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A study of the phase diagram near the nematic-smectic-A-smectic-C multicritical
point and of nematic-smectic-C transition entropies leads to the conclusion that this is
not a Lifshitz point. It is shown that a biaxial second-rank tensor order parameter may
be needed.

PACS numbers: ~64.70.Ew, 64.60.Kw

When the nematic-smectic-A-smectic C (NAC)
multicritical point was first suggested, the two
proposed explanations of it were very different.
Chu and McMillan' (CM) proposed a model in
which smectic-C has the dipolar order parameter
of McMillan's theory, ' while the smectic-A order
parameter was the one-dimensional density wave
of Kobayashi, ' McMillan, and deGennes. ' Tilt
of the director away from the layer normal enter-
ed the model somewhat incidentally through a
gradient term coupling the two order parameters.
Chen and Lubensky' (CL) found an NAC point in a
model where the only order parameter was the
one-dimensional density wave. Tilt of the direc-
tor relative to the layer normal is a central fea-
ture of the model and occurs when the coefficient
of the transverse gradient term becomes negative.
From the experimental point of view the differ-
ences between the two models are primarily two-
fold. First, in the CL model the NAC point is a
type of Lifshitz point, ' which leads to the predic-

tion that x-ray scattering in the nematic phase
near the NAC point falls off in the transverse di-
rection as k, rather than the usual k, ' predicted
by the CM model. Secondly, the nematic-smectic-
C (NC) transition entropy is zero in the CM model
but finite in the CL model because of the Brazov-
skii ' ' effect. The NC entropy was found to be
finite when the NAC point was discovered experi-
mentally. "

In this Letter evidence is presented, based on
the topology of the phase diagram. a,nd the nematic-
smectic-C transition entropy, that for the system
studied, which is the same as the one studied pre-
viously, "the NAC point is likely not either of the
above kinds of multicritical points. Instead it
conforms well with a phenomenological Landau
expansion suggested recently by Benguigui, "for
which is offered a physical interpretation.

In earlier work on mixtures of octyl- and heptyl-
oxy-p'-pentylphenyl thiolbenzoate (7S5-8$5),"
gross features of the phase diagram were deter-
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FIG. 1. Specific heat vs reduced temperature near
the nematic-smectic-C transition of several mixtures.
The zero of the ordinate is different for each concen-
tration of VS5, 43.5/o —80Vo. The baseline is approxi-
mately 1100 J/mol 'C in each case.

mined, and it was found that the NC transition
line in the temperature-concentration plane was
first order. The NC transition entropy, measur-
ed by scanning calorimetry alone, was found to
decrease with 8S5 concentration and vanish near
the NAC point. This Letter reports the results of
high-resolution ac calorimetry measurements of
heat capacity near the nematic-smectic-A (NA),
smectic-A. -smectic-C (AC), and NC transitions,
and scanning calorimetry measurements which,
combined with the ac calorimetry, allow for a
much more precise determination of NC transi-
tion entropies than was possible before." Also
reported is a determination of the phase diagram
in an expanded region near the NAC point.

The ac calorimetry measurements of heat ca-
pacity near the NC transitions are presented in
Fig. 1. Pretransitional entropy contributions
near these transitions are clearly very weak.
At the AC transition, samples with O&x - 41% ex-
hibited small clear jumps in heat capacity similar
to those in Fig. l but with jumps approximately
one half the size. The 42% sample showed a much
larger jump, clear evidence of an NA transition
by light scattering, but no evidence of latent heat.
A 42.15% sample, shown in Fig. 2 but not Fig. 1,
had a small jump as in Fig. 1 and showed latent
heat but no evidence of an NA transition by light
scattering. Hence, the NAC point is between 42U/o

and 42.15+.
Because of the weakness of the NC heat-capac-

FIG. 2. Scanning calorimetry measurements of ne-
matic-smectic-C' transition entropy vs concentration.
Lines are fits to data at concentrations greater than
457o. Inset is an expansion of the region indicated by
dotted lines. The pretransitional part was excluded
from the enthalpy calculations by dropping a vertical
line from a point on the low-temperature side of the
sce~~mg curve lying 4CNc above the extrapolated high-
temperature baseline and including area only on the
high-temperature side of this line. ACNc comes from
the ac calorimetry data.

ity anomalies accurate separation of pretransi-
tion and transition entropies was feasible. The
concentration dependence of the resulting NC
transition entropies is shown in Fig. 2. Figure
3 shows the phase diagram near the NAC point.
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FIG. 3. Phase diagram near the NAC point. The
calorimetric NA transition temperature for the 41%
sample eras obtained from a graph with a coarser tem-
perature scale and expanded C& scale where an abrupt
ch~&~e in slope could be seen. The solid line through
the AC and NC data is a straight line fit but that through
the NA line is an aid to the eye.
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Transition temperatures were determined by ac
calorimetry, thermal microscopy, light scatter-
ing, and Frdedericksz transition measurements.
Need for the latter two kinds of experiments is
evident from Fig. 4 where it is seen that the NA

heat-capacity anomaly is very weak near the NAC

point. Thermal microscopy is an extremely sen-
sitive method of determining the smectic-C line.

In comparing the above results with theory,
first note the.t the AC and NC lines (the smectic-
C line) in Fig. 3 are continuous through the NAC

point, while the NA line approaches obliquely.
This result is contrary to the predictions of both
the CM and CL theories which have the NA and
NC lines continuous at the NAC point with the
AC line coming in obliquely. It must be noted
that the theoretical phase diagrams are based of~

mean-field theories, and so the effect of fluctua-
tions is not considered. However, multicritical
fluctuations may not be an important feature of
this system except in the immediate vicinity of
the NAC point. To see this, note that the NC
transition entropy of Flg. 2 approaches zero with
a concentration dependence that is linear over
the entire range from 100~/& 7$5 to within a few
percent of x zoic (-42 g. It is only within the
last percent or so that the ~SNc line curves down-
ward to zero. Extrapolating the linear segment
of this curve to zero entropy, the entropy would
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FIG. 4. Specific heat vs reduced temperature of pure
BS5 and four mixtures (15%—4' 7S5). The zero of
the ordinate is different for each concentration. The
lowest temperature point has a heat capacity of approx-
imately 1200, 1150, 1125 J/mol'C for x =OVD, 15"lo, 30"k,
respectively; and 1100 J/mol'C for the rest.

vanish at x-40.3~j~, clearly to the left of the ob-
served NAC point. It should be noted that the
linear extrapolation of the NA line shown in Fig.
3 would predict a mean-field NAC point at x
= 42.75/&, clearly to the right of the observed

NAC point. If this downward curvature of ~SNc
and of the NA line is assumed to be due to multi-
critical fluctuations, these data suggest that the
correct mean-field theory would have a tricritical
point on the AC line at -40.3+ and an NAC point
at -42.75fo where the smectic-C line is met
obliquely by the NA line. The reason why the
smectic-C line is undistorted even very near the
NAC point may be that the NA fluctuations (Fi:g.
4) have already become small well away from the
NAC point. This may also explain the extreme
smallness of the multicritical region of the x-T
plane. We do not believe that the vanishing of the
NA heat-capacity anomaly is directly related to
the NAC point, but that it is related instead,
through two-scale-factor universality, "'"to the
increase in the smectic-A. coherence length am-
plitude evidenced in x-ray scattering experi-
ments. "

The data presented provide a test of mean-field
theories of the NAC point. They are in disagree-
ment with both the CM and CL theories which
predict the wrong topology. "

It is interesting that a recent free-energy ex-
pansion by Benguigui' is consistent with the
present results in that it predicts a txicwitical
point on the AC line near the NAC point and the
correct phase diagram. The free energy is a two-
parameter expansion,

F = o.(,'+ 2 p(, '+-', y(,' ay+'+ ', bq4 —cq—'g, ', (I)

where n=o.,(T —T*), and (p, y, a,b, c)&0. g, is
associated with the smectic density wave and g
with the tilt. Unlike the above expansion, the
CM and CL theories introduce the tilt only in
terms scaled by g,' since tilt cannot be defined
in the absence of layers. Such scaling prevents
these models from producing the correct phase
diagram. What appears to be needed is an order
parameter that can properly reflect the rotational
and translational symmetries of the nematic,
smectic-A. , and biaxial smectic-C phases and
which leads to the above free-energy expansion.

A tensor order parameter, closely related to
one suggested by Lubensky, "can lead to the
above expansion. It derives from the polariza-
bil. ity density of an anisotropic layered medium
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given by

P =n, (I+()(IC.I+K„q),
where n, is the average molecular density, g is
the smectic density wave given by g = (,cos(q. r),
Kp and K A are the isotropi c and anis otropi c par ts
of the polarizabiiity, and Q is a symmetric trace-
less tensor. As noted by Lubensky, "

Q may be
biaxial even for cylindrical molecules if the layer
normal is not parallel to the director, n. In the
biaxial case Q, diagonalized, has the elements
j'Q, , --', Q, +q, and --', Q, —g, where in a simple
interpretation Q, is the Maier-Saupe order pa-
rameter" and, for cylindrical molecules, q is a
measure of the asymmetry of long-axis fluctua
tions. There is now strong evidence" that for
the systems studied here asymmetry is the source
of biaxiality rather than condensation of rotations
about the long axis of noncylindrical molecules. "
Taking for the order parameter the anisotropic
part of P, namely,

S =—P -ngol, (3)

Eq. (1) can result since only terms even in q and

g» though, of course, mixed Q, , survive. " In
such a model the tilt enters, as in the CM theory,
through a gradient term. Gradient terms must
vanish for rotations that leave the orientation of
the biaxial tensor ellipsoid relative to the layer
normal unchanged. Therefore, a second director,
perpendicular to n, enters the problem with the
result that, as in the CM theory and as observed, "
x rays exhibit k ' scattering instead of the k~ ~

predicted by a Lifshitz-point theory. Because of
this agreement and because the predicted phase
diagram and NC entropies agree with the re-
sults reported here, we conclude that the NAC

point is not a Lifshitz point but may instead be a
more complicated multicritical point involving a
multi. component tensor order parameter.
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Certainly the molecules are not cylindrical but their
thermal average conformation may be.

Terms odd in g vanish upon spatia1 integration since
g -cos(q r). The important invariants of%, name1y
TrS, Tr(S)2, and det 8 are even in q. Note that TrS
& 0 although Tr Q = 0.
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