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Abstract: The work is dedicated to a study of anisotropy photoinduction during the light-stimulated molecular aggregations in
organic compounds. The case of gelatin or polyvinyl films saturated by azo dyes is considered. By using the video and spectral
techniques, the time-formation picture of optical image is studied. It is shown that in this case the image is formed in a similar
way as in silver emulsions in the process of photographing — "with the grain distribution".
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1. Introduction

Gelatin or other gel films painted by azo dyes are objects of
a deep interest due to their possible application in information
optical recording, nonlinear optics, holography etc, which is
based on phenomenon of anisotropy optical photo-induction.
According to scientists, anisotropy photo-induction in azo
dyes is a result of trans- cis-trans photo isomerization process
[1, 2]. It is considered that, during the anisotropy
photo-induction in organic compounds, the information is
recorded based on the spatial distribution of photo-induced
birefringence value. However, according to our understanding
along with this, an image formation in film during the
anisotropy photoinduction may occur in a different way too, in
particular, — by grain distribution, as it occurs in silver
emulsion in the process of photographing. However, unlike
the process of photographing the particles — molecule
aggregates are the anisotropic particles.

For obtaining of more efficiency during the photoinduction
of anisotropy, it is necessary that the dye concentration in
solution is as high as possible. Nevertheless, the high value of
dye concentration in solution surely leads us to self-induction
of dye molecules aggregations in solid films, or to create such
conditions when the aggregates are induced by the
light-stimulation [3-9].

In the works [7, 9] there is given that in gelatin film, dyed

by the Chrisophenine and Acridine Yellow water solution
mixed with 1:1 proportion and dried under room condition, the
self-induced ensemble of molecule anisotropic aggregations
was obtained. After its irradiating by the non-polarized active
light the photodecomposition of aggregates was realized.
Then after irradiating the film in same place by linear
polarized active light, we obtained the photoinduction of
aggregate ensemble with optical axes with same orientation
[7], and the optical image formation took place as well. By
using of video microscopy, we showed that the image
formation process observed here is an analogue of the
formation of photo image in the silver emulsions.

In the work [4], the photoinduction of dye molecules
anisotropy aggregations during the action of linear polarized
light in the gelatin film saturated by azo dye Chrisophenine
has been observed.

Here, based on video microscopy filming and spectral
measurements the image formation picture during the
photoinduction of aggregates in azo dyes is presented.

2. Experiment

The experimental measurements were carried out for the
polyvinyl film saturated by azo dye “Mordant Pure Yellow” in
the dynamic regime of photoinduction anisotropy. The
thickness of the prepared film was approximately 200 um. Fig.
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1 shows a structural formula of the given dye. The absorption
spectrum of the given film is presented below (Fig.2).
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Fig 1. Formula of the dye “Mordant Pure Yellow” (MPY)
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Fig 2. The absorption spectrum of the experimental film

The anisotropy photoinduction in the film was conducted
by linearly polarized light of the 100 w/2 Hg-lamp from a
narrow spectral band containing 440 nm wavelengths. Fig. 3
shows the spectral transmissions of the film after every
30-second’s exposition observed in the crossed polarizers.

As we can see, according to the curves in Fig. 3, there is no
anisotropy observed at the beginning, — and the light
transmission in the film is not observed,
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Fig 3. Spectral transmissions of the film with the photoinduced anisotropy in
the crossed polarizers duringdifferent expositions

While later, as the expositions increases, the value of
anisotropy also increases; however, in the crossed polarizers,
the location of the maximum of the curves reflecting the
spectral transmission of the film on the spectral axis and shape
of the curves do not change.

Below it is shown that the modulation of spectral
transmission according to the light exposition shown in Fig. 3
is similar to the modulation of spectral transmission in the
crossed polarizers for a crystal phase plate, which is obtained
during the modulation of the light-conducting area in the area
of measurement.

In order to demonstrate this, below we give the kind of
curves reflecting the spectral transmission of a phase plate
placed in the crossed polarizers for different portions of
anisotropic area of a unit area of measurement. An example of
a quartz plate is considered, whose birefringence value
1S An =0,009 and thickness is d=100 mcm.

As it is known [10], the spectral transmission of a phase
plate placed in the crossed polarizers for the area of
measurement with a unit area is given by the formula:
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where I is the intensity of light passed in the system (polarizer,
plate, analyzer), I is the initial intensity, An is the value of
birefringence, d is the plate thickness and A is the light
wavelength. It is assumed that the optical axis of the plate
creates a 45° angle with the axis of polarizer.

Expression (1) is written for the area of measurement with
an unit area. If not the total area of the unit area of
measurement is the light conductor, but only part C; thereof, in
such a case expression (1) will acquire the following form:

J =C, sin® gAnd @)

Let us admit that during the experiment, the portion of the
anisotropic area in the area of measurement changes and let us
investigate how this change is reflected on the curves of
spectral transmissions. Let us perform the investigations for
the quartz plate with the above-given parameters. If inserting
the values of parameters in (2), we will obtain [10]:

J =C,sin’ % (3)
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Fig 4. Spectral transmissions of a quartz plate in the crossed polarizers for
anisotropic areas of different values in the area of measurement
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Fig. 4 shows the spectral transmissions determined by (3)
for different values of C;.

If comparing the change obtained from the dependence on
the exposition of the curves reflecting the spectral
transmissions presented in Fig. 3 and change of the curves
reflecting the spectral transmissions obtained by modulation
of parameter C; for a quartz plate in Fig. 4, we will see that
there is a qualitative similarity between them.

Therefore, we conclude that the experimental results shown
in Fig. 3 evidence that the portion of the anisotropic area in the
area of measurement changes according the exposition of
active light in the film, i.e. in this case the image in the film is
formed by the distribution of grains, i.e. in the way similar to
the image formation in silver emulsions [3].

Hence, we can conclude that modulation of the film
transparency during this experiment can take place not only
based on the birefringence value modulation, as considered,
but also by modulation of the completely integral area of the
anisotropic part.

This is directly proved by the digital photos of the film
placed between the crossed polarizers, which were made in a
dynamic regime of photoinduction of anisotropy.

These digital photos selected out of the series of photos
have been shot at the beginning, in the middle and at the end of
the exposition, respectively. In case of exposition with linearly
polarized active light in the film, at the beginning the
anisotropy is not induced over the whole exposed area, but
first it is induced in individual areas with their number and
areas increasing according to the exposition finally filling the
area exposed by light.

(b)
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Fig 5. The image of the area with photoinduced anisotropy observed in the
crossed polarizers in the beginning (a), middle (b) and end ((c), with line
length of 20 um) of exposure.

As we can see in Fig. 5(c), anisotropy photoinduction in the
given film took place in individual anisotropic micro-areas, i.e.
in "grains" and not over the whole area exposed by light (See
the light areas in the figure). Figures 5(a), 5(b) and 5(c) show
that the micro-areas, i.e. "grains”, in which the anisotropy
photoinduction took place, propagate and widen as the
exposure time increases what in the final account causes the
modulation of their integrated area depending on exposure, i.e.
in the given case, the optical image in the film is recorded in
the way similar to that of recording the image in silver
emulsions, with the distribution of the total area of the
"grains". We are given a certain imagination of the sizes of the
"grains" in Fig. 5(c) by the image of a 20 pm long line.

3. Conclusion

Thus, for Polyvinyl Alcohol saturated by azo dye Mordant
Pure Yellow has been shown, that the anisotropy
photoinduction can occur therein by the photoinduction of
molecular aggregations so, that the optical image in the film
would be recorded as distribution of grains, similar
photography of silver emulsions.
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