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The results of measurements of the scattering intensity and of the coherence times (in the direction of an
incident laser beam) are presented for three types of fluctuations (transverse, biaxial, and longitudinal) in thin
oriented specimens of MBBA in the nematic and isotropic phases, and also in the phase-transition region. The
experimental data are interpreted by introducing several additional assumptions regarding the influence of the
forces that couple the molecules with the walls and regarding the fluctuation-stabilizing effect of the laser
field. From the data obtained, values are estimated for the parameters that characterize the phase transition in
MBBA. The specificity of a phase transition in thin oriented specimens, as compared with thick cells, is
demonstrated. A possible explanation of the tricritical nature of the phase transition in MBBA is given for the

first time.

PACS numbers: 78.20. — ¢, 64.70.Ew

1. INTRODUCTION

Experimental investigation of the statistical properties
of laser radiation transmitted through nematic liquid
crystals (NLC), especially near the phase transition
(PT) to isotropic liquid, is important both for the phys-
ics of PT and for NLC themselves; and there are now a
number of papers devoted to this problem. In particu-
lar, measurements have been made of the intensity and
linewidth of the scattered light, and also of the tempera-
ture behavior of the parameters of the NLC!" and of the
spatial coherence of the transmitted light in the region
of the NLC PT.? Of greatest interest are direct meas-
urements of the correlations of the light scattered into
the NLC in the immediate vicinity of the PT. Experi-
ments on scattering are usually interpreted from the
point of view of fluctuations of the orientation of the di-
rector, which are the principal cause of anomalously
strong scattering of light in NLC.? But under certain
conditions, in addition to these (transverse uniaxial)
fluctuations, there may show up in the experiment fluc-
tuations of the NLC order parameter of another type,
longitudinal and transverse biaxial'®!!; the first are
due to fluctuations of the modulus of the order parame-
ter, the second to fluctuations that disturb the uniaxial-
ity of the order parameter. In longitudinal fluctuations
in NLC, for visible light, the so-called singular longi-
tudinal fluctuations should dominate; they originate as a
result of strong transverse fluctuations, in distinction
to the nonsingular.!® 12

The present paper presents the results of measure-
ments on the intensities of various types of scattering
and on the temporal correlation functions of the intensi-
ty (TCFI) of the scattered light, (I(¢ +7)I(t)), in oriented
thin specimens of the NLC N-p-methoxybenzlylidene-p-
butylaniline (MBBA), including measurements in the im-
mediate vicinity of the PT region, by use of a correla-
tion technique of recording. The scattered radiation
was recorded near zero angle by optical subtraction; the
TCFI was measured with a many-channel analyzer. An
experimental geometry was achieved in which the vari-
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ous types of fluctuations should show up whose contribu-
tion is being discussed. Estimates were obtained for
the parameters that characterize the PT. Attention was
paid to the role of external fields and in particular, for
the first time, to the role of the laser field itself. The
increase of the coherence time 7, of the recorded radia-
tion in the region of the PT was observed. An attempt
was made to interpret the results from the point of view
of an explanation of the nature of the PT in NLC, in
particular of its recently discussed tricritical behav-
ior.!3-15 This is the first time that this has been done in
light-scattering experiments. An explanation is also of-
fered of the possible reasons for the tricritical charac-
ter of the PT, resulting from the structure of oriented
thin specimens of NLC. While important assumptions
are made here for NLC, they make it possible to ex-
plain in a unified manner the experimental results ob-
tained.

2. ARRANGEMENT OF THE APPARATUS AND
METHOD OF MEASUREMENT

The experimental setup, partially explained by us
earlier,* 1% is represented in Fig. 1. Its principal ele-
ments are: 1, a stabilized single-mode, single-frequ-
ency He-Ne laser (A =0.633 pm) with linearly polarized
radiation, with radiation power of the order of several
milli-watts; 2, an electronic system for stabilization
and control of the temperature in the thermostat in
which the cell containing the NLC is located; 3, a polar-
ization interferometer!’; 4, a system for recording ra-
diation by count of photons; 5, a multichannel pulse-
height analyzer AI-4096V with output of the data to a
digital printer. The apparatus also had a reference arm
for control of the laser power. The stabilization of the
temperature over the time of the experiment was of the
order of several thousandths of a degree. For record-
ing of the light radiation, an FEU-79 was used, with
photocathode cooled by an electronic system; the thresh-
old of sensitivity of the recorded power, for red light,
was of the order of 10!® W for measurement time #;qp8
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FIG. 1. Block diagram of the experimental setup.

=10 sec. Used in the work were planarly and homeo-
tropically oriented (by rubbing with diamond paste in the
first case and by a special treatment in the second),
freshly prepared cells containing purified NLC MBBA
(Mark KhCh), of thickness d =30 um. The separation of
the various types of fluctuations and the control of the
orientation of the specimens were carried out by means
of polarizers located before and after the cell contain-
ing the NLC. The laser beam was incident in a direc-
tion perpendicular to the glass surfaces of the speci-
mens. The radius of the laser beam was 7, =0.8 mm.

The laser radiation was focused on the cell containing
the NLC by a lens of focal length f=11 cm. The re-
corded scattered light was cut out by a diaphragm of
size ~20 pm, located at a distance of 1 m from the scat-
tering volume. Thus the experiment accomplished a lo-
cal probing of the process of nucleation of a new phase
during the PT, and thereby diminished both the role of
inhomogeneities of orientation of the NLC specimen,
and also the role of structural inhomogeneities that oc-
cur during the PT in NLC near the heterogeneous-state
region.18 Furthermore, the localness of the scattering
volume decreased the influence of various secondary
factors (temperature gradients, multiple scattering,
gravitational effects, etc.).

The measurement method included two stages and
consisted of the following.

1. In the first stage, the light scattered at zero angle
was separated and its intensity was measured. The
laser beam transmitted through the NLC fell on a polar-
ization interferometer, which was adjusted for meas-
urement of the minimum I, of the interference picture
in the direction of the incident beam and thereby, in es-
sence, produced an optical subtraction (heterodyning) of
the spatially coherent component of the transmitted
light.'® The method of measurement in this stage was
tested by measurement of the absolute value of the in-
tensity of Rayleigh scattering in nitrobenzene,!® and also
by comparison of the intensity of scattering by trans-
verse fluctuations in MBBA, as obtained by us, with
values calculated by known formulas.!!

2. In the second stage, direct measurements were
made of the TCFI (I(¢ +7)I(t)) of the light I,,, scattered
at zero angle, by means of a multichannel analyzer that
measured the statistics of the sequence intervals W(7)
of the pulses of photo-counts. It can be shown!*? that if
the mean number of pulses recorded within the limits of
the coherence time 7. is appreciably smaller than unity,
then the distribution function of the time intervals is

W (v) ~U(t+T)(2)>. (1)
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FIG. 2. Typical photograph for TCFI, obtained on the screen
of the AI-4096V.

Thus under these conditions, we obtained directly on
the screen of the AI-4096V the TCFI of the light trans-
mitted through the NLC; one of the typical photographs
is shown in Fig. 2.

The operation of the whole system and the method of
measurement were tested with a calibration light source
withvariable 7., namely laser radiation scattered by a ro-
tating dull disk. Our values for 7. agreed withaccuracy no
worse than 10% with calculated values. The values of 7, that
could be measured with the AI-4096V comprised an interval
from several microseconds to one hundred millisec-
onds. Formula (1) was well satisfied at low counting
rates, no higher than 0.2 pulses during the coherence
time. This also determined the time of the information
collection in the experiment during each measurement
of the TCFI; it was usually of the order of 20-30 min.

The value of 7c that we obtained directly for the laser
beam, with the same measurement procedure, was of
the order of several milli-seconds over a wide range of
values of its intensity, and exceeded by more than an
order of magnitude the values obtained for the light
scattered by the NLC. We note also that although the
measured values in the method considered are of the
TCFI, which usually convey no information about phase
fluctuations, the optical subtraction used leads to an a
actual dependence of the TCFI on a constant phase shift
between the interfering beams. This makes it possible
in principle to separate the spectra of amplitude and of
phase fluctuations (compare with the so-called method
of optical synchronous detection?!),

3. EXPERIMENT

It is well known that during the PT in NLC, there is a
heterogeneous-state region in which the two phases,
nematic and isotropic, coexist. This complicates the
obtaining of direct information about the behavior of the
parameters of the NLC in the PT region. Such effects
show up most strongly in thin oriented cells.* ¥ There-
fore the measurements of the temperature dependence
of I .,: and 7. for MBBA during the phase transition, in
our experiments, were made by cooling from the iso-
tropic phase to the temperature T, corresponding to the
upper bound of the heterogeneous region, and by heating
of the nematic phase to Ty, corresponding to the lower
bound of this region. The temperature interval T,-T,
of its existence was ~0.5 K in the experiment. But in
the measurements of the values of I, and %, both for
the nematic and for the isotropic phase, the tempera-
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ture was fixed and differed from the value T, (below and
above, respectively) by about 10 K. These data, for
various experimental geometries, are presented in
Table I (the values of I,.,; have been normalized to the
scattering intensity in geometry 3: IFSh =I19)/15),
where i =1 to 8). The data presented are averages over
several measurements (five to seven) on different cells
containing MBBA. The reproducibility of the results
was on the average of the order of 30%. The values for
Irel correspond to the experimentally recorded intensi-
ty of the light transmitted through the NLC, with sub-
traction of the background noise of the laser, measured
for an empty cell without NLC.

Figure 3 shows the dependences of I,'3) and of 7. on
AT obtained for light transmitted through MBBA in ex-
perimental geometry 1, when the polarization vectors p
of the incident light and p’ of the scattered were parallel
to the direction n of the director in the NLC cell (scat-
tering by longitudinal fluctuations). The vertical lines
isolate the heterogeneous-state region. The value of AT
is measured from the temperature T, (AT =T - T,). We
also measured the temperature dependence of I,‘cz.)t (ge-
ometry 2, scattering by transverse fluctuations) and of
LE), (geometry 5, scattering by biaxial fluctuations)
during rise of temperature in the nematic phase. In

these cases, the values of 1,2 ) are tens of times
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FIG. 3. Experimental relations for intensity (a) and temporal
coherence (b) as functions of temperature, for longitudinal
scattering.
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FIG. 4. Scattering intensity in the nematic phase of MBBA
as a function of the value of the power of the incident light, for
two experimental geometries (on a log-log scale).

smaller than I 'L} (see Table I) and are close to the lev-

el of noise from the laser. Therefore it was not possi-
ble to obtain a sure quantitative behavior of the I,2*
(AT) relation. But qualitatively, the value of I3} de-
creased in the immediate vicinity of the region of PT to
isotropic liquid [AT ~ (~=1)°], and I,%) remained practi-
cally constant. The relation represented in Fig. 4 will
be discussed in numbered part 4 of Section 4. Part 8 of
the same section gives data on the scattering of light in
the isotropic phase as a function of the cell thickness.

4. DISCUSSION

1. We shall first discuss the contribution of various
types of fluctuations of the order parameter during
scattering of light in NLC.'®? Upon change of the rel-
ative orientation of the vectors p, p’, and n, different
fluctuations will express themselves differently (for the
isotropic phase, the vector k must be considered in-
stead of the vector n), as is shown in the fourth and
fifth columns of Table I. Usually the strongest are the
transverse uniaxial fluctuations; the intensity of the
scattering by them is proportional to l/qu, where K is
the elastic constant of the NLC. Excitation of biaxial
transverse fluctuations requires surmounting of an en- .
ergy barrier A, whose magnitude is determined by the
relation between the coefficients B and C in the expan-
sion of the free-energy density in the Landau theory of
PT%:

O—D,="/,A8*—*[sBS*+'/.CS*+ ..., A=a(T-T,) (2)

[for simplicity, tensorial indices have been omitted in
(2)]; A =20B%/9|C|, and the scattering intensity ~1/(Kq*
+|al), i.e., it is determined by the nature of the PT in
the NLC. If the PT is a transition of the first kind, for
example near isolated singular or tricritical points, at
which B=0, then the intensity of the scattering by biax-
ial fluctuations increases (A is small in this case) and
becomes comparable with the scattering by transverse
fluctuations (here biaxial static configurations in the
NLC should occur interchangeably with uniaxialll).

For values A# 0, scattering by biaxial fluctuations
will be appreciable only in the range of sufficiently short
wavelengths (A < 3x107¢ cm).!' But even in this case, it
may show up also in an experiment with visible light in
the immediate neighborhood of the transition between
isotropic liquid and nematic phase. As was shown by
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Korzhenevskii and Shalaev,!? if the near-continuity of
the PT is due to the specific character, for the NLC, of
the interaction of the fluctuations, then |A|~[(T = T,)/
T.J', where y=1.0 (T is the critical temperature).
Thus in this case, A— 0 when T— T, (but when the PT
is near an isolated singular point, A is practically in-
dependent of temperature).

Longitudinal (singular) fluctuations show up for waves
of visible light and dominate in the region of small val-
ues of the scattering vector q =k- k’; the intensity of
scattering by them ~1/q, i.e. their role increases for
scattering at zero angle (we note that for zero scatter-
ing angle, the value of ¢ need not tend to zero when p
Lp’, since in this case the moduli of the wave vectors
of the incident and scattered light, k and k’, are differ-
ent because of the anisotropy of the medium’; this case
occurs for scattering by transverse fluctuations in the
nematic phase).

The intensity of scattering by longitudinal nonsingular
fluctuations ~1/|A[, and for visible light it is usually
less than the intensity of singular scattering.!! But
here one must keep two points in mind: first, allow-
ance for an additional term in the expansion (2), involv-
ing the spatial derivatives of the order parameter: 3D
X |VS|? for an isotropic medium.?®

Thus in the experiment, manifestation of scattering
by all types of fluctuations is possible for various ge-
ometries. But it is not always easy to separate them
from each other. The possible difficulties (the princi-
pal ones are evidently due to the influence of defects?3)
are discussed in Ref. 24; there it is shown that they do
not have an important effect in our experiment.

2. We proceed directly to consideration of our exper-
imental results for I,.,, and 7. and comparison of them
with theoretical estimates.

In the case of zero-angle scattering, the experimental
geometry is important for the value of q. Estimates
show that in our experiment, g=80 cm™ for geometries
1, 3, and 5-8, and ¢=2x10* cm"! for geometries 2 and
4 (with allowance for the finite dimensions of the re-
ceiving diaphragm). This also determines the intensity
of the scattering in the various experimental geome-
tries; in particular, the fact that the usually most effec-
tive uniaxial transverse fluctuations (fluctuations of the
orientation of the NLC director) in the present case
manifest themselves weakly. Analysis of the data of
Table I shows that for geometries 3 and 6, the scatter-
ing proceeds principally because of longitudinal fluctua-
tions. Similar suppositions may be made also for ge-
ometry 7.

It is interesting to compare our data for the scattering
intensity with theoretical estimates. Exact expressions
for the differential cross section of scattering by vari-
ous types of fluctuations, per unit volume, unit solid
angle, and unit angular frequency, do/dwdQ, have been
given in a number of papers.!®!? By comparing the ex-
pressions given by Korzhenskii and Shalaev!? with the
experimental data from Table I, one can estimate the
values of the parameters that characterize the scatter-
ing for MBBA. In particular, from the results for ge-
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ometries 4 and 5 the value of A is estimated as

A~320 cgs. (3)

But the estimation of S leads to an extremely small val-
ue, close to zero (the intensity of singular longitudinal
scattering is about twice as large as the intensity of
nonsingular scattering).

3. The results of part 2 can be explained if attention
is paid to the effect of the surfaces of the glass plates
between which the NLC layer is located. Their orient-
ing effect is equivalent to the presence of an external
field (acting along the long axis of the molecules),
which, as is well known, stabilizes the fluctuations,
diminishing their amplitude and accelerating their re-
laxation®'?® (compare with Ref. 26). The role of the ex-
ternal field here is analogous to a temperature factor in
the PT: in the latter case, the fluctuation-suppressing
factor is the distance T - T, to the PT point, while here
this role is played by a temperature-independent fact-
or, the external field."’?® Modification in this manner
of the relations for do/dwdS with allowance for the ex-
ternal field substantially changes the relation of the in-
tensities for the singular and nonsingular scattering;
the latter becomes appreciably preponderant, a conse-
quence of the absence of an energy barrier in the exci-
tation of longitudinal singular fluctuations.

Thus the longitudinal scattering is determined in this
case by nonsingular scattering, and what must be com-
pared with experiment is the intensities, normalized to
it, of scattering by transverse and biaxial fluctuations.
Then from the data of Table I (geometries 3—5) one can
obtain the following relations (for T = 300 K):

A~(101—0.8u,) €8S,.  u.~ (1.8u,+460) cgs, (4)

where %, and u, are the coupling energies in planar and
homeotropic cells. The requirement of stability of the
state of the NLC in the specimen leads to the inequality
A +u>0.1' If we suppose that A> 0, then we get from
(4) the following inequalities: u, <126, A<101, u, <687
cgs. Thus according to the estimates (3) and (4), the
value of A in our experiments, for the nematic phase of
MBBA, should not exceed several hundred cgs units.

Anisimov et al.!® assumed that the PT in MBBA is
near the region of transition from tricritical behavior to
critical. Tricritical behavior of the PT under consider-
ation has now been corroborated in a number of new ex-
periments.!* !5 Our estimates for A can also provide
confirmation of the proximity of the PT to a tricritical
point. We note that the small value of A itself leads to
an excess of the intensity of longitudinal scattering over
the intensity of transverse. This result can be under-
stood if we recall the above-discussed influence of an
external field (the glass plates in the present case),
which leads to the possibility of occurrence of a tricrit-
ical point, originating, as is well known, as a result of
the interaction of two different order parameters.2®?’

In our experiment, one of these is due to the nematic
order in the NLC; the other may appear because of the
influence of the external field,?’ the role of which is
played by the orienting influence of the glass plates (and
perhaps also the laser field itself; see below, and cf.
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Ref. 28).

4. For full explanation of our experimental results
for the nematic phase (cf. geometries 1, 3, and 6), it is
necessary to make some additional assumptions, in
particular about the orienting influence of the focused
incident laser radiation (for example, via the Kerr ef-
fect). The laser field then fulfills the role of an addi-
tional force, directed along the polarization of the inci-
dent light, tending to align the NLC molecules in this
direction (for MBBA, n, >n,). Its influence must be
taken into account at values of the electromagnetic field
intensity E =103 V/cm, which is comparable with the
continuous laser fields in which the MBBA was located
in our experiment.

With such transverse reorientation, the action of the
laser field in geometry 1 should stabilize the fluctua-
tions, i.e. diminish the intensity of the scattering, and
in geometries 3 and 6 should increase it. In all cases
of influence of the field, the value of 7. should decrease.

Therefore the scattering intensity in geometry 1 (I,%)

is only a fraction 0.7 of its value in geometry 3 (I$3),)
(according to the theoretical estimates given above,
1./1.8) = 3.5), which is close to the experimental data
obtained by us in weak unfocused fields, and the coher-
ence time of the transmitted light is appreciably small-
er in the first case than in the second. The large value
of the scattering intensity in geometry 6, with a rela-

tively small value of 7., also becomes comprehensible.

We especially tested the effect of the laser field on
the orientation in MBBA for an oblique experimental
geometry (see Ref. 29). Figure 4 shows the experi-
mentally obtained variation of the power of the scatter-
ed light with the power of the incident light I,,. (the
maximum power density in the specimen was of the or-
der 1 kW/cmz) for two experimental geometries, plil p’
(1) and pL p’ (2), with an angle of 53° between k and n.
It is evident that in the first case (extraordinary polar-
ization of the scattered wave), strong saturation occurs
at large values of I, because of stabilization of the
fluctuations of the MBBA in the laser field. In the sec-
ond case, this effect of the laser radiation shows up
only slightly: a scattered o-wave. Thus the laser field
exerts a more strongly stabilizing effect on fluctuations

log (158 /a)
P

logd,cm

FIG. 5. Effectiveness of scattering I,.,/d for various cell
thicknesses d in the isotropic phase of MBBA for two experi-
mental geometries (on a log-log scale), for scattering by
longitudinal (1) and biaxial (2) fluctuations,

611 Sov. Phys. JETP 53(3), March 1981

that occur in the vertical plane formed by the vectors k
and n; these show up in longitudinal scattering. The
mechanism of this effect must be connected with longi-
tudinal reorientation. For transverse scattering, how-
ever, the role of the transverse mechanism of stabili-
zation of fluctuations is increased.

We note also that because an o-wave during its propa-
gation in an inhomogeneous medium does not feel the
phase fluctuations of the index of refraction, the ap-
pearance of an anomalous transparency is possible for
a plane, unoriented layer of NLC during propagation of
light with o-polarization in this plane.

5. For scattering in the isotropic phase, it can be
shown?? that comparison of the data for the scattering
intensities in the isotropic and nematic phases, with al-
lowance for the influence of an external field, leads to a
small value (not larger than a few hundred cgs units) of
the parameter A —u ., in (2). It is interesting that
from this one can estimate the order of the temperature
interval AT of smoothing out of the PT because of the
presence of an external field??; the result is close to the
experimental interval Ty - T,. Furthermore, our re-
sults lead to the relation A. . > A,

6. We shall consider briefly our results for 7.. As
was shown in Ref. 24, the relations between the values
of 7, for the different experimental geometries, shown
in Table I, agree qualitatively with theoretical esti-
mates. For example, for the isotropic phase, in fact,
the relaxation of the fluctuations should be faster for bi-
axial scattering than for longitudinal (cf. geometries 7
and 8), and the value of the relaxation time for biaxial
scattering should be smaller by about a factor 2 than
for longitudinal scattering.

7. We pass on to the temperature dependences. Qual-
itatively, the theoretical formulas give the following
picture.** During a PT from the side of the isotropic
phase, for longitudinal (nonsingular) scattering, I,
varies little with temperature. From Fig. 3a one can
get the result that I, .~ (T — T,)°, where for ¥ one gets
the estimate ¥=1.3+0.1 at T - T,=3°. The value =1.3
differs from the value of ¢ for the tricritical point, for
which ¥=1, and is close to its scaling value $=1.28.
But this is apparently an accidental coincidence, caused
by the smallness of the temperature interval within
which we are determining the value of ¥ (cf. Ref. 14).
We note that the value ¥ =1 for the isotropic phase of
MBBA was observed earlier experimentally™? and was
interpreted as a substantiation of the classical nature
of the PT in NLC because of accidental coincidence of
the values of ¥ for critical and for tricritical character
of the PT.

Biaxial fluctuations also behave similarly in the ne-
matic phase (in the immediate vicinity of the PT, at T
=Ty, Iycatpy May decrease), but Iy, should be con-
stant also in the isotropic phase near the PT.

Temperature effects are weakly expressed also for
transverse scattering in the nematic phase; they are
related to a practically constant value of the parameter
1y (Tgcqt trmsvr™ 1/u,). This result was observed earlier"®
but was explained in another manner. We note that in
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the absence of an external field, I s tramay™ 1/ and
should increase in the PT region.

The increase of 7. that we observed for longitudinal
scattering at the PT in the isotropic phase (see Fig. 3b)
may be due to a discontinuity of the viscosity v at the
PT."® If we assume, as is usually done, that here v
~S?, then the increase of 7. is due just to the proximity
of the PT in MBBA to the tricritical point, for which 7
~(AT)™* with ¢ =0.5 (in the critical region, 7 should re-
main constant). Our data lead to the relation 7, ~ (T
= T,)™® with the estimate ¢=0.6+0.1 at T - T,=3° Inthe
nematic phase, for increasing distance from T the
temperature effects should be weakly expressed.

8. We measured the effectiveness of the light scatter-
ing in the isotropic phase of MBBA as a function of the
thickness d of the cell, over the range 8 um to 10 cm.
Figure 5 shows the variations obtained for I,.,,/d. A
substantial influence of the boundary layers on the value
of I, is seen in thin cells; it is evidently due to resi-
dual orientation of the molecules in them (cf. Ref. 30)
and leads to greater effectiveness of the scattering. Ap-
proximation of the graph for thin specimens with a
straight line leads to a dependence of I, on the thick-
ness of the form I, ,, ~d'* with £~1.25. Only beginning
with thicknesses ~1 cm is proportionality of I,.,, to the
thickness of the scattering layer (emergence of the plot-
ted relations to a plateau) actually observed. Analysis
shows that in this case the values of the parameters that
describe the PT in thick cells increase and approach the
values known from the literature. It follows from a
comparison of our data with theoretical formulas (see
Ref. 24) that the principal influence on the intensity of
the scattered light in the isotropic phase, for thick
cells, is exerted by the coefficient a in the expansion
(2); this agrees with estimates of the values of a and of
A =20B%/9C from the paper of Anisimov et al.!® for this
expansion (@> A).

9. As follows from what has been presented, at pre-
sent the tricritical behavior of the PT in MBBA may be
considered proved; thus the traditional ideas about the
reasons for the similarity of the PT in NLC to a PT of
the second kind have been reconsidered, but the reason
for such tricritical character of the PT is considered
unclear.!3! Some explanations for our case have al-
ready been presented above. We shall now discuss this
specifically.

Analysis shows?? that the large values of 7. that we
measured in the PT region of MBBA are due to forma-
tion of local correlated regions (clusters). They may
exert a large influence on the character of the PT in
NLC (cf. Ref. 23). In fact, the ordering in these regions
must be described not solely by means of the parame-
ter S that is traditional for NLC and describes the ne-
matic order, but also by introduction of some parame-
ter that describes the mean attraction between mole-
cules, as is usually accepted for smectic A.%3’ This
latter parameter actually plays the role of a second or-
der parameter and interacts with S. The presence of
two parameters leads to a tricritical point?®?? (see also
Ref. 31). Interesting in this connection is the paper of
Hardouin,® where it is shown that the PT between ne-
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matic and smectic A actually reveals tricritical behav-
ior (see also Ref. 33). Thus the tricritical nature of the
PT in MBBA can be understood from this point of view.

Another explanation, related to the symmetry of ori-
ented specimens of NLC, is also possible. There are
now already a number of experimental demonstrations
of the noncentrosymmetric character and optical biax-
iality of the oriented nematic phase of MBBA.* The na-
ture of the PT in MBBA can then be understood from the
point of view of this strong physical assertion for NLC,
In fact, the noncentrosymmetric character of the medi-
um during the PT must lead to the vanishing identically
of terms of odd degree in the expansion (2) for the free
energy® 4’ (cf. Ref. 36). Thus we at once obtain an ex-
planation of the small value of the coefficient B (and
therefore also of A) measured in our experiments, and
also a necessity for taking account of u,,, in (2) (see
Ref. 24). But biaxiality of these specimens leads to a
tricritical point, that is to smallness also of the coeffi-
cient C.! Since these properties of MBBA show up only
in thin oriented specimens, it may be stated that orien-
tation of NLC makes the PT in them more nearly contin-
uous; in particular, it enhances its tricritical charac-
ter, which must be only weakly expressed in experi-
ments with large unoriented volumes of NLC. Further-
more, a definite role in the character of the PT may be
played by the microscopically inhomogeneous structure
of the NLC,; this actually has to do with the local sym-
metry of the structure at distances larger than the scale
of the intermolecular interactions, but smaller than A
(cf. crystals with incommensurable superstructure?’).

We note that the large values of 7. that we measured
may also serve as an indirect manifestation of noncen-
tral symmetry, and also apparently of biaxiality, in
MBBA.*

In conclusion, we remark that the last assumptions
about the structure of NLC, which have far-reaching
physical consequences, actually go beyond the frame-
work of the theoretical approach that is used in the de-
scription of fluctuations in NLC, and therefore a more
systematic analysis is necessary.

5. CONCLUSION

We shall summarize the main results obtained in this
paper.

Values were obtained experimentally for the scatter-
ing intensity I, in the direction of the incident beam
and for the coherence time 7., for three types of fluctu-
ations in thin oriented specimens of the NLC MBBA:
transverse, biaxial, and longitudinal. The contribution
of each of these is analyzed with introduction of several
additional assumptions (about the effect of the coupling
of the molecules with the walls and about the action of
the laser radiation). Large values of 7, of the order of
hundreds of microseconds, were obtained.

The temperature dependences for I,,; and 7. were
measured for MBBA in the PT region in the isotropic
liquid. An increase of the values of I ¢ and 7. was re-
corded for the first time for longitudinal scattering in
the PT region, on the isotropic-phase side.
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From the experimental data, estimates were made of
the coefficients in the Landau expansion of the thermo-
dynamic potential, which have anomalously small val-
ues and lead to a large value of the intensity of longi-
tudinal scattering.

The nature of the PT in NLC and the possible reasons
for its tricritical behavior are analyzed from the point
of view of untraditional assumptions about the structure
of NLC, which have far-reaching consequences for the
physics of NLC and lead to small values of the coeffi-
cients in the Landau expansion. The smallness of B
may be due to noncentral symmetry of oriented thin
specimens of NLC; the nearness to a tricritical point
(smallness of B and C) may be due to the influence of
external forces, leading in particular to the formation
of clusters (local regions in the NLC with correlation
both in the orientations and in the positions of the cen-
ters of gravity of the molecules) or to the appearance of
biaxiality in the NLC. Both these causes are character-
istic specifically of thin oriented specimens of NLC. In
thick cells, the values of the parameters that describe
the PT are close to those known from the literature.

These conclusions already follow from a qualitative
interpretation of the results obtained. To obtain more
exact quantitative results and to confirm the important
assumptions made in this paper about the nature of the
liquid-crystal state, additional independent investiga-
tions are necessary.

We express our gratitude to B. Ya. Zel’dovich for val-
uable discussions and critical comments.

DThen there appears in the expression (2) an additional term,
linear in the order parameter, —Su/3.

YWe note that the presence of walls is equivalent to the pre-
sence of impurities in the MBBA. The occurrence of two
order parameters in the NLC is most obvious in this latter
case.

3¢cf. the cybotactic clusters that occur in the nematic phase
abowge the temperature of the PT between nematic and smec-
tic.

“Yere additional noncentrosymmetric terms® must be added to
the expression (2); in particular, along with quadrupolar
order for the NLC when the order parameter S,~ (P,(cos 6))
# 0, one must consider also dipolar order S;~ (Py(cos 6 ))#0.
Thus here also two order parameters occur,

T, W. Stinson, III, and J. D. Litster, Phys. Rev. Lett. 25,
503 (1970); J. D. Litster and T. W. Stinson, III, J. Appl.
Phys. 41, 996 (1970).

’C. Flytzanis and Y. R. Shen, Phys. Rev. Lett. 33, 14 (1974).

3N. M. Amer, Y. S. Lin, and Y. R. Shen, Solid State Com-
mun. 16, 1157 (1975).

‘K. Miyano and Y. R. Shen, Phys. Rev. Al5, 2471 (1977).

5I. Haller and J. D. Litster, Phys. Rev. Lett. 25, 1550
(1970); Mol. Cryst. Liq. Cryst. 12, 277 (1971); J. D. Lit-
ster, in: Spektroskopiya opticheskogo smesheniya i korre-
latsiya fotonov (Spectroscopy of Optical Combination and
Correlation of Photons), Russ. transl. from English, M. :
Mir, 1978, p. 474.

80rsay Liquid Crystal Group, Phys. Rev. Lett. 22, 1361
(1969); Mol. Cryst. Liq. Cryst. 13, 187 (1971).

"H. Fellner, W. Franklin, and S. Christensen, Phys. Rev.
All, 1440 (1975).

83, A. Akopyan, S. M. Arakelyan, L. E. Arushanyan, and

613 Sov. Phys. JETP 53(3), March 1981

Yu. S. Chilingaryan, Kvant. Elektron. ( Moscow) 4, 1387
(1977) [Sov. J. Quantum Electron. 7, 790 (1977)].

9P. G. de Gennes, Physics of Liquid Crystals, Oxford Univ.
Press, 1974 (Russ. transl,, M.: Mir, 1977).

10R, L. Stratonovich, Zh. Eksp. Teor. Fiz. 70, 1290 (1976)
[Sov. Phys. JETP 43, 672 (1976)]. :

1y, 1. Pokrovskif and E. 1. Kats, Zh. Eksp. Teor. Fiz. 73,
774 (1977) [Sov. Phys. JETP 46, 405 (1977)].

127, M. Korzhenevskil and B. N. Shalaev, Zh. Eksp. Teor.
Fiz. 76, 2166 (1979) [Sov. Phys. JETP 49, 1094 (1979)].
13M. A. Anisimov, S. R. Garber, V. S. Esipov, V. M. Mam-
nitskif, G. I. Orodov, L. A. Smolenko, and E. L. Sorkin,
Zh. Eksp. Teor. Fiz. 72, 1983 (1977) [Sov. Phys. JETP

45, 1042 (1977)].

4p, H, Keyes, Phys. Lett. 67A, 132 (1978); P. H. Keyes
and J. R. Shane, Phys. Rev. Lett. 42, 722 (1979).

15\, A. Anisimov, V. M. Zaprudskif, V. M. Mamnitskii, and
E. L. Sorkin, Pis’'ma Zh. Eksp. Teor. Fiz. 30, 523 (1979)
[JETP Lett. 30, 491 (1979)].

185, M. Arakelyan, V. B. Pakhalov, and A. S. Chirkin, Opt.
Spektrosk. 40, 1055 (1976) [Opt. Spectrosc. (USSR) 40, 607
(1976)].

1S, M. Arakelyan, S. A. Akhmanov, V. G. Tunkin, and A. S.
Chirkin, Pis’'ma Zh, Eksp. Teor. Fiz, 19, 571 (1974) [JETP
Lett. 19, 299 (1974)]; S. M. Arakelyan, A. G. Arutyunyan,
S. A. Akhmanov, V. G. Tunkin, and A. S. Chirkin, Kvant. .
Elektron. (Moscow) 1, 215 (1974) [Sov. J. Quantum Elec-
tron. 4, 134 (1974)].

185, M. Arakelyan, L. E. Arushanyan, M. A. Nshanyan, and
Yu. S. Chilingaryan, Fiz. Tverd. Tela 20, 3131 (1978) [Sov.
Phys. Solid State 20, 1806 (1978)].

195, D. Oliver, in: Spektroskopiya opticheskogo smesheniya
i korrelatsiya fotonov (Spectroscopy of Combination and Cor-
relation of Photons), Russ. transl.,, M.: Mir, 1978, p. 146;
G. J. Troup, Proc. Phys. Soc. London 87, 361 (1966).

20p . Davidson and L. Mandel, J. Appl. Phys. 39, 62 (1968).

2ty p. Tychinskil, Pis’'ma Zh. Eksp. Teor. Fiz. 29, 272
(1979) [JETP Lett. 29, 243 (1979)].

21, D, Landau and E. M. Lifshitz, Statisticheskaya fizika
(Statistical Physics), 3d ed., M.: Nauka, 1976, Part 1
(transl., Pergamon Press, 1980).

By, L. Ginzburg, A. P. Levanyuk, and A. A. Sobyanin, Usp.
Fiz. Nauk 130, 615 (1980) [abbreviated version of Phys.
Rep. 57, 152 (1980)].

243, M. Arakelyan, L. E. Arushanyan, and Yu. S. Chilinzar-
yan, Vzaimodeistvie lazernogo izlucheniya s zhidkimi kris-
tallami ( Interaction of Laser Radiation with Liquid Crystals),
Part 2, Yerevan, 1980.

%p. G. Vigman, A. I. Larkin, and V. M. Filev, Zh. Eksp.
Teor. Fiz, 68, 1883 (1975) [Sov. Phys. JETP 41, 944
(1975)].

%3, V. Belyaev, L. M. Blinov, and V. A. Kizel’, Pis’ma
Zh, Eksp. Teor. Fiz. 29, 17 (1979) [JETP Lett. 29, 15
(1979)].

Yg. E. Gorodetskil and V. M. Zaprudskil, Zh. Eksp. Teor.
Fiz. 72, 2299 (1977 [Sov. Phys. JETP 45, 1209 (1977)].
23, A. Akopyan, G. A. Vardanyan, G. A. Lyakhov, and Yu,
S. Chilingaryan, Pis’'ma Zh. Tekh. Fiz. 5, 531 (1979) [Sov.
Tech. Phys. 5, 217 (1979); Yu. L. Klimontovich, Zh. Eksp.
Teor. Fiz. 78, 2384 (1980) [Sov. Phys. JETP 51, 1199

(1980)1.

%8, Ya, Zel’dovich, N. F. Pilipetskii, A. V. Sukhov, and
N. V. Tabiryan, Pis’'ma Zh. Eksp. Teor. Fiz. 31, 287
(1980) [JETP Lett. 31, 263 (1980)].

30K. Miyano, Phys. Rev. Lett. 43, 51 (1979); J. Chem.
Phys. 71, 4108 (1979).

3Yyu. M. Gufan and E. S. Larin, Fiz. Tverd. Tela 22, 463
(1980) [Sov. Phys. Solid State 22, 270 (1980)]; Yu. M. Gu-
fan, and V. P. Dmitriev, Kristallografiya 25, 14 (1980) [Sov.
Phys. Crystallogr. 25, 6 (1980)].

32Fransic Hardouin, These doct. sci. Univ., Bardlaux, 1978

Arakelyan et al. 613



