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CONFORMATIONAL OPTICAL NONLINEARITY OF
NEMATIC LIQUID CRYSTAL

[.P.PINKEVICH, Yu.A.REZNIKOV, V.Yu.RESHETNYAK

Abstract The expressions for parameters of the cubic
optical nonlinearity caused by light induced impurities are
obtained. It is shown that the order parameter changs near
impurities give the main contribution to the conformational
nonlinearity. The values of nonlinearity psrameters are
measured in MEBA by dynamic holography method.

INTRODUCTION

In the region of nematic liquid crystals (NLTS elactron
self-absorption the photaostimulated charnges in shape and strutture
of its molecules are possible when the latter pass to  the
electron-excited state . Such molecules with changed structures
can be considered as light-induced impurities. As the parameters of
light-induced impurity molecules (LIM) in particular the
polarizability y differ from those of own HNLC molecules, then
their appearance will change the magnitude of intermolecular
interaction energy as well as the magnitude of the order parameter
S in the vicinity of impurity.

The NLC refractive index wn is defined by molecular
polarizability and order parameter, and therefore both the change
in y and S will make a contribution to the change cof refractive
index. The additional, as compared to the isctropic liguid,
contribution to AN occurring at the experse of the change in order
parameter in appearing LIM gives rise to great magnitude of
nonlinearity, which appears to be of the  same order as
orientational nonlinearity. Systematic studies of responses of
nonlinearity associated with molecular phototransformations were
carried out in 2-6 The fact that the anomalously large
magnitudes of the nonlinearity parameter in  mesdphase are

associated with the change in NLC order parameter was first drawn

43
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phototransformation the change 1In molecular on
place, such nonlinearity received the name conformational or
LIM-nonlinearity. Here the expressions for the parameter of
LIM-nonlinearity are obtained in some theoretical model frameswork
and values of the parameters are measured bydynamic holography
methaod.

EXPRESSIONS FOR THE NONLINEARITY PARAMETERS,

The nonlinear addition to NLC polarizebility cen be desorivbed b

the forth rank tensor}}jke :

Ad ;= X BBy (D

The second two indices of tensor components 715«& correspond

to polarization of radiation exciting LIM, and the first two

indices correspond to polarization af radistion regietering
nonlinearity.

Proportionality of nonlinear addition A<L£j to  light
intensity  tensor I,‘e = Eer means that conformational

nonlinearity is described by cubic term of polsrization
expansion into a power series of field intensity l;e. In this case
appropriate changes of refractive index n for e~ and o-waves are
connected with components 7}jxe as follows:

e 277}33&6 EKEe o 2% }uu& Ex Ee
AN = ) AN =
he he

w3
“

To obtain the values of tensor components )[(3) wWe  can  use

description b of conformational nonlinearity in the framswork of
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light-induced temperature shift model of phaze fransition to
isotropic liquid with LIM excitation. Thiz modsl makes it
possible to express the magnitudes ﬁ‘:/."& through measured
parameters and can be described as follows.

It is well known that the addition of impurity molecules to
NLC changes its phase transition temperature 1;:. The appearenca of
light-induced impurities in a nematic causes the same effect, In
this case the curve n(T0zT/T)is shifted along the axis T by the
value AT.'T relative to the point ’C: =1 (Fig. 1} and thus
an=n, ('t_:)-ho(‘t’_"*A'E.:)(here and further the subscript ot
corresponds to an unexcited sample).

The impure crystal average $ 1is the universal function of
‘('.’T independent (at low LIM concentration R ) of the character
and concentration of LIM and coinciding with the  depandence
So("C:) of pure NLC, but ATT=(T;1:,)/7;°~W.

Inasmuch as in mesophase the main contribution to

the temperature dependence of refractive index i1s made by the
order parameter § (’C.r), the dependance n(’t‘.‘.)can also be considersd
as universal for a given NLC and independent on  the type of LIM
Therefore, the change in refractive index at the expenze of T‘o

tignship

m
i

shift can be faund using ths rel

oe 0,€ 4 o0 0,8 , ~0 r~o
~ - +
an. = n, (T)-ng (T aTl),

or taking into account infinitesimal of A't,r H

an%¢
qe ~ (-] -~ £y
Ahs = —’aToﬁb.r . 03
b

Thus, the magnitude Ansis defined by the cuwrve shift n.(’t:)
proportional to LIM concentration along the axis by the valus
A’CT .Inasmuch as LIM concentration n' 1is proportional to light
intensity, then according to the above consideration, AaN iz
proportional to |E iZ and associated with cubic nonlingarity
parameter ﬁ(s).The part ]A(})stemming from the change of NLC order

parameter with the appearance of LIM will be described by the
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appropriate cubic nonlinearity paramester ]/3).
It is clear that the expression for 7{,;( will take *the

following form:

ne gne e ne an°
ALT[I), 7(”“:

42;_‘{1) (4}
27 E A o ce

These relations expressing )".i.kl through the parameters being
measured make it possible to draw the following conclusions about
the properties of tensor 71/3)'?

1. The components 7’3‘3” and 7;”3 as wall as 7,,33""”"—' are
of the same sign, and the signs themselves arg defined by the
character of temperature shift A‘i;. In most cases the addition of
non-mesogenic impurities to NLC decreases the value of 7;‘, and thus

A’ZT‘AO.Inasmuch as on°/9T >0 , o’ﬂ"/d'z;. <0 we obtain that
Fivzs s Ko >0 T30 + X33gy < O
2. The NLC molecules usually possess positive dichroism of

absorption and thus A%, >aC, . Inasmuch as

33 7
(v
©1°/0%,)>(dN°/dC. ) | this means that nonlinearity should b
maximal for extraordinary writing and testing beams. Owing to the

o€ ~
fact that the derivatives 04 ° /9¢,. ,defined by the dependencs

1]

_S‘(Z;_) rapidly grow as they approach Tg nonlinearity  should
rise with temperature. The values 7‘5.'«‘ specific for sach NLO are
determined by experimentally measured dependences rnae (2‘7_) as
well as LIM excitation anisotropy which is due to NLC molecular
absorption dichroism,

Let us estimate the contribution of the refractive index
change ang to the common magni}\uﬁe} an and accordingly the
values )’{:/‘_k‘to the total tensor X

The expression for refractive index of impure NLC at n'<e 1

can be written as ¢

2 - -
(n*C) =L+ 95 F (F + 3 fo S), (5

where J=/z-n)f + YA TR A A f and 4
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are the mean polarizability and polarizability anisotroBy of NLC
and LIM molecules, respectively, j =-1/3 for g-wave and } =2/% for
e-wave, F is the local field factor, A, -  number of NLC
molecules Subtracting the relation for refractive index of pure NLC

from this expression (in this case n'=0, $§=5, ’ we obtain:

an’C=snFM [ ag +9 (S ~4aSs)] .

where A/:/’—/ .

Considering, as stated above, that +the dependence coincides
with the dependence So(i":) and expanding the function S(C,)

into a power series we obtain that

70 o Se Vad 4
S(?T)=S°/zr}+ e Aér(n).
7

Substituting the last expression into (&) and taking into
~ L =2 2
account that 4% FA, = (A2-2)/F, A= /3 +2nt /3 we obtain:

- ds
an®s (AR (T)[af+ gaf (8,-2T7 5=51] /27" =
T

-
=an, «ang. 7
where 4 p = /q' - 4 .  The first component in  this

expression corresponds to the change of ~ which wmust alsc be
observed in isotropic liquid and the second one describes an
additional contribution appearing in mesophase due tc ocrierntational
ordering and its change on appearing LIM.

Let us make numerical estimations. If one supposes that

A= 4/, then even far off the phase transition | for sxample, at

Z  =0.9& ,that for MBEA NLC corresponds to T =32° at
A =45°) and at typical values S =0.6, 0/-5;/¢/T:=1.5 , we obtain
that a4 /472 =75 i.e. the contribution of order parameter is

decisive,.
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With increasing temperature the contribution af  order
parameter becomes greater at the expense of growth of the

derivative 950/32’: ~as 7, is approached.
Thus, the change in order parameter on molecular

phototransformations is likely to make the main contribution to an

at NLC LIM-nonlinearity and we can consider at T=T7, that

€
~ ~ 7S
Aan=ar,_, 7:‘/«:" }“./_Ke

EXPERIMENTAL RESULTS

The relationship between all the independent tensor
components 7‘-‘/-”( were obtained by dynamic holography technique
. Intensity I, of the diffracted radiation testing the

holographic grating is described by the expression

2 ~ e - - 2
Id=£ﬁ=z/,z.ftj (E Ei* EreEu) €y Xijuely) /2 ®

Here é; and ed are the wunit vectors of polarization of
2
incident and diffracted testing radiation, Et =-1;£ is the

intensity of testing beam.

It is seen that the measurement of diffraction efficiency of
holograms 7=Id /[z: at various polarizations of recording
F. » €&, , testing E.'/ and diffracted £, radiations makes it
possibhle to define the relations between all the independent
components /70’;: / , and knowing the holographic grating
parameter we can alsp find their absolute values. For example, if
the polarization of recording beams is directed, as well as the NLC
director, along the axis 2 | e-wave! and the testing and
diffracted beams along the axis x o-waves) , then the
diffraction intensity will be defined by the component )’“33

The experimental diagram is shown in Fig.2. ( F is the lens
with a focal distance of 1 m, 4 Q is the planary oriented MERA
NLC, 50 mkm thick and the phase transition temperature 7, =432°

«e, - S, are the mirrors, F} - {j are the polaroids which
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make it possible to vary the radiation intensity, to establish
polarization of recording and testing beams independently and also

to analyze the diffracted wave polarization ). To rtecord the
holograms, He-Cd-laser radiation ( A=0.44 mkm, power P =somW ) was
used, which was not polarized initially. The intensitiez  of
recording beams in NLC cell ( I = Z +[, = IW/cm?) were the same. The
intensity of testing radiation was I, = 10_2.[0. The holographic
grating period A was equal to 10 mkm. The measurement wers made
at room temperature.

The dependence of testing radiation diffraction intensity with
a4 given pplarization on the angle V¥ hetween the director and
the recording field intensity vector was measured experimentally.

The results are given in Fig.3, where curve 1 corresponds to
the e-polarization of testing radiation, and curve @ corrsgponds to
o-polarization. The analysis of the state of diffracted radiation

polarization has shown that it coincides with the recording

radiation polarization, as it was obtained theoretically { ses
(4)). The relationships between the wvalues Id at points
corresponding to angles Y=0%and ¥ =90° , made it possible, using

expression (4), to determine the relations between all the

independent components 7":,./‘( :

IR 0=0.99) Xasys 15 1 X gy |51 Tager (20,45 Zyggy [

The analysis of the curves obtained in Fig.? allows us to
determine if the components 2, _ and 7"23 as well as 73353
and )’32” coincide or differ in sign. Indeed, at ¥ #°

and ¥ #90°the polarization of testing beam contains both the
ordinary and extraordinary components, and the magnitude Z, 1is

proportional to the square of a linear combination of the

corresponding components 7‘-/,‘( . Thus in the case of different
signs between the components 73;” and 7,333 as well as
between 7’"33 and 7’"4 we should find such value of ¥ at

which the changes in refractive index will compensate =ach other
and the intensityI; =(, The absence of such compensaticn allows us

to affirm that the signs 7

33313

and as well as and
2/.7317 ? 7""11
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ﬂ"” coincide. This is consistent with our theoretical results,

obtained above.
The signe of these components were measured by the method of
induced nonlinear lens *° « In the result we obtained that
i lations tw £
Kared>O, ,7”33<0 and a;cordlng to the above relations between the

signs X . and 7, as well as X344 and

}’3333: 74133>0/ 73311 <0. -3 3 P
The numerical value }’3?33 =2.4 + 10 cm erg was obtained by

measuring diffraction efficiency for the case of self-diffraction
when one of the writing beams was a testing beam.
The value ?3333

and not associated with the geometry of the gxperiment is

depending only on NLC and LIM characteristics

determined by the relatamn )/3333=g,337’”3, where for our axperiment
the parameter £, =0¢"+ 7/ Here T is the LIM life-time, 2
is the LIM diffusion coefficient, 2=27/A Using the wvalue

2 (T=2% )=0.8 10 cn® 5~ 7% measured in 1 ang taking  into
> -3 -1 -
accountthat T =0.7 s we obtain that ](3333 =5,810 cmaerg g1
It should be noted that the measured value )’3353

under the condition of the experiment is determined only by
confarmational nonlinearity and the contribution of
thermal nonlinearity to 7(/3) is negligibly small 7 . This
conclusion follows from the fact that the relaxation of hologréms
is described by the exponent with the characteristic time
2;=1/[2/'9?2+1/2'/] = 0% corresponding to the magnitudes
of LIM life-time and their diffusion. In the case of sssential
tontribution of thermal nonlingarity the dependence _Z;, /¢)  during
the lattice relaxation should contain additional exponential term
with the characteristic time 2;t=f09t$2)4/2’-‘-’10_§ ( Dt = 1(53cmz.s'zis
the thermal diffusion coefficient) that wasn”t observed in
axperiments.

In the result, a complete set of independent components of
tensor 770‘/4:"55 expermentally determined for MEBA

conformational nonlinearity:

> -3 _ 3 -1 -1 5 -3 -7 -7
= -8.8-10 = =3,8-10 7 onf e
/'l’”” 8.8-10 " cmwerg s, 7”” 3.8-1 W erg’s,
. (i
~ _ ~3 2 -1t - =3 3 -1 .7
7’"” = 1,7-10 cm'erg s , }/1133 = Z.8-10  ecm'erg s .



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:51 19 February 2013

52

I.P. PINKEVICH ET AL.

Note that the obtained data on the wvalues )zﬁe( may be used o

get the information on changing the magnitude of intermolacular

interaction in MBBA NLC during photoisomerization of its molecules.
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