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in films of N-benzylideneaniline in PMMA matrix
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In this paper, we present a study of the photoinduced processes in films of N-benzylideneaniline
incorporated in a polymethylmethacrylate (PMMA) matrix both by spectrophotometric and holo-
graphic methods. Photodichroism of the order of AD = 0.15 is induced in the films by polarized
UV light at room temperature. We are also able to record stable holographic gratings in these
materials for the first time to the best of our knowledge.
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1. Introduction

Polarization holography has been a field of intensive research during the last three
decades since ToDOROV et al. [1] established in 1984 the possibility to record high-
-efficient polarization diffraction gratings in azobenzene materials. In contrast to
conventional holography, where the intensity and phase of an object beam are recorded
using a second beam as a reference, in polarization holography also the polarization
state is recorded on a suitable medium [2].

Numerous materials have been studied by researchers all over the world oriented
towards different applications — understanding the mechanism of the recording [3, 4],
formation of surface relief structures [5—11] and chiral structures [12—16], recording
polarization holographic gratings and optical elements with specific polarization
properties [17-21] and last but not least — for reversible optical storage of information
[4, 22-26].

In most of these studies though the wavelength of the recording laser is from
the visible part of the spectrum, usually at 488 nm or 514 nm. This is related with
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the sensitivity of the materials used, mainly azo-dyes or azopolymers. On the other
hand, it is well known that reducing the wavelength allows the density and capacity
of optical storage media to be increased. Therefore, we focus our attention in this paper
on investigating materials with absorbance in the UV, which at the same time have
structure similar to the azobenzene compounds, namely the N-benzylideneanilines.

N-benzylideneanilines (NBA) are imines-type compounds. They have two aromatic
rings linked by a —C=N- bridge. Just like the azobenzenes and stilbenes they have
two isomeric forms: trans-NBA and cis-NBA. They absorb in the UV region of
the spectrum with the absorption extending into the visible region. The photoinduced
processes and, in particular, the trans—cis photoisomerization play an important role
in the investigations on N-benzylideneaniline structure [27-33]. It has been estab-
lished that on exposure to UV light NBA undergoes cis—trans isomerization about
the carbon—nitrogen bond with the frans isomer being stable in the dark, yielding
the cis isomer on exposure to light. The kinetic properties of this process have been
studied and the lifetime of the cis isomer was estimated to be of the order of 1 sec at
room temperature [27, 28]. Hence NBA is representative of a group of compounds
which can apparently undergo trans—cis—trans isomerization and as a result, reorient
perpendicularly to the polarization of the exciting light. Therefore, these materials are
possible candidates for polarization holographic storage.

The main objective of this paper is to study the photoinduced processes, in
particular, the photoinduced anisotropy in N-benzylideneaniline incorporated in
a polymethylmethacrylate (PMMA) matrix. We are looking for optical storage
materials sensitive to UV light and transparent in the visible range. It is expected that
anisotropy can be induced in these materials due to the difference in the optical
properties of the trans isomer in different directions. As a result, we demonstrate
the possibility to record a stable holographic grating in NBA by UV laser at 257 nm.

2. Materials and methods

The material used in our study is N-benzylideneaniline incorporated in a poly-
methylmethacrylate matrix (NBA/PMMA). The chemical structure of the NBA is
given in Fig. 1.

The N-benzylideneaniline may isomerize by —C=N- bond torsion (&) and by
a mechanism that involves the inversion of the CNC bond angle (¢) at one of
the nitrogen atoms via a semi-linear transition state [30, 33]. In our experiments,
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Fig. 1. Chemical structure of the N-benzylideneaniline (NBA).
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the N-benzylideneaniline was added to a solution of polymethylmethacrylate (5%)
in chloroform. The NBA concentration with respect to the PMMA is 1:1 wt%.
The samples were dried for one week at room temperatures for elimination of residual
solvent. Films with thickness about 0.5 pum were obtained by solution casting onto
clean quartz substrates for the spectrophotometric investigation and onto glass plates
for the holographic experiments.

Sample

UV laser (257 nm)

HWP PBS PoL

Probe laser
(635 nm)

Fig. 2. Optical set-up for the holographic experiments. PBS — polarization beam splitter, HWP — A/2 plate,
QWP — 1/4 plates, M — mirrors, POL — linear polarizer, D — photodetector.

Linearly polarized light from a high pressure mercury lamp (HBO 200 with
Amax = 365 nm) was used to induce isomerization in the NBA/PMMA films. The light
intensity at the surface of the samples was 0.05 mW/cm?. The illumination was
done directly with the lamp. The polarization of the beam was at 45° with respect
to the horizontal. The spectral measurements were carried out with a Cary SE
(UV Vis NIR) spectrophotometer. For the holographic experiments a frequency dou-
bled Ar" laser was used with wavelength 4 =257 nm. The optical set-up in this case
is shown in Fig. 2. Using a half-wave plate (HWP) followed by a polarization beam
splitter allows us to control and equalize the intensity of the two beams. Introducing
the quarter-wave plates (QWP) in the optical scheme varies the polarizations of
the recording beams from linear to circular.

3. Experimental results

In Figure 3, we compare the absorption spectra of films of N-benzylideneaniline
incorporated in a polymethylmethacrylate matrix (NBA/PMMA) before and after
a 2-hour exposure directly with mercury lamp with light intensity 0.05 mW/cm?. Both
non-irradiated and irradiated films are measured through polarizer oriented parallelly
and perpendicularly to the exciting light polarization direction. For the non-irradiated
films the two measurements coincide and are equal to D, — the optical density before
illumination. The absorption maximum is about 255 nm. The corresponding optical

densities after the exposure differ and are denoted as D, and D
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Fig. 3. Photoinduced changes in the absorption of the NBA/PMMA film. D, — the optical density
before the illumination, D, and D, — the polarized spectra after 2 h exposure with mercury lamp,
1=0.05 mW/cm? (a); relative change of the optical density: (D, — Do)/ Dy = AD/Dy (b).

Most significant changes are seen in the maximum of the absorption spectrum in
NBA/PMMA films, mainly of the trans-band. The maximal photoinduced dichroism
of the sample was AD =D, — D, = 0.15, which coincides with the absorbance
maximum of the trans-molecules (about 255 nm). The relative dichroism is also
shown in Fig. 3b and as seen, it does not vary significantly over the entire absorbance
band. The effect is also stable in time — we did not observe considerable changes in
the photoinduced dichroism AD in a NBA/PMMA films during one month following
the exposure.

Along with the dichroism, birefringence is induced in the samples on illumination
with polarized light from the mercury lamp. Using a He-Ne laser we measured
the photoinduced birefringence (An) at A= 633 nm, outside the absorption band.
For the NBA/PMMA films we obtained An = 3x10~%. This value is small because
the illumination was done with relatively low light intensity.

Further we investigated the possibility for holographic storage in the NBA/PMMA
films using a frequency doubled Ar" laser at 257 nm. As shown in Fig. 2, the laser
beam was split in two beams with orthogonal linear polarizations by a polarization
beam splitter. In some of the experiments each of the beams passed through QWP and
their polarizations were converted to circular. The half-angle between the recording
beams was 8° (corresponding to a grating with 540 lines/mm).

Depending on the recording polarizations, two types of experiments were
conducted: i) with two waves with the same polarization (leading to modulation only
of the intensity of the interference light field) and ii) with two beams with orthogonal
polarizations (leading to modulation of the polarization only, but not the intensity of
the interference light field). The total light intensity in all these cases was approx-
imately 160 mW/cm?. The recorded holographic gratings were probed by a red laser
beam. In Figure 4, the time evolution of the diffraction efficiency in the +1 order of
these two gratings is shown. As seen from the figure, the maximum efficiency of
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Fig. 4. Time evolution of the diffraction efficiency of the holographic grating recorded in NBA/PMMA
films by a frequency doubled Ar' laser, A= 257 nm, /=160 mW/cm? with two beams with: the same
circular polarizations (a) and orthogonal linear (s-p) polarizations (b).

the polarization grating (about 1.1%) is more than two times higher than the efficiency
of the intensity grating (0.47%). They are stable for a long time after the exciting light
is switched off.

4. Discussion

In this paper, we present the results from the spectral investigation of the photoinduced
anisotropy in films of N-benzylideneaniline incorporated in a polymethylmethacrylate
matrix. Following the exposure to polarized UV light, significant dichroism was
induced in the absorbance maximum (the main trans-band) and though being smaller
is also noticeable in the region of the cis-band (about 235 nm and 315 nm). MAEDA
and FiscHER [31] also investigated UV irradiation of solution of the trans-isomers at
reduced temperature. This resulted in extensive (80%—90%) conversion of the trans-
-isomers into cis-isomers. The process was found to be reversible both thermally and
photochemically. In this case, the cis-isomers were stable only at low temperatures
(less than —80 °C).

As seen in Fig. 3, the observed changes in the absorption in our experiments are
anisotropic if the illumination is done with polarized UV light at wavelengths absorbed
by both trans- and cis-isomers. It is well known that the cis molecules are not stable
at room temperature and the cis—trans isomerization is very rapid [31-33]. Hence, it
might not be necessary to use an optical-pumping scheme to reorient the molecules
back to trans state and one can use the strong m—m* transition at 310 nm for
the absorption and reorientation [33]. After the exposure the absolute value of
the optical density for light polarized orthogonally to the exciting light polariza-
tion (D) increases mainly in the trans-band region (Fig. 3a). Therefore, we believe
that the trans-isomers are reoriented into directions perpendicular to the exciting light
polarization, similarly to the photoprocesses in azobenzene and stilbene molecules.
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The absorption spectra after the illumination remain stable in darkness or on exposure
to normal daylight. There are not detectable changes in them during the following
month.

We have also recorded for the first time stable holographic gratings in NBA/PMMA
films. In order to compare conventional holographic recording (where only the intensity
of the light field is modulated) to pure polarization recording (where only the polariza-
tion is modulated), we used different combinations of polarizations of the recording
beams. Initially, we recorded a set of conventional holographic gratings — with parallel
linear polarizations (s-s and p-p) and with circular polarizations with the same
handedness. They showed similar behavior and close maximal values of the diffraction
efficiency, the one recorded with same circular polarizations showing the highest
efficiency. Afterwards we recorded a sequence of pure polarization gratings, again
with similar dynamics and highest value of the diffraction efficiency for the case of
orthogonal linear (s-p) polarizations. In this case we have also measured the polari-
zation of the first order diffraction beam and established that it has polarization
orthogonal to the zero order beam.

The conclusion is that the diffraction efficiency of the gratings recorded by
modulation of the polarization of the interference pattern (Fig. 4b) is higher than
the efficiency of the ones recorded by modulation of only the intensity of the field
(Fig. 4a) and therefore these materials are more sensitive to polarization recording
than to conventional holographic recording. Most probably the diffraction at 633 nm
can be further increased by modifying the chemical structure of the photosensitive
compound or alternatively increasing the intensity of the recording beams.

The shape of the curves in Fig. 4 can be attributed to the presence of “fast” and
“slow” processes as observed in azopolymers [34], where the growth of birefringence
is described by biexponential functions. The “slow” process may also have certain
exposure threshold and is activated after the “fast” one has achieved saturation.

We believe that the NBA/PMMA films could be used for fabrication of optical
elements in the visible range.

5. Conclusions

In summary, we have obtained considerable photoinduced dichroism in the absorption
spectra of PMMA films containing N-benzylideneaniline on illumination with polar-
ized UV light. We believe that the exposure leads to reorientation of the rans-isomers
into direction perpendicular to the exciting light polarization in a way similar to
the azobenzene and stilbene compounds. We have also recorded stable holographic
gratings in these films and showed that the diffraction efficiency of the polarization
gratings is higher than of the intensity ones.
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