
Title

Photoinduced dichroism and optical anisotropy in
a liquid-crystalline azobenzene side chain
polymer caused by anisotropic angular
distribution of trans and cis isomers

Author(s) Blinov, Lev M.; Kozlovsky, Mikhail V.; Ozaki,
Masanori et al.

Citation Journal of Applied Physics. 1998, 84(7), p.
3860-3866

Version Type VoR

URL https://hdl.handle.net/11094/75854

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKAThe University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



Journal of Applied Physics 84, 3860 (1998); https://doi.org/10.1063/1.368565 84, 3860

© 1998 American Institute of Physics.

Photoinduced dichroism and optical
anisotropy in a liquid-crystalline azobenzene
side chain polymer caused by anisotropic
angular distribution of trans and cis isomers
Cite as: Journal of Applied Physics 84, 3860 (1998); https://doi.org/10.1063/1.368565
Submitted: 14 May 1998 . Accepted: 02 July 1998 . Published Online: 21 October 1998

Lev M. Blinov, Mikhail V. Kozlovsky, Masanori Ozaki, Kent Skarp, and Katsumi Yoshino

ARTICLES YOU MAY BE INTERESTED IN

Photoinduced surface deformations on azobenzene polymer films
Journal of Applied Physics 86, 4498 (1999); https://doi.org/10.1063/1.371393

Surface relief grating in azo-polymer obtained for s-s polarization configuration of the writing
beams
Applied Physics Letters 101, 193301 (2012); https://doi.org/10.1063/1.4764950

Gradient force: The mechanism for surface relief grating formation in azobenzene
functionalized polymers
Applied Physics Letters 72, 2096 (1998); https://doi.org/10.1063/1.121287

https://images.scitation.org/redirect.spark?MID=176720&plid=1087013&setID=379065&channelID=0&CID=358625&banID=519827797&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=bfb3831884cf53a749ddf56cdd1a8214da1a56aa&location=
https://doi.org/10.1063/1.368565
https://doi.org/10.1063/1.368565
https://aip.scitation.org/author/Blinov%2C+Lev+M
https://aip.scitation.org/author/Kozlovsky%2C+Mikhail+V
https://aip.scitation.org/author/Ozaki%2C+Masanori
https://aip.scitation.org/author/Skarp%2C+Kent
https://aip.scitation.org/author/Yoshino%2C+Katsumi
https://doi.org/10.1063/1.368565
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.368565
https://aip.scitation.org/doi/10.1063/1.371393
https://doi.org/10.1063/1.371393
https://aip.scitation.org/doi/10.1063/1.4764950
https://aip.scitation.org/doi/10.1063/1.4764950
https://doi.org/10.1063/1.4764950
https://aip.scitation.org/doi/10.1063/1.121287
https://aip.scitation.org/doi/10.1063/1.121287
https://doi.org/10.1063/1.121287


Photoinduced dichroism and optical anisotropy in a liquid-crystalline
azobenzene side chain polymer caused by anisotropic
angular distribution of trans and cis isomers

Lev M. Blinov
Department of Electronic Engineering, Faculty of Engineering, Osaka University, 2-1 Yamada-Oka, Siuta,
Osaka 565, Japan and Institute of Crystallography, Russian Academy of Sciences,
117333, Leninsky prosp. 59, Moscow, Russia

Mikhail V. Kozlovsky
Institute of Crystallography, Russian Academy of Sciences, 117333, Leninsky prosp. 59, Moscow, Russia
and Physics Department, Chalmers University of Technology, S-41296, Go¨teborg, Sweden

Masanori Ozaki
Department of Electronic Engineering, Faculty of Engineering, Osaka University, 2-1 Yamada-Oka, Siuta,
Osaka 565, Japan

Kent Skarp
Physics Department, Chalmers University of Technology, S-41296, Go¨teborg, Sweden

Katsumi Yoshinoa)

Department of Electronic Engineering, Faculty of Engineering, Osaka University, 2-1 Yamada-Oka, Siuta,
Osaka 565, Japan

~Received 14 May 1998; accepted for publication 2 July 1998!

Photochromism has been studied for two comb-like liquid-crystalline copolymers~I! and ~II !
containing azobenzene chromophores in their side chains. In a smectic glass phase of both
copolymers, upon short-time irradiation by UV light, long-livingcis isomers are observed. Both
copolymers manifest the photoinduced anisotropy, the physical mechanisms of which seem to be
quite different. In spin-coated films of polymer~II !, the origin of the anisotropy is a strong stable
dichroism, which is due to an enrichment and depletion of the chosen angular direction,
correspondingly, withtransandcis isomers of the azobenzene chromophores. Polymer~I! manifests
no dichroism at all, and its induced optical anisotropy may be accounted for by a rather slow
chromophore reorientation. In copolymer~II ! a considerable reorientation of the mesogenic groups
also occurs as a secondary phenomenon at the stage of thecis isomer formation only. This
observation shed more light on the general process of the light-induced molecular reorientation in
polymers, liquid crystals, and Langmuir–Blodgett films, which is of great importance for
holographic information recording. ©1998 American Institute of Physics.
@S0021-8979~98!03419-7#

I. INTRODUCTION

Azobenzene derivatives are well-known systems show-
ing reversible transformations upon irradiation with UV and
visible light.1,2 Typically, the absorption of a UV light quan-
tum transforms an elongated rod-like molecular form~trans-
isomer of the azobridge! into a bent banana-like form~cis
isomer!. The transformations are accompanied by dramatic
changes in electronic spectra of the compounds~photo-
chromism!. Irradiation of thecis form of the same compound
by a visible light causes a backward transformation ofcis
isomers into thetrans ones, the process being typically ac-
companied by thermalcis–trans transitions. The photo-
chromism of azobenzene derivatives may be observed in
both dilute solutions or condensed phases of azocompounds.
There have been reported various types of holographic pho-
torecording media3–5 and photo-optical switching devices6

based on photochromic behavior.

Recently, a number of studies were devoted to a photo-
induced dichroism and a related phenomenon of the photo-
induced optical anisotropy in amorphous polymers and poly-
mer liquid crystals with azodyes introduced as dopants or
chromophores chemically attached to a polymer chain.7–9 In
this case, a linearly polarized light is used to induce the
anisotropy and the mechanism of the phenomenon is, pre-
sumably, based on the change of the azochromophore orien-
tational distribution function after repetitivetrans–cis–trans
phototransitions. There were also reports on preparation of
polar nonlinear optical materials by a photoelectropoling
technique,10,11 and observation of giant photoinduced optical
anisotropy in Langmuir–Blodgett films~LBFs! based on am-
phiphilic azodyes.12,13A recent review article14 is devoted to
the phenomena originated from the photoinduced molecular
orientation in polymers, liquid crystals, and LBFs.

Chiral systems attract a special interest. There were stud-
ies of the influence of irradiation on the pitch of cholesteric
liquid crystals15,16 due to a change in the relative percentagea!Electronic mail: yoshino@ele.eng.osaka-u.ac.jp
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of the cis and trans isomers and even total unwinding of
cholesteric structure in a polymer liquid crystal17 caused by
photoinduced chromophore reorientation. Irradiation of the
TGBA* phase of a methacrylic copolymer~I! containing an
azo-side chain was shown to prohibit the phase transition to
the smecticA phase due, reportedly, to a change in thecis-
and trans-isomer ratio.18

Despite a large number of papers devoted to the photo-
induced optical anisotropy in different azochromophore con-
taining systems, the mechanism of the phenomenon is still
not clear. For example, the anisotropy may be induced by a
long-wave Ar-laser light, which is absorbed in thecis-isomer
n–p* band and, hence, may interact only withcis isomers
the amount of which is very small under ambient conditions.
Detailed spectroscopic studies of the phenomena are rare
~some examples are Refs. 7 and 19!. It is not clear which
isomers play a decisive role in the phase transformations
reported in Ref. 18. Thetrans–cis transitions are, as a rule,
rather fast, but reorientation phenomena are, on the contrary,
rather slow, and it is not clear how the two kinetic processes
become parallel to each other.

In an attempt to clarify these questions we have carried
out spectroscopic and kinetic studies of two liquid-crystalline
copolymers@one of them is copolymer~I! ~Ref. 18!# in both
chloroform solution and very thin spin-coated films. The lat-
ter allowed us to follow the evolution of both chromophores
and mesogenic group absorption bands upon irradiation. In
the course of the work we have observed a new, to our
knowledge, effect when a stable photoinduced dichroism and
optical anisotropy is created not by the chromophore reori-
entation process but due to selective, polarization-dependent
depletion and enrichment of a certain angular direction with
long-living cis or trans isomers. The effect has specific fea-
tures that may be useful for efficient holographic grating
recording.

II. EXPERIMENT

A. Materials

1. Synthesis

In the present work we studied two side chain copoly-
mers~I! and~II ! with their chemical structure shown in Fig.
1. Both copolymers contain the same mesogenic moiety~A!
but different chromophores~B and C!.

Chiral methacrylic comonomer~A! was synthesized ac-
cording to the method described in Ref. 20. Monomer~B!,
was obtained according to a method reported earlier.21 The
details of the copolymerization process and purification of
copolymer~I! that contains 8 mol % of photochromic mono-
mer B may be found in Ref. 18.

Synthesis of monomer C~p-11-methacryloyloxyun-
decanoyloxy-p8-methoxy-azobenzene! for copolymer ~II !
was made via two intermediate stages~4-methoxy-
48-hydroxyazobenzene andp-11-bromoundecanoyloxy-p8-
methoxy-azobenzene! and will be described in a separate pa-
per. Copolymerization of the corresponding methacrylic
monomers was carried out in dry benzene~10% solution!
during 72 h at 60 °C using AIBN as the initiator~0.1 wt %!.
The 0.3 g copolymer batch was reprecipitated three times

from chloroform to methanol and washed several times by
50 ml of boiling methanol. The composition of the copoly-
mer has been assumed to be equal to that of the monomer
mixture due to the almost identical chemical structure of the
comonomers (A:C559:41 mol %). The polymerization de-
gree was 315.

2. Structure

X-ray investigations show that both materials have a
smectic layered structure over a wide temperature range be-
low the isotropic phase down to the glassy state~including
room temperature!.

The structural features of copolymer~I! have been de-
scribed in detail.18 If the cooling is fast enough~faster than
10 K/min! a monotropic twist-grain-boundary smecticA*
phase (TGBA* ) forms from the true liquid phase (TAI

553.3 °C), the former can be frozen in the glassy state. For
slow cooling a second phase transition occurs at 28 °C, from
the TGBA* into a conventional SmA* phase. It is of impor-
tance that irradiation of the polymer film by unpolarized light
in the 400–500 nm wavelength range hinders the
TGBA* – SmA* phase transition during slow cooling. As a
result, the irradiated polymer film does not scatter light and
remains completely transparent at room temperature. The
transparent film becomes birefringent when it is irradiated by
the linearly polarized light.

For copolymer~II !, from x-ray measurements made with
a setup described in Ref. 22, a layered phase starts to appear
~on cooling! at around 73 °C, with a layer spacing of 31.5 Å.
The layer spacing decreases slightly with decreasing tem-
peratures, down to about 31.2 Å at 30 °C. Observation of a

FIG. 1. Chemical structures of copolymers~I! and ~II !.
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thick polymer film under crossed polarizers does not reveal
any texture resembling typical liquid-crystalline textures of
nematic and smectic phases. Only two textures with a very
weak contrast observed are: the one after illumination
~smooth with very small 1–4mm blurred spots! and the other
attained without illumination~scattering texture with a faint,
blurred blue-green color!. Therefore, most probably, copoly-
mer ~II ! also shows a TGB phase, as in the case of other
similar systems.18,23

3. Films

Spectral measurements of photochromism were made on
both the chloroform solutions and thin~about 100 nm! spin-
coated films. The films were prepared from 50:1~by weight!
chloroform solutions of the copolymers and deposited onto
quartz substrates with two subsequent speeds, 500 rpm~10 s!
and 1700 rpm~30 s!. The light-induced birefringence was
studied under a polarizing microscope using thicker layers of
the materials~few mm! confined between glass plates.

B. Measurements

1. Photochromism

Photochromism measurements were carried out with
Hewlett–Packard diode array spectrometer~model HP
8452A!. The spectrometer allowed for recording a spectrum
for 3 s, therefore, the kinetics of photoisomerization could be
studied. Irradiation of the samples was made directly in the
spectrometer compartment using a 100 W metal–halide lamp
IMH-160 ~Sigma Koki! supplied with a quartz light guide.
To induce photoisomerization, a UV-pass~visible-cut! filter
was installed which provided about 20 mW/cm2 light power
in the range 300–400 nm. 1 cm quartz cells with chloroform
solution of a copolymer were illuminated from their open
top.

2. Photoinduced dichroism

The geometry of our experiments is shown in Fig. 2. The
samples were installed at the spectrometer light-emitting slit
normally to the probing beam. Polarization absorption mea-

surements were made with a Glan prism analyzer installed at
the light-receiving slit of the spectrophotometer. The plane
of incidence of the exciting light~UV or visible! was hori-
zontal and the incidence anglea was about 60° with respect
to the cell normal. A polarizing film was installed after a
corresponding filter and allowed us to obtain boths- or p-
polarized exciting beams.

3. Photoinduced optical anisotropy

For birefringence measurements at various temperatures,
samples were installed into a heating stage of a Mettler de-
vice and studied under a polarizing microscope. The strong
light of the microscope itself with proper filters was used to
induce anisotropy. The images were recorded with charge-
coupled device camera and tape recorder.

III. RESULTS AND DISCUSSION

A. Photochromism in solutions

Virgin spectra of copolymers~I! and ~II ! are shown in
Fig. 3 by solid lines I and II, respectively. In both cases, we
see a characteristic band belonging to mesogenic fragment A
at l'250 nm and a band belonging to chromophores B and
C in their transstate, atl'366 nm~I! and 350 nm~II !. The
difference in mesogen peak heights comes from different
concentrations of solution, and the difference in relative
heights of the mesogen and chromophore bands is due to the
smaller part of the chromophore units in polymer~I!. In ad-
dition, there is a weak shoulder at the long-wave slope of the
trans-isomer band, which is usually referred to as ann–p*
transition incis isomers24 since this transition is forbidden by
symmetry for thetrans isomers. Irradiation with UV light

FIG. 2. Geometry of the photochromism study. The spectrometer probe
beam is directed along thez axis, with the analyzer transmitting vertically
~s-! polarized light. A quartz plate with a film is installed perpendicular to
the beam and may rotate around thez axis, forming an anglew between the
long axis of plateL and thex direction. The incident plane of the UV or
visible exciting beam coincides with they–z ~horizontal! plane, the angle of
incidence is 60°, and the electric light vector may be eithers or p.

FIG. 3. Virgin spectra of copolymers~I! and ~II ! in chloroform solutions
~trans form, solid lines! and spectra of the solutions irradiated by UV light
for 30 s ~cis form, dotted lines!. Concentrations of copolymers I and II are
140 and 60 mg/L, respectively.
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strongly suppresses thetransbands and increases absorption
in the range of 250–300 nm~p –p* transitions incis iso-
mers! and in the range 400–500 nm, where a maximum
forms corresponding to then–p* transitions incis isomers
@448 nm for~I! and 442 nm for~II !#. Note that the height of
the maximum of the mesogen absorption at 250 nm is almost
insensitive to thetrans–cis transitions in chromophores.

Thecis form of the two azopolymers is extremely stable
in comparison with other azocompounds.25 In polymer ~I!
after 24 h relaxation in darkness thetrans-absorption band
was restored to about 80% of its initial height, but additional
illumination with yellow or green light restored it for 10 s
even to a level exceeding the initial one some 5%. Even the
slower dark relaxation of thecis isomers is observed for
polymer ~II !: for 55 h thetrans band was restored only to
some 20%–30% of the initial height, but went back to 100%
in 30 s upon illumination with strong yellow light. Quite
curiously, the stablecis form even allows preparation of cast
films directly from UV irradiated solutions; after evaporation
of chloroform the films keep the acquiredcis form for many
days under ambient conditions.

B. Photochromism of spin-coated films

Figure 4 shows photochromism spectra for copolymers
~I! and ~II ! in the form of thin film spin-coated on quartz
substrates. Solid curves show spectra of the films before ir-
radiation; dotted curves are taken after irradiation of the
films by unpolarized UV light for 3 min@copolymer~I!# and
10 min@copolymer~II !#. The basic features of the spectra are
the same as for chloroform solutions: on irradiation, the
trans band ~367 and 348 nm in I and II, respectively! is
suppressed, thecis absorption~at 260–300 nm! increases,

and then–p* band around 440 nm forms. The only differ-
ence is that now mesogenic bands are sensitive to thetrans–
cis transitions; upon irradiation the absorption at 242 nm
increases by 5%–7%. This cannot be accounted for by
growth of acis-band pedestal under the mesogen absorption
band since we do not observe such an increase of 242 nm
absorption in the chloroform solution. The phenomenon is
related to molecular reorientation and will be discussed in
the next section.

The stability of thecis form in a solid state is surpris-
ingly high especially for copolymer~II !. The kinetic curve in
Fig. 5 shows how thetrans-form maximum (l5350 nm)
evolves with UV irradiation, during relaxation in darkness
and after irradiation of the film by yellow light. First, the
UV-on stage lasts about 4 min, and subsequent relaxation in
darkness, at the beginning, is fairly fast but slows down after
the first 2 h. It took more than 13 h to convert only 20%–
30% of cis isomers back into thetrans form. Then, on irra-
diation with strong yellow light thetrans form is restored
almost completely for 1 min. The dark relaxation time esti-
mated for thecis isomers in films of copolymer~I! is also
rather long, about 150 min. For comparison, thecis form of
low-molecular mass azodye D* 5, showing similar photo-
chromic behavior in a chloroform solution, survives in dif-
ferent liquid-crystalline phases for only 1–10 min.25 In the
other azodyes this lifetime might even be shorter.

C. Polarized light-induced dichroism

It is essential that at room temperature both copolymers
are in their transparent, optically isotropic, glassy state with-
out any sign of some preferable orientation. The virgin spin-
coated films show no dichroism. When spin-coated films of
copolymer~II ! are irradiated by polarized UV light the an-
gular distribution ofcis and trans isomers becomes aniso-
tropic: in the direction of the UV light electric vectore there
appears ‘‘a polarization hole’’ for thetrans isomers and the
same direction becomes almost solely populated bycis iso-
mers. Now the film has to be strongly dichroic. If one shines

FIG. 4. Virgin spectra of spin-coated films of copolymers~I! and~II ! ~trans
form, solid lines! and spectra of the films irradiated by UV light for 3 min
for ~I! and 10 min~II ! ~cis form, dotted lines!.

FIG. 5. Time evolution of thetrans-form absorption maximum (l
5350 nm) in a spin-coated film of copolymer~II ! upon UV irradiation,
during relaxation in darkness and upon irradiation of the film by yellow
light.
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yellow eY polarized light onto a virgin sample, theeY direc-
tion becomes only slightly more populated bytrans isomers
since the overwhelming majority of azochromophores were
already in thetrans form in a virgin sample. To obtain the
maximum dichroic ratio we must combine the two processes,
i.e., first to shine the UV light with one polarizationeUV and
then the yellow light with perpendicular polarization,
eY'eUV .

Figure 6 shows the result of such an experiment per-
formed on a spin-coated film of copolymer~II !. The initial
spectrum is marked as ‘‘virgin.’’ At first, the sample was
oriented as shown in Fig. 2 withL ix ~position w50°! and
irradiated withs-polarized UV light for 15 min~in this case
the light intensity is about 3 mW/cm2!. After this, an absorp-
tion spectrum was taken with ans-polarized spectrometer
beam. Then, the sample was turned around its normal
throughw590° into positionL iy and another spectrum was
taken with the sames polarization. On the left side of Fig. 6
the dotted line (w50°) and the solid line (w590°) curves
show the dichroism obtained after the first, UV illumination.
Then, in the second (w590°) position the sample was illu-
minated for 5 min bys-polarized yellow light. Thus, both
exciting beams weres polarized and did not contain a light-
field projection onto a sample normal. On the right side of
Fig. 6 dotted lines indicate that the film becomes even more
strongly dichroic: for a fixeds polarization of the spectrom-
eter beam we observe quite different spectra for the two an-
gular positions of the sample, typicalcis for w50° and typi-
cal trans for w590°. What is of paramount importance is an
enhanced stability of the state obtained as explained above:
we have observed only a slight change in the dichroism for
six days under ambient conditions, the spectra for the six
days old sample are shown by solid lines on the right side of
Fig. 6.

Figure 6 also shows a remarkable specific feature related
to the mesogen absorption band~244 nm!, which sheds light

on the process of molecular reorientation and light-induced
anisotropy. On UV irradiation in theL ix position (w50°)
when cis isomers are created, the absorption of the me-
sogenic unit along the same direction significantly decreases,
but for the perpendicular direction it slightly increases~left
side of Fig. 6!. This asymmetry means that due to formation
of cis isomers there is a substantial UV-induced reorientation
of the mesogenic groups in the thirdz direction ~along the
normal!. After the second irradiation in thew590° position
by yellow light ~right side! the mesogen absorption increases
again, but even more slightly, since this direction is already
enriched bytrans isomers. It means that formation oftrans
isomers along one, e.g., they direction, ‘‘calls back’’ a small
amount of the mesogenic groups from the other two~x andz!
directions. Since the forward and back processes are not
equally efficient, the repeatedtrans–cis–trans transitions
may result in the collective reorientation of the mesogenic
groups~and, probably, chromophores themselves! mostly at
the stage of the cis isomer formation. It is of interest that the
dark cis–trans relaxation seen on the right side~solid lines!
does not change the mesogen absorption. Therefore, the ori-
entation of the mesogenic groups and the relevant part of the
optical anisotropy has to remain stable.

The total picture can be viewed as follows: the rather
fast photoinduced formation ofcis isomers exerts a strong
torque on the surrounding mesogenic units, but the slow dark
relaxation exerts a much weaker~if any! torque on the me-
sogenic groups; on the other hand, the photoinduced forma-
tion of trans isomers restores, at least partially, the initial
situation with a higher ordering of mesogenic groups. This
might be a key observation for understanding the general
phenomenon of the photoinduced anisotropy in terms of the
molecular-field model discussed in Ref. 26.

We have made additional experiments with ap-polarized
UV beam at an incidence angle of 60°~refraction angle
about 35°! when thez projection of the light intensity, pro-
portional toEz

2 onto the film normal is about 30% of the total
intensity. This has been done in the following way: first, we
irradiated a film bys-polarized UV light long enough~1.5 h!
to reach the saturation close to the state shown in the left part
of Fig. 6. The spectra were measured with the sames polar-
ization. When a considerable amount ofcis isomers had been
accumulated and the mesogen absorption band was reduced
dramatically, we turned the UV polarizer through 90° to
have only p-polarized UV light. Thetrans band starts to
recover slowly~some 30% for 25 min!, but the mesogen
absorption increased much faster and recovered completely
for 15 min. The subsequent rather fast dark relaxation results
in considerable degradation of the chromophore dichroism.
These observation showed that thez projection of the UV
light field is very essential because by producing newcis
isomers this projection ‘‘calls back’’ the reoriented me-
sogenic groups much more efficiently than the in-plane field
of the yellow light which createstrans isomers. For the same
reason, the obliquely incident unpolarized light causes a
slight increase in the mesogen absorption band shown in
Fig. 4.

Surprisingly, with the same technique we were not able
to induce a photodichroism in copolymer~I! in spite of the

FIG. 6. Polarized absorption spectra of a spin-coated film of copolymer~II !.
Dashed lines on both sides indicate the virgin spectrum~no dichroism!. Left
side: the film is irradiated once withs-polarized UV light for 15 min and the
spectra is taken withs-polarized spectrometer light for the two angular
positions of the film indicated in the figure. Right side: the film was addi-
tionally irradiated withs-polarized yellow light for 5 min and the spectra of
the film were taken just after the second irradiation~dotted lines! and six
days later~solid lines!.
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fact that long-livedcis isomers form easily. What we did
observe is a similar decrease, as in copolymer~II !, of the
mesogen absorption band when we createdcis isomers with
the s-polarized UV light~with unpolarized light we had an
increase of that, Fig. 4!. Therefore, mesogenic groups are
reorienting during thecis-isomer formation even in the co-
polymer with only 8% of azochromophores. The absence of
the induced dichroism may be accounted for assuming much
more rotational freedom for the chromophores in copolymer
~I! than in~II !, presumably, due to the different phase struc-
ture of the two copolymers in our spin-coated films. Unfor-
tunately, detailed structural data are not available yet even
for bulk samples.

The light-induced dichroism discussed above may be re-
written by polarized UV light with an electric vector oriented
at an arbitrary angle with respect toeUV used for the first
irradiation. The result of such an experiment is displayed in
Fig. 7. A film with previously recorded dichroism as was
shown in Fig. 6 was installed in a new position atw
5230° ~or 150°! and irradiated bys-polarized UV light.
The absorption spectra taken afterward for the two positions
of the sample perpendicular to each other~150° and 60°! are
presented in the main plot of Fig. 7 and the angular depen-
dence of absorbance~A! is shown in the inset for the me-
sogenic band~244 nm! and thetrans band of the azochro-
mophore ~348 nm!. The induced orientational order
parameterS5(N21)/(N11) estimated from the dichroic
ratio N5A(60°)/A(150°) is higher for the azochromophores
(S50.45) than for the mesogenic groups (S50.24). In any
case, it is high enough to provide an easily controllable, po-
larization sensitive, and reversible recording of holographic
information.

D. Photoinduced optical anisotropy

For copolymer~I! some data on photoinduced anisotropy
and phase changes may be found in Ref. 18. Here, we focus

more on copolymer~II ! manifesting a stable dichroism. The
induced anisotropy was studied in a 10mm thick cell made
of two glass plates. A phase transition was observed at
74.8 °C as a very faint change of optical transmission and the
occurrence of very small defects in the otherwise black cell
between crossed polarizers. Below this temperature the poly-
mer begins to show photosensitivity, in the sense that the
birefringence can be induced under the action of incident
polarized light from the microscope lamp. There seems to be
three different resulting textures of the polymer after the
phase transition:~a! if not illuminated, a slightly scattering
texture appears, which is blue-green under crossed polariz-
ers, but optically isotropic;~b! if illuminated by polarized
light, the polymer becomes transparent and birefringent; and
~c! if illuminated by unpolarized light the substance shows
an optically isotropic, clear appearance.

Studies of the photoinduced birefringence were carried
out at temperature 70 °C, but the induced birefringence could
be inscribed down to room temperature, with successively
longer times needed for creating a certain optical contrast.
An achieved level of the photoinduced retardation, for in-
stance, that corresponds to al/2 plate, was observed to be
stable over, at least, several days. By increasing the tempera-
ture up to 80 °C, the inscribed birefringence could be quickly
erased. After cooling the sample below the transition at
74.8 °C, the birefringence could be induced again by polar-
ized white light from a microscope lamp. By following the
growth of the birefringence for 30 min, during exposure to
polarized light at temperature 70 °C, it was possible to esti-
mate the induced retardation. By inserting compensatingl/4
and l plates, a quantitative measure of the birefringence
could be obtained. In about 5 min,l/4 is reached, and then it
takes more than 20 min to reachl. After 30 min, 5l/4 re-
tardation was obtained. The process seems to saturate around
this value for the present polymer. With a 10mm cell, a
retardation of 5l/4 corresponds to an induced birefringence
of about 0.06. By irradiating the sample with unpolarized
light, an inscribed in-plane birefringence could be erased,
most probably, by reorientation of the optic axis into a ho-
meotropic state. Both the homeotropic and a birefringent
state could be inscribed on the optically isotropic phase at
lower temperatures.

All these observations are consistent with the photoin-
duced mesogenic group orientation observed for much thin-
ner films and discussed above. In a separate experiment we
have checked that the white, nonfiltered light of the metal–
halide lamp used in our photochromism studies produces a
small excess ofcis isomers with respect to the equilibrium
state. Hence, the cause of the anisotropy induced by white
light may easily be understood. However, the optical anisot-
ropy might also be induced by solely green and even yellow
light, at least, for a longer time illumination. Our spectro-
scopic experiments show an evidence that green or yellow
light may produce an excess of onlytrans isomers. There-
fore, in order to explain the effect of the photoinduced an-
isotropy in this case, we have to imagine that a long-wave
light createstrans and cisisomerssimultaneouslydue to
some overlap of thetrans p –p* andcis n–p* bands with
some excess oftrans isomers. Then, the creation ofcis iso-

FIG. 7. Main plot: The absorption spectra of a copolymer~II ! film with a
previously recorded dichroism as in Fig. 6~left! after a second irradiation by
UV light with the electric vector at 150° with respect to thex axis. Spectra
are taken for two positions of the sample perpendicular to each other~150°
and 60°!. Inset: the angular dependence of absorbance~A! for the mesogenic
band ~244 nm! and thetrans band of the azochromophore~348 nm!. The
radius of the external circle corresponds toA51.25.
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mers could be a driving force for the mesogenic group ori-
entation as was discussed above. For example, with an Ar-
laser excitation one could start with overwhelming amount
of trans isomers and finish the process of reorientation with
a substance even more enriched bytrans isomers with the
whole process driven by thecis-isomers excitation. Evi-
dently, such a multistep process of the optical anisotropy
recording, which involves a competitive excitation of both
isomers takes a much longer time than a selective formation
of either cis or translong-living isomers by properly chosen
light wavelengths, as suggested here.

IV. CONCLUSION

Photochromism has been studied on two comb-like
liquid-crystalline copolymers~I! and ~II ! containing me-
sogenic units and azobenzene chromophores in their side
chains. The two copolymers possess a smectic ordering in
their glassy state and manifest a strong photoinduced optical
anisotropy that is of great interest for holographic informa-
tion recording. In both polymers, upon short-time irradiation
by unpolarized UV light, long-living~in darkness! cis iso-
mers are observed in both chloroform solutions and spin-
coated films. The isomers can easily be converted into their
transcounterparts by short-time yellow light irradiation. De-
spite such a similarity, the physical mechanisms of the
photoinduced anisotropy in the two copolymers seem to be
quite different. In spin-coated films of polymer~II ! the origin
of the anisotropy is a strong dichroism, stable, at least, for
many days, which can be induced very rapidly in two steps,
namely, by subsequent irradiation of the films by UV light
linearly polarized in a certain direction and yellow light lin-
early polarized in the perpendicular direction. This dichroism
occurs due to an enrichment and depletion of the chosen
angular direction, correspondingly, withtrans and cis iso-
mers of the azobenzene chromophores. Polymer~I! manifests
no dichroism at all, and its induced optical anisotropy may
be accounted for by the known mechanism of rather slow
chromophore reorientation. The detail spectral study of co-
polymer ~II ! shows that, simultaneously with the induced
dichroism, a considerable reorientation of the mesogenic
groups occurs as a secondary phenomenon at the stage of the
cis-isomer formation. The formation oftrans isomers is ac-
companied by a weak back-reorientation process. This obser-
vation helps us to understand better the general process of
the light-induced molecular reorientation in polymers, liquid
crystals, and Langmuir–Blodgett films.
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