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Rayleigh Scattering at a Second-Order Nematic to Smectic-A Phase Transition*
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We observe a second-order nematic to smectic-A. phase transition in p-nitrilebenzyli-
dene-p-octyloxyaniline using the Bayleigh scattering technique, The twist elastic con-
stant E22 diverges at the transition, with the critical exponent v=0.66+0.05 in agreement
with de Gennes's prediction. For large-angle scattering we observe the onset of the crit-
ical regime.

Since the McMillan prediction of the possibil-
ity of a second-order phase transition between
the nematic and smectic-A liquid crystalline
states, a growing effort has been devoted to this
problem. De Gennes' has shown that, as a con-
sequence of the conservation of the number of
layers, distortions having nonzero curl are for-
bidden in the smectic-A phase; the associated
Frank elastic constants K» and K~3 in the nematic
phase at the temperature T are then expected to
diverge close to the nematie to smectie-A tran-
sition temperature T„as (T —T,) "with v=0. 66.
Since the first observation of this divergence by
Gruler, recent measurements of Ks~ have been
made on various materials, using the Freeder-
ic-ksz critical-field technique and the parallel de-
termination of the field coupling constant (anisot-
ropy of the diamagnetic or dielectric susceptibil-
ity). The observed critical exponent v started
from 1,' decreased down to 0.5,' and is now sta-
bilizing close to the theoretical prediction 0.66."
In this Letter, we report the observation of the

E» divergence at a second-order nematic to
smectie-A phase transition using an entirely dif-
ferent technique, the observation of the Rayleigh
scattering from the thermally excited angular
fluctuations of the director in the nematic phase.

The interest in the Rayleigh scattering for ob-
serving this transition is obvious:

(a) For a given scattering wave vector if, the
scattered light intensity I is proportional' to T
xs, '(T)/K(T), where e, (T) is the anisotropy of the
optical susceptibility and K(T) the angular aver-
age of the Frank constants defined by the scatter-
ing geometry. T is here expressed in 'K. In the
mean-field theory K is expected to be proportion-
al to S', the square of the nematie order param-
eter; e, varies as 8 so that I should be invariant
in temperature. Any pretransitional effect close
to T, should induce a strong temperature depen-
dence on I.

(b) One can look at fluctuations of various scat-

tering wave vectors, allowing the possibility of
observing the critical regime q$ &1, where $ is
the coherence length defined in Ref. 2.

(c) Analyzing the time dependence of the scat-
tered intensity, one can measure the damping
time ~of the angular fluctuations' and obtain in-
formation on the singularity of the viscosities
close to T,.

Our experimental setup is the same as that of
Ref. 9; the sample is CBOOA (P-nitrilebenzyli-
dene-P-octyloxyaniline) previously studied by Mc-
Millan, "Cladis, ' and Cabane. " It has a nematic
phase from 109'C down to T, = 83'C. %e use the
homeotropic alignment by coating the glass plates
with hexadecyltrimethyl ammonium bromide.
Our oven allows a temperature control better
than 10 ' 'C, and the peak-to-peak extension of
the temperature inhomogeneity, observed by the
light-scattering technique itself, is 4&&10 ' C.
This value is independent of the rate of tempera-
ture sweeping of the sample (less than 0.1'C/min)
and of the power of our light source, a He-Ne
6328-A laser (kept under 0.5 mW). This incom-
ing laser beam is tilted 26' away from the normal
to the plates and can have extraordinary or ordi-
nary polarization (wave vectors k, or k,). The
wave vector k'of the scattered beam is chosen
such that q=k —k' is normal to the director. As
sketched in the inset of Fig. 1, we have chosen
the two combinations, (k„k,') and (k, ', k, ")„
which for the same direction of the incoming la-
ser beam select the scattering by a mode of pure
twist" of small (q=0. 18&&10' cm ') or large (q'
=. 1.0&&10' cm ') wave vectors. The choice of
these geometries guarantees that we observe the
same part of the sample under the same condi-
tions, and minimizes the number of apertures of
the oven. The choice of the depolarized scatter-
ing from the twist mode simplifies the elimina-
tion of stray light. The light scattered intensity
averaged over many coherence areas is mea-
sured by photon counting using a cooled photomul-
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FIG. 2. Divergence of the elastic constant K22 versus
temperature, for small- (curve a), or large-angle
(curve 5) scattering.

FIG. 1. Scattered light intensity versus temperature,
for small- (a), or large-angle (b) scattering.

tiplier. At the same time, a digital single-clipped
autocorrelator is used to measure the autocorre-
lation function of the photocurrent, from which
we deduce the correlation function of the twist
angular fluctuations.

The photon counting measurement of I is deli-
cate in the presence of stray light originating
from static twist defects, which are always pres-
ent even in our best samples. The best technique
wouM be to deduce the true intensity from the
zero-delay value of the autocorrelation function.
In the smectic phase, for example, we find a non-
zero counting rate, due to stray light, but the
true signal is found to be zero. Over the entire
nematic range, we have measured the ratio R
=[true signal intensity (from the autocorrela-
tor)]/total photocounts by observing over less
than one coherence area. R is typically 0.8+5'%%uo,

independent of the temperature. This can be
understood if we suppose that the amplitude of
the static twist defects depends on K» in the same
way that the thermally excited twist fluctuations
do. The fluctuations + 5% on R are mainly due to
the sensitivity of our setup to mechanical vibra-
tions when counting over less than one coherence
area; we eliminate these fluctuations by observ-
ing the total I over many coherence areas. The
temperature independence of 8 legitimizes the
choice of photon counting for measur ing I, with

an estimated uncertainty of + 3%.
We now sweep up the temperature, starting

from the smectic phase, with the small scatter-
ing wave vector setup (&=0.18&&10' cm '). A typ-
ical recording of I (&T=T —T,) is shown in Fig.
1(a). Above T„ I rises continuously throughout
the whole nematic range, showing a strong pre-
transitional effect. The effect of the temperature
inhomogeneity is observed as the small rounding
off at T„ it becomes negligible for AT &4&10
'C. To deduce v from this observation, we ex-

s K22 s K22 + ~+22 TI ' can thus be writ-
ten as K»'+6K»/S' with

hK» = C(A T/T, )

where C is a constant of the same dimension as
K. Up to now, we do not know if C itself should
be proportional to S'; we know 82 from the mea-
surement of Cabane and Clark. " This S' correc-
tion is negligible close to T„but can be impor-
tant at large 4T. Unfortunately, within our pres-
ent accuracy a change in the adjustable K»' can
compensate for the absence of the 8' correction
at large 4T, so that we cannot give an experi-
mental answer on this point. A plot of b,K»(AT)
on a log-log scale with the best K»' value is
sho~n in Fig. 2, curve a. 4K» is found to follow
the predicted law (1) over two decades of temper-
ature; the slope of the straight line gives the val-
ue v=0. 66+0.05. We can estimate $(T) using de
Gennes's expression2
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where $, is an unknown molecular length. In the
case of low-angle scattering, the critical regime
(q$ & 1) is entirely concealed within the tempera-
ture inhomogeneity, as shown in Fig. 1(a), and
is unobservable.

We now measure I(b.T) for the larger scattering
wave vector q'=1.0&&10' cm '. As shown in Fig.
1(b), close to T„ Iundergoes a large discontinu-
ity; the dotted line shows what I(A. T) would be in

the absence of any temperature inhomogeneity.
The corresponding log-log plot is shown in Fig.
2, curve b (a).For the high-temperature limit
(qt & I) we observe a divergence of K» with the
same critical exponent. (b) Close to T, (q$ &1)
K» stops its divergence and tends to a finite val-
ue at T = T,. This behavior is typical of the crit-
ical regime. When q$ &1, the fluctuations of the
smectic order parameter extend in space on a
larger scale $ than the one (q ') observed by the
light scattering, and the system does not detect
any subsequent increase of $. In that case, as
shown by Brochard, R can be represented by the
expression

where d is an interlayer distance. A fit by this
analytic form of the observed I(AT) is shown in
Fig. 1(b) in the form of a solid line. The agree-
ment is quite good with $, = 8 A+10% which cor-
responds to a molecular width; it would be inter-
esting to measure $ for a bend distortion to com-
pare with the molecular length.

Finally, we have also measured 7 (T). Our pre-
liminary data show a critical behavior which can
be analyzed using the previous measurement of
K»(T), and the expression

where y, is the temperature-dependent twist vis-
cosity. A full account of this experiment will be
published in a forthcoming paper.

In conclusion we have studied a second-order
nematic to smectic-A phase transition using Hay-
leigh scattering. We have observed the diver-
gence of the twist Frank elastic constant K»,
with a critical exponent v= 0.66+ 0.05. This con-
firms de Gennes's prediction' and some recent
measurements on K~~,

"but is in contradiction
with others. "We have also observed, at a large
scattering angle, the critical regime where K»
stabilizes. This regime is almost impossible to
observe with the usual Freedericksz technique.
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