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The phase diagram of trans-4-n-hexyl-(4'-cyanophenyl)-cyclohexane, (6PCH) has been estab-
lished by high-pressure differential thermal analysis. Specific volumes are presented for temper-
atures between 300 and 370 K up to 300 MPa. The p, V,,, T data have been determined for the
nematic, isotropic, and (partly, in the neighbourhood to the melting curve) solid phases. Volume
and enthalpy changes along the phase transitions have also been calculated. As previously, the
P, Vm, T data were used to calculate the volume entropy for the nematic-isotropic transition. The
molar volumes along the clearing line T'y;(p) enabled us to calculate the molecular field parameter

~ =0ln T'y;/dIn V, being 4.1.
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1. Introduction

Recently we established p, V,,,, T data for several
liquid crystals belonging to the 4'-n-alkyl-biphenyl-4-
carbonitrile (nCB, n =35, 6, 7, 8) and trans-4-n-alkyl-
4'-cyanophenyl-cyclohexane (nPCH, n = 8) series
[1 - 4]. Comparison of the data for nCBs, nPCHs, and
nCCHs shows that the specific volumes vary in a sys-
tematic way when the molecular core is changed [5].
In the present study we extend the high-pressure work
to 6PCH, employing differential thermal analysis and
P, Vi, T measurements. The high-pressure behaviour
of 6PCH has so far not been reported in literature.

2. Experimental

The high-pressure device for the DTA measure-
ments has been described in [6]. The transition tem-
peratures were recorded with thermocouples and reg-
istered on-line with the aid of a personal computer [7].
Usually the phase transitions were observed on heat-
ing using rates of 0.5 - 2 K/min [8].

The high-pressure dilatometer was developed for
volume measurements on liquids and plastic crys-
tals [9] and was recently improved by Jenau [10]
and Sandmann [11]. The molten sample is filled in
a cylindrical steel cell which is closed at one end by

a moving piston. The displacement of the piston is
recorded inductively, from which the volume change
of the sample is calculated. In general the measure-
ment is performed along an isotherm on decreasing
the pressure. Relating the volume changes to known
densities at normal pressure, specific volumes are es-
tablished in the whole p, T" range. Lacking densities
at normal pressure are determined with a commercial
vibrating-tube densimeter Anton Paar DMASS.

The 6PCH sample (trans-4-n-hexyl-(4'-cyanophe-
nyl)-cyclohexane or trans-4-(4'-hexyl-cyclohexyl)-
benzonitrile) (M = 269.5 g mol™!) was synthe-
sized and purified by Dabrowski in the Institute of
Chemistry, Military Academy of Technology (War-
saw, Poland).

3. Results

The phase diagram of 6PCH presented in Fig. 1
was established both by differential thermal analysis
and volume measurements. The nematic range of 7 K
at normal pressure increases significantly at higher
pressures. The melting temperature at normal pres-
sure (315 K) agrees with data from Pohl et al. [12],
whilst the clearing temperature (322.4) is 2 K higher.
For the odd numbered nPCHs the nematic tempera-
ture range is considerably larger [12 - 14]. The transi-
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Table 1. Specific volumes (g~'-cm®) of 6PCH for the phases Cr, N, and .

— TK—

p/MPa 32515 330.15 335.15 340.15 345.15 350.15 355:15 360.15 365.15 370.15
0.1 1.073 1.078 1.082 1.086 1.090 1.094 1.098 1.102 1.105 1.108
10 1.060 1.070 1.075 1.079 1.083 1.087 1.090 1.094 1.097 1.101
20 1.051 1.058 1.067 1.072 1.076 1.079 1.083 1.086 1.089 1.093
30 1.044 1.051 1.060 1.064 1.069 1.072 1.076 1.079 1.082 1.085
40 0.963 1.044 1.050 1.057 1.062 1.065 1.069 1.072 1.075 1.078
50 0.948 1.039 1.043 1.047 1.056 1.059 1.062 1.065 1.068 1.071
60 0.944 0.954 1.037 1.041 1.046 1.053 1.056 1.059 1.061 1.064
70 0.941 0.944 1.032 1.035 1.040 1.047 1.050 1.053 1.055 1.058
80 0.939 0.941 0.947 1.030 1.035 1.038 1.045 1.047 1.049 1.052
90 0.936 0.939 0.942 1.025 1.029 1.033 1.036 1.039 1.043 1.046
100 0.934 0.937 0.940 0.945 1.025 1.028 1.030 1.033 1.038 1.041
110 0.932 0.934 0.937 0.939 1.020 1.023 1.025 1.028 1.031 1.036
120 0.930 0.932 0.935 0.938 0.943 1.018 1.020 1.022 1.025 1.028
130 0.928 0.930 0.933 0.935 0.938 1.014 1.016 1.018 1.021 1.023
140 0.926 0.928 0.931 0.933 0.935 0.943 1.011 1.013 1.016 1.018
150 0.924 0.926 0.929 0.931 0.933 0.936 1.007 1.009 1.012 1.014
160 0.922 0.924 0.927 0.929 0.931 0.932 0.942 1.005 1.008 1.009
170 0.920 0.923 0.925 0.927 0.929 0.930 0.934 1.002 1.004 1.005
180 0.919 0.921 0.923 0.925 0.927 0.928 0.929 0.939 1.000 1.002
190 0.917 0.919 0.922 0.924 0.925 0.926 0.927 0.932 0.947 0.998
200 0915 0.917 0.920 0.922 0.923 0.925 0.925 0.927 0.936 0.995
210 0914 0.916 0.918 0.920 0.921 0.923 0.924 0.925 0.928 0.992
220 0912 0914 0.917 0.919 0.920 0.921 0.922 0.923 0.925 0.941
230 0911 0.913 0.915 0.917 0918 0.919 0.920 0.921 0.923 0.930
240 0.910 0.912 0914 0916 0917 0918 0.919 0.920 0.921 0.924
250 0.909 0910 0913 0914 0915 0.916 0.917 0918 0919 0.921
260 0.907 0.909 0911 0.913 0914 0.915 0916 0917 0918 0919
270 0.906 0.908 0.910 0.912 0.913 0913 0914 0.915 0916 0918
280 0.905 0.907 0.909 0910 0912 0912 0913 0914 0.915 0916
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In Fig. 2 the specific volumes are plotted as
functions of pressure for different isotherms. The
large step in the isotherms comes from the volume
S0 & — change on melting, the small step reflects the nematic-
isotropic transition. The isotherms in Fig. 2 show
= a curvature immediately before the crystal-nematic

B . . % transition. This pretransitional effect renders the ac-

Bo0| o ° curate determination of the volume change rather dif-
8 o ficult.

B 5 The specific volume data are collected in Table 1;
aline in a column separates different phases. In Fig. 3

§ - 0 v 20 ** the specific volumes are displayed as functions of
temperature in comparison with previous work on

Fig. 1. Phase diagram for 6PCH, (o pV'T',  DTA). various nPCHs and nCBs [1 - 4, 15]. We note a clear
increase in the specific volumes with increasing chain
length, both at normal and elevated pressures. More-
over the specific volumes increase when a phenyl ring

350 * %
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tion temperatures have been fitted to polynomials of
second order:

Cr-N: T(p)/K = 314.84 + 0.287 (p/MPa) of the molecular core is replaced by cyclohexyl. Sim-
- 1.472-10~* (p/MPa)?, ilar trends are observed in the nCCH series [5].
N-L. T(p)/K  =322.54 + 0.417 (p/MPa) The enthalpy and entropy changes accompany-

-0.576-10~* (p/MPa)>. ing the phase transitions have been evaluated using
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Fig. 2. Specific volumes of 6PCH as functions of pressure; the steps in the isotherms refer to the transitions: cr — nematic,

nematic — isotropic.

Table 2. Thermodynamic properties of 6PCH.

the Clausius-Clapeyron equation. All thermodynamic

quantities are entered in Table 2. Pohl et al. report 28
kJ mol~! for the heat of melting [12], whereas we

Phase T P AV AH, ASm
transiton K  MPa cm?mol~! kJ-mol~! J.mol~!.K~!
cr—n 3148 0.1 240 249 78.9
325.15 388 213 244 74.9
330.15 57.8 20.7 249 B3
335.15 778 19.9 250 74.6
340.15 97.7 19.7 25.8 75.8
345.15 111.0 19.1 26.2 75.8
350.15 1382 17.8 254 72.4
355.15 1579 15.6 232 65.4
360.15 175.8 15.9 24.6 68.3
365.15 1889 14.0 225 61.7
370.15 219.6 12.7 21.2 572

n—i 32265 0.1 0.81 0.63 1.94
325.15 9.0
330.15 17.7
335.15 30.7
340.15 45.8
345.15 55.7
350.15 70.8
355.15 80.7
360.15 88.3
365.15 1009
370.15 115.8

find 24.9 at atmospheric pressure. The smaller value
is partly due to the pretransitional effect. The AV _y,
AH__y,and AS,,_y values decrease with increasing
pressure. For the nematic-isotropic transition no sig-
nificant pressure dependence of the AV and AH
values can be noted.

4. Discussion

As in previous papers, the entropy change at the
nematic-isotropic transition, ASy;, is splitted into a
constant-volume (or configurational) part, and a dila-
tional part [1 - 4]. The latter is calculated with the help
of p, V., T data: ASy; = (dp/dT)y AV ;. Combining
with standard thermodynamics yields: AS_  /ASy\;
= [(@p/dT )y — (Op/IT )y 1/(Op/dT )y, Where AS ¢ =
ASy; — ASy; and (9p/dT )y is the slope of the NI
transition line. (9p/0T")y is derived from the slope of
isochoric lines close to the clearing temperature, see
Figure 4.
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Karasz et al. have heavily questioned the basis and
correctness of this entropy separation concept [16],
although widely used in literature. The crucial point
is that the volume-related entropy increment is not
a real state function. The authors [16] have shown
that it depends on the path chosen for the intermedi-
ate metastable state. Correspondingly (dp/0T)y refers
either to the low-temperature phase or to the high-
temperature phase. In general (dp/dT)y of the high-

temperature phase is used [17 - 19], in particular for
the melting process [20] or order-disorder transitions
[21], where p,V,,,T data for the liquid or rotator
phase are more readily available. However, it should
be born in mind that this entropy separation makes no
sense, if (dp/oT)y is too different for the high- and
low-temperature phases in question.

In the case of the nematic-isotropic transition,
Fig. 4 shows that the slopes (dp/dT)y are not too dif-
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Fig. 5. Entropy separation for the nematic — isotropic tran-
sition, using (dp/dT)v of the isotropic phase (o) and ne-
matic phase (0O).

ferent for the two phases. It was checked for the nCBs
and nPCHs studied [1 - 4] that (dp/dT)y changes
about ~10-+20 % at the clearing line. In the previous
studies [1 - 4] we employed the slopes of the nematic
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phase, because the temperature range covered in the
isotropic phase was generally smaller than the ne-
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both phases. The result is presented in Fig. 5, showing
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Another interesting quantity is the volume depen-
dence of the clearing temperature. The slope v =
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