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Study of Optical Switching and Reorientation in Liquid Crystals of
Homologous Series of 4-n-butyl-4’-n-alkoxyazobenzenes

VLADIMIR GROZHIK ° , HELEN GLEESON’ | SVETLANA SERAK °,
SAMANTA WATSON® and ALEXANDER AGASHKOV ¢

“ Institute of General and Inorganic Chemistry of NASB, 9,Surganova, Minsk,
220072, Belarus; ° Schuster Laboratory, Department of Physics and

Astronomy, University of Manchester, Manchester M13 9PL, ° Institute of
Electronics of NASB, 22, Lagoiski Trakt, Minsk, 220090, Belarus

Two mechanisms of optical response in liquid crystals (LC) of homologous
series 4-n-butyl-4’-n-alkoxyazobenzenes (BAAB), namely the photochemical
phase transition and reorientation in bulk of LC are considered. The temporal
parameters of writing (Ar' laser) and erasing (He-Ne laser) of information on
BAAB on the basis of photoinduced phase transition are presented. The
phenomenon of reorientation of BAAB molecules in planar oriented layer
induced with second of Nd:YAG laser in directions orthogonal to initial
alignment was revealed.

Keywords: azobenzenes; liquid crystals; phase transition; reorientation; laser

INTRODUCTION

At present time as a media for optical registration of information are widely
used LC, polymeric liquid crystals (PLC), dye doped liquid crystals (DDLC),
molecules of which have some structural fragments that are able to its
geometry change under the action radiation from lasers. Registration of
information by such substrates can be based on various mechanisms, they are,
for example, the photochemical phase transition into isotropic state!"™! the
change of parameters of a selective reflection band of chiral LC’s!”| the change
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of polarization in ferroelectric LC’s®, the different modes of director

I but all of them are joined with photoisomerization of

reorientation'®”
substrate molecules. Photoinduced transition of double chemical x-bonds in
rod-like molecules to single o -ones gives the possibility of free rotation of
molecular fragments around o -bond and transition of molecules into
thermodynamically unstable cis-isomers in such compounds as azomethynes,
stilbenes and azocompounds. Obtained cis-isomers can relax back into trans-
isomers within a quite wide scale of times (from a few us in case of
azomethynes to hours in case azocompounds'®). For the registration of
information the most interesting are compounds having long-living cis-isomers.
As a such compounds the LC’s of homologous series of 4-n-butyl-4’-n-
alkoxyazobenzenes (BAAB) can be used.

This report presents the results of investigation of parameters of optical
response, induced in BAAB with radiation of the laser. In these compounds
under the action of radiation first of all one can be observed the lowering of
phase transition temperature T, that is well-known phenomenon in the mixtures
of individual components, in our case of trans- and cis-isomers. On the other
hand changes in molecules geometry and their polarizability at
photoisomerization can induce to change of initial orientation of LC-layer.
Gibbons et al” reported about registration of information as a result
photoinduced reorientation of azopolymer coating, that in turn caused twist-
reorientation LC director. By using of various polymer coating, doped with
azobenzenes, one can reorient the layer director from homeotropic state to
planar one'''! or vice versa”. Authors™' investigated photoinduced
reorientation in bulk of the azodyes doped LC (1% by weight). This
reorientation in some DDLC can be orthogonal to polarization vector of
exciting wave and to director of its propagating (molecules turn in plane of
substrates of planar cell), in other cases such reorientation can coincide with the
wave vector of wave propagation (normally to substrates). Also it is possible to
observe the third case that is rotation of LC molecules in either of two
directions, each of them is orthogonal to initial alignment. Rotation of layer
director in bull of DDLC can cause the appearance of easy axis on unrubbing
substrate of planar cell'®'",
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We investigated two mechanisms of interaction in LC-azobenzenes, that
are connected both with photochemical phase transition and with reorientation
in BAAB.

EXPERIMENT AND RESULTS

LPhotoinduced phase transition in BAAB.
The method of registration of information in LC based on photoinduced phase
transition was for the first time reported in work of Haas et al'* They were
radiating the mixture of stilbenes in nematic phase with Xe-Hg lamp (4 =300
nm). Analogous method of optical information registration we realized™ on
mixture of LC-azobenzenes at interaction of them with radiation from He-Cd
laser  (A=440 nm, P=20mW) and from ruby laser (second harmonics,
A=347nm, At=50ns, W=20 mJ/cm?>). The spatial
resolution in that experiment was at least of 25
lines/mm in planar LC-cell at the thickness of
20um. Fig. 1 shows photo of the image of
photomask, focused on LC-layer by lens. At use
of He-Cd laser the exposure time was 2-3s

(d=20 1 m). Ruby laser formed the image by one
6]

— 170um

pulse. Authors™' showed that cis-isomer forms in
azobenzenes in very short time scale, about 10 ns. FIGURE 1 Photo of the

We carried out the investigation of times of  stored image in BAAB
writing 7 ,, and erasing 7 ,, in eight homologs of
4-n-butyl-4’-n-alkoxyazobenzenes and in the mixture of that homologs
C1:C2:C5 (1:1:1 by weight) (BAAB-1), having nematic phase at the room
temperature. The compounds were synthesized by the method, described in ",
Their structure formulas, phase transition points and dependences of refractive
indexes n,, n. vs. temperature are shown in Fig. 2.

Planar LC-cell was irradiated by Ar’ laser (1=488 nm, P=50 mW/cm?),
polarization vector of beam coincided with layer director L. Registration of
written information was carrying out on input glass of cell that was set between
crossed polaroid's by the He-Ne laser (4 =633nm, P=50mW/cm?). The angle
between layer director and optical axis of one of polaroid's was equal to 45°.
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Planar alignment of LC molecules was achieved by treatment of glass surfaces
with polyimide. The cell was placed in heating chamber with Linkam TMS90

o) wen- ) o

R=C,H; K48N83I =CH;s K56SmA(55)N72I
R=C:H, K67N68I R=CgH;; K57SmA(58)N77I
R=CH, K65N75I R=CsH;s K63SmA(64)N741
R=C¢H,; K44SmA(41)N74] R=CiHz K55SmA(71)N761
nO’ nO
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FIGURE 2 Structures, phase transition temperatures and refractive
indexes n, and n, of eight BAAB homologs

temperature controller gave a temperature stability of 0,01°C. The polarizing
microscope Olympus BHMJ was used for observation, the cell was
homogeneously illuminated by scattered radiation from Ar" laser with help of
short length of fiber optic bundle. Orange-colored view of a polérizing
microscope after irradiation with Ar” laser changed its color to green after one
can be observed appearance of the small point-like areas of isotropic phase that
were spreading through the view. The dependences of time of photoinduced
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switching from mesomorphic to isoptropic state 7, on layer thickness d,
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FIGURE 3 Switching times of photochemical nematic-to-isotropic phase
transition in BAAB-1 film as a function of its thickness (a) and power of Ar'

laser (b): a-P=50mW/cm’, b-d=Sum
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FIGURE 4 Temperature
dependences of photochemical nematic-
to-isotropic switching time of eight
BAAB homologs and BAAB-1. The
thickness of the film is 5 um.
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excitation power of Ar’ laser P and temperature T for homologs are show in
Fig. 3 and 4. In case of the thinnest samples BAAB-1 with thickness of 0,9um
at the temperature of 23°C the value of 7, was about 150ms at P=50mW/cm’.
The minimal time of photochemical transition (7.,=30ms) was observed the
temperature thermal phase transition N—1 (A T=1°C).

On basis of the diffusion equation for non-mesogen molecules M*);

dN P N

“‘172 keae;;——z_'-f-DAN
one can evaluate their concentration N/N, at which the photochemical
transition takes place. Here &, -is absorption coefficient for extraordinary wave
(E ,,lIL), a , -quantum output of process, P-intensity, r -characteristic time of
cis-trans transition, N,=N, p/M (p is density, M- molecular weight).
Because the value of 7 for azobenzenes markedly exceeds the switching time

TM

. in case of thin cells the second term in equation is negligible and in case of
steady distribution of isotropic phase in all of interaction volume we can write
N kPM

N, " N, hvwp

. For the cell filled with BAAB-1 at d=Sum, £,=300 cm "', P=50

mW/cm?®, p=lg/cm’, M =300 we obtain N/N, ~2-107*. This value of cis-
molecules concentration was used for evaluation of dependence 7  (P) and it
was obtained a good agreement with experimental data ( the curve in Fig.3).
Azobenzenes, as already it was noted, are characterized by relatively slow
relaxation of cis-isomer into initial state. In thick cells the isotropic areas
disappeared for a few hour but in thin cells they could exist during a day. For
samples having crystalline phase at the room temperature it was observed the
freezing of an isotropic area at cooling and the restoring of it after subsequent
heating of cell (d=5u m). Erasing occurred by existence in darkness or by
heating of a cell to temperature above the phase transition point N—1. It was
found that quick erasing of isotropic areas can be brought off by focused
radiation from He-Ne laser (P=3 W/cm’ ).The change of BAAB-1 layer
transmission at turning on and turning off of Ar” laser is show in Fig. 5. Itis
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seen the full recalling of initial state in 5s. This writing-recalling was good
repeated, Fig. 5 demonstrates the three cycles of writing-recalling. In view of
polarizing microscope on background of isotropic area 1,5mm across it was
observed uniform planar spot
that was the size of the He-Ne
focused beam diameter (about
200 g m). The erasing time was

5.00V/div

5.00e/div

increased at heating of layer or
at decreasing of beam intensity
(Fig.6). The  dependence
7 ,, (P) is inversely proportional

FIGURE 5 Writing (Ar’ laser) and
erasure (He-Ne laser) of optical
information on BAAB-1 film based on  similarly z  (P). At heating of

isothermal phase transition. layer 7, drops whereas T
increases. Near the phase

transition point (A T<2° C) the radiation power of He-Ne laser was insufficient
to return layer into planar state. Reverse process is hindered, that is a result of

T § f TS |
T :
180 + : 50
180 + ; 40
120 30
90
20
60
1 : 10 1
Pl T i —
20 25 30 35 40 45 50 0 5 10 15 20 25 30
T,°C P, W/iemy’

FIGURE 6 Erasure times on BAAB-1 film as a function of temperature
and power of He-Ne laser (d=5um).

abrupt decreasing of order parameter near N—1I transition as well as of
increasing of thermal diffusion of molecules from surrounding isotropic area
inward mesophase area.
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2.Reorientation in the bulk of

To research of the orientation phenomena the methods of grating was used. As
excitation source it was used the Nd:YAG (FWHM) laser, that operated in
second harmonic mode (4 =533nm, W=40mJ/cm®, A t=25ns). For cells with
thickness of 50 ym the medium was transparent at this wavelength, so

selfdiffraction can be observed at minor changes of refractive indexes n, and n.
without inducing of photochemical phase transition. The concentration of cis-
isomer was about 107> mol.%. For experiments we used the cells filled with
planar oriented BAAB-1. At A=533nm and d=50um the absorption

coefficients for e-(L||E) and o-components (L.LE) were k=160 cm™ and k,=62
cm’'| respectively; the cell was practically opaque to wavelengths of radiation
from other lasers (488nm and 440nm). The He-Ne laser ( A =633nm, P=10mW)
was used as source of probe beam. The size of spot of interaction was 2mm. At
P=80 mW/cm® marked influence on reverse cis-trans isomerization was not

observed.
1 Vidiv
FIGURE 7 Oscilloscope traces of the
a probe beam diffraction on BAAB-1 sample
(d=50um) induced by Nd:YAG laser.
Horizontal scale: a- lus/div, b-Sus/div, c-

2 Vidiv
! 10ms/div.

In Fig.7 the typical oscillograms of change
1 Vidiv of first-order diffraction intensity are shown.
After action of Nd:YAG laser pulse the
diffracted beam intensity build-up was
observed during 2 u s. The relaxation consists
of a fast component (25us) and a slow
component (35ms). At the interaction with radiation in azobenzenes one can
displayed the thermal, conformational and orientation nolinearities with
- . PLC, A , ,
characteristic relaxation time r=—-—35——_, where C, is heat capacity, 41-

4’4,
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_2__. [20]
1 4rD

+
r A

thermal heat conductivity coefficient, A - grating period, 7, =

2
ar’kK
with period A=11 pm and typical values pC,=1.5J/cm’K, A=16J/K-s-cm,
K/»=10°cm?/s we obtain 77= 28us and 7= 30 ms that agree with experiment.

and 7o = , where y -viscosity, K- elastic constant. For the grating

7 markedly exceeds 7, its experimental values

n.% are presented below.

36 1 1

32 1 FIGURE 8 Probe beam diffraction
28 1 efficiency as a function of energy of Nd:.YAG
24 3 laser. The geometries of interection:

20 + 1- L”El,anpmbe, 2'L”El,2, L-LEpmbea

16 + 2 3- LJ_El,z, L”Emh’ 4-L1 El’z, L—'—Epmbe-

12 +

08 | We observed the reorientation in BAAB

0.4 film. The results of investigation of diffraction

e e T efficiency 1 at both various levels of excitation
P.mWicm’  and geometries of interaction are shown in Fig 8.
The largest gratings efficiency is reached as the layer director L is parallel to

polarization vectors of excitation waves E;, E; and probe wave Egqpn.. In
) aAnd\? .. .
accord with 7= . the change of refractive index for extraordinary

wave An, can be evaluated. At the excitation energy 10mJ/cm® 1,=0.036 and
Ang=-7.6-10". For o-component of probe beam at geometry L||E;2 no~0.018
and corresponding value of An, is equal to 5.4-10* As the layer director is
mutually perpendicular to E, and E;, the e-component of probe beam remain
high: 1.,=0.02, An.=-5.8-10", but o-component is minor: 1],,=0.002,
An,,=10" In all of cases the diffraction efficiency has the square dependence
on pump radiation intensity and is, in general, in accordance with the change of
absorption coefficients k... As kc=2.6k, the value n for e-component must
differ from that value for o-component approximately by seven fold if we deal
with usual conformational nonlinearity of LC for that An,c~k,. **. Remind,
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that in case of conformational nonlinearity the change in An, is due to shift of
curves n,(T) along the temperature axis. However the observed change of
NeWMo®2, but Nei/Me1~10 hat is the ratio n/ne do not conserves itself constant
as that was observed in works of Odulov et.al®™ for conformational
nonlinearity. The refractive indexes change that is due to reorientation is added
to refraction indices change that is due to formation of conformers.

In our case the reorientation occurs in direction perpendicular to initial
orientation of layer both in plane of substrates and perpendicular to them when
absorption is maximal for e-component of writing radiation. For o-component,
as absorption coefficient is less, the rotation is observed mainly in direction
perpendicular to substrates. This reorientation is not connected with light field
because the Freedericksz-transition-like rotation observed in *!! here is absent
otherwise at geometry L.LE, > for o-component of probe beam the strong signal
could be registered. We suppose that reorientation is due to cis-isomers which
are formed as a result of inversional mechanism of molecule trans-conformation
22 For used materials the conformational and orientational
nonlinearities are good distinguished on the basis of relaxation times. At

change

increasing of pump waves power above 10mJ/cm’ the dependences n(W)
exhibited the saturation and even decreasing of signal. At this slowly relaxing
gratings are observed, that erased themselves in 10 seconds as a result of
isomers diffusion. At the same time the area of exposure that was more
intensive orange coloured in comparison with basic layer, could exist as long as
a few hours. Investigation of those area by the Babinet compensator showed
that refractive index of medium is distributed in accordance with Gaussian
section of single-mode radiation from Nd:YAG laser, its maximal change
caused the shift of an interferention band on a half that corresponds to phase
change on 7 or refractive index change An, =A/2d on 0.0063 (P=30mJ/cm?). At
the increasing of excitation energy above 120mJ/cm® the photochemical phase
transition was observed.

Supposing the time of erasing of isomer grating 1.~10s in accordance with

2

—— 3, one can evaluate the diffusion coefficient for
A" +4n°D 7,

relationship 7~
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cis-isomers, assuming 1n=0.03, A=11um. Calculated value of D, is equal to
1.5-10%cm?s.

CONCLUSIONS

The writing and the erasure of information on isothermal phase transition from
nematic into isotropic phase in 4-n-butyl-4’-n-alkoxyazobenzenes with help of
radiation from Ar+ and He-Ne lasers of relatively small power (7TmW) was
investigated. For practical purposes the mixture BAAB-1 having nematic phase
at the room temperature is convenient. For this mixture in the cell thickness of
0.9um the time of writing was 150ms (PA=50mW/cm®) and time of erasure
was 18 (Ppene =3W/em?).

Reorientation of director axis in bulk of BAAB-1 under second harmonic
generation of Nd:YAG laser was investigated. We suppose that reorientation
has photochemical nature. Under radiation the minor part of molecules ( 1%)
transforms from trans- to cis-isomers during short pulse (25ns). Change of
medium refractive index is determined by thermal, conformational and
orientational nonlinearities that are good distinguished by their grating
relaxation times. For grating with period A=11pum ©1=25ps, 16=35ms, 1~10s.
Orientational grating efficiency depends on polarization's of acting and probe
waves. Molecular reorientation in bulk of LC takes place in directions that are
orthogonal to initial alignment both in the substrates plane and the plane
perpendicular to them.
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