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Abstract Investigating the symmetry properties of compensated
chiral liquid crystals we point out that the marroscopic de-
scription suggested recently by Pleiner and Brand* can not be
applied for these materials. We also discuss the hysteresis of
the homeotropic to fingerprint texture transition in compensa-
ted cholesterics and its consequence on the measurement of the
temperature dependence of the pitch.

INTRODUCTION

The truly hydrodynamicz—4 (or "coarse grained"s) description regards
chiral liquid crystals as layered systems having a layer thickness
equal to the helical pitch. In order to describe' variations within a
pitch length a modified, local description has been proposed recent-
ly by Pleiner and Brandl for long pitch cholesterics or smectics c*.
According to this theory compensated cholesterics or compensated
smectics C* would require a special treatmentl yielding a vanishing
thermomechanical coupling constant (Leslie parameteré 33) and as a
_consequence the experiments on the thermomechanical coupling7’8
ought to be reinterpreted.

The aim of the present note is to point out two mistakes in the
paper of Pleiner and Brandl. First we will show that the symmetry
properties of compensated chiral systems are different from that of
achiral ones thus the starting point of the theoryl can be queried.
Secondly we will prove that contrary to the statement in Ref.l our
methodr of measuring the temperature dependence of the pitch yields
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an upper limit for dg_/dT.
0

SYMMETRY OF A COMPENSATED CHIRAL LIQUID CRYSTALLINE SYSTEM

The term "compensation" means that the helical pitch of a chiral
substance (usually a mixture) becomes infinite at a specific tem-
perature (and concentration). This phenomenon is accompanied by a
helix inversion, i.e. the handedness of the helical structure below
and above the compensation temperature is opposite.

There are four ways to realize a *compensated chiral 1liquid
crystalline system.

i. Mixing two different cholesteric compounds of  opposite
handedness (i.e. a right-handed (A") and a left-handed (B7)
one).9 This method is working for chiral smectics c* too.10

ii. Mixing two special left-handed cholesterics (A and g5
Compensation occurs at two different concentrations.
iii. Mixing a special right-handed cholesteric (AT) with a nematic

(8).12
iv. According to recent observations a helix 1inversion can OcCCur
even in a single chiral compound.13 At a specific temperature

this compound "compensates itself", i.e. its helical structure

disappears.

In contrary to the statement of Pleiner and Brand in Ref.l the
above systems are chiral and do not possess the same symmetries as
the corresponding achiral counterparts. Cholesterics or smectics c*

lack the mirror symmetry even at the compensation point. This fact

follows from the structure of the individual molecules. In all the
systems discussed above the disappearance of the helical structure
is not a consequence of a change in symmetries but rather results
"accidentally" from the complex nature of the intermolecular inter-
actions. Hence there is no reason to suppose that all the coupling
coefficients, which are connected to chirality have to vanish at the

same temperature where q0=0. 0f course these parameters may depend
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on q and may be expanded into series, nevertheless it is not
allowed to neglect the zeroth order term a priori. Consequently the
chiral coupling coefficients including the Leslie parameter6 23

need not be zero at the compensation point.

As experimental evidences one can regard the measurement on the
thermomechanical coupling7’8 which still will be discussed later and
the measurement of the pitch and spontaneous polarization of a com-
pensated smectic C* mixture.10 Adopting the train of thoughts of
Pleiner and Brandl one should expect that at the compensation point
the spontaneous polarization disappears as well as the helical
structrure. Experiments have shown instead that the compensation of
the helix and the compensation of the polarization occurs at differ-
ent concentrations and temperaturesln so a compensated smectic i
with infinite pitch has a nonzero spontaneous polarization.

The only way to create a centrosymmetric substance from chiral
components is to mix the two antipodes of the same compound (A~  and
A7) in a ratio 1:1. In these racemic mixtures which are exactly
achiral independently of temperature in contrast to compensated sys-
tems the linear thermomechanical coupling is excluded by the mirror
symmetry . '

The series expansion against q, as proposed in Ref.l may be
useful to analyse the behaviour of possible biaxial parameters of

14 cholesterics

cholesterics. According to theoretical predictions
locally should have a biaxial symmetry which is due to the helical
structure. At the compensation point this biaxiality vanishes with
the helix thus compensated cholesterics are exactly uniaxial with
vanishing biaxial parameters. (Chiral biaxial lyotropic nematics are
out of our present scope.) However we would like to note that this
biaxiality must be very small,15 its existence has not been proved
experimentally in thermotropic cholesterics and is usually neglected

2,6,16 In this approximation there is no need

in continuum theories.
for a special treatment of compensated chiral systems, instead ane

can simply use the local description with qo=0.



84 N. EBER and I. JANOSSY

MEASUREMENT OF THE TEMPERATURE DEPENDENCE OF THE HELICAL PITCH

It is well known that a cholesteric with a homeotropic surface
treatment can have either a homeotropic or a fingerprint texture
depending on the thickness to pitch ratio (¢!=‘QO|L=25IL/|PO').
Using for instance a wedge-like sample one can determine a critical
value ot which i? the lower limit for the existence of the fin-
gerprint texture. ' On the other hand one can derive from the con-
tinuum theory6 an instability criterium which yields that above
dth:erB/KZ the homeotropic texture can_not exist.7 The two thresh-
old values do not coincide, cicr<: C{th’ which allows for a hyster-
esis. In the intermediate region, o(cr<o(< Ay, 3 metastable ho-
meotropic texture can exist due to the nucleation mechanism of the
fingerprint texture.

Let the homeotropic texture be formed in a sample of a coen-
stant thickness and temperature maintaining O<o<<0fcr. Then 1in-
creasing o slowly one can enter the metastable state ctbr<(cx‘< o%h
preserving the homeotropic texture. Increasing & further at Xy 2
homogeneous deformation (a declination of the director) starts 1in
the sample which is then immediately transformed into the finger-
print texture. If we now decrease o nothing happens until 0(:0(CE
where the fingerprint texture disappears. This type of hysteresis

has been observed on compensated cholesterics.7

Around the compensation temperature Tcomp a, and o read
dqo P
9 = a1 (T'Tcomp) b
daq q ‘dq
= = ———2 = :——D - = _2 (2)
o '|qo|L' dTt (T Tcomp) L=lgr lT TcomplL drt At L Lo

It shows that changing the temperature we can change & as well.
can introduce the critical temperatures ZﬂTcr and Lthh which

correspond to CYcr and &in respectively.
From the hysteresis we could determine the temperature Z&Texp
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where the homeotropic to fingerprint texture transition occurs.
Though ‘gTexp and ‘STth ought to coincide according to the above
picture, we have to take into account that as it was pointed out in
Ref.1l a real sample necessarily possesses thickness and temperature
inhomogeneities, surface defects or dust particles. They all influ-
ence the quality of the homeotropic texture introducing local dis-
tortions of the director field. These defects can initiate the tran-
sition into the fingerprint texture without the need for an inter-
mediate homogeneous deformation. Thus actually ISTexpﬁ;lthh can be
observed.
Using Eg.(2) one gets

gl Mg KT o5y
gt | AT i AT
w 5 th

Substituting zﬁTth for its measured value ‘ﬁTexp‘:‘STth in
£q.(3) we obtain the measured value |dq0/dTlexp with the relation
dqO dqo

B = (4)
dT exp dT

The pourer the quality of the homeotropic texture, the smaller
z&Texp and the higher the value of ldqo/dT'exp.

Thus we can conclude that this method for measuring the temper-
ature dependence of the pitch of compensated cholesterics yields an
upper limit7 for dqo/dT instead of a lower limit as stated by
Pleiner and Brand in Ref.l. Combining this with the fact that the
Leslie parameter6 33 need not be zero at the compensation we can
draw the conclusion that the experiments on the thermomechanical

7,8

coupling do not need a reinterpretation.

SUMMARY

We have shown that the symmetry of compensated chiral systems differ
from that of their achiral counterparts. Consequently the treatment
proposed by Pleiner and Brand1 can not be applied to describe com-
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pensated cholesterics or compensated smectics o

The chiral coupling coefficients in cholesterics and smectics
C* (as e.g. the thermomechanical ones) are independent of the helix
and do not vanish at the compensation point. Thus the starting point
for the reinterpretationl of the experiments on thermomechanical
coupling7’8 is incorrect and leads to conclusions which are in-

consistent with experimental findings.
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