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

On: 23 February 2013, At: 03:32

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

Phase Behaviour of Tbba Under
High Pressure by Differential
Thermal Analysis (DTA)

J. Herrmann ? , H. D. Kleinhans # , J. Quednau * &
G. M. Schneider ®

& Department of Chemistry, Institute of Physical
Chemistry, University of Bochum, Bochum, FRG
Version of record first published: 20 Apr 2011.

To cite this article: J. Herrmann , H. D. Kleinhans , J. Quednau & G. M. Schneider
(1980): Phase Behaviour of Thba Under High Pressure by Differential Thermal Analysis
(DTA), Molecular Crystals and Liquid Crystals, 64:4, 109-114

To link to this article: http://dx.doi.org/10.1080/01406568008072006

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568008072006
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 03:32 23 February 2013

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 03:32 23 February 2013

Mol. Cryst. Lig. Cryst. Vol. 64 (Letters), pp. 109-114
0140-6566/80/6404-0109$06.50/0

©1980, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

PHASE BEHAVIOUR OF TBBA UNDER HIGH PRESSURE
BY DIFFERENTIAL THERMAL ANALYSIS (DTA)

J. HERRMANN, H.D. KLEINHANS, J. QUEDNAU
and G.M. SCHNEIDER

Department of Chemistry, Institute of
Physical Chemistry, University of Bochum,
Bochum, FRG

(Submitted for publication 10 September 1980)

Abstract The phase behaviour of TBBA has
been studied by high-pressure differential
thermal analysis (DTA) up to 3 kbar in the
temperature range from 300 to 600 K. The T-p
phase diagram of TBBA is very complex. At
normal pressure a new metastable solid phase
has been found. At higher pressures the
smectic VI and the smectic VII phases vanish
and another new phase is pressure induced.
The enthalpy of the smectic A/nematic trans-
ition decreases drastically with increasing
pressure suggesting a tricritical point at
about 1000 bar and 515 K.

Introduction In a research program on the

thermodynamic properties of liquid crystals under

high pressure the phase behaviour of TBBA has

been studied up to 3 kbar by differential thermal
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analysis (DTA). This substance has been chosen be-
cause of its interesting polymorphism at normal
pressure and it was expected that similar effects
to those observed before with other liquidcrystals
(e.g. tricritical phenomena, pressure induced

phases1'2) would be found.

Experimental The DTA eguipment and the

experimental procedure are described elsewhere.1’3

Some additional details are given below.

The substance was synthesized as described by
Taylor et al.4 and was recrystallized several
times from ethanol/benzene until no further change
of the transition temperature and of the peak
shape of the nematic/isotropic liquid phase trans-

ition could be observed.

For the measurements the substance was encap-
suled in lead cells3 to prevent a contact between
the surroundings and the sample. Thus the thermal
decomposition of TBBA was strongly hindered. Never-
theless after each measurement at higher pressures
the transition temperatures and the transition
peaks were remeasured at 1 bar and the cell was

replaced if any change could be observed.

Results Figure 1 shows the T-p phase
diagram of TBBA obtained when the substance was
heated from the solid crystal (s). At normal
pressure two solid/smectic G (s1/smG, 384.2 K;
s2/smG, 386.7 K), the smectic G/smectic C (smG/smC,
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418.1 K), the smectic A/nematic (smA/n, 471.9 K)
and the nematic/isotropic liquid (n/l, 510.8 K)
transitions have been found. Fiqure 2 shows the
T-p phase diagram obtained when the substance was
cooled until the solid phase appeared. Here the
smectic VI (smG/smVI, 360.4 K) and the smectic VII
(smvVI/smvII, 347.6 K) phases have additionally
been observed in the supercooled region at atmo-
spheric pressure. In both diagrams the smC/smA
transition was not detected by DTA. These results
have been confirmed by optical microscopy where
the smC/smA transition (445.0 K) has also been
observed. All results are in good agreement with
the data given in the literature (e.g. see referen-

ces4'5’6).

The influence of pressure on the phase beha-
viour of TBBA is very complex. All transition tem-
peratures increase with increasing pressure. This
increase is drastic for the n/l transition and as a
consequence this transition could only be observed
up to about 1000 bar. At a triple point sX/smvVI/smG
(about 2250 bar, 427 K) the smvVI phase and at an-
other triple point s/smVII/smvVI (about 335 bar, 358
K) the smVII phase vanish, respectively. A new phase
(sX) is pressure induced at about 535 bar and 366K.
In the following some additional pecularities of

the T-p diagrams are discussed.

The s1/smG and the s2/smG transitions occur
within a temperature range of about 2 K and the

transition lines are essentially parallel over the
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Figure 1: T-p phase diagram of TBBA obtained in

heating runs
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Figure 2: T-p phase diagram of TBBA obtained in

cooling runs
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whole pressure range up to 3 kbar. The ratio of
the peak areas of the two transitions varies with
each new measurement; the sum of the peak areas,
however, was always constant. This behaviour could
be explained by the metastable character of one of

the two solid phases.

The transition enthalpy of the smA/n transi-

! at 1 bar and decreases

tion is about 160 J mol~
rapidly with increasing pressure. Thus no transi-
tion enthalpy could be detected above about 1000
bar and 515 K. This suggests a change of the tran-

sition order from first to higher order.

In the supercooled region the smG/smvVI tran-
sition is enantiotropic, whereas the smVI/smVII
and the smVII/s transitions are monotropic. At
higher pressures this behaviour is more complicated
because of the pressure induced sX phase. The sX
phase appears either at a monotropic (smvI/sX, from
535 bar to 2250 bar) or at an enantiotropic tran-
sition (smG/sX, above 2250 bar). The sX/s transi-
tion is monotropic over the whole experimental
pressure range. The transition line of the sX/s
transition exhibits an unusual curvature at low
pressure. At higher pressures the slope as well as
the curvature of the coexistence line become zero;
this suggests that there is no volume change at
the sX/s transition, the densities of the two

phases being identical.
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Conclusion TBBA exhibits interesting high
pressure phenomena, which are similar to those
1e2 The effects

concerning the sX phase, however, are not well

studied in former experiments.

understood and further investigations will be
necessary to explain the structure and behaviour

of this phase.
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