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Photoinduced anisotropy in azodyes Alizarin Yellow R
and Mordant Pure Yellow in a gelatin matrix
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We present a study of the photoinduced changes in the absorbance spectra D(X) on illumination with linearly
polarized light for two azo dyes — Alizarin Yellow R (AYR) and Mordant Pure Yellow (MPY) in gelatine matrix. The
spectra of the photoinduced dichroism AD are measured in the UV-visible range. We give an experimental evidence
that the cis-form of the bis-azo dye Mordant Pure Yellow is anisotropic and reorients into direction perpendicular to the
exciting light polarization. It is also shown that the photoinduced dichroism is stable for one month after the

illumination.
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INTRODUCTION

During the last two decades intensive research
has been carried out aimed at the development of
new media for high-density optical storage. It has
been established that azobenzenes are promising for
some practical applications in the field of optical
data storage, polarization sensitive elements,
polarization holography, etc. [1, 2]. Different media
based on various organic dyes embedded in a
polymeric or gelatine matrix have been studied
[3, 4]. The values of the photoinduced birefringence
and dichroism are found to strongly depend on the
chemical structure of the dye molecule. The
holographic recording in photosensitive medium
with Weigert effect in the case of linear
polarization of the object wave has been
investigated theoretically and experimentally [3]. A
considerable value of the photoinduced dichroism
(AD=0.6 at A =488 nm) of the azo dye Mordant
Pure Yellow (MPY) in a matrix of polyvinyl
alcohol has been measured [5]. Later MPY in a
gelatin matrix has been proposed as a medium for
stable polarization recording [6, 7]. Relatively high
values of birefringence have been measured (over
An=0.02). High-efficient polarization diffraction
gratings were recorded in this material with two
circularly polarized waves and their characteristics
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were investigated [8]. Based on these polarization
gratings, a novel type of compact ellipsometric
device working with white light was built [9]. Two
other types of media for holographic recording are
also commonly used — silver halide based materials
[10-12], and also photopolymers [13-15].

In this paper we present the results of a spectral
investigation of the photoinduced anisotropy in azo
dyes Alizarin Yellow R (AYR) and Mordant Pure
Yellow (MPY) dispersed in a gelatine matrix.

EXPERIMENTAL

In these experiments we use two azo dyes:
mono-azo dye Alizarin Yellow R and bis-azo dye
Mordant Pure Yellow (Fig.1). The dyes were
added to a water solution of gelatin (Rousselot
3552). Their concentration with respect to the
gelatin is 2 wt % for AYR and 2.4 wt % for MPY,
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Fig. 1. Chemical structures of the azo dyes Alizarin
Yellow R (a) and Mordant Pure Yellow (b).

respectively. Films were made by casting the water
solution of gelatin with dyes onto glass plates. The
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films thickness is between 3 and 5 pm. The samples
were dried for 24 h at 20 °C and then for another
2 h at 80 °C to remove the residual moisture.
Linearly polarized light from a 200 W mercury
lamp was used to induce isomerization of the azo-
dyes. The illumination was done directly with the
lamp or through filters transmitting 310-460 nm or
370-530 nm respectively. In the case of direct
illumination the light intensity was 0.05 mW/cm®.
When using the filters, it was 0.03 mW/cm®. The
spectral measurements were carried out with a Cary
5E UV-VIS—NIR spectrophotometer (Varian Inc.)
in the range 300-550 nm where is the absorbance
band of the dyes. From the measured values of
transmittance 7, the absorbance D was easily

determined using the Beer-Lambert law:
D =—log(7).
RESULTS AND DISCUSSION

Curves 1 and 2 on Fig. 2 show the absorbance
spectra of the two types of films before the
illumination. The absorbance maximum of the
Mordant Pure Yellow in gelatin is about 375 nm
and for Alizarin Yellow R in gelatin is at 389 nm.
After the exposure we measured the absorbance
spectra of the samples through a polarizer oriented
parallel and perpendicular to the exciting light
polarization  direction. = The  corresponding
absorbances are denoted as Dy, and D, and the
dichroism is defined as AD = Doy — Dpar.
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Fig. 2. Absorbance spectra of the MPY/gelatin (1) and
AYR/gelatin films (2) before illumination.

In Fig.3 the absorbance spectrum of the
Alizarin Yellow R/gelatin film before and after
illumination through the filter transmitting light in
the range 370-530nm is shown. D, is the
absorbance before illumination and D, and D, are
the absorbances after 3 h exposure with linearly
polarized light with intensity 7=0.03 mW/cm®.
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Similar spectra were measured after exposure
directly with mercury lamp and through filter
transmitting from 310 nm to 460 nm.
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Fig. 3. Photoinduced changes in the absorbance of the
AYR/gelatin film. D, —absorbance before the
illumination, Do and Dy, — polarized absorbance

spectra, AD = D — Dy, — dichroism.
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Fig. 4. Photoinduced changes in the absorbance of the
MPY/gelatin film before and after 2 h exposure,
I=10.05 mW/cm” (a) and measured again after I month

(b).

In Fig. 4a the absorbance spectra of the bis-azo
dye Mordant Pure Yellow in a gelatine matrix
before and after 2 hours illumination with linearly
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polarized light (intensity 0.05 mW/cm?®) are
presented. Significant changes are seen in the
maximum of the absorbance spectrum — anisotropic
bleaching mainly of the frans-band. On the other
hand the absorbance increases at the longer
wavelengths (the cis-band), as indicated by an
arrow on Fig. 4. This is evidence that not only the
trans- but also the cis-isomer of MPY is
anisotropic. = Our  experiments show  that
photoinduced anisotropy in a Mordan Pure Yellow
does not depend on the wavelength of the exciting
light. We do not detect considerable changes in the
photoinduced dichroism AD = Dy — Dy, in the bis-
azo dye during the following one month (Fig. 4b),
but we observe an increase of both D, and D, so
their average value virtually coincides with D,
before the illumination. We attribute this to a
relaxation of the photoinduced bleaching of the azo
dye during the illumination.

The maximal photoinduced dichroism of the
MPY/gelatin film is higher (AD=0.52) in
comparison to the AYR/gelatin film (AD =0.13).
This is related with the molecular structure of the
azo-dyes. As seen in Fig. 4, the dichroism
maximum coincides with the absorbance maximum
of the trans-molecules.

Along with the dichroism, birefringence was
induced in the azo dyes under the action of
polarized light from the mercury lamp. We
measured the birefringence at 633 nm, outside the
absorbance band. Relatively high values of
birefringence were obtained for the MPY/gelatin
film — An =0.01. For the AYR/gelatin film An was
0.001.

It is known that azo dye molecules exist in two
isomeric forms: trans and cis. The trans-form is
stable in darkness. When illuminating the dye, a
process of trans—cis isomerization takes place
together with a thermal cis—trans relaxation. As a
result, a photostationary equilibrium is reached in
which some of the molecules are in cis-form. The
inherent absorbance of the frans-molecules is
highly anisotropic. The absorption of a photon by a
trans-molecule is proportional to a,cos’6),, where 6,
is the angle between the molecular axis and the
electric field (the polarization) of the exciting light.
This leads to a selective depletion of the trans-
molecules parallel to the pump polarization (known
also as “angular hole burning” — AHB). The
competition between the trans—cis optical pumping
and cis-trans relaxation, results in a stationary
angular distribution of frams-molecules (2 is the
solid angle corresponding to the angles 6, ¢):

n(Q)=(N/4r)(1+Icos’6,)" (1)

where 3 =10, D,.7., I is the pump intensity, ot —

the absorption cross section, @rc — the trans to cis
quantum yield and zc is the cis lifetime [16]. Hence,
the change in the concentration of molecules in the
trans-form  after exposure determines the
photoequilibrium cis-concentration.

In our case, for the bis-azo dye Mordant Pure
Yellow it was established that D, at longer
wavelengths (corresponding to the cis-band) is
higher in comparison to D, (indicated by an arrow
on Fig.4). This is an evidence that the cis-
molecules are anisotropic. Therefore, we assume
that not only the frans-, but also the cis-isomers are
reoriented into direction perpendicular to the
exciting light polarization.

CONCLUSIONS

In summary, we have observed considerable
photoinduced changes in the absorbance spectra of
Alizarin Yellow R/gelatin film (AD=0.13) and
MPY/gelatin film (AD = 0.52). We also show that
the photoinduced dichroism is stable in time — the
curves for AD are virtually the same shortly after
the illumination and one month later.

For the first time we experimentally determined
that cis-form of the Mordant Pure Yellow is also
anisotropic. We assume that reorientation of the
cis-isomers occurs into direction perpendicular to
the exciting light polarization.
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OOTOMHAYIMPAHA AHU3OTPOIINA B ASOBAT'PMJIATA AJIM3APUH XBJITO P
N ITPOTPABHO UMCTO XbJITO B MATPUIIA OT XXEJIATUH

A 11 Hﬂueeal, JIJI. Hedefmeez, U Ha3bpoea2
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2HHcmumym no Onmuuecku Mamepuanu u Texnonoeuu, bvreapcka Axademus na Hayxume,
yi. Axao. I'. Bonues, 6. 109, 1113 Coghus, Bvaeapus
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(Pestome)

B Hacrosiara pabora ca npeicTaBeHH pe3yJTaTHTe OT M3cieqBaHe Ha (POTOMHAYLMPAaHUTE IPOMEHH B CIIEKTPHUTE
Ha noraemade D(L) npu oOnpyBaHe ¢ JIMHEWHO MOJISIpU3MpaHa CBETIHMHA 3a JBe azobarpuia — Anmsapus JKbiato P
(AXP) un IIporpasHo Yucro XKearo (ITHXK) B marpuna ot xenarud. Cnekrpure Ha ¢poroauxponzbm AD = Dort — Dpar
ca u3MepeHu B YB u Buaumara o6macrt. IIpencTaBeHo e eKCriepuMEHTaIHO JJOKA3aTeICTBO, Ye IHC M30MepbhT Ha OHc-
azobarpmwioro I[IporpaBHo Umcro JKBATO € aHM30TPOIEH M Ce NPEOPHUEHTHpPA NEPIeHIMKYJISIPHO Ha MOCOKara Ha
NOJISIpU3anysl Ha BB3/eiicTBaIaTa cBeTinuHa. [loka3aHo € cbIo, 4e (GOTOMHIYLMPAHUS TUXPOU3BM € CTaOWICH eIUH
Mecell clie] 00IBYBAHETO.
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