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Light induced structures in liquid crystalline side-chain polymers
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We applied ellipsometry to study the distribution of azobenzene fragments in the films of two types
of comblike polymers with azobenzene moieties in the side chains before and after ultréwiglet

light irradiation. The polymer with an alkyl chain at the end of the azobenzene fragment forms
structures with preferred homeotropic alignment of the fragments. Irradiation of this polymer with
nonpolarized UV light at normal incidence induces a homeotropic alignment of azobenzene
fragments. Oblique irradiation induces tilted structures. Polarized UV light irradiation at normal
beam incidence induces biaxial structures with a fanlike distribution of azobenzene fragments and
preferably out-of-plane alignment. The polymer with polar nitro group at the end of the azobenzene
moiety shows preferential in-plane orientation. The degenerate in-plane alignment is retained for
normal irradiation with nonpolarized UV light. Excitation with polarized light provides highly
ordered in-plane alignment of the azobenzene fragments perpendicular to the UV light polarization.
Re-orientation of the fragments under a second UV exposure with orthogonal polarization involves
out-of-plane rotation of the fragments. @001 American Institute of Physics.

[DOI: 10.1063/1.1351157

I. INTRODUCTION In equilibrium the material consists mainly of azoben-
zene fragments in the lower energsans conformational
The phenomenon of light induced anisotropy refers to astate. Thetrans isomers are elongated and may be consid-
material’s ability to show birefringence and dichroism as aered approximately as rigid rods. A transition dipole moment
result of irradiation by actinic light. The parameters of in- for absorption of therans isomers is oriented almost along
duced anisotropy depend on the irradiation conditions; directhe Jong molecular axis. The probability of light absorption
tion of the induced axis of anisotropy depends on the direcis proportional to the projection of the isomer transition di-
tion of polarization of exciting light, while the value of the ole moment on the electric vector of the incident light
induced birefringence and dichroism on the irradiation doseThe azobenzene fragments that are oriented along the direc-
Materials featuring this phenomenon have found applicationgion of the light polarization absorb light with much higher
in optical data storage, holography, and photo-switching Oprobability than the fragments oriented in all directions per-
optical elements™ The effect of light induced anisotropy pendicular to the light polarization. Light excitation of the
was also applied for alignment of liquid crystdlsC).>® dye fragments causes reversitians-cis isomerizational
Among a variety of photosensitive materials, azobenyransitions. The exited molecules relax to the lower energy
zene derivatives demonstrate relatively high values of thgans state: however, the orientation of the molecules after
induced anisotropy that is caused by a high-absorption dige |ight absorption process is different from the original
chroism in its azobenzene units. Processes taking place dyine After the multiple acts dfans-cistransformations, the
ing the irradiation of azobenzene compounds were extefyedium approaches a photo-steady state with azobenzene
sively studied for different azobenzene containing medig agments oriented perpendicular to the direction of the ex-
including viscous  solutions of azobenzene mOlecz"es'citing light polarization. Reaching this state, the molecules
Langmuir—Blodgett films, and polymers with azobenzene ;o excluded from the further reorientation. As a result, the
moieties that are chemically linked to a backbone, gt majority of the azobenzene moieties reorient perpen-
(azopolymers*~**~**The latter materials have the advan- yicjar to the vectoE.
tage of high stability of the induced anisotropy. Being part of a polymer molecule, the azobenzene frag-
ments influence the orientation of the polymer chains. The
dElectronic mail: tsergan@Ici.kent.edu photo-induced orientation of the azobenzene fragments can
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involve the nonabsorbing fragments of the polymer in the Q Hj

reorientation proces€:" This effect is important for the sta- (a) —1—0C— H—(CHz)xj_L (b) «ET—CHZ }7

bility of induced anisotropy? (L{Z)G ' 00 "
A high polarizability along the long molecular axis of ((F Hy)

the azobenzene fragments in ttrans conformation deter- qHe

mines birefringence effects for the light outside the absorp-

tion band. The refractive index for the light polarized along

the long molecular axig, is higher than the refractive indi- N

ces in all the directions perpendicular to the long molecular N N

axis n,. Similar to low weight rodlike liquid crystals, the lelr

azobenzene moieties possess positive birefringérce n,
—ny>0, wheren, andn, are the refractive indices for the
extraordinary and ordinary waves, respectively.

The vast majority of publications concerning light in- OC4H,
duced anisotropy in azopolymer films consider a two-
dimensional distribution of the azobenzene fragments in the
plane of the film. In fact, the polarized absorption and bire-
fringence measurements used in these studies were carried

out for normal incidence of the testing light beam. These!l EXPERIMENT

methods allowed the authors to study the anisotropy induced We studied two types of azopolymers with chemical for-

in the plane of the films only (an “in-plane”  mulas presented in Fig. 1. Both materials are comblike poly-
anisotropy.3-1520=22However, it is natural to assume a mers with azobenzene fragments in side chains connected by
three-dimensional distribution of azobenzene fragm&ts. flexible alkyl spacers to the polymer backbone. Side chains
Indeed, there are many directions perpendicular to the polaef the polymerP1 [Fig. 1(a)] contain polar N@ groups. The
ization direction of the exciting light. These directions form Side chains in polymeP2 [Fig. 1(b)] have hydrophobic alkyl

a plane that is perpendicular to the vecErThus, the or- 9roups GHy attached to the azobenzene moiety. The differ-

dering of the fragment perpendicular to the film surféae ~ €NCe in thg chemical struqture of thg side chains was ex-
“out-of-plane” anisotropy should be taken into account. As pected to influence the dlf.fer.ence in the supramolecular
an example, out-of-plane alignment of azobenzene fragmen%rlJCture of azobenzene moieties.

can be induced by nonpolarized UV light at normal beam Due to flexibility of ‘?‘”‘V' Spacers, the azobenzene frqg-
o 8.19 ; L . ments can rotate relatively freely in the polymer matrix.
incidence!®%1n this case, the only direction that is perpen-

dicul he electric field s the directi ¢ the liah Since their concentration in the polymer is high enough, they
lcularto the electric field vectors is the direction of the light ¢y form mesophases within some temperature intervals.

propagation inside the polymer medium. o _ Azobenzene fragments of polym®d form smecticA and

A three dimensional supramolecular ordering induced inematic mesophases within the temperature range 44°—52 °C
azopolymers by light depends on a variety of factors, such agnq 52°-55 °C, respectively. Polym2 demonstrates a re-
a chemical structure of the polymer molecules, interactiongntrant nematic mesophase within the temperature interval
between polymer fragments and boundary conditions. Wea12°-140 °C. Both polymers are solids at room temperature.
will show the influence of these factors on the distribution of ~ The azopolymer films were fabricated by a spin coating
the azobenzene fragments in two types of polymers. technique. Polymer®1 and P2 were dissolved in toluene

In our work we studied the average spatial distributionand dichloroethane, respectively, up to concentrations of
of azobenzene fragments after irradiation by actinic Uv10% by weight. The solutions were spin coated on glass
light. The induced birefringence was measured with the lighgubstrates at spinning speeds of 1500—-3000 rpm. We used
probe outside the absorption band of the polymer. We used #/0 types of substrates: Pre-cleaned microscope glass slides

null ellipsometry technique to obtain differences betweer@Nd the glass substrates covered with polyimide alignment

three principal refractive indices assuming an effective biaxi/2Yers- We studied the influence of different types of poly-

ality of the films. The preferred orientation of the azoben-'mide alignment layers on the orientation of the azobenzene

zene fragments was estimated according to an assum ti(ghagments in the polymer films: The rubbed polyimide 3510
g 9 PY9%d nonrubbed polyimide 7511L, both from Nissan Corp.

that the material possesses a higher polarizability and, her]C‘Ia'he thickness of the films was measured using a profilometer
a higher refractive index for the extraordinary wave for themanufactured by Tencor Instruments

light polarized in the direction of the long molecular axis. At To induce the anisotropy in the samples of azopolymers,
this point, we would like to stress that the induced structuregye ysed the light of a Xe lamp from Oriel Corp. The irra-

can show an effective biaxiality, however, the molecules thagjation density used in the experiments was 3, 20, or 90
form them are rod-shaped and exhibit uniaxial polarizabil-mw/cn? in the wavelength range of 326—400 nm. To pro-

ities. The absolute values of the refractive indices needed fafide the irradiation of the samples with polarized light, we

the calculations of birefringence were obtained using refracused a dichroic UV polarizer supplied by Oriel Corporation

tometry. and operable in the wavelength range of 230—770 nm.

NO2

FIG. 1. Chemical structure of polymeksl (a) and P2 (b), respectively.
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Quarter along the vertical and horizontal directions. Entering the
“’;‘t’: sample at normal incidence, the two components propagate
P through the sample as eigenmodes. Elliptiditstio of the
Lens lengths of major and minor axes of the ellipse of polariza-
tion) of light exiting the sample depends on the phase shift
/>\ between the ordinary and extraordinary waves. The quarter
] wave plate converts the elliptically polarized light into lin-
He-Ne \U u&’ W W early polarized light with the direction of polarization deter-
laser Analyzer Detector mined by the phase shift between the two eigenmodes. This
direction is found by rotation of the analyzer to a position of
minimum light transmission at an angle which is con-
FIG. 2. Ellipsometry setup. nected to the in-plane retardation of the samplg(n,)d as
(ny—n,)d=\¢/180 (d and \ are film thickness and light
) ) o ) i wavelength, respectivelyfor the case of normal light inci-
The I'g,ht induced blrefrlngence' in the fllms. Wwas Mea- yance. This method used for the in-plane birefringence mea-
sured outside the polymer absorption band using an eIIIpéurements only is known as the Senarmont technique. It can
somet_ry technique described in the following section. Theoe extended for oblique light incidence. In this case, the
setup included a low power He_—Ne lagrr=632.8 nn), two ngle ¢ depends on the in-plane retardatiom, ¢ n,)d, the
calcite GIan—T_hompson polan;ers mou_nted on rotanonaEut of plane retardationn,—n,)d and the absolute value of
;tages from Oriel Corp., a Bablnet—S_oIell compensator adc')ne of the refractive indices of the biaxial film, for example,
justed to progjuce the same retardation as a quarter wa\ﬁeX. The anglee can be calculated as a function of light
ElcizjeeIor;éT;tlé%h(t)r\:vfrl\\;elr?)?agttignztl_steaszésbnrg "?‘“Idca S1"f‘rr]np||.eh'ncidence angleg of the testing beam assuming a certain
: . ) ge by Lriel 0. 1he fig ample configuration. The results of optical calculations can
intensity was measured with a photodiode connected to e compared with the experimental data
Keithley Instruments multimeter. The setup was automati- We performed calculations for the ané&;eby using Ber-
cally controlled by a perfonal computer. The rotation aCCU~ - 's 44 matrix method® Maxwell's equations for the
racyT\g:SagsctJﬁi;eﬂ:gugif.one of the refractive indices in theIight propagation through the system of pplarizer, sample
plane of the film was measured using Abbe refractometerand quarter wave plate were solved numerically. The result
of the calculations is components of the electric field vector

The measurements were taken with the light from a sodium

lamp (\=589.6 nm. In some cases, we have been able torepresented by four Stokes parameters. The measured value

measure three principal refractive indices independently. T8 @ is connected to the Stokes paramet®fsand s, as ¢

calculated differences between three principal indices agreeﬁ 45°—atan(5;S,). The problem has a unique solution for

with the birefringence data obtained by ellipsometry. The>0™M€ _stri_ct Sample g_eometrie_s including biaxial films with
typical values for the ordinary ray of the smaller in-planethe principal dielectric axes in the plane of sample and

refractive index in the direction perpendicular to the polar-'“m'axIal films - with grbltrary optic axis orle_ntqt|0n. T.he.
ization of the exciting UV light wer@y=n,=1.6 and 1.58 sample can be considered as a stack of uniaxial or biaxial

for the polymersP1 andP2, respectively. Iay(_ers. This_samplt_e configura_tion aIIovys one to study various
optic axis distributions. The light coming out of the quarter
wave plate is almost linear polarized when the system ana-
lyzes the phase shift between two orthogonal eigenmodes of
the sample. To meet this requirement, the direction,ofor
To measure the light induced birefringence in polymern,) has to be oriented along the horizontaf vertica). In
films, we used a transmission ellipsometfgolarimetry  the case of the uniaxial film, the projection of its optic axis
technique with fixed positions of a polarizer and a quartehas to be aligned with horizontal direction.
wave compensation platéig. 2).2° The polarizer is fixed We measured the phase shift versus incidence angle
with its transmission axis at 45° to the horizontal direction.curves for two orthogonal geometries with axis at hori-
The analyzing part of the system consists of the quarter waveontal and vertical direction, respectively. The in-plane retar-
plate and the rotating analyzer. The optic axis of the quartedation is directly calculated from head-on phase shift as
wave plate is parallel to the transmission axis of the polar{ny,—n,)d=\ @nea4.0i180. The relationship between the in-
izer. When the system does not contain the investigateglane and out-of-plane indices influence the curvature of the
sample, the analyzer is crossed with the polarizer producinghneasuredp versusé curves. Thus, the only fitting parameter
no light leakage through the system. This is the starting pois the out-of-plane retardatiom{—n,)d. The best match for
sition for the analyzer. the experimental curve is considered to be a model for the
Let us consider a uniform film with two principal dielec- crystallographic configuration.
tric axes in the film plane and the third axis perpendicular to  The last step is to connect the estimated relationship be-
the film surfacen, andn, refer to the principal indices in the tween three principal refractive indices with the orientation
plane of the film along the horizontal and vertical, respec-of the azobenzene fragments. The highest index for the
tively, andn, to that normal to the film. The light passing azobenzene fragment appears in the direction of the long
through the polarizer has two equal orthogonal componentsolecular axis. Thus, the direction of highest index would

Polarizer

Sample

Ill. THE APPLICATION OF SENARMONT TECHNIQUE
TO BIREFRINGENCE MEASUREMENTS
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n FIG. 4. Measured®) and modeledsolid line) curves for analyzer angle
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and correspondent distribution of azobenzene fragmnts

FIG. 3. Measured®) and modeledsolid line) curves for analyzer angle the polymer with 5!”‘3_/' groups R2) coated Qn untreat_ed
vs light incidence angle for polymerP1 on untreated glass substra®  glass substrates. Similar to the polynid, the in-plane bi-
and correspondent distribution of azobenzene fragmnts refringence is negligibly small nyX: ny— nxzo_ Contrary

to the previous case, the film is characterized by positive

o ) _ ) out-of-plane birefringence: n;—n,)d=35 nm @An,=n,

coincide with the preferred orientation of the azobenzene_ n,~0.085) anch,>n,=n, . The film of the polymeP2 is
fragments. In the next section, we apply this method to an positive uniaxial medium with the optic axis normal to the
analysis of three-dimensiondBD) structures induced in  fjim surface featuring a homeotropic alignment of azoben-

azopolymer films. zene fragment§Fig. 4(b)].
In order to elucidate the influence of the anchoring con-
IV. RESULTS AND DISCUSSION ditions, we studied the alignment of polymers on two types

of alignment layers: Glass plates with rubbed PI 3510 and PI
7511L with no rubbing, respectively. The choice of these
Figure 3a) shows the experimentally measured curveslayers was determined by their strong anchoring of rodlike
of the phase shife versus incidence angkfor the polymer  thermotropic liquid crystals. Our previous studies showed
with nitro groups P1) on an untreated glass substrate. Therahat the rubbed Pl 3510 yields a planar alignment of cyano-
is no phase shift for normal light inciden¢é=0). This in-  biphenyl compounds contrarily to layers of nonrubbed PI
dicates equality of the two in-plane indiceg;=n,. How-  7511L that provide the homeotropic alignment.
ever, the film possesses out of plane birefringenng ( The polymer with nitro groupsR1) shows a uniform
—n,)d=—40 nm that causes a phase shift at oblique lightin-plane distribution of azobenzene fragments on Pl 7511L
incidence. Curve fitting gives the out-of-plane index  coating, while polymer with alkyl groupsP2) forms struc-
smaller than the two in-plane indices;<n,=n, andAn,, tures with preferable homeotropic alignment on both types of
=n,—n,~—0.08. The film shows negative birefringence substrate. We detected in-plane birefringemge-n,=0.2
with the optic axis perpendicular to the film surface. Theandn,—n,=0 in polymerP1 films on rubbed Pl 3510, in-
relationship between the three indices suggests that thdicating a uniaxial alignment of the azobenzene fragments
azobenzene fragments are randomly distributed in the plangong the rubbing direction.
of the film with no preferred direction for their orientati¢a The studies show that the influence of standard align-
degenerate in-plane distributipfFig. 3(b)]. ment layers on the orientation of azobenzene fragments is
Figure 4a) shows the measured versusé curves for weak excluding the case when the in-plane orientational or-

A. Structure of nonirradiated azopolymer films
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dering of the azobenzene fragments is induced in polymer(a)
with nitro groups P1) by a rubbed polyimide substrate. We
associate the preferable orientation of azobenzene fragment
with interactions between the molecular fragments of the
polymers. The in-plane distribution of azobenzene fragments
in polymerP1 can be explained by assuming in-plane align-
ment of the backbones and a strong interaction of the polar
nitro group of the azobenzene moiety with the main chain
fragments. The preferred homeotropic alignment of the
azobenzene fragments of the polymer with alkyl groups
(P2) may possibly be determined by the hydrophobic func-
tional group at the end of the moiety and its weak interac-
tions with the polymer backbones.

B. Structures induced by nonpolarized light

In studies of structures iR1 andP2 induced by nonpo-
larized UV light, we distinguished 2 cases: Normal beam (b) 220/
incidence and oblique beam incidence at the angle of 45°
with respect to the film normal. The intensity of the record- ﬁ
ing beam varied from 11 to 90 mW/é&mThe time of irra- £

diation was 20 min. iﬂ /U
The irradiation of polymer with nitro groupsP) with /7 f

QO N

~

nonpolarized light of low intensity does not change the de- e /(,? &4 & i)
generated in-plane distribution of azobenzene fragmemts ( y Ul U[]
—n,=—0.08, ny—n,=0). However, we observed the tran-

sition from planar to homeotropic structure in the case of a
high-intensity actinic beaml&90 mWi/cnf). This result
was anticipated according to a general consideration that the

fragments should accumulate in the direction of light propa-
gation. FIG. 5. Measured®,0) and modeledsolid and dashed lingsurves for

. - . analyzer anglep vs light incidence anglé for polymer P2 irradiated with
] The irradiation of the pOIVm?r with alkyl groups@) nonpolarized UV light at oblique incidende) and correspondent distribu-
increases the out-of-plane ordering of azobenzene fragmenidsn of azobenzene fragments). Curves correspond to two sample posi-

even in the case of low light intensity. The maximum in- E'zo)”slr"gst?g‘ntsherepsfoi‘;t\'g? of optic axis is along verti¢al and horizontal
duced out-of-plane birefringence reached-n,=0.27 that » fesP v:
is significantly higher than the initial valug,—n,=0.08.

Figure §a) shows the measured versusé curves for  C. Structures induced by polarized light

the film of the polymer with alkyl groupsR2) irradiated . . . . . .
with a nonpolarized beam at an oblique incidence of 45°, The irradiation of polymer films with polarized UV light

The asvmmetry of the curves sudaests an oblique or spla G%L normal incidence induces in-plane birefringence and
y y 99 q play anges the relationship between the three principal refrac-

gpglc rxls dls;rltl)u;mt)rr: of trtw_e ;:I)ct))sﬂve_unm:cx;gl m(;,\dngﬁg. tive indices in both polymers.
(b)]. We modeled the optical behavior of this structure as a Figure Ga) shows the measured versusé curves for

uniaxial film with an oblique optic axis. The calculated value,[he polymer with nitro groupsR1) after 15 min of UV light
of the bwefrmggnce.agco.rdlng-to the model|ngq§—no irradiation. The intensity of the recording beam was 11
~0.26. The optic axis is tilted in the plane of incidence of .\\n/cn?. Curves 1 and 2 correspond to vertical and horizon-
the excitation beam at the angte22® with respect to the 5 azimuths of actinic UV light polarization, respectively.
film’s normal. The tilt angle is much less than expected aCaccording to the modeling, positive phase shift corresponds
cording to Snell's law. Thus, as a result of tilted irradiation g the axis in the horizontal direction having the higher in-
of the azo-polymerP2 with nonpolarized light, the initial ~ plane refractive inder, perpendicular to UV light polariza-
homeotropic orientation of the azobenzene fragmentgion and the lower in-plane index,. Curve fitting gives the
changes to a slightly tilted orientation. following relationship between the three refractive indices:
The oblique irradiation of polymeP1 films induced the  n,—n,=0.3 [(ny—n,)d~30 nm], (n,—n,)d=0 nm, n,
structures that cannot be described within the applied mod>n,=n,. The light induced structure is positive uniaxial
els. The asymmetry ofp(6) curves suggests complicated, with the optic axis perpendicular to the UV light polariza-
possibly, tilted, distribution of azobenzene fragments. tion. In this case, the azobenzene fragments show planar

substrate
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’ FIG. 7. Measured®,0) and modeledsolid and dashed lingsurves for
analyzer anglep vs light incidence angl® for polymer P2 irradiated with
UV light polarization polarized UV light at normal incidence. Curves correspond to two sample
positions when the direction of UV light polarization is along verti¢hl
®) < > and horizontal2) directions, respectively.
tion (ny—n,)d and (,—n,)d, respectively, versus time of
irradiation for the polymeP1. Before the UV light was ap-
ﬁ plied, the azobenzene fragments were distributed uniformly
ny, & S in the plane of the film i§,<n,=n,) [Fig. 3b)]. The irra-
7 nyé diation of the polymelP1 redistributes the fragments in the
= plane of the film such that they align perpendicular to the
n, substrate direction of UV light polarizationFig. 6b)]. This process

increases the difference between two in-plane refractive in-
FIG. 6. Measured®,0) and modeledsolid and dashed lingsurves for dIC_eS.. At th_e thtO'SteadY_ State’ the fllm Is a positive
analyzer anglep vs light incidence anglé for polymerP1 irradiated with  uniaxial medium with the optic axis perpendicular to the UV

polagized UVfIight atr(r;:)rrrcl:al incidend@) anddctor;\jlsponder;t distr_itt_)ution ﬁf light polarization ny> n,=n, [Fig. 6(b)] The value of in-
azobenzene fragmends). Curves correspond to two sample positions when : . _—

the direction of UV light polarization is along verticél) and horizontal2) duce(_j bwefnngenceny.x 'S. higher t_han _0'25' . .
directions, respectively. Figure 9 shows kinetics for light induced ordering in

polymerP2. The azobenzene fragments of the nonirradiated
film have the preferred homeotropic alignmeni>n,=n,
alignment perpendicular to the UV light polarization [Fig. 4(b)]. Contrary to the polymelP1, the UV light induces
[Fig. 6(b)]. relatively low in-plane birefringence with the maximal value
Figure 7 shows the measuredss ¢ curves for the poly-  ny,—n,=0.045 [(n,—n,)d~10 nml|. Simultaneously, the
mer with alkyl groups P2) irradiated under the same ex-
perimental conditions. Similar to the previous case, the
higher indexn, is perpendicular to the direction of UV light 60 ®
polarization. However, the relationship between the three 1
principal indices is different:n,—n,~0.025 [(ny,—n,)d /
~10 nm| and n,—n,~0.12 [(n,—n,)d=50 nml, n,>n,
>n,. This suggests a fanlike distribution of the azobenzene
fragments in the plane that is perpendicular to the direction
of light polarization. However, the orientational order of the

®

(n,nJd, nm
B =
\

Q]

molecules giving rise to this in-plane birefringence is less 04 re o=
than that for the homeotropic orientation discussed previ- 2
ously. E 20 /
We studied kinetics of orientation of azobenzene frag- =
ments under polarized UV light irradiation with a light in- é
tensity of 20 mW/crh Birefringence measurements were 403,7
0 500 1000 1500 2000 2500

taken at the same irradiation site after successive periods of
irradiation. The time between the finish of each irradiation time, s

step and taking the _l_)lre_zfrlnge_nce measurement was IonSIG. 8. Birefringence kinetics in polymeP1 under polarized UV light
enough to reach e_qumbrlum. Figure 8 shows the measuregdagiation: Measured curves for in-plari¢) and out-of-plane(2) optical
values of induced in-plane and out-of-plane optical retardaretardation, respectively.
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FIG. 9. Birefringence kinetics in polymdP2 under polarized UV light . ) L . )
irradiation: Measured curves for out-of-plat® and in-plane(2) optical ~ F'G: 10. Re-orientation kinetics in polymél under polarized UV light
retardation, respectively. irradiation: Measured curves for out-of-plai® and in-plane(2) optical

retardation, respectively.

out-of-plane birefringence increases tg—n,=0.3 [(n,
—n,)d=70 nm|. The photo-steady state is characterized bythe UV light polarization. If this angle is 45°, the optic axis
the high ordered uniaxial homeotropic alignment of theof the film gradually rotates 45° in the plane of the film. This
azobenzene fragments. process takes place without significant changes in the film’s

The studies of kinetics of orientation in the two types of texture and without change of planar alignment.
polymers under polarized UV light irradiation indicate the = The re-orientation of the azobenzene fragments of the
differences in orientational behavior of the azobenzene fragpolymer with nitro groups R1) is more complicated when
ments depending on chemical structure of main and sidéhe direction of the UV light polarization makes an angle of
chains. The azobenzene fragments with polar nitro group80° to the initial one. Figure 10 shows the curves for the
retain their preferred in-plane alignment. Irradiation by po-in-plane f,—n,)d and out-of-plane rf,—n,)d retardation
larized UV light induces planar alignment of the fragmentsvalues versus irradiation time. The initial film has the optic
in the direction perpendicular to the projection of light po- axis alongy direction and in-plane retardatiom(—n,)d
larization. The azobenzene fragments with alkyl functional=58 nm, (,—n,)d=0 nm. Pumping of the film with light
groups prefer the homeotropic alignment. Small in-plane bifolarized along they direction decreases the in-plane and
refringence induced by low dose polarized light is transientincreases the out-of-plane birefringence. The point of the in-
The photo-steady state for this polymer is characterized byersection of the two curvesn{—n,)d=(n,—n,)d (ny
highly ordered homeotropic alignment. The photo-steady<n,=n,) corresponds to a negative uniaxial film with the
state for both polymers is uniaxial. This uniaxiality of photo- optic axis along the direction. This indicates the degenerate
steady structures may be a consequence of mesomorpridstribution of the azobenzene fragments in the plgoa
properties of the azobenzene fragments. that is perpendicular to the direction of the initial UV light
polarization. Further pumping decreases the in-plane bire-
fringence @,—n,)d to zero in a favor of the out-of-plane
refractive indexn,:(ny—n,)d=0 nm, (n,—n,)d=50 nm

To study the re-orientation of the azobenzene fragmentg,n,=n,<n,). At this point the film is positive uniaxial with
we initially irradiated the films of polymerB1 andP2 with homeotropic alignment of the azobenzene fragments. The
polarized UV light. The time of the irradiation was adjusted following increase of the irradiation dose decreases the out-
to get maximum possible in-plane birefringence for the giverof-plane birefringencen,—n, . At the same time, the abso-
film. After the process was completed, we rotated the polartute value of in-plane birefringence,—n, increases and
izer in the azimuthal plane and continued irradiation processchanges sign. This indicates the in-plane alignment of some
We took the birefringence measurements at the same irradiaf the azobenzene fragments. The order of molecules giving
tion site after subsequent irradiation steps. rise to in-plane birefringence is less than that for the pre-

Rotation of the UV light polarization by the azimuthal ferred homeotropic alignment. The structures are similar to
angle of 90° destroys the in-plane ordering in the polymetthe fan-like distribution of the azobenzene fragments ob-
with alkyl function groups P2). Homeotropic ordering of served in polymerP2 after low dose polarized irradiation.
azobenzene fragments increases with increase of irradiatiorhe reorientation process involves out-of-plane rotations of
dose similar to the case of prolonged nonpolarized UV lighthe azobenzene fragments that is not observed during the
irradiation. initial orientation.

The process of re-orientation of the azobenzene frag- During the re-orientation, the texture of the sample
ments in the polymer with nitro group®() depends on the changes significantly from the uniform planar alignment to a
azimuthal angle between the initial and the new direction ofgrainy polydomain structure. We observed light scattering

D. Re-orientation phenomena
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typical for transition phenomena. The process provokes The process of the induction of anisotropy has saturation

strong distortions of the alignment of the azobenzene fragbehavior. The photo-steady structures observed in both poly-

ments. It can produce different biaxial structures. Figure 1Gmers are uniaxial. This could be connected with the me-

depicts schematically the main features of the process; howsogenic properties of studied polymers.

ever, it lacks accuracy of detail because of the huge distor- The reorientation of the azobenzene fragments of poly-

tions. mer with nitro groups P1) with UV light polarization that is
The re-orientation phenomena observed in the film of theperpendicular to the initial polarization involves some out-

polymer with alkyl groups P1) under polarized UV light of-plane rotation of the fragments. The unfavorable out-of-

irradiation are similar to the reorientation of low-molecular plane movement of the azobenzene fragments in this poly-

weight liquid crystal§LCs) induced by electric field® Inthe  mer (“planar-homeotropic” transitionwas observed at high

latter case, the reorientation is a process without a thresholdioses of UV light irradiation.

if the angle between the LC director and an external field is

less than 90°. However, when the director of the liquid crys-

tal makes a 90° angle with respect to the direction of theACKNOWLEDGMENTS
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