, he states:

15 Lavoisier, Traits Alementaire de Chimie, presente dans un ordre nouveau 
d’apr&s les d^couvertes modernes, avee figures, Paris, 1789.

“When I undertook this work, I had the purpose only 
of giving further development to the memoir that I read 
at the public session of the Academy of Sciences, in the 
month of April, 1787, upon the necessity of reforming and 
perfecting the nomenclature of chemistry. . . . And 
indeed while I believed that I had only the purpose of per­
fecting the language of chemistry, my work was insensibly 
transformed under my hands, without my being able to 
prevent it, into an Elementary Treatise of Chemistry. . . 
. . . It may be permitted me to add that he who enters 
upon a scientific career is in a situation less advantageous 
than the child even, who is acquiring his first ideas—if the 
child is deceived in the salutary or injurious effects of the 
objects which surround him, nature gives him numerous 
means of correcting his ideas. At each instant the judg­
ment which he has made is corrected by experience. Priva­
tion or grief come as consequences of a false judgment, 
enjoyment or pleasure as the consequence of a correct 
judgment. We do not delay, under such masters, in be­
coming consistent, and we soon reason rightly when we can 
reason otherwise only at the cost of privation or suffer­
ing.

“It is not the same in the study and practice of the 
sciences—the false judgments we make do not concern 
either our existence or our welfare. No physical interest 
compels us to correct ourselves. Imagination, on the con­
trary, which constantly tends to carry us away from the 
truth; self-esteem, and that self-confidence with which self- 
esteem so easily inspires us, solicit us to draw conclusions 
which do not follow directly from the facts, so that we are 
in a fashion interested in deceiving ourselves. It is then 
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not surprising that, in the physical sciences in general, men 
have often assumed instead of concluded,—that assump­
tions transmitted from age to age have become more and 
more imposing by the weight of the authority they have 
acquired, and that they have finally been adopted and re­
garded as fundamental truths even by very good minds.

“The only mode of preventing these errors consists in 
suppressing, or at least in simplifying as much as possible, 
the reasoning which is from ourselves, and which can only 
mislead us—to subject it constantly to the test of ex­
perience, to preserve only the facts which are the data of 
nature and which cannot mislead us, to seek only the truth 
in the natural series of experiments and observations in 
the same manner as the mathematicians arrive at the so­
lution of a problem, by the simple arrangement of the data, 
and by reducing the reasoning to operations so simple, to 
reasonings so short, that they never lose sight of the evi­
dence which serves as their guide.

“Convinced of these truths, I have imposed upon myself 
the role of never proceeding except from the known to the 
unknown, of deducing no consequence which is not derived 
directly from experience and observation, and of arrang­
ing the facts and chemical truths in the order most ap­
propriate to facilitate the understanding of them by be­
ginners. It was impossible in accommodating myself to 
this plan not to depart from the usual paths. It is indeed 
a common fault of all the courses and treatises on chem­
istry to assume in the first steps, knowledge which the 
student or reader can only acquire in subsequent lessons. 
Nearly all begin with a treatment of the principles of 
bodies, without explaining the table of affinities, without 
noticing that we are obliged to pass in review from this 
first day the principal phenomena of chemistry, to use ex­
pressions which have not been defined, and to assume that 
knowledge as already acquired by those to whom we pro­
pose to impart it. It is also to be recognized that we learn 
only a little in a first course of chemistry; that one year 
scarcely suffices to familiarize the ear with the language, 
the eye with the apparatus, and that it is nearly impossible 
to make a chemist in less than three or four years.”
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We might expect a good treatise, based on such sound 
philosophy. It is divided formally into three parts. The 
first part deals with the various gases, their formation and 
properties, and with the combinations of caloric with bodies, 
for Lavoisier still held it necessary to consider heat as a 
fluid substance. He says, in the Traite:

“We have consequently designated the cause of heat, 
the highly elastic fluid which produces it, by the name of 
caloric. Independently of the fact that this expression ful­
fills our object in the system we have adopted, it has still 
another advantage; this is its power of being adapted to 
all kinds of opinions, since, rigorously speaking, we are not 
even obliged to suppose that caloric is a real substance; it 
suffices, as we shall see better on reading that which is to 
follow, that this may be any cause whatever which separa- 
ates the molecules of matter, and we can thus consider its 
effects in an abstract and mathematical way.”

In this first part, also, Lavoisier considers the subjects 
of oxidation, fermentation, putrefaction, the composition 
of air and water and of acids, bases, and salts in general.

His second part deals with the combination of acids with 
salt-forming bases and the formation of neutral salts. He 
begins this section with a table of “simple substances” or 
at least those that “the present state of our knowledge 
obliges us to consider as such.” This table is largely the 
same as the one which was presented in the Nomenclature 
Chimique by de Morveau, Lavoisier, Berthollet and de 
Fourcroy, under the title of Substances not Decomposed. 
The main difference is in the omission by Lavoisier of the 
radicals of many organic acids included in the previous 
table. By radical was here meant that portion of the acid 
other than the oxygen, which was supposed to be the acidi­
fying principle. The omission of the alkalies, potash and 
soda from the list is not significant, for these bases had not 
yet been decomposed, and Lavoisier frequently includes 
them among the simple bodies, in subsequent tables of the 
salts and other compounds of simple bodies. Lavoisier’s 
table, translated into English, is as follows:



534 THE STORY OF EARLY CHEMISTRY

Table of Simple Substancesio

New Names Corresponding Old Names

Simple substances 
which belong to 
the three king­
doms and which - 
may be considered 
as the elements of 
bodies.

Simple non-metal- 
lie oxidable and’ 
acidiflable.

Simple metallic 
substances oxida-. 
ble and acidiflable

Simple earthy 
substances salifi-.
able

"Light

Caloric

Oxygen

Nitrogen (“Azote”)-

Hydrogen

Sulphur 
Phosphorus 
Carbon
Muriatic radical
Fluoric
Boracic ”

' Antimony
Silver (Argent)
Arsenic
Bismuth
Cobalt
Tin
Iron
Manganese
Mercury 
Molybdenum 
Nickel 
Gold
Platina
Lead
Tungsten
Zinc
Lime
Magnesia
Baryta
Alumina
Silica

Light
Heat
Principle of Heat
Igneous Fluid
Fire

.Matter of Fire and of Heat
'Dephlogisticated Air
Empyreal air
Vital air

.Base of Vital air
Phlogisticated air or gas
Mephites

.Base of Mephites
Inflammable gas
.Base of inflammable gas
'Sulphur
Phosphorus
Pure charcoal
Unknown

Antimony
Silver
Arsenic
Bismuth
Cobalt
Tin
Iron
Manganese
Mercury
Molybdenum
Nickel
Gold
Platina
Lead
Tungsten
Zinc
Calcareous earth, lime
Magnesia, base of Epsom salts
Barytes, heavy earth
Clay, earth of Alum, base of Alum 
Silicious earth, vitriflable earth

is (See footnote p. 535).
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The second part of the Traite consists mainly of tables 
of nomenclature of the compounds of these simple sub­
stances with oxygen, hydrogen, sulphur, and of their salts 
which are formed with all the known acids, inorganic or 
organic, together with such observations and comment upon 
the tables as is needed render them clear to the reader.

It is interesting to see that in these tables all elements 
in the gaseous state are listed as combinations of caloric 
with the element under consideration. Thus, caloric com­
bined with oxygen gives oxygen gas; caloric combined with 
hydrogen gives hydrogen gas, caloric combined with sul­
phur gives sulphur vapor. Caloric, he considers the ma­
terial fluid which separates their particles to form the gas­
eous conditions.18

A portion of the table on combinations of bases with sul­
phuric acid will illustrate the character of the many tables 
in this second part of the treatise, (See p. 536.)

The third part of the work treats of the apparatus and 
methods of chemical experimentation. It is interesting to 
note that he describes in detail the pneumatic trough for 
manipulation of gases over water and over mercury, credit­
ing the invention to Priestley. The many engraved plates 
illustrating apparatus of all kinds bear the signature of 
Paulze-Lavoisier, indicating the cooperation of the brilliant 
Mme. Lavoisier in the labor of this part of the work. A 
final section of the work is devoted to tables for the use 
of chemists; weights and measures, specific weights, and 
density of gases, liquids, minerals and rocks.

The Treatise on Elementary Chemistry, as published in 
1789, was never changed by Lavoisier. Robert Kerr, the 
English translator of the work says in the preface to the 
third English edition:

“A new edition of the original having appeared in Paris 
-____ _____________________________________________________________—.
17 Lavoisier, Traits de Chitnie, 1st ed., 1789, Tome I, p. 192; or Oeuvres de 

Lavoisier, 1864, Tome I, p. 135.
18 See ante, p. 533.
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Table of Combinations of Sulphuric Acid or Oxygenated Sulphur with Saltforming Bases in the Order of 
Their Affinity with This Acid, by the Wet Way.

New Nomenclature
Combinations of Sulphuric Acid with:

Old Nomenclature
Combinations of Vitriolic Acid with:

Nos. Names of Bases Neutral salts resulting Nos. Names of Bases Neutral salts resulting

1 Baryta Sulphate of Baryta 1 Heavy Earth Vitriol of Heavy earth 
Heavy spar

2 Potash Sulphate of Potash 2 Fixed vegetable al­
kali

Vitriolated tartar 
Sei de duobus 
Areanum duplicatum

3 Soda Sulphate of Soda 3 Fixed mineral alkali Glauber’s salt
4 Lime. Sulphate of Lime 4 Calcareous earth Selenite, gypsum 

Calcareous vitriol
5 Magnesia Sulphate of Magnesia 5 Magnesia Vitriol of Magnesia

Epsom Salt, Sedlitz Salt
6 Ammoniac Sulphate of Ammoniac 6 Volatile Alkali Secret ammoniacal

Salt of Glauber
7 Alumina 

etc.
Sulphate of Alumina 

etc.
7 Earth of Alum 

etc.
Alum

etc.
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in the winter of 1792-3, expectations were formed that the 
author might have made considerable improvements: but 
from a correspondence with Mr. Lavoisier, the translator 
is enabled to say that the new edition, having been printed 
without his knowledge, is entirely a transcript from the 
former.”
And in a postscript to the fourth English edition, Mr. Kerr 
says:

“Had Lavoisier lived, as expressed in a letter received 
from him by the translator a short while before his mas­
sacre, it was his intention to have republished these Ele­
ments in an entirely new form, composing a Complete 
System of Chemical Philosophy, and as a mark of his satis­
faction with the fidelity of this translation he proposed to 
have conveyed to the translator, sheet by sheet, as it 
should come from the press, that new and invaluable work, 
alas! now for ever lost. ’ ’19

19 From the fourth edition of Kerr’s translation “with considerable ad­
ditions,’’ Edinburgh, 1799. See advertisement, p. vii and xi.

The success of Lavoisier’s Traite was enormous, as says 
Professor Grimaux, the capable biographer of Lavoisier. 
It was at once translated into foreign languages. From 
all sides felicitations came to the author who could finally 
enjoy a complete victory over the old theory of phlogiston.

“The Traite Elementaire de Chimie [says Grimaux] 
marks the definite separation between the chemistry of 
Stahl and the real chemistry. Written less than twenty 
years after the work of Baume, it differs so much in the 
ideas and language of chemistry, that it seems as if a 
century might have intervened between the two. Scarcely 
can we read the first, it is strange to us by its superan­
nuated theories, its method of reasoning, its nomenclature, 
and classification, while the treatise of Lavoisier seems to 
us as if written yesterday, it is our contemporary. With 
the exception of some obstinate resistance from a genius 
like Priestley or from mediocre men like Baume, from this 
moment, the pneumatic theory conquered the world of 
scholars. One of the most illustrious chemists of Europe, 
Black, honored his old age by rallying to the new doctrine.
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‘I seek to make my pupils understand’ he writes, ‘the prin­
ciples and explanations of the new system that you have 
so happily devised, and I am beginning to recommend it 
to them as simpler, easier, and better sustained by facts 
than the old system. ’ ’ ’

In 1790, Chaptai, Professor of Chemistry at Montpelier, 
wrote his Elements de Chymie based on the new system 
and Lavoisier wrote to him as follows (1791):

“To see you adopt the principles which I first announced 
is to me a real joy. The conquest of yourself, M. de Mor- 
veau, and of a small number of chemists scattered through 
Europe is all that I had the ambition of accomplishing, 
and the success surpasses my hopes, for I receive from all 
sides letters which announce new proselytes, and I see 
now that only aged persons who have no longer the courage 
to begin again their studies, or who can no longer turn 
their imagination to a new order of things, still hold to the 
doctrine of phlogiston. All young people adopt the new 
doctrine, and from this I conclude that the revolution in 
chemistry is accomplished.” 20

It should be recalled that of the most distinguished among 
the upholders of phlogiston, Macquer, Marggraf, Bergman, 
Scheele were dead when Lavoisiers Traite appeared in 
1789. Black and Kirwan adopted the new chemistry, though 
they were both advanced in years. Cavendish made no 
acknowledgment of conviction, though he made no later con­
tribution to the discussion. Priestley alone, among the 
men of recognized eminence, continued to endeavor to 
uphold the ancient system.

It is tempting to speculate, vain though it be, on what 
might have been the influence of Lavoisier on the develop­
ment of chemistry in the next twenty years, had he lived 
to attain the Biblical limit of useful years, for he was but 
fifty years of age at his untimely ending. From the gen­
eral acceptance of the chemical philosophy presented by 
Lavoisier, a new zest entered into chemical research. Phlo­
giston, with its obscuring influence upon chemical reactions,

so Lavoisier, 1743-1794, etc., par Edouard Grimaux, Paris, 1888, pp. 125, 
126.
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being eliminated, quantitative determinations could be criti­
cized upon the basis of a confidence in the conservation of 
mass. The work of J. B. Richter between 1792 and 
1802 established the important doctrine of equivalent 
weights of bases and acids. Berthollet’s Essai d’une Sta- 
tique Chimique (1802), challenging the idea of constant 
affinities, and of constant composition of chemical com­
pounds, excited great interest and his controversy with 
Proust was keenly followed by the chemical world. Dal­
ton’s concept that the elements were composed of homo­
geneous atoms of constant weight and that compounds were 
formed by the union of these atoms in simple numerical 
proportions, gave a new interest to the “atoms,” “cor­
puscles,” or minute “particles” which were the basis of 
speculation of earlier chemists, and founded our atomic 
and molecular theory. The extension of the application of 
electricity to chemical experimentation and theory by Davy, 
Faraday, and Berzelius, and others early in the nineteenth 
century also opened a vast field of inquiry and research. 
These influences so broadened and transformed the domain 
of chemical study as to make it evident that the logical 
separation of early from modern chemistry is most clearly 
marked by the acceptance of the Antiphlogistic Philosophy 
at the close of the eighteenth century.
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with Boyle, 411; with Mayow, 
412; with Stahl, 428; with 
Scheele, 458, 459; as understood 
by Hales, 463; by Priestley, 494.

Air, mephitic, 476, 482.
Air, phlogisticated, 494.
Akasa, 110.
Albert von Bollstedt. See Albertus 

Magnus.
Albertus Magnus, important in­

fluence in thirteenth century, 232; 
on inflammable distillate from 
wine, 192, 202, 248-256, 272, 277, 
296; his alleged alchemical writ­
ings unknown to Petrus Bonus, 
294; “afflnitas,” 499; does not 
mention Theophilus Presbyter, 
221,
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Albiflcare, 269.
Alchemia, of Libavius, 364.
Alchemical symbols, Ouroboros, the 

serpent, 165, 166, 171, 172; phi­
losopher’s stone, 170; egg, no­
menclature of, 170, 171.

Alchemists, earliest, 150; Arabian, 
174-183; excommunication of, 
274; protection of, 275; popular 
disrepute in fourteenth century, 
275; of seventeenth century, 422, 
423.

Alchemy, origin of the word, 136; 
where originated, 137; Arabian, 
174-183; fraud charged by Djaber, 
180; falsity in Vincent of Beau­
vais, 247; Roger Bacon on, 262- 
265; enigmas of R. Bacon, 268; 
“Keys” of, R. Bacon, 268, 270; 
nomenclature of, R. Bacon, 269; 
imposture in, in thirteenth cen­
tury, 273; censorship by the 
Church, 274; edicts against, 274, 
275; writings of fourteenth and 
fifteenth centuries, 296; in Para­
celsus, 324, 325; Biringuccio on, 
333; Palissy on, 348.

Alcohol, 192, 205.
Alcohol, early knowledge of, 189- 

192; Paracelsus on, 192; Alber­
tus Magnus on, 250; Pseudo­
Lullus on, 293.

Alexandria, foundation of, 137; 
library of, 137, 139; museum, 
fate of, 139.

Alkali, derivation of word, 400, 401, 
Alkalies, mild and caustic, 464.
Alkaline air, of Priestley, 489.
Alloys in the papyrus X of Leyden, 

82-85.
Alrazi. See Rhazes.
Alum, with the ancients, 49; puri­

fication, in Geber, 281.
Alumen. See Alum,
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Ammonium salts, first mention of, 
48; Djaber on, 245; ammoni- 
acal copper solution blue, 364.

Amru, 139.
Amylum. See Starch.
Anastasy, Johann d’, 78. 
Anaxagoras, 112, 117. 
Anaximander, 112, 113. 
Anaximenes, 112, 114. 
Anchusa, 71.
Anodyne liquor of Hoffmann, 431. 
Antimony, ancient manufactures 

of, 11; confused with lead, 47; 
Biringuccio on, 330, 331; in bell 
making, 331; Agricola on, 339; 
Basilius on, 376.

Anti-Paracelsists, 365.
Antiphlogistic philosophy, 498. 
Apeiron, 113, 114.
Apicius, 48.
Aqua ardens, 191.
Aqua auri, 290.
Aqua fortis, 293, 312, 331, 344.
Aqua valens, 343.
Aqua vini, 192.
Arabia Felix, source of sakkaron, 

53.
Arabian chemical writers, 210-219; 

general character of, 218.
Arabian influence in alchemy, 182, 

183; upon Latin authors, 196.
Archaeus, 324, 385.
Argenti spuma, 240.
Argon, 498.
Aristotle, 16, 132, 133, 218, 272; 

his philosophy of matter, 123-128; 
revival of influence, 231, 232.

Aristotle (Pseudo), 10, 181, 197, 
244; De Lapidibus, 205-210; De 
Lapidibus as source for Albertus 
Magnus, 253; his De Anima in 
R. Bacon, 270.

Armenium, 34.
Arnald of Villanova, 277, 354; and 

alcohol, 192; cited in work at­
tributed to Albertus Magnus, 249; 
cites Geber, 276; life and work, 
286-290; alchemical writings 
apocryphal, 287; supposed re­
lation with Lullus, 293; not cited 
by Petrus Bonus, 294.

Arrhenius, 510.
Arrian, 48.

Ars V it r aria, 418.
Arsenikon. See Orpiment.
Artis Auriferae, 297.
Asem, 7, 64, 81, 82, 84, 161. See 

also Electrum.
Ashmole, Theatrum Chemicum 

Brittanicum, 423.
Asphalt. See Bitumen.
Assaying, 331, 343.
Atomic theory, Hindu, 109-111; of 

Anaxagoras, 117; of Democritus, 
118-120; of Boyle, 397; of Dal­
ton, 539; of Epicurus, 128, 129.

Aurichalcum, 10, 267. See also 
Electrum.

Auripigmentum. See Orpiment. 
Avicenna, 277; cited by Bartholo- 

maeus Anglicus, 236; cited by 
Roger Bacon, 270.

Avicenna (Pseudo), 181, 217, 218. 
Azurite, 44.

Babylonia, 4-6, 52.
Bacon, Francis, 370, 371.
Bacon, Roger, and gunpowder, 199- 

202; quotes Pseudo-Avicenna, 
218; influence in thirteenth cen­
tury, 232; life and work, 257-272; 
his experimental science, 260, 
261; on alchemy, 262-265; and 
pseudepigraphs, 271, 272; not 
cited by Petrus Bonus, 294, 295, 
277.

Bartholomaeus Anglicus, 221, 233- 
237.

Basilica Chemica, of Croll, 354. 
Basilisks, 228, 229.
Basilius Valentinus, 297, 354; 

period and personality, 372-377; 
and Paracelsus, 372-377.

Bauer, Georg. See Agricola.
Baume, 440, 537.
Bayen, 410.
Becher, J. J., 392, 417; on gain in 

weight of metals heated in air, 
406; life and work, 420-422; con­
cepts of phlogiston, 426, 427.

Beckmann, Johann, 49.
Beer, 55.
Bergbiichlein, 302, 306.
Bergman, Torbern Olaf, 529, 538; 

on Isaac Hollandus, 368; on 
platinum, 440; phlogistonist, 442; 
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life and work, 444-453; meets 
Scheele, 453; introduces Scheele’s 
air and lire, 454; work on car­
bonic acid, carbonates, 477, 478; 
on pure air (oxygen), 478, 479; 
on chemical affinity, 504, 505, 
508, 526; cited by Lavoisier, 509.

Bermannus, of Agricola, 336. 
Bernhard of Treviso, 296.
Berthelot, Marcellin, analysis of an­

cient metal articles, 2-4, 7, 11; 
on ancient glass, 12, 244; on the 
misy of Pliny, 44; on white alum 
of Pliny, 50; on sal ammoniacum 
of ancients, 49; on ancient no­
menclature of copper and bronze, 
66; on papyrus X of Leyden, 79, 
152; on Pseudo-Geber, 176; on 
Arabian alchemy, 182; trans­
lation of Compositiones ad Tin- 
genda, 185; on Adelard of Bath, 
187; on history of alcohol, 189; 
published Liber Sacerdotum, 202; 
on the Book of Seventy, 245; on 
writings of Djaber, 277; confirms 
belief that alchemical writings 
referred to R. Lullus not authen­
tic; 291; on Hortulanus, 297, 510.

Berthollet, Claude Louis, 506, 510, 
529, 539.

Bertrand, Dr., 401.
Berzelius, Jons J., 510, 529, 530, 

539.
Bibliotheca Chemica Curiosa, 298. 
Bibliotheca Chemica, 298.
Biot, 470.
Birch, Thomas, 411, 424.
Biringuccio, Vannucio, 302, 328- 

336.
Bismuth, 302, 312-313, 339. 
Bitumen, 37, 52, 70.
Black, Joseph, 463-467, 468, 474- 

476; phlogistonist, 442, 461; 
adopts antiphlogistic philosophy, 
537.

Blagden, Chas., Sir, 495.
Bocklin, Arnold, 222.
Bodenstein, Adam von, 354.
Bodies and spirits, of minerals, 166, 

177, 245, 268.
Boerhaave, Hermann, 431-433; on 

Boyle, 424; not phlogistonist, 
429; on transmutation, 432; on

chemical affinity, 502, 503; on 
conversion of water to earth, 520. 

Bollstedt, Albert von. See Albertus 
Magnus.

Bolton, H. C., 480.
Bonus. See Petrus Bonus.
Book of Crates, 175.
Book of Fires, 189, 190, 191, 195- 

199, 259.
Book of Mercy, of Djaber, 178- 

181.
Book of Pity, of Djaber, 181. 
Book of the Priests, 202-205. 
Book of Stones. See Aristotle 

(Pseudo).
Borrichius, Olaus, 423.
Boyle, Robert, 133, 134, 379, 392; 

discovery of hydrogen, 361-363, 
472; life and work, 393-398; 
elements, 400; acid and alkali, 
402; chemical sympathy and an­
tipathy, 403, 404, 499; on gain 
in weight of metals roasted, 406, 
407, 513; air and combustion, 
411, 412; corpuscular theory, 
416; phosphorus discovery, 419, 
420; influence in his time, 424, 
461, 463; chemical affinity, 502; 
water converted to earth, 520.

Brand, 419.
Brandisium, 187.
Brass, 45, 65, 66, 235, 251, 266, 267.

See also Aes; Aurichalcum.
Breasted, J. R., 138.
Bricks, 27.
Bridges, F. H., 260, 261.
Bronze, 2-4, 187. See also Aes.
Browne, J., 360.
Brownrigg, W., 439.
Brunschwygk, Hieronymus, 298.
Budge, E. W., 235.
Buffon, 440, 503.
Burke, Edmund, 483.
Byzantine chemists, 195.

Cabbala, 367.
Cadmia, 45, 83, 251. See also Cala^ 

mina.
Caille, Abbe de la, 514.
Oalamina, 228, 251, 266, 267. See 

also Cadmia.
Caloric, 533, 535.
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Carbon dioxide, 62, 477, 478, 525. 
See also Fixed air.

Cardanus, 405.
Cavendish, Henry, phlogistonist, 

442, 461, 538; life and work, 
469-476; on nitrogen, 476; ni­
trous air, 487; eudiometer, 487, 
488; hydrochloric acid and cop­
per, 488; composition of water, 
495-497; on Lavoisier’s theory, 
497; electric current on air, 497, 
498.

Cellini, Benvenuto, 331, 332.
Cements, 28.
Centumpondium, 304.
Cerussa, 19, 68. See also White 

lead.
Chalchanthon, 42, 43, 186.
Chaleos, 65. See also Aes.
Chaos, 322.
Chaptai, 538.
Charcoal burning, 22, 23.
Charles, M., 202.
Charles, V., 274.
Chaucer, 275.
Chemeia, origin of word, 135-136.
Chemical affinity, 499-510; Sir 

Isaac Newton on, 500-502; Boer- 
haave on, 502, 503; Buffon on, 
503; of oxygen, 527; constancy 
of values, 539.

Chemical arts, ancient, 1.
Chemical attraction. See Chemical 

affinity.
Chemistry, origin of word, 136; 

of Middle Ages, 184-229; steril­
ity in fourteenth and fifteenth 
centuries, 275; teaching of in 
eighteenth century, 425.

China, ancient arts, 98.
Chlorine, 460.
Christian church, rise and influence, 

138-141.
Chrysocolla, 18, 33, 42, 83, 84.
Cinnabar, 18, 30-32, 186, 204, 222, 

250. See also Minium.
Claris Philoso phorum, 284.
Clement IV, 258.
Cleopatra, 151.
Cleves, Gaston, 368.
Climia, 255.
Cobalt, 313.
Coccus, 71,

Coerulium, 34.
Columella, 153.
Combustion, theories, 246, 404-416; 

Stahl on, 428; Scheele on, 458, 
459.

Communium Naturalium, of Bacon, 
260.

Compendium Studii Theologiae, of 
Bacon, 259.

Compendium Studii Philosophiae, 
of Bacon, 258.

Compositio sisami, 194.
Compositiones ad Tingenda, 185.
Constantinople, capture by Turks, 

301.
Copper, 42, 65, 66, 283, 284; early 

use, 2, 4; oxide as pigment, 37; 
ores of, 67; tinning of, 68; pre­
cipitation of by iron not due to 
transmutation, Sala, 380.

Corpuscular theory, 416, 417, 512.
Correctorium Alchemiae, 213.
Costa, Enrico Mendez da, 439.
Cours de Chymie, of Lemery, 398.
Cremer, John, 297.
Crete, 52.
Crollius, Oswald, 354.
Crusades, 230.
Crystal, 76, 89, 90.
Cullen, William, 463-464. 
Cupellation, 224, 304, 305.
Cyanos, 19, 44.

Dalton, 539.
Dante, 275.
Darmstaedter, Ernst, 279.
Daumon, 238.
Davy, Sir Humphry, 15, 460, 510, 

530, 539.
De Aluminibus et Salibus, 238, 239, 

242.
De Anima in Arte Alchemiae, 217.
De Artibus Romanorum, 219, 220.
De Natura Fossilium, 337.
De Natura Rerum, 234.
De Re Metallica, 341-345.
De Rebus Metallicis et Mineralibus, 

249.
Dee, John, 368.
Delisle, Leopold, 234.
Democritus of Abdera, 16, 25, 26, 

118-120,
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Democritus (Pseudo), 25, 26, 153- 
162, 175.

Dephlogisticated air, 490. See also 
Oxygen.

Descartes, 513.
Deussen, Paul, 105, 106.
Dictionaire de la Chymie, Macquer, 

443.
Diergart, Paul, 369.
Dieterici, Fr., 210.
Different Kinds of Air, Priestley, 

483.
Diocletian, 78, 139.
Diodorus Siculus, 16, 57, 58, 59, 

76, 77, 130.
Dioscorides Pedanus, 8, 16, 38-55, 

75, 290, 349.
Dissenius, 365, 366.
Distallation, 53, 70, 71, 298, 299, 

350, 462.
Diversarum artium schedula, 220- 

229.
Djaber, 176-181, 245, 272, 276, 277.
Doctrine of Phlogiston Established, 

Priestley, 485.
Dorn, Gerhardus, 353.
Duchesne, Joseph, 356.
Duclos, 406.
Duhamel de Morveau, 442.
Duhem, 268.
Dyeing, 13, 54, 71, 85, 86, 94-98, 

154, 155.

Eek von Sulzbach, 284, 405.
Effervescence, 401.
Egg, nomenclature of, 170, 171.
Egypt, metals in, 2-8, 56, 59; glass, 

11, 12; pigments, 13, 14; dyeing, 
71, 94; starch, 52; source of 
chemical arts, 78; weights and 
measures, 82.

Elastic Emanations, Lavoisier, 492.
Elective attraction, 478.
Electric spark in air, 498.
Electrum, 64, 266, 267. See also 

Asem; Aes; Brass.
Elementa Chemiae, Boerhaave, 431.
Elements, chemical, Hindu con­

cepts, 108; Greek concepts, 114- 
117, 122-127, 130-133, 146-149; 
Egyptian personification of, 130; 
Persian personification of, 130, 
131; Djaber, 177; Boyle, 397;

Lemery, 398-400; Lomonossoff, 
512, 513; Lavoisier, 533-535.

Elixirs, 180, 280.
Eller, Johann Theodor, 435, 436.
Emerald, imitation, 160.
Empedocles, 112, 115, 116.
Epicurus, 129.
Erastus, Thomas, 364, 365.
Eudiometer, 487, 488.
Experimenta, Lullus, 293.

Fabre, Pierre, 423.
Factitious Airs, 472.
Faithful Brothers, writings of, 210- 

214.
Faraday, M., 510, 530, 539.
Ferguson, John, 354, 356, 366, 368, 

389.
Ferment, 385.
Ferrarius. See Monk of Ferrara.
Ficinus, Marsilius, 367.
Fire-air, 457, 458.
Fixed air, 464-469, 472, 474, 481, 

482, 521.
Flame, 241, 251.
Flamel, Nicolas, 296.
Flinders-Petrie, 11.
Flos florum, 288.
Flos nitri, 254.
Flos salis, 48.
Fludd, Robert, 368.
Fontana, Felix, 487, 488.
Fourcroy, 506, 529.
Franklin, Benjamin, 481.
Furnace, portable, 437.

Gahn, 420, 454.
Galena, 63, 68.
Galileo, 393.
Garbe, R., 105, 109.
Gas, origin of word, 323, 383, 467.
Gas subtile, 467. See also Fixed 

air.
Gas silvestre, 383, 467. See also 

Fixed air.
Gassendi, 513.
Gay-Lussac, 529.
Geber. See Djaber.
Geber (Pseudo), 176, 272, 276-286, 

293, 405.
Gems, imitation, 73, 74, 90-94.
Geoffroy, Etienne Francois, 504, 

505, 509.
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Geoffroy, Stephen, 442.
George III, 484.
Gesner, Konrad, 366.
Gilbert, 509.
Gilding, 61, 62, 84.
Glaser, Christopher, 392, 398, 406. 
Glass, ancient, 11-13, 20, 21, 72, 

244; in imitation gems, 73; color­
less, 73; mosaics, 73, 186; in Com- 
positiones ad Tigenda, 186; in 
De Lapidibus, 207; Heraclius on, 
219; Theophilus on, 222, 223; 
Rhazes on, 243; Bartholomaeus 
Anglicus on, 235, 236; Agricola 
on, 345; Kunkel on, 418.

Glauber, J. R., 379, 386-389, 499.
Glycerol, 460.
Gmelin, J. F., 221, 292, 374, 413. 
Gnostics, 150.
Gold, 6, 7, 41, 56-61, 215, 225, 226, 

265, 266, 269, 305; lettering, 61, 
62, 85, 219; amalgamation, 30, 
224; tests for purity, 60, 84, 218; 
placer mining, 224, 329.

Greece, natural philosophy, 112- 
127.

Greek fires, 195-200, 333.
Green, J. R., 230, 231.
Gregory IX, 232.
Grimaux, Edouard, 537.
Guettard, 514, 515.
Guldberg and Waage, 510. 
Gunpowder, 199-202, 333.
Guyton de Morveau, 442, 504-506, 

509, 529.
Gypsum, 22, 29, 47, 68, 515.

Haematites, 21.
Haeser, H., 288.
Hales, Stephen, 413, 461-463, 466.
Haller, 467.
Harcourt, 476.
Harrison, Frederic, 480.
Hassenfratz, 529, 530.
Haureau, B., 274, 286, 287, 291, 

292.
Heat, mode of motion, 513.
Heat, material theory, 523.
Heliodorus, 169.
Helmont, Franciscus Mercurius van, 

381.
Helmont, J. B. van, 108, 379, 381- 

386; atomic theory, 417, 461, 465. 

Helvetius, Joh. Fr., 423.
Hendrie, Robert, 221, 225, 226.
Henry IV, 274.
Heraclitus, 112, 114.
Heraclius, 219, 220.
Hermes, 151, 279.
Hermetic art, 151.
Herodotus, 52, 130.
Hill, John, 21.
Hime, Lieut. Col., 201, 202.
Hoefer, Ferdinand, 221; on Ar­

nald of Villanova, 289; on Lul­
lus, 291, 292; on Quercitanus, 
356; on discovery of hydrogen, 
357; on Hollandus, 368; on Basil 
Valentine, 374, 375; on Mayow, 
413; on Boerhaave, 431.

Hoffmann, Friedrich, 429, 430, 431.
Holgen, H. J., 369, 371.
Hollandus, Isaac and John, 297, 

368-371; earliest notice 369.
Homberg, Wilhelm, 392.
Hooke, Robert, 410, 412, 461.
Hoover, H. C. and L. H., 225, 303.
Hortulanus, 297.
Huser, John, 310.
Hutchison, Dr. 468.
Hydrargyros. See Mercury.
Hydrochloric acid gas, 488, 489.
Hydrogen gas, discovery of, 357- 

363. See also Inflammable air.

Ilg, 219, 220, 221.
India glass, 12, 73; gold, 56; imita­

tion gems, 91; ink, 37; indigo, 
34; metals, 8; sakkaron, 54; 
theories of matter, 104-112.

Indicum, 34, 37.
Indigo, 34, 71.
Inflammable air, 357-363, 472-474.
Ink, 54, 55.
los. See Verdigris.
Iron, 6, 44, 52, 65, 243, 450, 451. 
Isaac Judaeus, 237.
Isidorus Hispalensis, 234, 235, 240.
T™ 1 51
Italy, 56^ 188, 191, 192.

Jagnaux, R., 358, 510.
Jean de Meun, 249.
Joannes, 203.
Johannus de Rupescissa, 296.
John XXII, 274.
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Jonson, Ben, 370.
Jorissen, W. P., 369, 370, 371. 
Judea, 52.
Julius Africanus, 195.
Juncker, Johann, 433.
Jussieu, Bernard de, 514.

Kanada, 109.
Kassiteros. See Tin. 
Kekule, August, 529. 
Kelly, Edward, 368. 
Kermes, 71.
Kerr, Robert, 535.
Khalid Ben Yezid, 175.
Khunrath, Heinrich, 368.
Kirwan, Richard, 442, 461, 476, 

506, 509, 538.
Knight, 440.
Kopp, Hermann, 48, 221, 251; 

Democritus, 152; on Arabian al­
chemists, 182; on Roger Bacon, 
261; Geber, 276, 277; Lullus, 291; 
discovery of hydrogen, 358, 361; 
Libavius, 364; Basil Valentine, 
373-375; Boyle, 393; Mayow, 
413.

Krafft, 419.
Kunkel, Johann, 392, 417-420.

Lagercrantz, Otto, 79.
Lampblack, 36.
Lane, Mr., 490.
Langlois, Ch. V., 233.
Lapis lazuli. See Cyanos.
Laplace, 506, 525.
Latent heat, 467.
Lavoisier, Antoine Laurdent, 386, 

461, 466; his life and death, 513- 
519; works, 519-539; antiphlo­
gistic philosophy, 495, 498, 523, 
538; carbon dioxide, 521, 525; 
chemical affinity, 506-509, 526, 
527, chemical elements, 533, 534; 
composition of water, 496; dis­
proof of conversion of water in­
to earth, 520; elementary trea­
tise of chemistry, 531-538; gain 
in weight of elements heated 
in air, 410, 491, 513; new nomen­
clature, 429-531; organic elemen­
tary analysis, 527-529; oxygen, 
479, 491-493, 497, 525-527.

Lavoisier, Madame, 506, 535.

Law of Boyle, 394.
Law of Marriott, 394.
Layard, 3.
Lead, 2, 5, 13, 47, 68, 166, 216, 284.
Lead chloride, 45.
Lead pipes, 38.
Le Eebre, Nicolas, 392, 398, 406. 
Lemery, Nicolas, 380, 392, 398, 401, 

502.
Lenglet du Fresnoy, 295, 298. 
Leonardo da Vinci, 366, 408.
Lepsius, 56.
Leslie, P. D., 466.
Lessing, Gotthold Ephraim, 220, 

221.
Leucippus, 112, 117, 118.
Lewis, William, 439, 440.
Libau, Andreas. See Libavius. 
Libavius, 363, 369, 389.
Libellus de Alchemia, 249, 255, 256.
Liber Distillandi, 298.
Liber de Proprietatis Rerum, 234. 
Liber Sacerdotum, 202-205.
Liebaut, Jean, 366.
Liebig, Justus, 529.
Limestone, 28.
Linnaeus, 444.
Lippmann, Edmund O. von, 4, 6, 

216, 220; on sakkaron and sugar, 
54; on Lagercrantz’s translation, 
87; alcohol, 190, 191; alchemy 
of R. Bacon, 271; Arabian knowl­
edge of sal ammoniac, 245;

Arabian alchemy, 182; flame 
definitions, 251; Heraclius, 219;
Hollandus, 369-371; metals, 
origin of, 214.

Liquation, 344.
Litharge, 63, 240. See also Molyb- 

daena.
Lithargyros, 68.
Little, A. G., 261, 262, 271.
Lodestone, 21, 207-210.
Lokk, 453.
Lomonossoff, M. W., 511-513.
Lucretius, 129.
Lullus, Raymundus, 290-293. 
Lullus R. (Pseudo), 276, 292, 294.
Lyncurius, of Theophrastus, 21.

Mabilleau, L., 109, 110, 117.
MacBride, David, 467-469.
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Macquer, Pierre J., 442-444, 386, 
440, 538.

Madder, 71.
Magellan, 526.
Magia Naturalis, 349.
Magic, 100-103.
Magnes, 20, 72.
Magnesia, 253, 441, 463.
Magnetis Lithos. See Magnes.
Malachite. See Chrysocolla.
Maltha, 70, 200.
Mandragora, 54.
Mangetus, Bibliotheca Chemica 

Curiosa, 423.
Mappae Clavicula, 187-195.
Marchasita, 253.
Marcus Graecus, Book of Fires, 

195-199, 334.
Marggraf, Andreas Sigmund, 435, 

438-442, 538; beet sugar, 441, 
442; gypsum analysis, 515; in­
crease in weight of burning phos­
phorus, 440; separates magnesia, 
440.

Marl, 348.
Maria the prophetess, 151.
Marine acid air, 488, 489.
Matter, constitution of, in Theo­

phrastus, 18; ancient theories, 
104-134; Hindu, 105-111; Plato 
and Aristotle, 149; Glauber, 387; 
Boyle, 396; Becher, 421; Lomo­
nossoff, 512.

Mayer, Michael, 368.
Mayow, John, 392, 412-417, 462, 

513.
“Medicines,” in Geber, 280; in 

Roger Bacon, 270.
Menschutkin, B. N., 511.
Mercurius calcinatus, 490.
Mercury, 7, 18; specific gravity, 

29, 30; distillation of, 44; Pliny 
on, 64; amalgamating gold, 30, 
61, 224; origin of, 242; as non- 
metal, 213.

Mercury trough, 535.
Merrifield, Mrs., 219.
Metals, source of word, 7; imita­

tion of precious metals, 156, 157; 
classification of, 8, 9, 56, 241; 
constitution and origin, 211-214, 
241, 242, 280; gain in weight 
when roasted, 284, 392, 405-407, 

410, 414, 428, 435, 492, 513, 520; 
mortification of, 314; Pliny on, 
55-68: preparation of, 59, 223, 
224, 283; related to planets, 8, 9; 
transmutation of 135-137, 162- 
166, 169, 247, 418, 432.

Methode de Nomenclature Chi­
mique, 529.

Meusnier, 528.
Middle Ages, chemistry of, 184-229. 
Miltos, 19.
Minerals, genesis and classification, 

210-214, 242, 452.
Mineral acids in Geber, 282. 
Mining of gold, 56-60.
Minium, 29-32, 35, 44, 64. See also 

Red lead; Cinnabar.
Mirandola, Giovanni Pico della, 367. 
Mirror of Alchemy, 271.
Misy, 44.
Mohammedan conquest, 141, 142. 
Molybdaena, 44, 68.
Monge, 506.
Monk of Ferrara, 295.
Mordants, 71, 94, 95.
Morhof, 221.
Mortars and cements of Vitruvius, 

28.
Morveau. See Guyton; Duhamel. 
Mosaics, 73.
Moses, 151.
Mosso, Angelo, 2.
Muir, M. M. P., 202, 271, 510.
Muller, Max, 105.
Mundatio of Geber, 281.
Muratori, 185.
Murex, 36, 71.

Naphtha, 52, 70.
Natural philosophy, Greek, 112-127.
Nedelic, Herve, 274.
Neoplatonism, 140, 367.
Neri, Antonio, 370.
Neumann, Caspar, 433-435.
Newton, Sir Isaac, 500-502.
Nigello, 227, 228.
Niter, 254.
Nitric acid, 306, 454.
Nitric oxide, 486, 487.
Nitroaerial spirit, 414, 415.
Nitrogen, 476, 498.
Nitron. See Nitrum.
Nitrous air, 486, 487.
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Nitrous substance in air, 413.
Nitrum, 50, 236, 240, 253, 254.
Nomenclature of Lavoisier, 529-531.
Norton, Thomas, 297.
Nous of Anaxagoras, 117.
Occult philosophers of sixteenth 

century, 367.
Oil of bricks, 197.
Oil of eggs, 204.
Oleum siculum, 52.
Oleum vitri, 251, 252.
Olympiodorus, 8, 9, 169.
Oppert, 8.
Opus Majus, of R. Bacon, 258, 261, 

266.
Opus Minus, 258, 266.
Opus Tertium, 258, 262, 265, 268.
Organic elementary analysis, 528.
Orichalcum. See Aurichalcum.
Orpiment, 19, 29, 46.
Ortulanus, Richard, 296.
Ostanes, 151.
Ostrum, 35.
Ostwald, Wilhelm, 510.
Ouroboros, 165, 166, 171,172.
Oxygen, preparation of, 456-458, 

490-494; Hales, 462; Bergman, 
478, 479; oxygen blast lamp, 
525, 526; relation to acid, 523; 
name given by Lavoisier, 523.

Paints. See Pigments.
Palissy, Bernard, 302, 346-349.
Papyri from Thebes, 78, 79; papy­

rus X of Leyden, 79-86; Papyrus 
Graecus Holmiensis, 79-81, 86- 
100.

Paracelsists, 353-357.
Paracelsus, life, 308-310; work, 310- 

328, 302; on alcohol, 192; on 
alchemy, 324, 325; hydrogen, 358- 
360, 351, 367, 369, 383.

Paulze, M., 516, 518.
Pearls, 87, 89, 90.
Pebechios, 169.
Pelagios, 169.
Penidium, 193-195.
Penotus, B. A., 368.
Pepys, W. H., 470.
Perfumes, 23, 24.
Perneb, tomb of, 13.
Persia, 101, 102, 130, 141.
Petrarc, 275.

Petroleum industry, 53. See also 
Maltha.

Petrus bonus, 277, 285, 287, 293- 
296.

Philalaos, 115.
Philaletha, 423.
Philosopher’s stone, 170.
Phlogiston, Stahl, 422; theory, 425- 

430; Neumann, 434, 435; Berg­
man, 450-452; Cavendish, 474; 
Kirwan, 506; Black, 466; Lavoi­
sier, 495; Lomonossoff, 513; 
Priestley, 538.

Phlogistonists of eighteenth cen­
tury, 442.

Phosphorus, 418-420, 440, 491.
Pigments, ancient, analyses, 13-15; 

in Pliny, 37, 68, 69; Vitruvius, 
29-37; Theophilus, 222.

Pirotechnia, of Biringuccio, 329- 
334.

Placcius, Vincent, 374.
Plants, Enquiry into, 22.
Plaster of Paris, 22.
Plastering of wines, 47.
Platearius, Matthaeus, 193, 235.
Platina del Pinto, 439.
Platinum, 438-440.
Plato, 16, 17, 112; his natural 

philosophy, 120-123; his Timaeus, 
143-149, 218.

Plinius Secundus, 5, 9, 16, 24, 82; 
on recovery of gold by amalgama­
tion, 30; on chrysocolla, 33; 
coeruleum, 34; confuses usta and 
minium, 35; pigments, 37, 69; 
life, 40; on Democritus, 25, 26; 
chemistry of, 40-76; on imitation 
gems, 90; on magic, 101-103; the 
four elements, 132; on glass, 72, 
244; electrum (amber), 267.

Plumbago, 437.
Pneumatic chemistry, 461.
Pneumatic trough, 535.
Poisons, Dioscorides on, 54. 
Pompholyx, 45, 46.
Pope Clement V, 287.
Porta, Giovanni Baptista, 349.
Potassium carbonate. See Nitrum. 
Pott, Johann Heinrich, 435, 436, 

437.
Pottery, 13.
Powders, explosive, 198-202.
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Pozzuolan, 28.
Pretiosa Margarita Novella, of Pet­

rus Bonus, 293.
Price, Dr., 482.
Priestley, Joseph, 442, 461, 468, 

476-478; life, 479-498; Fellow of 
Royal Society, 481; Copley 
medal, 481; reception in America, 
485; as discoverer of oxygen, 
479, 521; priority in oxygen 
preparation acknowledged by 
Lavoisier, 526; oxygen blast, 526; 
opponent of antiphlogistic philos­
ophy, 537, 538.

Pringle, John, 481.
Probierbilchlein, 302-308.
Proust, 539.
Prussic acid, 460.
Pseudo-Avicenna. See Avicenna.
Pseudo-Democritus. See Democri­

tus.
Pseudo-Geber. See Geber. 
Pseudo-Lullus. See Lullus. 
Pyrites, 44.
Pythagoras, 112, 114, 115.
Quantitative analysis, 448. 
Quercetanus, See Duchesne. 
Quicklime, 47.
Quicksilver. See Mercury.
Rammelsberg, 14.
Ray, P. C., 8.
Reagents, analytical, 447-448.
Realgar, 19, 29, 46.
Redkm-Lager, 11.
Redi, Francisco, 424.
Red lead, 491. See also Minium.
Reformation, Protestant, 301.
Retzius, Andreas Johann, 453.
Reuchlin, 367.
Rey, Jean, 408-410, 461.
Rhazes, 238, 277.
Rhazes (Pseudo), 181, 242.
Rhousopoulos, A. 0., 14.
Richardus Anglicus, 213.
Richter, J. B., 539.
Ripley, George, 297.
Rock splitting, 57.
Rolflnck, Werner, 379.
Rosarium, 289.
Rose, Valentin, 205, 233, 253.
Rosicrucians, 423.
Rouelle, Guillaume F., 442.

Rubiflcare, 269.
Ruska, Julius, 205.
Rutherford, Daniel, 476.

Sagimen vitri, 281.
Sakkaron, 53-54.
Sal. See Salt.
Sala, Angelus, 379, 380.
Sal alcali, 281.
Sal ammoniac, 380.
Sal armoniacum, 250-251.
Sal harmonicum, 240.
Sal petrosum. See Salt-peter.
Salt, 47-49, 239, 240, 281.
Salt, ammoniacal, of Pliny and Dio- 

seorides, 48, 49.
Saltpeter, 198, 199, 334, 344, 517.
Sal volatile, 489.
Sandarach, 19, 29, 46.
Sandoval, 287.
Saussure, 529.
Scaliger, Julius, 406, 438.
Sceptical Chymist, 394-398.
Scheele, Karl Wilhelm, 420, 442, 

444, 453-460, 509, 538; discovery 
of oxygen, 456-458, 479; phlogis­
ton and hydrogen, 476; composi­
tion of water, 497.

Scheele’s green, 460.
Scheffer, 439.
Schelenz, H., 358, 371.
Schliemann, 3.
Schmieder, Karl C., on Arnald of 

Villanova, 287; on the Monk of 
Ferrara, 295; lists of pseudony­
mous writings, 296; on Hortu- 
lanus, 297.

Science, experimental, 260, 261.
Sendivogius, Michael, 368, 423.
Seneca, 26.
Sennert, Daniel, 379, 380-381, 417.
Serpent, Ouroboros, 165, 166, 171, 

172.
Setonius, Alexander, 368, 423.
Sextius Niger, 40.
Shelburne, Lord, 482, 483, 491.
Siebenfreund, Sebastian, 368.
Signatures, doctrine of, 354.
Silver, 7; in Pliny, 62-64; blacken­

ing of, 63; two kinds of, 63; 
test of purity, 63, 64; amalga­
mation of, 332, 333; liquation, 
344.
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Silver-lead, 67.
Societies, learned, 392.
Soda water, 468.
Sodium acetate, 51.
Sodium carbonate. See Nitrum; 

Sagimen vitri; Sal alcali.
Spain, 56, 62, 142.
Spanish gold, 228.
Speculum Alchemiae, 271.
Speculum Majus, 238.
Speculum Naturale, 238-248.
Speter, Max, 512.
Spirits of niter, Scheele’s, 454.
Spiritus fumans Libavii, 364.
Spodos, 44.
Spuma or spumus, 240.
Spuma nitri, 240.
Stahl, Georg Ernest, 425-430.
Stannum, 5, 68.
Starch, 52.
Starkey, George, 423.
Steel, 6.
Steele, Robert, 234.
Stephanus of Alexandria, 169.
Stimmi, 46-47.
Strabo, 60, 130.
Street lighting, 515.
Strong waters (Probierbiichlein) 

306-307.
Styptaria. See Alum.
Succinic acid, 355.
Suecudus, 255.
Suchten, Alexander von, 354, 375.
Sudhoff, Karl, 327, 369.
Sugar, 54, 194, 195; Platearius, 

193, 194; Bartholomaeus Angli- 
eus, 236, 237; Sala, 380; Beet 
sugar, 441, 442; analysis, 528.

Sulphur, 69, 70, 242, 491.
Sulphur dioxide, 490.
Sulphuric acid, 306, 307, 380, 536.
Sulzbach, Eek von. See Eek von 

Sulzbaeh.
Summa Perfectionis, Geber, 279.
Sylvius De Le Boe, 379, 389-391, 

401.
Synesius, 25, 169.
Synopis, 19.
Syrian schools, 141.

Tables of affinities, 504-508.
Tabula Smaragdina, 297.

Taehenius, Otto, 379, 389, 391, 392, 
402, 406.

Tel-el-Armana, 12.
Tello in Chaldea, 2, 11.
Terra pinguis, 422.
Testamentum, of Lullus, 292.
Thales, 108, 112, 113.
Theatrum Chemicum, 297.
Theatrum Chemicum Brittanicum, 

298.
Thenard, 529.
Theodosius, 139.
Theophilus Presbyter, 220, 303.
Theophrastus of Eresus, 15, 17-25.
Thesaurus Thesaurorum, Arnald, 

289.
Thblden, Johann, 354, 372, 375.
Thomas Aquinas, 274, 294.
Thomas de Cantempre, 234.
Thomson, Thomas, on Boerhaave, 

431, 432; Cavendish, 470; Cul­
len, 463, 464; Lullus, 292; Para­
celsus, 327; the Rosarium, 289.

Thorndike, Lynn, 233, 249.
Thomer, Matthew, 480.
Thorpe, T. E., 480, 486.
Thurneysser, Leonard, 355.
Tilden, Sir William A., 470.
Tiles, mosaic, 74.
Timaeus, of Plato, 123, 143-149.
Tin, 4, 5, 46, 67, 68, 84.
Toch, Maximilian, 13.
Touch needles, 304.
Touchstone, 304.
Toxites, Michael, 353.
Tria prima, 319-322, 376-378, 382, 

421.
Traite ftlementaire, of Lavoisier, 

531-538.
Transmutation of metals. See 

Metals.
Trithemius, Johann, 248, 367.
Triumphal Chariot of Antimony, 

375.
Tucia or Tuchia, 255, 267.
Turquet de Mayerne, 356-363, 473.
Tyrian purple, 36.

Ulsted, Philip, 249, 297.
Universities, 230, 300, 301.
Ure, Dr., 14.
Usta, 35.
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Van Helmont. See Helmont.
Van’t Hoff, 510.
Vegetable Staticks, of Hales, 462.
Venice, Council of, 274.
Verdigris, 20, 34, 35, 91.
Villanova. See Arnald of Villa­

nova.
Vincent of Beauvais, 202, 218, 221, 

232, 237-248, 272, 277, 296; tests 
of gold, 218; falsity in alchemy, 
247; electrum, 267.

Vinegar, 51, 57, 282.
Virchow, 11.
Vitriol, 186.
Vitruvius Pollio, 27-38, 16, 26; 

amalgamation of gold, 30; chry­
socolla, 33; coeruleum, 34; lamp 
black, 36; foul air in wells, 37, 
38; lead water pipes, 38; venti­
lation of wells, 77; four elements, 
131.

Volatile spirit of sal ammoniac, 489.
Volatile vitriolic acid, 490.

Wallerius, J. G., 444.
Walnuts, 71.
Walsh, J. J., 258.
Water, 75-77; petrifying property, 

75; wholesomeness, 76; poisonous 

vapors in wells, 76; sterilization, 
77; as original element, 113; 
Plato’s use of term, 147; solvent 
waters, 282; Helmont’s theory of, 
382; analysis of, 446; composi­
tion of, 495; water controversy, 
495, 496; conversion into earth, 
520.

Water bath, 25, 52, 284.
Water supplies, 38.
Watson, Dr. W., 439.
Watt, James, 496.
Way, Albert, 187.
Weil, G., 276.
Wenzel, 505.
White lead, 19-20, 35, 45, 68.
Wilcke, J. C., 467.
Wilkinson, Gardner, 11.
Willis, Thos., 392, 410, 412. 
Wilson, George, 470, 471, 472. 
Wines, 47, 55, 74, 75.
Withington, E., 272.
Wood, Charles, 439.
Wollaston, 440.

Zacchaire, Denis, 368.
Zeno, 139.
Zinc, 9-10, 45, 317-319.
Zosimos, 136, 162-168, 173.
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