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The pressure-temperature phase diagram ofn-hexyl-isothiocyanato-biphenyl (6BT) at up to
190 MPa and 250 - 400 K was established with the aid of DTA. The dielectric relaxation mea-
surements in the SmE phase of 6BT were performed in the pressure range of 0.1 - 150 MPa and
the temperature range of 320 - 350 K. The Debye-type relaxation process was observed in the
frequency range of 100 Hz - 100 kHz. The longitudinal relaxation timecharacterizing the molec-
ular reorientations around the short axis was analyzed with respect to the pressure and temperature
dependencies, yielding the activation volume,∆# = (∂ ln ∂ ) , and activation enthalpy,
∆# = (∂ ln ∂ 1) , respectively. The results are compared with the analogous data obtained
recently for 8BT and other similar compounds having the nematic and SmA liquid crystalline
phases.
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1. Introduction

The n-alkyl-biphenyl compounds with the -NCS
group in the terminal position (nBTs) exhibit ex-
clusively the smectic E (SmE) polymorphism [1],
contrary to the well known substances with the -
CN group (nCBs), which form the nematic (N) and
/ or smectic Ad (SmAd) phases. Recently we have
studied the octyl homologue, 8BT, under high pres-
sure (DTA, and dielectric relaxation [2, 3]).
The DTA measurements have shown that the clear-
ing line splits above ca. 190 MPa. The results of
the dielectric relaxation studies yielded information
about the influence of pressure on the parameters char-
acterising the molecular rotations around the short
axes in the SmE phase (relaxation time, activation
volume and enthalpy). These quantities have shown
some peculiar properties which were discussed in re-
lation to the results obtained for other liquid crystals.
The aim of the present study was to find whether
these features are also observed for the shorter hexyl
homologue, 6BT.
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2. Experimental

The 6BT sample was the same as in [1]. The DTA
measurements were carried out in the same way as
for 8BT [2] with the use of two high-pressure de-
vices [4]. The SmE phase of 6BT, like that of 8BT,
showed a strong tendency to supercool, thereby form-
ing metastable crystal phases. In order to obtain the
stable crystal phase, the sample was annealed for a
long time at low temperature (ca. –30C). How-
ever, even quick pressure changes as applied in [2]
did not guarantee reproducible melting temperatures.
The DTA traces revealed a rather small heat effect,
contrary to the melting of 8BT [2].

The dielectric relaxation studies of 6BT in the SmE
phase were performed with the use of the high pres-
sure set-up in the Bochum University [5 - 9]. The
complex dielectric permittivity, = , was
measured with an HP 4192A impedance analyzer in
the frequency range of 100 Hz - 100 kHz. However,
below ca. 300 Hz the spectra showed a large scatter
of points which limited the frequency range for the
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Fig. 1. Pressure-temperature phase diagram of 6BT estab-
lished with DTA. Dotted lines mark the temperatures at
which the dielectric relaxation studies were performed.

Fig. 2. A typical DTA trace on heating for 6BT.

final evaluations. The temperature was stabilized
within 0.2 K.

3. Results

Figure 1 presents the pressure-temperature phase
diagram of 6BT. The pressure dependence of the tran-
sition temperatures can be expressed by the equations
( in K, in MPa)

cl = 344 7 + 0 266 0 34 10 4 2

m = 306 0 + 0 249 0 73 10 4 2

A typical DTA trace is shown in Figure 2. The small
and not very sharp melting peak might indicate that

Fig. 3. Examples of the absorption spectra measured at one
isotherm (342.2 K) and several pressures. The lines are fits
of the Debye equation.

the preceding crystallisation process was not yet com-
pleted (in the case of 8BT [2] both peaks had compa-
rable heights).

Typical absorption spectra measured in the SmE
phase at constant temperature and different pressures
are shown in Figure 3. The well known Cole-Cole
modification of the Debye equation, ( ) ( s

) = 1 (1 + )1 , was fitted to the experimental
points ( s and are the static and high frequency
permittivities, respectively, = 2 , is the relax-
ation time). The parameter , characterizing the dis-
tribution of the relaxation times, is very small (ca. 0.03
- 0.05), so we may consider the observed relaxation
process as the Debye process. The static permittiv-
ity in the SmE phase (4.0 4.8) is markedly lower
than the isotropic value (6.5 [1]). It is due to a lack of
alignment of the sample; neither a magnetic nor elec-
tric field influenced the permittivity in the SmE phase
of 6BT. However, there is no doubt that the relaxation
spectra reflect the molecular reorientations around the
short axes, because the dipolar group (NCS) gives a
pronounced contribution in the direction of the long
molecular axis.

The longitudinal relaxation times l, calculated
from the fits of the imaginary part of the Debye
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Fig. 4. Logarithm of the longitudinal relaxation time versus
pressure for all isotherms studied within the SmE phase
of 6BT. The straight lines fit the points that yields the acti-
vation volume.

equation to the absorption spectra measured at dif-
ferent temperatures and pressures are presented in
Fig. 4 in semilogarithmic scale. The points for a
given can nicely be approximated by straight lines.
The slopes of the lines give the activation volumes
∆# ( ) = (∂ ln ∂ ) which are presented in
Figure 6a. Taking the data in Fig. 4 at constant pres-
sures enabled us to draw the Arrhenius plots (Fig. 5);
their slopes yield the activation enthalpies ∆# ( ) =

(∂ ln ∂ 1) that are shown in Figure 6b.

4. Discussion

In [1, 2, 10] it has been shown that the param-
eters characterising the molecular rotations around
the short axes ( l, ∆# , ∆# ) change differently at
the clearing temperature. The longitudinal relaxation
time l depends sensitively on whether the transition
to the liquid-like (N, SmA, C) or to the crystal-like
(SmB, G, E,...) phases occurs. The values taken at
the clearing temperatures differ considerably between
the liquid-like and crystal-like phases: 6CB = 24.5 ns,

6CHBT = 13.5 ns, 6DBT = 20.8 ns, whereas 6BT =
12 530 ns! The so-called retardation factor = LC/ is

Fig. 5. Arrhenius plots for several isobars (in steps of
10 MPa between 20 and 150 MPa) within the SmE phase
of 6BT that yields the activation enthalpy. The data at at-
mospheric pressure were taken from [1].

is small (ca. 3 10) in the former case, whereas it
is of the order of 104 in the latter case. In contrast to
that, the activation parameters are almost equal in both
types of LC phases. Figure 6 shows this feature also
for the hexyl members of four two-ring homologous
series: 6CB [7], 6CHBT [8], 6DBT [11], and 6BT.
As usually, the activation parameters determined for
the SmA phase are smallest. Unlike to the cyano-com-
pounds [4, 6, 12], the activation parameters obtained
for the isothiocyanato substances do not diminish with
rising (∆# ) or (∆# ), see Figure 6. On the other
hand, the activation enthalpy slightly increases with

for both nBTs, that could be caused by the decreas-
ing intermolecular distance with rising pressure. This
would correspond to the observation that the dipole-
dipole correlations responsible for the effects in the
cyano-compounds are absent in the substances with
the NCS group. However, the small pressure effect
seen in Fig. 6 should not be overestimated (taking
into account the experimental errors), since a detailed
volumetric study of 8BT did not yield an increase of
the isochoric activation energy with increasing den-
sity [3].
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Fig. 6. Comparison of the activation volumes (a) and activation enthalpies (b) in different LC phases for several hexyl
two-ring compounds. The lines are guides for the eye only.
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