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It is shown that by tuning the experimentally observable critical region, singularities of the
phase boundaries can be observed in the immediate vicinity of the reentrant-nematic-smectic-
C-smectic-3 multicritical point. The exponents evaluated from these singularities are found to
be identical to the universal exponents associated with the nematic-smectic-A-smectic-C mul-
ticritical point.

Since the discovery of the nematic-smectic-A-smec-
tic-C multicritical point (N-A-C point) in binary Iiquid-
crystal mixtures, ' there have been several experimental
as well as theoretical studies to understand the nature of
this multicritical point. The universality of the topology
of the phase diagram near the N-A -C point was establish-
ed experimentally both in the temperature-concentration
(T-X) and pressure-temperature (P-T) planes. 'o A
second type of multicritical point, viz. , the reentrant-
nematic-smectic-C-smectic-A multicritical point (RN-
C-A point), has been observed for a single-component sys-
tem at high pressure"'2 as well as for a binary mixture in
the T-X diagram. " Two differences were observed in the
case of the RN-C-A point. First, of course, the sequence
of transitions (observed at a constant concentration or
pressure) was not the same as for the N-A-C point.
Second (and more important), singularities were conspicu-
ously absent near the RN-C-A point, so much so that the
topology of the phase diagram exhibiting the RN-C-A
point did not resemble the universal topology of the N-A-
C point. This was somewhat surprising. The symmetries
of the different phases which constitute the RN-C-A point
and the N-2 -C point being the same„ it is to be expected'4
that both of them exhibit the same universal behavior al-
though the temperature sequence of transitions are dif-
ferent in the two cases.

In this Rapid Communication we present high-
resolution T-Xdiagrams for two binary systems exhibiting
the RN-C-A multicritical point. These diagrams show for
first time that by bringing the RN-C-A point and the
nematic-isotropic transition into closer proximity in tem-
perature, the experimentally observable critical region can
be increased and singularities can be observed in the vicin-
ity of the RN-C-A point. Analysis of these singularities
yields exponents which are identical to those obtained for
the N-A -C system, showing thereby that these two types
of multicritical points belong to the same universality
class.

The complete phase diagrams for the two systems are
given in Figs. 1 and 2. The transitions were detected opti-
cally using a polarizing microscope. In the neighborhood
of the multicritical point, data were obtained with much
greater precision, viz. , + 0.01 mo1% in X and +' 10 mK in
T. These high-resolution data are shown in Figs. 3 and 4.
These data cover only a very small region of T and X in
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FIG. 1. Complete temperature-concentration (T X) diagram-
for binary mixtures of 4-cyanoethylphenyl-4'-octyloxycinnamate
(CEPOOC) and 4'-octyloxyphenyl-4-cyanobenzoate (SOPCB).
X is the mol% of SOPCB in the mixture. The solid lines are
guides to the eye.

the immediate vicinity of the RN-C-A point. (In fact,
typically, the size of a circle in the global phase diagram of
Fig. 1 constitutes the entire region of T and Xshown in the
high-resolution diagram of Fig. 2.) Clearly, singularities
are seen for all three phase boundaries. These singularities
exist over much narrower regions of T and X compared to
the singularities seen near the N-A -C point. It may be re-
called that in the earlier diagrams which reported the first
observation of the RN-C-A point" '3 such singularities
wee not seen. In these systems the RN-C-A point was
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FIG. 4. High-resolution T-X diagram in the vicinity of the
RN-C-A point in the CEPDOC+CEPOOC binary system (X is
the mol% of CEPOOC). See also legend of Fig. 3.
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FIG. 2. Complete T-X diagram for binary mixture of
CEPOOC and 4-cyanoethylphenyl-4'-decyloxycimnam ate
(CEPDOC). X is the mo1% of CEPDOC in the mixture. The
solid lines serve as guides to the eye.
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FIG. 3. H1gh-resolut1on T-X diagram 1n the v1c1n1ty of the
RN-C-A multicritical point in the SOPCB+CEPOOC binary
system (X is the mol% of CEPOOC). The solid lines are com-
puter fits of our data to expressions for the A-RN, A -C, and C-
RN phase boundaries (see text). The dashed line represents the
best-fit 8 term.

about 180'C away from the nematic-isotropic transition.
In the present case we have chosen the systems such that
the RN-C-A point occurs much closer to the nematic-
isotropic transition (60'C in Fig. 1 and 48'C in Fig. 2)
and in so doing have been able to generate singularities in

the vicinity of the RN-C-A point. This can perhaps be at-
tributed to the "tuning" of Brazovskii fluctuations. '5

These fluctuations are believed to induce the smectic-
C-nematic transition to be first order. ' It is conceivable
that in the phase diagram wherein the RN-C-A point was
nearly 180'C away from the nematic-isotropic transition,
the Brazovskii fluctuations were practically absent near
the RN-C-A point. This would make the bare correlation
length very large and, consequently, the critical region
would be too small to be observed experimentally. This
situation is similar to the mechanism which causes mean-
field behavior in spin-reorientation transitions in magnetic
systems. ' On the other hand, in the present case wherein
the RN-C-A point lies much closer to the nematic-
isotropic transition, the critical region has probably been
made effectively larger and thereby it has been possible to
see singularities near the RN-C-A point.

We shall now analyze the singularities quantitatively. It
is relevant to recall that the remarkable feature of the re-
sults on the N-A -C multicritical point was that the scaling
axes were the same as the experimental axes—P and T in
the ease of a single-component system, T and X in the case
of binary systems. In our computations on the RN-C-A
point we have used essentially the same expressions as
those used by Brisbin, Johnson, Fellner, and Neuberts for
the N-A -C system but with a simple 90 rotation of the
scaling axes. This is necessary because of the differences
in the sequences of transitions near the RN-C-A point
compared to that near the N-A-C point —the nematic
phase is the lowest temperature phase in the case of the
former, while it occurs as the highest temperature phase in
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the case of the latter. The results of our computations car-
ried out in this manner and with the same universality con-
straint as was used in previous computations ' (i.e.,
rt~ RN rid AN), are given in Table I, A and ri being the
amplitude and the exponent defined by the scaling rela-
tions (see Ref. 9 for details regarding the form of the ex-
pressions). The exponents are, within statistical uncertain-
ties, the same as the universal exponents associated with
the N-A -C point. s' Thus, despite having different tem-
perature sequences of phase transitions, the RN-C-A and
the N-A-C multicritical points exhibit the same universal
behavior.

It will be of interest to study the effect of tuning the
critical region near the RN-C-A point in a single-
component system at high pressure. High-resolution x-ray
and calorimetric experiments on the RN-C transition
should also be of much interest. On the theoretical side,
although there have been predictions on the x-ray scatter-
ing profile and the behavior of elastic constants near the
N-A-C point, ' *' there is no theory which explains the
uniqueness in the topology of the phase boundaries near
the N-A -C and RN-C-A multicritical points. Also the bi-
axial nematic phase which is predicted by the
renormalization-group theory is yet to be observed experi-
mentally near either of these multicritical points. Further
studies, experimental as well as theoretical, are clearly
needed to elucidate the nature of multicritical points in
liquid crystals.

TABLE I. Best-fit parameters and values of X obtained from
individual fits of our high-resolution T -Xdata to the expressions
similar to those given in Ref. 9 but with a 90' rotation of the
scaling axes (see text).
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+C-RN
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~A -RN
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0.20+ 0.10
39.85+ 0.01
45.66+' 0.01
0.571 +' 0.03
1.531 +' 0.02

0.6976+' 0.15
-1.0349 +' 0.20
-6.3896+ 0.70

1.083
0.946
1.083

0.05 +' 0.15
60.84+ 0.01

31.085 +' 0.01
0.569 +' 0.03
1.528 +' 0.03

0.8942+' 0.13
-1.1688 +' 0.14
-3.3215 +' 0.50

1.058
1.079
0.944
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