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Effect of Enantiomeric Excess on the
Smectic-C�

a – Smectic-C� Phase Transition

YUJI SASAKI, KENJI AIHARA, MARIKO ISOBE, AND
KENJI EMA

Department of Physics, Tokyo Institute of Technology, Meguro,
Tokyo, Japan

Calorimetric investigation on the effect of enantiomeric excess on the smectic-C�
a

(SmC�
a) – smectic-C� (SmC�) phase transition has been carried out using a

high-sensitivity differential scanning calorimetry in an antiferroelectric liquid crystal
compound. For highly optically pure samples, the SmC�

a – SmC� transition is found
to be first-order accompanying a thermal hysteresis, while the decrease in the optical
purity weakens the first-order nature of the transition and eventually moves towards
continuous behavior through the critical point. Our results indicate that the enantio-
meric excess dramatically influences the nature of the SmC�

a – SmC� transition.

Keywords Antiferroelectric liquid crystal; critical behavior; enantiomeric excess;
high-sensitivity dsc; SmC�

a– SmC� transition

1. Introduction

Tilted smectic-C� (SmC�) phases formed of chiral rod-like molecules provide an
interesting area of researches not only from fundamental but also from technological
points of view due to their polar nature. Since the discovery of the smectic-C�

A

(SmC�
A) phase [1], several intermediate SmC� subphases have been found below

the non-tilted smectic-A (SmA) phase and their physical properties were character-
ized through extensive experimental researches [2]. All these SmC� variant phases
are specified by the tilt azimuthal direction (i.e., helical modulation of the azimuth)
from layer to layer. When the temperature is lowered the general sequence of the
phases so far reported is SmC�

a – SmC� – SmC�
F12 – SmC�

FI1 – SmC�
A. However, it

is also known that the appearance of several subphases is influenced by the optical
purity of the system, which implies that the enantiomeric excess can play an impor-
tant role in the stabilization of the phases.

Among these subphases, the SmC�
a phase is similar to the SmC� phase in struc-

ture except for the short helical pitch, which was characterized by resonant X-ray
diffraction (RXRD) studies [3]. Since the difference between both phases lies only
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in the pitch of the helix, the transition can be continuous and discontinuous. In fact,
Liu et al. [3] measured the temperature dependence of the pitch near the SmC�

a –
SmC� phase transition using a homologue series of antiferroelectric liquid crystals
and their mixtures, and revealed the existence of a critical point. From the thermal
perspective, ac calorimetric measurements were also expected to yield important
information on the critical behavior associated with the SmC�

a – SmC� phase tran-
sition. However, since the thermal relaxation process due to the helical modulation
is thought to be very sluggish, the frequency-domain measurement by an ac calor-
imetry at a low-frequency operation (0.03125Hz) could not detect noticeable heat
capacity response even close to the critical point [3]. To overcome this problem,
recently, calorimetric studies have been performed using a high-sensitivity differen-
tial scanning calorimetry (DSC) for several liquid crystalline samples exhibiting
the SmC�

a – SmC� phase transition [4]. In that work, the obtained heat anomalies
clearly exhibited different types of behavior, which agrees with the results of the ear-
lier RXRD measurements. Nevertheless, there still remains the question of what
gives rise to the difference between the types of the heat anomaly at the SmC�

a –
SmC� transition.

In this study, high-sensitivity DSC measurements have been carried out for
racemic mixtures of (R)- and (S)-MHPOBC samples to investigate the effect of
the optical purity on the SmC�

a – SmC� phase transition.

2. Experimental Methods

The liquid crystal MHPOBC purchased from Sigma-Aldrich is used without further
purification. The commercial products provide (S)-enantiomer (99% purity) and
(R)-enantiomer (98% purity). The phase behavior of highly optically pure com-
pounds is reported as SmC�

a – SmC�
FI2 – SmC�

FI1 – SmC�
A [5]. When the optical purity

is slightly lowered, the SmC�
FI2 phase disappears and the SmC� phase appears

between SmC�
a and SmC�

FI2. Moreover, further racemization causes the SmC�
FI2

phase to disappear. In this paper, hereafter, we use the weight fraction of the
commercial (S)-enantiomer, x, to describe mixtures, because there remains an ambi-
guity concerning the true enantiomeric excess due to impurities in the commercial
sample.

High sensitivity differential scanning calorimetry (DSC) has been performed to
measure the phase transition temperatures of the sample. To detect the difference in
heat flow between the sample and reference, the thermo-electric modules (Ferrotec
Co. 9502=023=012M) have been used. The temperature scan rate for a standard
operation is 0.1K=min and sometimes a slower scan rate of 0.05K=min is also tried
to check the influence on the shape of the anomaly. For all measurements both scan
rates give essentially the same results.

3. Results

Figure 1 shows the temperature variation of the excess heat capacity near the SmA
and SmC� subphases for the x¼ 1.00 sample (i.e., the commercial (S)-enantiomer
sample with 99% purity) on heating and cooling, with the scan rate of �0.05K=
min. Five peaks are seen on heating, while four peaks are observed on cooling. This
observation is in accordance with the result for a mixture obtained by Gorecka et al.
[5]. The heat anomaly associated with the SmA – SmC�

a phase transition shows a
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substantial Cp wing due to pretransitional fluctuation and no thermal hysteresis is
observed, which is consistent with the earlier report of ac calorimetric measurement
[6]. On the other hand, the SmC�

a – SmC� transition shows a delta-function like
singularity as a result of a discontinuity of the free energy with a clear hysteresis
of 0.2K indicating that the transition is first order.

Figures 2 and 3 present the temperature dependence of the excess heat capacity
for samples x¼ 0.97 and x¼ 0.94. Peaks corresponding to the SmA – SmC�

a , SmC�
a –

SmC�, and SmC� – SmC�
A phase transitions are clearly seen. The observed heat

anomalies at the SmC�
a – SmC� and SmC� – SmC�

A transitions exhibit thermal hyster-
esis of 0.06K and 0.03K for x¼ 0.97 and 0.94, respectively, implying the first-order

Figure 2. Temperature variation of the excess heat capacity for x¼ 0.97. For further details
see caption to Figure 1.

Figure 1. Temperature variation of the excess heat capacity for the x¼ 1.00 sample near the
SmA and SmC� subphases obtained by DSC. Closed circles (upper Figure) and open circles
(lower Figure) show the data obtained on heating and cooling, respectively. The dashed line
shows the baseline for the background heat capacity on heating. The temperature scan rate
is �0.05K=min.

Enantiomeric Excess on SmC�
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nature of the transitions. When compared with the results obtained for the x¼ 1.00
sample, the thermal hysteresis at the SmC�

a – SmC� phase transitions clearly
diminishes as the increase in the racemization. Moreover, the heat anomaly at
x¼ 0.94 exhibits a divergent behavior with a pretransitional wing of the heat
capacity.

Figures 4 and 5 present the data obtained for x¼ 0.90 and 0.87 compounds,
respectively. As observed in 0.97 mixture, three heat anomalies corresponding to
the SmA – SmC�

a , SmC�
a – SmC�, and SmC� – SmC�

A phase transitions are clearly
seen. In addition to the SmA – SmC�

a phase transitions, no thermal hysteresis is
observed at the SmC�

a – SmC� phase transition. The heat anomaly for x¼ 0.90
is almost divergent but slightly rounded in the vicinity of the transition tempera-
ture. On the other hand, heat capacity for x¼ 0.87 exhibits a more rounded peak
than that of x¼ 0.90.

Figure 4. Temperature variation of the excess heat capacity of the x¼ 0.90. For further details
see caption to Figure 1.

Figure 3. Temperature variation of the excess heat capacity of the x¼ 0.94. For further details
see caption to Figure 1.
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4. Discussion

As shown above, high-sensitivity DSC measurements reveal the solid evidence that
the heat anomaly at the SmC�

a – SmC� transition is significantly influenced by the
variation of the optical purity. Our results indicate that a slight racemization
dramatically influences the nature of the critical behavior near the SmC�

a – SmC�

transition. From earlier reports [5] it is known that the SmC�
a , SmC�

FI2, and
SmC�

FI1 phases are very sensitive to the enantiomeric excess of the racemic mixture.
Moreover, recently, Chang et al. [7] reported that mixing a chiral dopant stabilizes
the SmC�

a phase. Therefore, the observed behaviors demonstrate that increasing
the opposite enantiomer ((R)-enantiomer) weakens the stability of the SmC�

a phase
and the first-order nature of the transition eventually leads to the supercritical evol-
ution through the critical point. This is also strongly supported by the reduction of
the thermal hysteresis. Recently, the corresponding behavior changing from a
first-order to a continuous transition is also measured in pure enantiomers of the dif-
ferent compounds as shown in Figures in ref [4]. This can also be explained by taking
the chiral strength of the compounds into account, which is expected to give rise to
the different behavior. In this sense, measurements of (R)- and (S)-mixtures are suit-
able for the study of the critical behavior associated with the SmC�

a – SmC� tran-
sition. To obtain further information, a variety of mixtures should be measured.
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