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A high resolution a.c. calorimetric study has been carried out on a mixture of
4-n-hexylphenyl-4'-(4”-cyanobenzoyloxy)benzoate (DB¢) and terephthalylidene-
bis-(4-n-butylaniline) (TBBA). The heat capacity at the smectic A —smectic A,
(Sa,~S4,) transition in a DB, + 15 per cent TBBA mixture exhibits a distinct cusp
with a critical exponent & ~ —0-15. This value for a is consistent with the critical
correlation exponent v obtained from X-ray scattering, but it does not conform
with current theoretical predictions that the S, —S,, transition should belong to the
Ising universality class.

Recent studies carried out at Bordeaux and Orsay have led to the discovery and
structural characterization of several new smectic A phases [1]. These new liquid
crystal structures occur in polar molecules with long aromatic cores containing three
phenyl rings. Mixtures of 4-n-hexylphenyl-4’-(4”-cyanobenzoyloxy)benzoate (DBy)
and terephthalylidene-bis-(4-n-butylaniline) (TBBA) are of particular interest since
they exhibit both smectic A,(S,,) and smectic A,(S,,) phases [2]. For mixtures with
a TBBA mole fraction in the range ~012 to ~0-24, the sequence
nematic(N)-S, —S,, is observed on cooling. According to X-ray studies [3, 4], all
three phases exhibit scattering associated with two commensurate wavevectors
q,:q, = 2n/2L and g, = 2n/L = 2gq,. Figure 1 shows a schematic representation of
the S, and S, phases that can be formed by polar molecules of length L. Note that
TBBA is non-polar but has a molecular length almost equal to that of DBs. The S,
phase is a single-layer smectic with layer thickness L (leading to a quasi-Bragg peak
at ¢,) and fluctuation scattering at ¢, associated with cybotactic bilayer groups. The
S,, phase involves a commensurate condensation of quasi-Bragg peaks at both ¢, and
¢.. The nematic phase exhibits diffuse scattering at ¢, and g, due to fluctuations.

The S, —S,, transition is of interest since current theoretical models predict that
this transition should be in the Ising universality class [5, 6]. The heat capacity results
reported here yield a critical exponent, « ~ —0-15. This does not conform to the
expected Ising behaviour but is consistent with the correlation exponent obtained
from recent high resolution X-ray studies [4].

The a.c. calorimeter used in this investigation has been described previously [7].
The measured heat capacity, C,(obs), corresponds to the total heat capacity of a sealed
cell weighing ~0-6g, of which 52-7mg is due to the liquid crystal sample. The
measured heat capacity of the empty cell, C,(empty), varied linearly from 0-191J/K
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Figure 1. Schematic representation of the S, and S,, phases in polar liquid crystals.
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Figure 2. Specific heat of DB; + 15 per cent TBBA. The dashed line shows the linear
C,(background) variation, which has a slope of 0-00034/J K 2g~!. The dot-dash curve
indicates the estimated C,(baseline) formed by the tail of the N-S, peak; this curve has
a slope of 0-005/JK g ' at T,.

at 395K to 0-196 J/K at 420K; thus C,(empty) is roughly one-half of C,(obs), which
varied from 0-350 to 0-385J/K, The reported results are specific heats determined
from

C, = [C,(obs) — C,(empty)]/W, 1)

where W is the weight of the liquid crystal sample. The sample studied was a
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Figure 3. Specific heat near the S, -S,, transition. The temperature range shown here is
range 1 used in the analysis. The smooth curves correspond to fits of the data with
equation (2). The dashed line represents fit 3 (the Ising exponent « = 0-11), and the solid
line represents fit 4 (@ = —0-15).

DB; + TBBA mixture with a TBBA mole fraction of ~0-15. This sample was
prepared at Domaine University, and the measurements were carried out at MIT.

The variation of the heat capacity over a wide temperature range is given in
figure 2. These data allow us to estimate the linear C,(background) which dominates
the behaviour away from the phase transitions. We have also estimated the baseline
under the S, -S,, peak caused by the low temperature tail of the N-S,, peak. This
excess heat capacity associated with the N-S, transition has been discussed elsewhere
together with the recent N-S,, results on alkoxybenzoyloxy cyanostilbenes [8]. The
detailed critical variation in C, near the S, —S,, transition is shown in figure 3. Several
runs carried out over a long period of time (~ 80 hours) indicate that the critical
temperature T, for this transition undergoes a slow linear drift of —16-5mK/h. A
correction has been made for this T, drift, but it should be noted that such a drift does
not affect the value of the critical exponent a.

The data analysis was carried out using the expression

G = A*|117*(A + D*|1I”) + B+ ET — T.), )

where t = (T — T,)/T,is the reduced temperature and the superscripts +, — denote
T > T,or T < T,. The values of the parameters were obtained by simultaneously
fitting data above and below 7, with the scaling constraints a* = ¢~ = « and
B* = B~ = B. The non-critical slope E can be taken as a free parameter, but we
have usually preferred to fix E at two physically reasonable values:
E = 0:005JK?g~! (corresponding to the slope at 7, of the dot-dash curve in
figure 2) and E = 0-00034 J K ~?g~' (corresponding to the slope of the dashed line in
figure 2). There is no significant difference in the quality or character of these fits, and
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most of the fits reported here are those obtained with E = 0-005JK ~*g~'. Fits were
carried out over two temperature ranges. The data set for range 1 contained 141
points between 401-17K and 40793 K (—9:6 x 107° < ¢t < 7 x 107*) and that for
range 2 contained 70 points between 403-83K and 406:34K (=30 x 107* < ¢ <
32 x 107%). In both cases, data points between 404-887 K and 405-077 K were
omitted because of a pronounced rounding of the heat capacity peak very close to 7.

A variety of least-squares fits with equation (2) are shown in the table. Four of
these fits (14, 1B, 24, 2B) were carried out with the critical exponent « taken as a
freely adjustable parameter. The resulting « values are all negative and lie between
—0-126 and — 0-160. Fits 1B and 2B illustrate the fact that changing the value of the
slope E has very little effect on the other parameters. Fits 3-5 allow a comparison of
the quality of fits over range 1 with « fixed at 0-11 (the Ising value), — 0-15 (an effective
best value), and — 0-35 (a stronger cusp). These can also be compared with fits 6-8,
where the same fixed « values are used in fitting the data in range 2. The use of fixed
a values allows us to test the effect of range shrinking on the values of 7., 4%, B, and
D* . The parameters for fits with « set equal to 0-11 and — 0-15 were quite stable on
range shrinking, whereas A~ and D~ changed dramatically for the two fits with « set
at —0-35.

On the basis of the reduced chi-squared values given in the table, we conclude that

‘a negative o value of —0-15 provides a significantly better fit to these data than does

the theoretically expected Ising value of + 0-11. This conclusion, which is based on
the F test, can be supported with better than 99 per cent confidence limits for range
1[v = 135, Fy,(135,135) = 1-:50 compared to yv*(fit 3)/xv*(fit 4) = 2-52] and with
80 per cent confidence limits for range 2 [v = 64, F,(64,64) = 1-23 compared to
yv3(fit 6)/xv*(fit 7) = 1-28]. Furthermore, it should be noted that figure 3 shows a
clear systematic pattern for the deviations from the Ising fit whereas the deviations
from the &« = —0-15 fit are both smaller and random. It is difficult to assess the
error-bound on the best « value, but we estimate that x = —0-15 + 0-10 represents
90 per cent confidence limits.

Such a negative heat-capacity exponent (corresponding to a finite cusp in C,)
should be considered in the context of the critical exponents obtained in a recent
X-ray investigation of the DB, + TBBA system. Chan et al. [4] report y = 1-46 +
0-05 for the susceptibility exponent and v, = v, = 0-74 £ 0-03 for the correlation
length exponents parallel and perpendicular to the director. Thus, two independent
experiments reveal a S, S, critical behaviour that disagrees with the predicted Ising
behaviour (¢4 = 0-11, v, = 0-63, y, = 1:24) [9]. The two experiments are consistent
with each other in the sense that the hyperscaling relation o« + 3v = 2 is obeyed
within the estimated error limits (¢« + 3v = 2-07 + 0-19).

It might be noted that the observed critical exponents are in fairly reason-
able empirical agreement with so-called Fisher renormalized Ising behaviour:
ag = —oy/(l — o) = —0124, vg = »/(1 — o) = 071, 3 = 7/l — o) = 1-39
[10]. However, it is unclear whether any hidden variable subject to a constraint
(such as an impurity in a fluid near its liquid—vapour critical point) exists in the
DB, + TBBA system. Further experimental work on DB + TBBA mixtures
with other compositions is in progress, and it is hoped to confirm and refine the
characterization of the thermal fluctuation behaviour near the S, -S,, transition.

This work was supported in part by the National Science Foundation under
contract DMR 83-15637.
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