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Nematic liquid crystal samples that are homogeneous in the region of coexistence of the nematic
and isotropic phases were obtained and used, for the first time ever, for experimental investigation
of the optical nonlinearity due to phototransformation of molecules. It is shown that the
nonlinear phase shift in the course of photoisomerization and of molecules by optically induced
heating is due to changes of the refractive indices of the coexisting phases as well as to a
redistribution of their volumes. The results are explained in the framework of a qualitative model
that interprets the optical action on the medium in the two-phase region as a shift of the operating
point on the temperature vs density diagram of the impurity.

The long-range orientational order of the arrangement
of molecules in liquid crystals makes them uniquely sensitive
to light. Particularly strong are effects of reversible optically
induced changes of the refractive index, which are phenom-
enologically described by the cubic term of the expansion of
the liquid-crystal polarization in powers of the light-field
intensity E (cubic nonlinearity).!

One of the types of cubic optical nonlinearity of nematic
liquid crystals (NLC), actively studied of late, is the so-
called conformational nonlinearity.? The refractive-index
change corresponding to-this nonlinearity is determined by
the change of the polarizability of the molecules as they are
photoconverted and by the change of the order parameter s
of the NLC near these molecules. A change of s leads to giant
values of the conformational-nonlinearity parameter
&, = 2nAn/E? of the mesophase.

Since the change of the order parameter by the light and
its contribution to the value of An increase drastically as the
temperature T, of the transition into the isotropic phase is
approached, the nonlinearity is particularly large near T,
(Refs. 3 and 4). However, investigations and applications of
nonlinear-optics effects near a phase transition (PT) entail a
number of complicating factors, principal among which are
the need for precise temperature stabilization, narrow dy-
namic ranges of the temperature stabilization, and also lin-
earity of the variation of the refractive index with the light
intensity and strong heterogeneity of the system in the
phase-transition (PT) region, when the system breaks up
into drops of the nematic and isotropic phases.

These difficulties can be overcome to a significant de-
gree by expanding the PT region, ensuring thereby a suffi-
cient optical homogeneity of the system. This possibility was
afforded by introducing into the NLC various impurities, for
in this case the PT temperature range is broadened and a
sufficiently wide temperature region is produced in which
the nematic (NP) and isotropic (IP) phases coexist (two-
phase region).’

As shown in Refs. 5-8, the temperatures of the transi-
tions from the nematic state into the two-phase region (T, )
and from the two-phase region into the isotropic phase (7;)
decrease linearly under typical experimental conditions with
increase of the overall impurity density ¢':

Tn,i=Tcl!(1"‘an,fc') (1)

(T, is the PT temperature of pure NLC, a,; are propor-
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tionality coefficients, a, >«;), i.e., the width of the two-

phase region is proportional to ¢’ (Fig. 1). The ratio of the

volumes ¥, (NP) and V; (IP) in the regions of their exis-

tence, corresponding to the equilibrium impurity densities

¢, and c,, is determined by the known lever rule (see Fig. 1)
Ve c/—c’

= —, 2
V,; ¢'—c,’ 2)

In addition, as shown in Ref. 8, the variations of ¢, ; and
of the order parameter s of the NP are independent of the
total impurity density ¢’ and are determined by the intermo-
lecular-interaction parameters. The temperature depen-
dence of s is usually weak. In typical situations the order of
magnitude of the relative changes As/s in the entire range of
existence of the mesophase are of the order of 10 2.

In the usual experimental situations the two-phase re-
gion is an optically inhomogeneous medium consisting of
randomly located regions of isotropic and nematic phases.
However, as shown in Refs. 9-10, in a number of cases there
can be formed also optically quite homogeneous layered
structure of the IP-NP-IP type, which can be conveniently
investigated by the methods of linear and nonlinear optics.
In particular, in the NLC MBBA, which is homeotropically
ordered in the mesophase and whose phase-transition tem-
perature is lowered by its temperature degradation, transi-
tions into IP are possible through the two-phase region
whose structure, while containing a number of defects (dis-
clinations, point defects) is sufficiently homogeneous for op-
tical measurements.

FIG. 1. Phase diagram of impurity NLC. The values of AT and Ac’ deter-
mine the shift of the operating point (c;,7,) of NLC heating and for
excitation of optically induced impurities, respectively.
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We report here a first investigation of the cubic optical
nonlinearity of NLC in the NP and IP coexistence region
produced by photoisomerization of the liquid-crystal mole-
cules and by optical heating. In the first part we describe the
method of preparing the sample and its properties. In the
second we report the experimental results, which are de-
scribed in the third part in the context of a qualitative model
proposed for nonlinearity in the two-phase region.

1.LAYERED STRUCTURE OF IMPURITY NLC IN THE TWO-
PHASE REGION

As indicated in the Introduction, an impurity NLC
should constitute a unique nonlinear-optics system if it is
produced in such a way that a two-phase region exists in a
wide temperature interval and is sufficiently homogeneous.
It is also desirable that the director orientation in the NP be
predominantly planar, for in this case the cubic optical non-
linearity can reach maximum values.?™

To obtain such systems we tested a number of NLC
with various impurities,® but the only one satisfying the
above requirements was the NLC MBBA, with planar orien-
tation in the mesophase and with natural impurities (prod-
ucts of its degradation). The sample was made by pouring
nominally pure MBBA (7., =43 °C) in a normal atmo-
sphere into a cell made of glass slabs. Water interacts with
the NLC to produce irreversible decomposition with forma-
tion of parasubstituted benzaldehyde and aniline, which is in
turn oxidized.'" This degradation of the NLC led to a lower-
ing of the temperature T, and to the appearance of a two-
phase region about 2 deg. wide (T, =26 °C).

A rough estimate of the total impurity density in the
sample, by comparison with the experimental results for the
phase MBBA-benzaldehyde diagram,'® yields a value
¢'=~10"" for the impurity density. Since the impurity den-
sity is low, it can be assumed that T, and T, decrease linearly
with increase of ¢’ (1) up to the obtained value of ¢’. Taking
into account the value 7., = 43 °C and also recognizing that
T.,=43°C,T, =26°Cand T; = 28 °C we obtain from (1)
that @, = 0.54, a; = 0.48.

To obtain a homogeneous structure, the sample was
heated adiabatically starting with room temperature (heat-
ing rate 10 =% deg/min. After entering in the two-phase re-
gion, a quite homogeneous optically anisotropic structure
(the defect-free regions amounted to 2-5 cm?). An analysis
of the textures® has shown that this structure constitutes a
sandwich of an NP between two IP wall layers (Fig. 2).

The causes of this sandwich may be the good, compared
with the mesophase, wetting of the IP surface of the orien-
tant, and also the increased densities of water molecules and
impurities on its surface.'* The orientation n of the director
in the NP layer was close to the n direction in the mesophase.

The relatively good quality of the obtained system

FIG. 2. Phase structure of NLC in a two-phase region.
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makes it useful not only for the investigation of nonlinear-
optics effects but also for the use of relatively simple linear-
optics methods to verify the validity of the results of the
preceding part of the work. To this end, we measured the
temperature dependences of the phase difference ¢, between
the o- and e-waves on passing through the sandwich.

A testing light beam of an Ne-He laser (1, = 0.63 um)
with a wave vector perpendicular to the director and a vector
E, making an angle 45° with n was directed into the cell at
T<T,. A polarizer with a transmission axis perpendicular
to the polarization of E, was mounted past the cell. Its out-
put intensity 7 {** was connected with the NP birefringence
and with the NP thickness z, by the relation
Qo = _?‘ a2y,
where n° and n° are the refractive indices for the o- and e-
waves. The low testing-radiation intensity /, ~0.01 W/cm?
made it possible to exclude completely the possible influence
of orientational and other types of linearity on the experi-
mental results. The results are shown in Fig. 3. The value of
@, shows a jump at the point 7', followed by a linear, within
the limits of experimental error, decrease of ¢, all the way to
the point 7, where @, vanishes.

We explain the results using the expression for ¢,. Ac-
cording to Ref. 14, the relations for n*and n, of an impurity
NLC are of the form

4nhF

oul .
1,7 =1,sin® g, n,=n‘—e",

(no¢)*=1+

(V. +N,) (3F87a8), (3)

4nhFy s ,

n, = W)—V;(N"_FN" ). (4)
where N, and N, are, respectively, the numbers of the prop-
er and impurity molecules in the NP, ¥ is the NP volume,
y=(1—c.)y+ c.,v, vand ¥ are the polarizabilities of the
matrix and impurity molecules, ¥, and ¥, are the anisotro-
pies of these polarizabilities, 7, = (1 —c.)¥. + cLV5
g = — 1/3fortheo-waves and g = 2/3 for the e-wave, and F
and 4 are local-field factors.

The expression for the nematic-layer thickness follows
from the lever rule (2) and relations (1)

el E2) @

(L is the cell thickness, i.e., L=z, +z,).
Since c;,; €1 in our case, it can be seen from (5) that
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FIG. 3. Temperature dependence of @, .
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FIG. 4. Diagram of experimental setup: L,~L,—lenses, F—red filter, P,—

==
F

after going through the point 7', the thickness of the nematic
layer should decrease linearly with temperature owing to the
decrease of the NP layers,and z, =0at T=T,.

Compared with so strong a temperature dependence of
z, (T), the temperature dependence of n, (T') should be con-
siderably weaker. In fact, it is reasonable to assume that the
molecular parameters y, ¥/, ¥,, and ¥, the local-field coeffi-
cients Fand A, and the valueof (N, + N, )/V, in the region
of the phase existence are practically independent of tem-
perature. The change of ¢, in the range of the two-phase
regionis [¢,(T—-T,) —c,(T-T,;)]/c,(T-T,)=0.1 for
the two-phase region parameters realized in our case. The
¢, (T) dependence can therefore also be neglected compared
with thestrong z, (T') dependence. Asindicated in the Intro-
duction, the variation of s in NP of the two-phase region is
also extremely small and the s(7) dependence can be ne-
glected.

Thus, @, decreases practically linearly with tempera-
ture, owing to the decrease of the NP layer. The obtained
experimental ¢, (T) dependence exhibits just such a behav-
ior. However, the value of ¢, as T— T, on the side of the
two-phase region is not equal to the value as 7— T, on the
side of the two-phase region, as follows from the theory, but
is substantially smaller—it undergoes a jump on going enter-
ing the two-phase region. This jump can be explained by
recognizing that the direction of the director of MBBA on
the boundary with the isotropic phase differs from the initial
planar orientation established in the transition, and makes
an angle 27 °C with the boundary.'® The reason for the jump
of g, is therefore that at the point T'= T, there is produced
on the orientant surface a thin IP film. Estimates in Ref. 8
show that the @, jump on entering the two-phase region
corresponds to a change of ¢, on account of reorientation of
n by an angle of the order of 30° from planar.

Thus, quasi-adiabatic heating of the NLC MBBA
plane-polarized in the mesophase and produces near the ori-
enting surfaces, after reaching a temperature T,, an IP layer
whose director orientation on the boundary differs from that
on the NLC orientant boundary. With further rise of tem-
perature the thickness of the NP, whose order parameter is
practically invariant, decreases linearly. When the tempera-
ture T; is reached the specimen becomes fully isotropic.

2. EXPERIMENTAL RESULTS

We investigated experimentally the optically induced
change of the phase difference between e- and o-waves pass-
ing through the sample. The sample characteristics were in-
dicated above. The experimental setup is shown in Fig. 4.
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P,—polarizers, PD,—PD,—photodiodes, C—cell with NLC.

The Gaussian beams, one exciting (4., = 0.44 m, power P,,

=5 mW) and the other testing (1, =0.63 um, P, =0.1
mW), intersected in the sample. The radius of the exciting
beam (p., = 0.6 mm) was much larger than the radius of the
testing beam (p, = 0.2 mm), made it possible to regard the
intensity I, as constant in the region of their intersection.

The wave vectors of both beams were perpendicular to
the director n of the NLC in the mesophase. The polarization
of the testing radiation E, made was at 45° to n, and the
polarization of E, was parallel to n. The testing beam passed
from the sample through a polarizer with an axis perpendic-
ular to n and was recorded by photodiode PD,. The power of
the exciting was monitored by photodiode PD,. The sample
temperature was set to minimize the power of the testing
radiation past the polarizer, i.e., to satisfy the condition
@, =mm,m=1.2,...

The exciting-light wavelength was at the MBBA ab-
sorption edge (absorption coefficient 3= 13 cm~'). Ab-
sorption of light caused photoionization of the MBBA mole-
cules and heating of the crystal.'>'® As a result, pulsed
application of the exciting beam altered the phase shift ¢,,
and the photodiode PD, connected to an automatic plotter
recorded a signal proportional to I, sin’[Ag, (I,

= const) ].

The results of measuring the stationary variation of
A@ ' as a function of the light intensity in the middle of the
two-phase region were poorly reproducible. Its character in
this region was qualitatively the following. On the initial
section the value of A § increased linearly with the intensity
I, but with further increase of I,, (I, 0.8 W/cm?) the
increase of Ap, became faster than linear. At still larger I,
(=W/cm?) the stationary value of A, decreased past a
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FIG. 5. Temperature dependence of the stationary nonlinear phase shift
Ag, (I, =0.05W/cm?).

Reznikov et al. 818



'r'ff' C I
2000 {
1 I
T l .
2 ]
I :
1k |
ll antlll
g
w2 2% 27 5%

FIG. 6. Temperature dependence of the effective time 7. of nonlinear
phase-shift relaxation.

certain threshold to zero. The onset of this state was accom-
panied by intense scattering of light.

We obtained also the temperature dependences of
A (T) (Fig. 5) and of the effective relaxation time 7.5 of
A, (Fig. 6). This time corresponds to a decrease of Ag, ()
by e times. Critical growth of Ag |, and 7.; was observed in
the vicinity of the temperature 7, in the mesophase and in
the phase-coexistence region directly adjacent (within less
than 0.02°) to 7,,. The kinetics of the relaxation had in this
case a strongly pronounced nonexponential character, viz.,
except for a quasiexponential component with atime 7, S 1s
close to the lifetime of the MBBA photoisomers,'® the
Ag, (t) dependence contained a component with a substan-
tially longer time 7, = 10-30 min which depended apparent-
ly on the intensity of the light.

After entering the two-phase region and passing
through the critical-behavior region, Ag, decreased linearly
with increase of T up to the temperature 7;, where A, de-
creased to zero. After passing through the critical region, 7.
decreased to its values in the mesophase and the 7, compo-
nent vanished. An insignificant increase of 7.4 was observed
with further rise of temperature.

3.DISCUSSION

To describe the results rigorously it is necessary to de-
termine the cubic optical nonlinearity in the two-phase re-
gion, always a difficult task. We confine ourselves therefore
to model-based considerations.

The main processes due to absorption of light in the
medium and leading to a change of @, are its heating and
excitation of MBBA photoisomers. Let us examine the
mechanisms of both.

The optically induced NP temperature change, the sta-
tionary value of which can be estimated at'’

AT~Bp.. L. l4n%, (6)

(y is the NP thermal conductivity) causes the operating
point (c5,T,) on the ¢’ — T phase diagram to shift by an
amount AT(I,, ) along the T axis (Fig. 1). This decreases
the NP thickness by increasing the thickness of the isotropic-
liquid layers. In addition, the impurity density changes in
both phases, and the refractive index of both phases because
their polarizability differs from that of the matrix.
In accord with (5), the change Az'" is given by

0z, Le,, AT(l..)

th 27T =
Bz = —ZAT (1) T (7

’ ’
Cio —Cno

where AT is given by (6).
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The stationary value of AT in the two-phase region is
practically independent of temperature. The change of the
difference T, — T in the interval where the two-phase re-
gion exist is also insignificant, so that at the given intensity
Az, can be regarded as constant.

The anisotropy change of laser-heated NP is deter-
mined by the change of ¢;,; by an amount
Acl, = AT, T, a,;. It follows from (4) that this change is

_ 4n(N.+N,")Fh AT (1)

A ath
" 2TV,

[ (' =1)na

1 ’
+-§(n’+2n )s(y'—v) ] .
(8)

The above expression was obtained by neglecting the weak
s(c.) dependence. The parameters in (8) depend little on
temperature, and An! can be regarded as constant.

We consider now qualitatively the processes induced in
the two-phase region by photoionization of the molecules. If
the photoisomers, which can be regarded as optically in-
duced (OI) impurities,? were to interact with the matrix
molecules in the same way as the real impurities, their onset
would alter the volumes of the corresponding phases with-
out change of the values of ¢, and c;. Since, however, the OI
interact with the matrix in a manner different from that of
the real impurities, the equilibrium densities of the latter
change. It is reasonable to assume that since the NP order
parameter in the two-phase region is independent of the im-
purity density (see Sec. 1), excitation of the OI produces an
additional phase redistribution such that the order param-
eter of the system remains unchanged. This assumption
means that the appearance of OI can be phenomenologically
described by a certain equivalent change of the joint impuri-
ty density, i.e.,

s(&)=s(c'(T\)). 9

&' =co'+pcy,

Photoisomer excitation leads consequently to a shift of the
operating point (¢},7,) on the phase diagram by an amount
Ac’ proportional in first-order approximation to ¢, (Fig. 1).
This shift, just as in the case of laser heating, leads to a redis-
tribution of the NP and IP thicknesses

dz,° 1 1
Az,.‘=—Az‘~‘ = z 7 AC'=pcp (Iez) Tco (_ - )1 ( 10)
ac [« 2
where
cr=Btmle/c o, (1)

7 is the photoisomerization efficiency and 7, is the photo-
isomer lifetime. Just as Az'", the change Az depends little
on the temperature.

According to the lever rule, a shift of the operating
point along the ¢’ axis does not lead in a one-component
impurity system to a change of the equilibrium values of c,
and c; [see (2)]. However, redistribution of impurity mole-
cules among the phases, meaning also a change of their re-
fractive indices, will nevertheless take place, since some of
the real impurity molecules is replaced by OI, and the polari-
zabilities of the two types of impurity are different.

Recognizing the additivity of the refraction and using
the condition (9), we obtain
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4aN Fhe, (I,
Ange = —n E e d )"[ (AyptpAY) R
2n¢n° :

+ %“ (ne+2n0) (A'an"'pA'fa)s] ) ( 12)

where Ay, =y, —yand Ay,, = ¥,, — 7., whiley, and 7,
are the polarizability and the polarizability anisotropy of the
impurity molecule. Just as Az Az, and An, the value of
An{ in the two-phase region is practically independent of
temperature.

Both optically induced heating and photoisomerization
lead thus to approximately the same results—redistribution
of the volumes of NP and IP and change of their refractive
indices. Each of these processes initiates a change in the
phase shift of the radiation passing through the medium:

Ao (Tex) = (271/A) (RaA2.+F 2, AN+ An.AzZ,), (13)

where

An, = An* + An¢ and Az, = Az™ + Az,

The term Az, in this expression corresponds to a mech-
anism analogous to the usual conformational nonlinearity of
the mesophase. In fact, the decrease of the NP thickness can
be regarded as the maximum possible change of the order
parameter from s(7T') ~s,( T, ) to zero, i.e., it can correspond
to a jump of the NP anisotropy from »,(7) to zero in the
region where the IP appears. The second term, connected
with photoisomer excitation, has no analog in either the me-
sophase or the isotropic state of pure NLC, and is deter-
mined by the redistribution of the true impurities and the SP
among the NP and IP.

The mechanism of the thermal nonlinearity (the terms
proportional to Az™ and An'?) is also different from the cor-
responding mechanism in the mesophase and in an isotropic
liquid, where it is determined by the small derivative dn/dT.
In fact, laser heating in the two-phase region, just as in the
case of conformational nonlinearity, leads to redistribution
of the impurities and can therefore have comparable ineffi-
ciency with the conformation mechanism. The contribu-
tions of the thermal and conformational nonlinearities to
Ag, depend on the specific experimental setup, on the NLC
and SP parameters, and on the actual impurities.

Expressions (7)—(13) describe the experimental re-
sults qualitatively. In fact, as shown above, the values of Az,
and An, depend little on the temperature, and the NP thick-
ness z, decreases linearly from the valuez, =L at T=T,
to zero at the point 7= T,. The change of the birefringence
is therefore not determined by the temperature-dependent
term n,Az, and by the linearly decreasing term z, An,, i.e.,
A, should decrease linearly with increase of 7" and vanish
jumpwise when the temperature 7 is reached. This is pre-
cisely the dependence obtained in experiment (See Fig. 5).

The proposed model explains also the obtained
Ag@, (I, ) dependence. At low values if I,, the quadratic
term in (13) can be neglected and Ag, ~ 1, . At high excit-
ing-light intensities the term An,Az, ~I2, becomes sub-
stantial, leading to a deviation of the experimental depen-
dence from linearity. With further increase of I, the
optically induced change Az, reaches the value z,, and this
leads to vanishing of the NP and of the signal 7 ™.

We consider now the establishment of the stationary
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value of @ ;. In the case of the purely thermal nonlinearity
mechanism, turning on the light abruptly first establishes a
stationary temperature distribution (it is determined by the
time of heat diffusion over the cell thickness, depends on the
NP heat capacity, is of the order of 1 ms, and increases radi-
cally near T,, Ref. 18). When the stationary value of the
temperature is established, redistribution of the impurities
and of the actual molecules of the crystal sets in and leads to
changes of z,, and z;. These times are determined by the im-
purity-diffusion and self-diffusion coefficients of the MBBA
molecules and should be of the order of the time of diffusion
of this molecule over the cell thickness. Far from the critical
points, the diffusion coefficients are D = 10~ °~10~7 cm?/s
(Refs. 19, 20) and the corresponding characteristic times
are 7. =L /27D =0.1-1.0 s. Near the point T=T,,
which is in fact the phase-stratification point, the molecule
diffusion slows down radically,?! leading in fact to the ob-
served abrupt increase of the time of establishment of z, and
n,near T,.

If furthermore a nonlinearity conformation mechanism
is also present, an additional characteristic time of station-
ary SP density establishment appears and is determined by
the SP lifetime and diffusion coefficient.

The reasoning above agrees qualitatively with experi-
ment. Since the time resolution of the plotter for the kinetics
is Ap, (1) =10~ 2 s, we recorded only the characteristic
times corresponding to redistribution of the actual impurity
and isomer molecules. The abrupt growth of 7.5 near T, is
due to the slowing down of the diffusion near the phase-
stratification point, while the nonexponential character of
the kinetics inside the two-phase region is connected with
several mechanism that establish Ag,, . It is possible that 74
increases insignificantly as T, is approached because a single
time was incorrectly introduced for the nonexponential
Ag, (1) dependence and because the relation between the
various mechanisms of @, variation vary with temperature.

We present a few estimates. To find Az, we use the fact
that Ap, near T, is determined by the term n,Az, [see
(13)]. At I, =0.1 W/cm? we have Ag, =~0.6, which corre-
spond to a thickness change Az, ~0.3 ym (4, = 0.63 um,
n,~0.2). From the same dependence we can estimate also
An, by measuring in addition the value of Ap, near T=T,:

A(Pu(T=Tn) ~ LAna+naAzn
Ag.(T=T;) n,Az,

It should be noted that it is incorrect to estimate Az, directly
using A, (T=T,), since 74 increases drastically near T,
(see Fig. 6). As arough estimate we used therefore the value
obtained for Ag, by extrapolating Ag, (T) far from the sin-
gular points to the temperature 7,. In this case
Ap (T=T,)/Ap,(T=T;)=5and An, =10 >,

The estimates obtained for Az, and An, agree with the
Ag, (I, ) dependence. In fact, at I, =0.8 W/cm?, when the
increase of Ag, becomes faster than linear, the nonlinear
term is about 20% of the linear, i.e., the two are comparable.
Theintensity I,, = 1to2 W/cm? at which the change of A,
drops suddenly to zero corresponds to the NP thickness Az,
~3-6 um at the measurement temperature (z, ~10 um).

As indicated above, the contributions to the total ther-
mal and conformational mechanisms can be comparable.
We present the corresponding estimates.
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The relation between the thermal and conformation
contributions to Ag, is described, in accordance with (7)
and (10), by the relation

Az, AT(..) ¢ PexNnC'fiw

— , = . (14
Az, T-T. pep(l.) a*Voxntp(T-T.) (4

All the parameters but in this expression are known
(x=21-10" erg's™'-cm~'-deg ™' (Ref. 18), =3
(Ref. 16), 7,=1 s (Ref. 15), and N,/V, =2.4-10*
cm™3). To estimate the coefficient p we use the fact that it
should equal the ratio®

Ai? 5“_’7;12?

AT By—Br
where b,,, is the orientational part of the interaction be-
tween the photorotated and proper molecules of MBBA. We
have shown earlier” that the shift of the temperature T, of a
pure NLC following addition of impurity molecules is given
by

A
AT ~c 22T,
Vu

It follows hence that
A7 N AT (¢")cp
ABy  AT.(cp)c’”

In our case AT, (¢')/c’ =200 deg and AT, (c,)/c, =3 deg
(Ref. 2), therefore p~1.5-10 2. Substituting this param-
eter and others in (14) we get Az'"/Az° ~ 10, i.e., in contrast
to the mesophase the contribution of the thermal mechanism
to the nonlinearity is substantial, a fact determined for the
most part by the smallness of the parameter p.

Similar estimates of the change of the refractive index
also show that the values of An™ and An° are comparable.

CONCLUSIONS

Thus, construction of sandwich structures that are ho-
mogeneous in the two-phase region has made it possible to
investigate the optical sensitivity of the region of existence of
NP and IP of an impurity NLC to light. Among the principal
results of these investigations are the following. .

1. It was observed that absorption of light in the two-
phase region leads to optically induced variations of the re-
fractive index and of the volumes of the coexisting phases,
due to heating of the medium and excitation of SP.

2. In the presence of thermal nonlinearity the changes
of the volumes of the NP and IP are due to the changes of the
equilibrium densities ¢; and ¢, in these phases as a result of
heating the medium. Changes of ¢; and ¢}, are produced also
by changes of the refractive indices n; and 7, due to inequali-
ty of the polarizabilities of the matrix and of the impurity.

3. In the presence of conformational nonlinearity, exci-
tation of the SP also leads to a redistribution of the phase
values on account of the increase of the total number of im-
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purity molecules in the system. The values of #; and n,, are
also changed, since the polarizability of the SP differs from
that of the intrinsic impurities and the matrix molecules, and
also because part of the intrinsic-impurity molecules is re-
placed by photoisomers.

. We note in conclusion that the use of samples with
sandwich structure and of nonlinear-optics methods leads to
a new original and quite sensitive method of investigating
the two-phase region. In particular, by varying the param-
eters of the applied radiation it is possible to vary in a wide
impurity-density range the rate of their creation and their
spatial distribution. This permits an investigation of the ki-
netics of the onset of thermodynamic equilibrium in the two-
phase region, of transport processes, of thermal diffusion,
and others.
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