This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 21 February 2013, At: 12:31

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:

http://www.tandfonline.com/loi/gmcl16

Influence of Molecular Ordering on the
Pressure Behaviour of the Nematic-Iso-

Tropic Transition

H. D. Kleinhans ? , R. Shashidhar ® & G. M. Schneider ?

% Department of Chemistry, Physical Chemistry Laboratory, University of
) P e Bochum, 4630 Bochum, Federal Republic of Germany
Version of record first published: 20 Apr 2011.

To cite this article: H. D. Kleinhans , R. Shashidhar & G. M. Schneider (1982): Influence of Molecular
Ordering on the Pressure Behaviour of the Nematic-Iso-Tropic Transition, Molecular Crystals and Liquid
Crystals, 82:1, 19-24

To link to this article: http://dx.doi.org/10.1080/01406568208070507

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208070507
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:31 21 February 2013

Mol. Cryst. Lig. Cryst, Vol. 82 (Letters), pp. 19-24
0140-6566/82/8201-00193%06.50/0

© 1982, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

INFLUENCE OF MOLECULAR ORDERING ON THE
PRESSURE BEHAVIOUR OF THE NEMATIC-ISO-
TROPIC TRANSITION

H.D. KLEINHANS, R. SHASHIDHAR* and
G.M. SCHNEIDER

Department of Chemistry, Physical Chemistry
Laboratory, University of Bochum,
4630 Bochum, Federal Republic of Germany

(Submitted for Publication February 9, 1982)

Abstract The effect of pressure on the
nematic-isotropic transition in mixtures of
60CB and 80CB has been studied by DTA. The
plot of dT/dp at 1 bar versus molefraction
(x) of 60CB shows an anomalous decrease in
the range 0.1 < x<0.28. Experiments conduc-
ted under different thermal conditions of
the sample seem to indicate that this ano-
malous behaviour is essentially due to the
influence of molecular ordering which deve-
lops continuously and not due to any kinetic
effects.

(1) we had shown that for

In an earlier paper
mixtures of 4'-n-hexyloxy-4-cyanobiphenyl (60CB)
and 4'-n-octyloxy-4-cyanobiphenyl (80CB), the 4T/
dp versus molefraction of 60CB (x) curve exhibits
an anomalous decrease in the molefraction range
of 0.1 <x<0.28. Considering the fact that the

smectic A phase exists (at 1 bar) only until

*AvH fellow, on leave of absence from the Raman
Institute, Bangalore - 560 080, India
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x=0.28, it was postulated that this anomaly could
be the effect of molecular ordering although this
could concievably also be due to kinetic effects.
We have carried out some additional experiments
under different thermal conditions of the sample,
to ascertain the origin of this effect. The re-
sults indicate that not kinetic effects but order-
ing are the influencing factor for this anomalous

pressure behaviour,
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Figure 1: Transition temperatures T at 1 bar in
mixtures of 60CB and 80CB versus the
molefraction x of 60CB (the starting
temperatures of the DTA runs are in-
dicated by x1, x2 etc; see text)

All experiments were carried out using DTA

(2) as the probe to detect the nematic-isotropic

transition at high pressure. Figure 1 shows the
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plot of the temperature (T) versus molefraction
(x) curve evaluated at 1 bar while Figure 2 gives
the dT/dp at 1 bar versus x curve for the nematic-
isotropic (N-I) transition. It is clearly seen

that although T at 1 bar for the mixtures is a

continuously dege{oping function of concentration,
dT/dp at 1 bar is not. The dT/dp versus x curve ex-—
hibits an anomalous decrease in the range 0.1< x
<0.28, the minimum value occuring at x=0.162.
This value of X was chosen for carrying out our

experiments described in the following.
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Figure 2: (dT/dp)1bar

tion in 60CB/80CB mixtures versus mole-

values for the N-I transi-

fraction x of 60CB as obtained from DTA
(o= data from reference 1; for explana-

tion of X, see text)

In all, the mixture with x=0.162 was studied



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:31 21 February 2013

22 H. D. KLEINHANS, R, SHASHIDHAR and G. M. SCHNEIDER

under 5 different experimental conditions. The aim
of the experiment was to evaluate the p-T bound-
aries of the N-I transition under different ther-
mal conditions of the sample and then to evaluate,
by a computer fit to the set of data points, the
dT/dp at 1 bar for each experiment. The parameter
that was different in each set of experiment was
the temperature to which the sample was cooled
with respect to the N-I transition temperature.
Within a set of experiments, the substance was
always cooled, at any pressure, to a common tempe-
rature (TR= TN_I-T) with respect to the N-I phase
transition at that pressure and then, it was re-
heated at about (1 to 2) K/minute and the N-I
transition temperature determined accurately. The
TR values in the case of the 5 different sets of
experiments were about 5, 13, 19, 27 and 51 K.
(Points marked as x1, x2, ..., in Figure 1 indi-
cate the temperatures to which the samples were
cooled (at 1 bar) in these sets of experiments).
In addition, experiments were also conducted by
stabilizing the temperature for about 1.5 to 2
hours at TR before re-heating the sample into the
isotropic phase. However, the transition tempera-
ture at any pressure was exactly the same irre-
spective of whether the temperature of the sample
was stabilized or not. The dT/dp values for these
5 sets of experiments, evaluated from a least
square fit of each set of data points, are shown
in Figure 2. It is seen that the dT/dp values are
strongly dependent on the T_ values to which the

R
sample is cooled before re-heating. In fact, lower
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the TR value, lower is the dT/dp. Experiments were
also conducted for x higher than 0.28 by varying
TR‘ However, identical transition temperatures and
hence dT/dp values were obtained regardless of the
TR value to which the sample was cooled. There-
fore, on the basis of these results (especially
from the absence of any stabilizing effect of
tempering as well as from the fact that the runs
starting from 1, 2 or 3 gave different dT/dp
values) we tentatively conclude that the anomalous
pressure behaviour of the N-I transition is not
due to kinetic effects but due to equilibrium
properties e.g. to the influence of molecular
ordering which develops continuously as a func-
tion of temperature.

It may be recalled that Achard et alf3)

recently shown that the smectic ordering influen-

have

ces the enthalpy change of the N-I transition.
Since it is generally accepted that the Clausius-
Clapeyron equation should be obeyed for the N-I
transition, an anomaly seen in dT/dp might mani-
fest itself in the volume and enthalpy changes at
the transition. Detailed thermodynamic experiments

are in progress to verify this point.

On of us (R.S.) is grateful to Alexander von
Humboldt-Stiftung for the award of a fellowship.
References

1. R. Shashidhar, H.-D. Kleinhans and G.M.
Schneider, Mol.Cryst.Liquid Cryst.Letters (in




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:31 21 February 2013

24 H. D. KLEINHANS, R. SHASHIDHAR and G. M. SCHNEIDER

Press) .
2. W. Spratte and G.M. Schneider, Mol.Cryst.Liquid

Cryst. 51, 101 (1979).

3. M.F. Achard, G. Sigaud and F. Hardouin, in
"Liquid Crystals of One and Two Dimensional
Order", Eds: W. Helfrich and G. Heppke,
Springer-Verlag, Berlin 1980, p.125.



