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Smectic-4, transitions: T7, T8 and
DB, + TBBA
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High-resolution ac calorimetric studies have been carried out on heptyloxybenzoyloxy
cyanostilbene (T7), octyloxybenzoyloxy cyanostilbene (T8), and a mixture of a hex-
ylphenyl cyanobenzoyloxy benzoate (DBg) and terephtai-bisbutyl aniline (TBBA). The
heat capacity C, exhibits a sharp, asymmetric peak near the second-order nematic
(N)-smectic-4 (SmA,) transition in these systems, all of which possess a nematic phase
that is stable over a very wide temperature range. For a DB + 15% TBBA mixture,
there is also a SmA | = Smd, transition at which C, exhibits a distinct cusp. The critical
exponent a is 0.05 (very close to a log singularity) for the N-SmA, transition and —0.14
for the SmA;-SmA, transition. These values are in good agreement with critical x-ray
studies but do not conform with current theoretical predictions.

INTRODUCTION

Extensive work at Bordeaux and Orsay has established the structures,
phase diagrams, and some of the properties of a new class of polar
liquid crystals containing aromatic cores with three phenyl rings.'
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Typical examples of these compounds are

Tn alkoxybenzoyloxy cyanostilbene
Canan-@COO@—CH:CH@CN
DBy cyanobenzoyloxybenzoate of alkylphenyl
angn+1@ooc-@ooc.@.cr«
TBBA terephtal-bis-butyl aniline

C4H9@N=CH@-CH=N@-C4H9

Such compounds and their mixtures exhibit a rich variety of new
smectic phases and complex reentrant behavior; see Figs. 1 and 2. In
order to discuss the phase transitions shown in these figures, one must
distinguish three types of smectic-4 phase—Sm4,, SmA4 |, and Sm4,.
X-ray characterization by Levelut? has shown in all three cases that
there is scattering corresponding to two wavevectors g, = ¢, and g¢,.
These two wavevectors may or may not be commensurate. Figure 3
shows a schematic representation of the various types of smectic
layers that can be formed by polar molecules of length L. The bilayer
SmA, phase involves the condensation of a quasi-Bragg peak at
¢, =2z /d, corresponding to layers of thickness d=~1.7L, with in-
commensurate fluctuations occurring at ¢, = 27/ L. The phase Sm4,
is a single-layer smectic with layers of thickness L (leading to a Bragg
peak at ¢,) and fluctuations at ¢, associated with cybotactic bilayer
groups. The SmA, phase corresponds to a commensurate condensa-
tion of Bragg peaks at both wave vectors ¢, and ¢, = ¢,/2. See Refs.
2 and 3 for further details.

A definitive analysis of the critical behavior near transitions involv-
ing these new smectic phases has not yet been made. However, there
is a detailed mean-field treatment by Prost® and recent RNG exten-
sions by Wang and Lubensky.’ Briefly stated, current theory suggests
that the N-Sm4, transition should be in the XY universality class
(with complications) and the SmA,-SmA, transition should be in the
Ising universality class.

The heat capacity data reported here together with correlated
diffuse x-ray scattering data on DBg+ TBBA® and T7°® serve to
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FIGURE 1 Phase diagram for the Tn system, indicating transitions for the pure
compounds T7, T8 and T9 as well as binary mixtures of T7 + T8 and T8 + T9 (after
Hardouin et al.!). The ranges of temperature studied calorimetrically are indicated by
the dotted vertical lines.

characterize the critical exponents a (the heat capacity C,~1~",
where ¢ is the reduced temperature), » (the correlation length §~1¢7"),
and y (the order-parameter susceptibility o~¢~Y). Such a combina-
tion of heat capacity and x-ray studies allows one to test the general
concept of hyperscaling and to discuss better the universality class for
SmA -SmA, and N-Sm4, transitions.’

The high-resolution ac calorimeter used in this work has been
described previously.® All the C, values reported here correspond to
the total heat capacity of a fillecf silver cell weighing ~0.6g, of which
~0.1g is due to the liquid crystal sample. The heat capacity of the
empty cell C,(e), which has an almost constant value of ~0.18 J K~ l
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FIGURE 2 Partial phase diagram for DBy + TBBA mixtures (after Chan and
Pershan®). Dashed lines represent second-order phase transitions, and the vertical
dotted line indicates the temperature range of the present calorimetric study.

does not affect the determination of the critical exponent a. The data
analysis is carried out using the expression

GE=A (1 + D)+ B+ E(T-T.), (1)

where T, is the critical temperature for the phase transition, t = (T —
T,)/T,, and the superscript * denotes T > T, or T < T,. For the
limiting case &« =0, one replaces Eq. (1) by

CF =Aln|f|+B* +E(T-T,). )



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:05 20 February 2013

CALORIMETRIC STUDIES 29

|| U REATN
Mz\\“/a i
YWY Imi

NEMATIC SMECTIC-Al

xpm i
T Al mumu I
il i

SMECTIC-Ad SMECTIC-A

|
|
|

2

FIGURE 3 Schematic representation of the nematic and three smectic-A phases in
polar long-core liquid crystals.

RESULTS FOR T7 AND T8

Figure 1 shows the range of temperatures covered by our measure-
ments in T7 and T8. Note that T7 exhibits a very wide nematic range
(TN — Tna, = 166 K). Even in T8, where reentrant behavior occurs,
the reentrant nematic range (Tya, — Tna, =43.7 K) is large com-
pared to the nematic range in smectic liquid crystals having only two
phenyl rings in the aromatic core.” Note that we shall not discuss here
the very weak heat capacity peak at the second-order reentrant-
nematic—smectic-A, transition.

Details of the C, variations near the N-SmA4, transition in T7 and
T8 are shown in Figs. 4 and 5. The smooth curve in each case
represents the best least-squares fit to these data using Eqgs. (1) with
a = 0.05. In the case of T8, the values of the least-squares parameters
are quite stable to variations in the reduced temperature range used in
the fitting procedure. In the case of T7, the parameters are fairly
sensitive to range shrinking but the best fits seem to correspond well
to those for T8. The minimum in x? is rather broad, and we estimate
that the uncertainty in a is +0.06. Thus these C, data in T7 and T8
yield a N-SmA, critical exponent (a = 0.05 + 0.06) that indicates a
very weak power-law singularity. One cannot, however, rule out a
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FIGURE 4 Heat capacity of T7 near the N-Smd, transition. The smooth curve
represents the best fit with Eq. (1), and « = 0.05.
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FIGURE 5 Heat capacity of T8 near the N-Smd,; transition. The smooth curve
represents the best fit with Eq. (1), and a = 0.05.
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sharp cusp such as that predicted for the XY model (ay, =~ -0.007y°
or a logarithmic divergence (a—0). In terms of the exponent a, the
critical behavior in T7 and T8 seems to be quite similar to that in 8S5
and 40.7, systems with nematic ranges of 20-25 K. However, the
C,(N-SmAd)) peaks in Figs. 4 and 5 are clearly more asymmetric than
the C,(N-Sm4) peak for 40.7.7 Furthermore, prehmmary x-ray results
on T7 indicate that y < yyy and v > vyy > » . ® This implies that the
Tn system exhibits anisotropic critical behavior at the N-SmA4, transi-
tion which is not consistent with the XY model. Such a conclusion has
been drawn previously for N-SmA4, and N-SmA4,, transitions involv-
ing bilayer or monolayer smectics with short aromatic cores.” Further
details of the analysis of both calorimetric and x-ray data for T7, T8
and their mixtures will be presented elsewhere.

RESULTS FOR DB; + TBBA

As shown in Fig. 2, only one DB + TBBA mixture (corresponding to
~15 mole percent TBBA) has been studied calorimetrically at the
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FIGURE 6 Heat capacity of DB6 + 15% TBBA. The linear C, (background) varia-
tion is represented by the dashed line. The estimated low-temperature “tail” of the
N-SmA, peak is shown by the dot-dash curve.
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present time. The heat capacity variation for this sample over a wide
temperature range is given in Fig. 6. These data allow us to estimate
the linear C, (background) that dominates the behavior far from any
phase transitions. This C, (background) variation is represented by
the dashed line, and the dot-dash curve indicates the baseline under
the SmA;-SmA, peak due to the “tail” of the N-Sm4, peak. (Com-
pare this reconstruction of the N-Smd, excess heat capacity with
Figs. 4 and 5.)

The detailed critical variation in C, near the Sm4-Sm4, peak is
shown in Fig. 7. The smooth curve represents the best least-squares fit
using Eq. (1). The resulting value of the critical exponent « is
—0.14 £.06, and the amplitude ratio 4~ /4% is 0.55%.1. A full
account of these data and their analysis will be reported elsewhere.'°

An a value of —0.14 for the SmA,-Sm4, transition is consistent
with recent x-ray results for the correlation lengths but differs greatly
from the theoretically expected Ising value (a; = +0.11). The x-ray
investigation of Chan, Sorensen and Pershan® yields y = 1.46 + 0.5
and »y=», =0.74 +.03 for the correlation exponents parallel and
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FIGURE 7 DBg+ 15% TBBA heat capacity near the SmA -SmA, transition. The
smooth curve represents the best fit with Eq. (1) and the resulting critical exponent is
a=—0.14.
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perpendicular to the director. Thus the critical behavior of the correla-
tion lengths is isotropic (unlike N-SmA transitions), and the hypers-
caling relation a + 3» = 2 is fairly well obeyed (a + 3» = 2.08 = 0.15).
This means that two completely independent experiments are consis-
tent with each other, and both contradict the expected Ising behavior.
A comparison between SmA -SmA, experimental behavior and theo-
retical Ising model behavior® is summarized below:

a A~ /At v Y
Ising model 0.11 1.95 0.63 1.24
DB+ TBBA -0.14+.06 055 0.74+.03 1.46=*.05

The C, variation near the N-SmA, transition in DB; + 15% TBBA
is shown in Fig. 8. The critical heat capacity peak associated with this
transition is difficult to characterize since T,(N-SmA,) was observed
to shift by —60 mK /hour for our sample. Figure 8 shows C, vs
(T — T,) for three runs in which data near 7. were obtained fairly
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FIGURE 8 DB + 15% TBBA heat capacity near the N-SmA, transition. The results
for three runs are superimposed by plotting versus 7 — 7. The length of time at high
temperatures is . — Iy, where 1, is the time the sample is placed in the high-temperature
bath and 7, is the time when T is achieved.
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soon after heating the sample from room temperature. These runs are
in quite satisfying general agreement; and the N-SmA, critical heat-
capacity peak is clearly similar to those in T7 and T8 but almost twice
as large. However, no critical exponent analysis has been carried out
on these data. Further experimental work on this and other composi-
tions of DB + TBBA mixtures is in progress, and the results will be
reported elsewhere.
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