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Light Scattering above the Nematic-to-Smectic-C Transition
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The behavior of the bend elastic constant above the nematic-to-smectic-C transition in
7S5 is found to follow the prediction of Chen and Lubensky. The nature of the director fluc-
tuations in 7S5-8S5 mixtures indicates that the nematic-to-smectic-C transition near the
nematic-smectic-A. -smectic-C multicritical point exhibits both smectic layer and tilt fluc-
tuations and is not adequately described by existing models.

PACS numbers: 64.70.Ew, 61.30.Eb

The nematic-to-smectic-A (NA) transition has
been studied extensively. ' The nematic-to-smec-
tic-C (NC) transition, on the other hand, has re-
ceived less attention. One interesting aspect of
the NC transition which has remained unresolved
is the critical behavior of the Frank elastic con-
stants. Using an infinite-dimensional density
wave order parameter, de Gennes suggested that
all three Frank elastic constants should diverge
as $'", where $ is the smectic correlation length. '
Starting from a similar point of view but describ-
ing the NA and NC transitions in the same model
with different free-energy parameters, Chen and
Lubensky predicted a $ divergence. ' Finally,
with an additional dipolar order parameter, Chu
and McMillan predicted a divergence proportion-
al to $. Experimentally, the only quantitative
attempt has been a measurement of the cholester-
ic pitch near the smectic-C phase, which proved
to be inconclusive because of the large back-
ground contribution. ' Another phenomenon which
is not well understood is the nature of the nemat-
ic-smectic-A-smectic-C (NAC) multicritical
point, which occurs when a, material with an NC
transition is mixed with another with an NA a,nd
a smectic-A-to-smectic-C (AC) transition. '
This has been the subject of several theoreti-
cal' ' ' a,nd experimental" "studies. None of
the suggested models describes satisfactorily the
observed behavior near the NAC point. We re-
port here the results of light-scattering studies
above the NC transition in 4-n-pentyl-phenylthiol-
4'-heptyloxybenzoate (7S5) and its mixtures with

the octyloxy analog (8S5). Our objectives are to
test the validity of the various models describing
the NC transition and to provide information
about the nature of the director fluctuations near
the NAC point.

Our samples were synthesized by M. E. Neu-
bert of Kent State University. Pure 7S5 has a
first-order monotropic NC transition. With the
addition of 8S5, which exhibits second-order NA

and AC transitions, the phase diagram as a func-
tion of the mole concentration x of 7S5 is shown
in Fig. 1. The NC transition entropy decreases
from 0.84R, at x = 1 to 0 at the multicritical con-
centration xNAc = 0.42."

Planar samples were formed between glass
slides with the director parallel to the slides.
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FIG. 1. Phase diagram of the VS5-8S5 mixtures
studied.
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Polarized light was incident on the sample, with
the polarization direction normal to the director.
The depolarized scattered-light intensity was
measured at an angle chosen so that the scatter-
ing wave vector q was parallel to the director.
This scattering geometry is used to probe the
director bend mode. In the nematic phase, the
scattering intensity I is proportional to (K, q') ',
where K, is the bend elastic constant. " Our data
for the temperature dependence of I above the NC

transition in 7S5 g = I) are shown in Fig. 2. For
comparison, the corresponding data above the
NA transition in 8S5 (r =0) are shown in Fig. 3.
The sharp drop in I above the NA transition is
due to the pretransitional divergence of K„which
is proportional to the smectic correlation length

$ ti parallel to the director. '~ " In contrast, the
decrease in I above the NC transition in 7S5 is
much more gradual. There is an abrupt change
at the transition temperature TNc due to the first-
order nature of the transition. More significant-
ly, I is found to be asymptotically linear with
temperature in the 4-K range immediately above
TNC'

The implication of our result in 7S5 can be
seen by examining the predictions of the various
models. Since the NC transition is highly first

It can be seen from Eq. (8) that only the Chen-
Lubensky model predicts a linear asymptotic be-
havior, while the other two models predict quite
different nonlinear temperature dependence. To
further illustrate the agreement between the data
in 7S5 and the Chen-Lubensky prediction, Fig. 4
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order, one expects $ to have the mean-field tem-
perature dependence of ] = $, t '", where f = (T
—T*)/T*, and T* is the apparent critical temper
ature. The pretransitional increase of K, above
its intrinsic value K3Q is then predicted to have
the form

K3=K30+5Kot ~,

where the exponent f = 0.75, 1, and 0.5 according
to the de Gennes, ' Chen-Lubensky, ' and Chu-Mc-
Millan models, respectively. The light-scatter-
ing intensity I is given by

I =A/(K30+ 5Kot ~).

The asymptotic behavior, as t approaches 0, is
expected to be
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FIG. 2. Temperature dependence of light-scattering
intensity above the NC transition in 7S5-8S5 mixtures
of various mole concentration x of 7S5. The ordinate
for each x has been arbitrarily shifted.
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FIG. 3. Temperature dependence of light-scattering
intensity near the NA and AC transitions in 7S5-SS5
mixtures of various mole concentration x of 7S5. The
ordinate for each x has been arbitrarily shifted and
some points near TAc have been deleted because of
over lapping.
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FIG. 4. Temperature dependence of (K3-K30) ' in
785.

shows the temperature dependence of (K, K»)-',
where K3Q is chosen to be 0.034 in arbitrary
units. The value of (K, —K„) ' varies linearly
with temperature in accordance with Eq. (1) with

& = 1 over a wide range, and extrapolates to 0 at
a temperature T* which is 2.7 K below TNc. This
represents the first quantitative test of the valid-
ity of the Chen-Lubensky model in describing the
behavior of K, above the NC transition.

The temperature dependence of I above the NC

transition in 785-BS5 mixtures with decreasing x
is shown in Fig. 2. The most striking result is
the dramatic qualitative difference between the
data for x=1 and those for x=0.431, which is just
above x»c. Compared to the gradual and asymp-
totically linear drop in I for x =1, the x =0.431
plot has a steeper initial drop in I, followed by a
rounding to a minimum value, and finally a pro-
nounced increase in the 0.5-K range immediately
above TNc. The plots with 1&x & 0.431 show a
gradual evolution from the former to the latter
behavior. The increasing steepness of the initial
drop in I as x decreases can be understood in
terms of the decreasing NC transition entropy.
As the transition changes from highly first order
for x=1 to second order at xN„c,"the critical
exponent of $ changes from the mean-field value
of 0.5 to a higher non-mean-field value. The val-
ue of K, then increases more rapidly, and I de-
creases more steeply. Likewise, the rounding of
I near a minimum can be explained. As the tran-

sition becomes closer to being second order with
decreasing x, $ may be able to increase to a
large enough value so that qg is comparable to 1.
In this nonhydrodynamic region, K, appears to
stop growing, resulting in a rounding of I." The
eventual rapid increase of I immediately above

c for mixtures with x approaching xNpc ~
how-

ever, is anomalous, since it is not explainable
by any expected behavior of K,. It should be men-
tioned that this increase of I appears to be intrin-
sic and not related to any phase coexistence,
since it occurs in a temperature range consider-
ably larger than that of any two-phase region that
is observable in these mixtures. "

Some hint of the significance of our findings
can be obtained by examining the data for mix-
tures with x&x&zc, which are shown in Fig. 3.
The data for 8S5 (x=0) is well understood. In the
nematic phase, I is proportional to (K3q') ', and
the decrease near the NA transition is due to the
divergence of K,. In the smectic-A phase, I is
proportional to (D+K, q') ', where D is the elas-
tic constant for the director to deviate from the
layer normal. " The scattering intensity remains
relatively constant in the smectic-A phase, but
increases again near the AC transition as D ap-
proaches 0, signifying the pretransitional in-
crease of tilt fluctuations. ' This general behav-
ior of I near the NA and AC transitions persists
in the other mixtures with 0&x&x~„c, except for
some gradual qualitative changes. With increas-
ing x, there is a progressive rounding of I near
the NA transition. This is a manifestation of non-
hydrodynamic behavior due to the increase in the
bare correlation length $, in these mixtures. " As
x approaches x»c and the smectic-A range di-
minishes, the NA and AC critical effects inter-
fere with one another. At x = 0.414, I simply
reaches a minimum before rising again. It is dif-
ficult to determine xN&c exactly. However, there
is little doubt from independent birefringence
measurement that x =0.414 in Fig. 3 is below

xNAc r while x = 0.431 in Fig. 2 is above xNAc ~

The significant observation to be made is that the
light-scattering behavior in these two mixtures
on opposite sides of xN&c is almost identical. We
have also studied several mixtures with 0.414&x
&0.431 Bnd obtained similar results. One is faced
with the conclusion that the nature of the director
fluctuations in the immediate vicinity of the NAC

point is independent of whether x is greater or
less than xN&c.

The result for the x =0.414 mixture, which un-
dergoes NA and AC transitions in close proximity,
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is understood to be due to increasing smectic lay-
er fluctuations with decreasing temperature, fol-
lowed by increasing tilt fluctuations. The simi-
larity of the data for the x =0.431 mixture, which
undergoes an almost second-order NC transition,
suggests the presence of both smectic layer and
tilt fluctuations. The tilt fluctuations are observ-
able by light scattering even in the absence of
long-range smectic order because the large val-
ue of $, near xN„c (Ref. 11) and the wave vector
used (q= 6x 10 'A ') are such that q$ = 1 about
0.5 K above TNC. In the nematic phase close to
the NC transition, one might envisage the occur-
rence of fluctuating short-range layered regions,
which are smectic-A-like, "as well as large
fluctuations in the orientations of the director
relative to the layer normal in these regions.
Near x = 1, the cybotactic groups are smectic-C-
like, "but tilt fluctuations are unimportant be-
cause the tilt angle is large and well defined. Our
data in 7S5 are therefore well described by the
Chen-Lubensky model. It is clear, however, that
none of the existing models can adequately ac-
count for the behavior over the entire NAC phase
diagram.
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