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The method of preparation of thin triple composite films of organic polymer-chalcogenide-photochromes is described, and
some features of photo induced changes of optical properties and holographic recording in this system are studied.

Films of composite were obtained from solutions of arsenic sulphide and organic polymers, such as “Disperbyk” (produced
by BYK-Chemie GmbH) and polyvinylacetate in organic solvents. The azobenzene DR-1 and spiropyran solutions were added
in this mixture. The films were obtained by casting the material on glass or quartz substrate. The dry film thickness was in the
range of 3-10 pum.

The changes of absorption spectra of the films induced by UV (248, 325, and 375 nm) laser light were studied and analysed.
The holographic recording of diffraction gratings was performed by different laser lines (325, 442, and 532 nm). During
recording the diffraction efficiency was measured simultaneously in transmission and reflection mode. The formation of relief
on the film surface was observed and the profile of the gratings was analysed by atomic force microscope. The influence of
photoisomerization and photo induced mass transport on the surface-relief formation process has been discussed.

Keywords: arsenic sulphide, Disperse Red 1, spiropyran, polymer-photochrome composite, polymer-photochrome-chalcogenide

doi:10.3952/lithjphys.50110

composite, holographic grating

PACS: 78.66.5q

1. Introduction

The thin films of chalcogenides are well known as
recording media and widely applicable for a long time
in different areas for storing and reproducing informa-
tion. The selective etching of the films is used very
often, too. In this work we propose the chalcogenide
materials as a system for direct relief formation under
illumination of light without selective etching process.

Recently some publications have been devoted to
studies of this process in chalcogenide films, in particu-
lar at holographic recording [1, 2]. The analysis of these
works shows that relief formation in the pure chalco-
genide films possible at the high value of exposition (ap-
prox. 5 kJ/cm? and higher). We supposed that direct
relief formation would be possible at a lower exposition
if the composite material on chalcogenide and polymer
base were used. Such materials already have been used
for holographic recording [3].

The thin film of composite can be treated as a ho-
mogeneous photoresist from the engineering viewpoint
and so we can study its absorbtion spectra. But chem-
ically, the composite is a solid dispersion of chalco-
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genide particles in polymeric matrix. In previous work
we have shown the difference in chemical composition
of illuminated and non-illuminated areas of the com-
posite [4]. In our opinion, the interaction of electric
field and chalcogenide particles leads to mass trans-
port in the films. It is possible that the radiation effect
is changing the structure of chalcogenide particles and
varies their dipole moment as a result. So the stress and
the particles’ movement appear in the film.

We assumed that a photoresist of another type with
large difference between dipole moment of illuminated
and non-illuminated state may activate the mass trans-
port in the composite and thus increase the difraction
efficiency of the grating. Organic photochromes can be
such additives. Besides, the direct relief formation was
observed in the photochrome-polymer films [5, 6].

There are many different types of organic pho-
tochromes. Figure 1 shows two types of them and
their photoisomerization. Disperse Red 1 (DR1) is
azobenzene compound and its mechanism of photoiso-
merization can be described as cis—trans recombination
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Fig. 1. Disperse Red 1, spiropyran, and mechanism of their photoisomerization.

relatively to the N=N bond. The dipole moments of cis-
and trans-form are 6 and 9 D correspondingly [6].
Spiropyran has another photoisomerization mecha-
nism: tautomerization to photomerocyanine form. The
dipole moments of spiropyran and photomerocyanine
are more different — 7.5 and 13.6 D correspondingly
[6]. This difference was the reason why we chose the
spiropyran as one of the additives for the composite.

2. Experiment

There are some problems in preparing the optical
homogeneous composites chalcogenide—polymer. Low
solubility of chalcogenide in organic solvents and poor
compatibility with majority of polymers limits the pos-
sibility of production of a wide band of composites.
Very often the coagulation of chalcogenide particles
takes place at composite film drying and it leads to
preparation of composite film with high coefficient of
optical scattering. To improve the optical transparency
of films the polar copolymer Disperbyk-161 (produced
by BYK-Chemie GmbH) with free amine groups (an
additive for prevention of pigment coagulation) was
used. Using this polymer the transparent films of com-
posite with the concentration of AsyS3 up to 60 wt %
in relation to the polymer were obtained. Originally
Disperbyk-161 was planed to be used as a uniform poly-
mer for all composites, but the dry film spiropyran—
Disperbyk-161 made was not optical homogeneously.

The crushed arsenic sulphide was dissolved in a mix-
ture of organic solvents (N,N-dimetylformamide and
diethylamine 9:1 (wt) accordingly). Dissolution took
place in a conical retort at interfusion magnetic mixer
at room temperature during a few days. 10 wt% so-
lution of arsenic sulphide was mixed with 30 wt % so-
lution of polymer Disperbyk-161 (a solvent is mixture
of methoxypropylacetate and butylacetate 6:1 (wt) ac-
cordingly) in such proportions that after film drying on

substrate the mass part of arsenic sulphide was 28, 40,
50, and 60 wt %.

Disperse Red 1 delivered by Aldrich, CAS 2872-52-
8 was chosen. The powder of DR-1 was dissolved in
N,N-dimetylformamide at room temperature. 10 wt %
solution of DR-1 was mixed with 30 wt % solution of
polymer Disperbyk-161 and with solution Disperbyk-
161 + AsyS3 in such proportions that after film dry-
ing on substrate the mass part components were 5 wt %
DR-1 + 60 wt % Disperbyk-161 and 5 wt% DR-1 +
35 wt % As2S3 + 60 wt % Disperbyk-161 accordingly.

The spiropyran (by Aldrich, CAS 1498-88-0) was
dissolved in chloroform at room temperature. A 5 wt %
solution of spiropyran was mixed with poly(vinyl bu-
tyral-co-vinyl alcohol-co-vinyl acetate) M,, = 50 000—
80000 (GPC) (CAS 27360-07-2), poly(vinyl acetate)
M, = 500000 (CAS 9003-20-7), and poly(methyl
methacrylate) My, = 350000 (CAS 9011-14-7) dis-
solved in chloroform. The solutions were mixed in such
proportion that after drying the mixtures on a substrate
the concentration of spiropyran in the polymer would
make 5 wt %. Also, to the solution with spiropyran and
poly(vinyl acetate) there was added 10% AsoS3 solu-
tion in organic solvents (as described above), in such
a proportion that after drying the mixtures on a sub-
strate the concentration of arsenic sulphide in the com-
posite would be 1 wt %. For studying the transmission
spectra of composite in the UV region in more detail,
a composition with a 1 wt % spiropyran concentration
in poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate)
was prepared.

Fabrication of films from composites’ solutions were
performed by company BYK Gardner GmbH applica-
tor, the thickness of liquid layer was 30, 60, 90, and
120 pum. Glass and quartz plates were used as a sub-
strate. For the improvement of moistening the surfac-
tant was added to solution of As2S3 and Disperbyk-161
(less than 0.01 wt %) before application. The AsySs
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films were dried in oven at a temperature of 303 K dur-
ing 3040 min. The films which contained DR-1 were
dried in oven at a temperature of 423 K during 3 h. The
films which contained spiropyran were dried in oven at
a temperature of 423 K for 30 min.

The thickness of dry films was 1.5-9 um, determined
by the Veeco Dektak 150 surface profiler.

For all films, including the film of pure polymer and
pure arsenic sulphide, the spectra of transmission were
measured by the Ocean Optic HR4000CG spectrome-
ter. Measurement of pure organic polymer and spiropy-
ran containing films’ transmission spectrum was per-
formed with the films on quartz substrate.

The holographic gratings with a period of A = 1 um
were recorded by two symmetrical laser beams of equal
intensity with linear horizontal polarization (p—p). For
AssS3 and DR1 containing films lasers with wavelength
442 and 532 nm and beam intensity 0.79-0.86 W /cm?
were used. The readout of transmission diffraction ef-
ficiency was made at the Bragg angle using a semicon-
ductor laser beam of 640 nm (for recording laser with
442 nm wavelength) and 673 nm (for recording laser
with 532 nm wavelength). The second order maximum
of recording beam was used for reflection diffraction ef-
ficiency measurement.

For spiropyran containing films the holographic grat-
ings with a period of A = 1 um were recorded by two
symmetrical laser beams of equal intensity with linear
horizontal polarization (p—p), using 325 nm (beam in-
tensity 2x1.8-107* W/cm?) and 532 nm (beam inten-
sity 2x1.4-1073 — 2x4.2-1072 W/cm?) lasers. The
readout of transmission diffraction efficiency was made
at Bragg’s angle using a 640 nm semiconductor laser
beam (for the 325 nm recording laser) at the 2nd order
maximum of recording beam (for the 532 nm record-
ing laser). Immediately before recording by the 532 nm
laser, the samples were illuminated by a 375 nm laser
beam (intensity 0.01 W/ cm?) for 5 min.

After recording, the surface relief of the samples was
analysed by atomic force microscope (AFM).

For relief formation studying, the films of composi-
tions 5 wt % DR-1 + 60 wt % Disperbyk-161 and 5 wt %
DR-1 + 35 wt % As2S3 + 60 wt % Disperbyk-161 were
irradiated by cylindrical-lens-focused laser beam with
532 nm wavelength and intensity of 11 W/cm?. The
focussed light spot linear sizes were 3454 x25 pm?.
The profile of irradiated area was studied with a profiler
Veeco Dektak 150.
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Fig. 2. Dependence of transmission spectra of As2S3/ Disperbyk-
161 composite films on As2S3 concentration.
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Fig. 3. Dependence of transmission spectra of the composite films
on As2S3 presence.
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Fig. 4. Dependence of transmission spectra of the composite films
on As2S3 presence.
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Fig. 5. Transmission spectra of spiropyran-poly(vinyl butyral-co-
vinyl alcohol-co-vinyl acetate) composite before (black line) and
after (faltering lines) illumination by different UV-lasers (£ =

0.36 J/cm?).
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Fig. 6. Reflection (measured at 442 nm) diffraction efficiency de-
pendence on recording exposition (recording laser 442 nm). Poly-
meric matrix is Disperbyk-161.

3. Results and discussion

Figures 2—4 show transmission spectra of studied
compositions: arsenic sulphide/ Disperbyk-161, DR1/
arsenic sulphide / Disperbyk-161, and spiropyran/ arse-
nic sulphide/polyvinylacetate. The spectra are dis-
played so that we can see the influence of components
to general transmission spectra of composites. So we
could make the composites with set spectral characteris-
tic by changing concentration and ratio of components.
Besides, as Fig. 5 shows, the spectra of spiropyran com-
posites are changing under the influence of UV-light (at
relatively low value of exposition — 0.36 J/cm?) due to
transition to photomerocyanine form. This transition
occurs most intensively at illumination of poly(vinyl
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Fig. 7. Transmission (measured at 640 nm) and reflection (mea-

sured at 532 nm) diffraction efficiency dependence on record-

ing exposition (recording laser 532 nm). Polymeric matrix is
Disperbyk-161.
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Fig. 8. Dependence of transmission diffraction efficiency max-
ima on the recording beam intensity (recording and reading lasers
532 nm).

butyral-co-vinyl alcohol-co-vinyl acetate)/spiropyran
film by 325 nm laser.

The results of holographic recording in composites,
namely, difraction efficiency dependence on exposure
can be seen at Figs. 6 and 7. From these graphs it is
obvious that the presence of arsenic sulphide and DR1
together in the composite increases the difraction ef-
ficiency in comparison with materials containing only
one photoresist. Approximately the same picture can
be seen in the composite film spiropyran/arsenic sul-
phide in PVA (Fig. 8). In this case we tried to record
the grating in photomerocyanine form, a more detailed
description was published in [7]. Figure 8 shows the de-
pendence of maxima of difraction efficiency on record-
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ing beam intensity. The top curve corresponds to com-
posite spiropyran/ arsenic sulphide in PVA.

A very important question is how does the grating
form in the composite films. We assumed that the par-
ticles of chalcogenide situated at a maximum recom-
bine in another amorphous modification, as shown, for
example, in [8]. At the same time, photochrome par-
ticles recombine to another isomerization form. The
polymer molecules usually do not change at wavelength
longer than 350—400 nm.

Structural modifications in photoresists lead to ther-
modynamic imbalance in composite film. If viscos-
ity and polarity of the polymer allow the movement of
photochrome and chalcogenide particles, the compos-
ite film structure orders according to the bands of min-
imum and maximum. It does not mean that a relief for-
mation takes place, though; it is possible that the move-
ment of polymer macromolecules is required for it.

Figure 9(a, b) demonstrates the character of surface
relief dependence on contents of composite. The pres-
ence of just arsenic sulphide gives “the hole” but the
presence of DR1 and arsenic sulphide gives “the hill”.
The dependence of relief height on exposure for com-
posite 5 wt% DR-1 + 35 wt% AseSsz + 60 wt%
Disperbyk-161 can be seen at Fig. 9(c). We made an ex-
periment with two different directions of electric field
vector (changing the beam polarization), but it insignif-
icantly influenced the height of relief. The exposure of
order of 5 kJ/cm? is required for reaching a height of
relief of about 100 nm (this is a usual height of relief
that can be obtained at selective etching of chalcogenide
film [9]). The maximum height of relief may be 600-
800 nm at exposure of 25 kJ /cm?.

Unfortunately, in spiropyran containing composites
we did not receive direct surface relief. The reason for
this can be that the spiropyran photoisomerization takes
place at very low exposure (under 2—4 mJ/cm?) [7].
At exposure higher than 50-100 J/cm? the spiropyran
containing composites lost photoisomerization proper-
ties, possibly because of chemical decomposition. This
situation confirms our assumption that the photoresist
dipole moment change is not enough for direct relief
formation in the composites; the movement or restruc-
turing of polymer macromolecules is required for it.

Figure 10 shows AFM images of relief gratings ob-
tained without selective etching operation.

4. Conclusions

The composite material on the basis of arsenic sul-
phide, DR-1, and copolymer Disperbyk-161 with differ-
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Fig. 9. Character of the relief after laser irradiation of composites

through cylindrical lens by a laser beam of 532 nm: (a) profiles

of relief of composition 40 wt % As2Ss + 60 wt % Disperbyk-161,

(b) profiles of relief of composition 5 wt % DR1 + 35 wt % As2Ss +

60 wt % Disperbyk-161, (c) height of relief dependence on expo-

sure for the composite 5 wt % DR-1 + 35 wt % As2S3 + 60 wt %
Disperbyk-161.

ent proportion of components and low optical scattering
was obtained. The composite with addition of Disperse
Red 1 has a higher value of transmission diffraction ef-
ficiency of gratings. The direct surface relief formation



52 A. Gerbreders et al. / Lithuanian J. Phys. 50, 47-53 (2010)

pmydine
0.024

2.0 pr/div

Fig. 10. AFM images of surface relief holographic grating recorded by 532 nm laser in composites (a) 40 wt % As2S3 + 60 wt % Disperbyk-
161 and (b) 5 wt % DR-1 + 35 wt % As2S3 + 60 wt % Disperbyk-161; film thickness ~5 pm.

by holographic recording in the composites has been
shown.

Also we have obtained composites with various con-
centration of spiropyran, with and without presence of
arsenic sulphide in various polymers: polyvinylacetate,
polymethylmetacrylate, and copolymer of poly(vinyl
butyral-co-vinyl alcohol-co-vinyl acetate).

The studies of the initial transmission spectra of

composites and their changes induced by lasers of
wavelengths of 248, 325, and 375 nm revealed an ap-
pearance of absorption band in the spectral region of
475-650 nm with a maximum at 580 nm. The holo-
graphic recording of transmission gratings was per-
formed. It was shown that diffraction efficiency in-
creases in the presence of arsenic sulfide.

So the composites with combination of arsenic sul-
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phide and photochromes are more effective for difrac-
tion recording.

The hypothesis of mechanism of direct relief forma-
tion in the composites was discussed.
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Santrauka

Aprasytas metodas plonoms trigubo kompozito, sudaryto i§ or-
ganinio polimero, chalkogenido ir fotochromo, pléveléms gaminti.
Kartu iStirtas tokiy pléveliy optiniy savybiy kitimas veikiant Svie-
sai ir jyu panaudojimas holografiniam jraSymui. Kompozito pléve-
lés gautos i§ arseno sulfido, organiniy polimery, tokiy kaip ,,Dis-
perbyk* (gaminamas BYK Chemie GmbH), ir polivinilacetato tir-
paly organiniuose tirpikliuose. Papildomai i §i miSinj buvo pride-
dama azobenzeno dispersinio raudonojo daZiklio (DR-1) ir spiropi-
rano tirpaly. Plévelés pagamintos liejant §ia medZiaga ant stiklo ar

kvarco pagrindo. Sausos plévelés storis sieké 1-3 pm. Tirti ir ana-
lizuoti pléveliy sugerties spektry poky¢iai, sukeliami UV (248, 325
ir 375 nm) lazerinés spinduliuotés. Skirtingo bangos ilgio (325, 442
ir 532 nm) lazerio spinduliuote holografiskai jrasinétos difrakcinés
gardelés. JraSo metu matuotas vienalaikis peréjusiosios ir atspin-
détosios Sviesos difrakcinis efektyvumas. Reljefo susiformavimas
plévelés pavirSiuje stebétas ir gardeliy profilis analizuotas atominés
jégos mikroskopu. Aptarta fotoizomerizacijos ir Sviesos sukelia-
mos masés pernasos itaka pavirSinio reljefo formavimuisi.



