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The effect of pressure on several mesogens which possess a strongly polar terminal group (CN 
or N0 2 ) is studied. In all cases the partially bilayer smectic A (Ad) gets bounded while the 
nematic phase gets more stabilised at high pressures. In the case of reentrant nematogens, the 
maximum pressure of smectic stability is seen to be related to the temperature range of the 
nematic phase at 1 bar. 

1. Introduction 

Reentrant nemat ic behav iour is known to be ex-
hibited by two phenyl as well as three phenyl ring 
systems with a strongly polar cyano group at tached 
to one end of the molecule [1]. A few compounds 
with a nitro end g roup have also shown reentrant 
po lymorphism, but such instances are relatively few. 
High pressure studies on 8 single component systems 
which exhibit the reentrant nemat ic (N r e) phase at 
a tmospher ic pressure were reported in an earlier 
paper [2], In this paper we present results of our 
high pressure studies on several materials , binary 
mixtures as well as pure compounds , whose molec-
ular structure is known to be favourable to the 
occurrence of reentrant nemat ic behaviour . 

2. Materials 

The substances s tudied are listed below: 

1) Binary mixtures of 4-n-octyloxy-4'-n-cyanobi-
phenyl (8 OCB) 

and 4-cyano benzylidene-4 '-n-octyloxyanil ine 
(CBOOA) 

C 8 H17 0 — N = C H — C N 

2) 4-cyanophenyl-4 ' -(4"-nonyloxy benzoyloxy)-
benzoate ( 9 0 C P B B ) 

C 9 H 1 9 O - < O ) - C O O — © - C O O — ® — C N 

Reprint requests to Prof. Dr. G. Heppke. Technische Univer-
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3) 4-cyano benzylidene-4'-n-nonyloxyanil ine 
(CBNA) 

C 9 H 1 9 O — @ - N z C H — @ - C N 

4) 4-cyanophenyl-4'-n-nonyloxy benzoate (CPNB) 

CgHigO—(Q)—COO—(Q)—C N 

5) 4-nitrobenzylidene-4'-n-octyloxyaniline 
(NBOOA) 

C 8 H 1 7 0 — @ - N = C H — @ - N 0 2 

The transition tempera tures of these substances 
are listed in Table 1. 

The smectic A phases of CBOOA and 8 O C B 
have been studied by X-ray d i f f rac t ion [3,4], For 
both the smectic A phase has been characterised as a 
partially bilayer A phase (Ad) with a d / l rat io of 
about 1.4, which is practically independent of tern-

Table 1. Transition temperatures in °C (at 1 bar) of the 
compounds studied. 

Substance K Nre SA N I 

8 OCB/CBOOA mixtures 
* = 0 + 73.0 + 82.5 + 107.2 + 

0.1 + 67.5 + 81.5 + 104.4 + 
X = 0.3 + 59.0 + 78.0 + 98.4 + 
A-=0.5 + 39.0 + 75.1 + 91.9 + 
X = 0.7 + 47.0 + 71.2 + 87.3 + 
A = 0.9 + 53.0 + 67.5 + 82.0 + 
X= 1.0 + 55.0 + 66.8 + 79.9 + 

90CPBB + 120.4 + (116.4) + 194.8 + 226.4 + 
CPNB + 76.7 + (58.6) + 81.5 + 
CBNA + 72.0 + 97.5 + 103.6 + 
NBOOA + 62.5 + 74.0 + 84.2 + 

( ) denotes that the transition is monotropic; K, crystal; 
N r e , reentrant nematic: A. smectic A; N. nematic; I, iso-
tropic. 
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Table 2. d and d/l values for the substances used in the 
pressure study. 

Compound d( A) d/l 

90CPBB 37.9 1.15 
CPNB 33.8 1.26 
CBNA 36.5 1.35 
NBOOA 31.6 1.25 

perature (d is the layer thickness in the A phase as 
measured by X-ray dif f ract ion, while / corresponds 
to the length of the molecule in its most extended 
configurat ion as obta ined by a molecular model) . 
We have de termined d for c o m p o u n d s 2 - 5 at a 
common relative t empera ture of ( 7 \ N - 5 ) °C. These 
values of d along with the d/l values are listed in 
Table 2. It is clear that the A phase of these com-
pounds can be categorised as an Ad phase. 

3. Experimental 

An optical high pressure cell [2] was used for the 
experiment. The l iquid crystalline sample was sand-
wiched between two optically polished sapph i re 
cylinders which are enclosed in an elastomer tube 
(Fluran). This ensured that the sample is isolated 
f rom the pressure t ransmit t ing f luid (plexol). Tran-
sition tempera tures were de te rmined by varying the 
tempera ture at a constant pressure and moni tor ing 
the changes in the intensity of the laser light trans-
mitted by the sample. Pressures were measured by a 
Heise gauge to an accuracy of ± 1 bar while transi-
tion tempera tures were measured to ± 0.1 °C. 

4. Results and Discussion 

4.1. 80CB/CB00A mixture 

We have studied the effect of pressure on the 
smectic A-nemat ic (A—N) phase boundary in the 
P - T diagram for 5 di f ferent 8 0 C B / C B 0 0 A mix-
tures, viz. X = 0 . 1 , 0.3, 0.5, 0.7, 0.9 (where X is the 
mole fraction of 9 0 C B in the mixture) . We have 
also studied, for the sake of completeness, the A - N 
boundary of both pure 8 0 C B and C B O O A at high 
pressure. The P - T d iagram for the mixtures as well 
as the pure compounds is presented in Figure 1. It is 
seen that in each case the A - N phase boundary has 
the characteristic elliptic shape [2] and also there 
exists a m a x i m u m pressure of smectic stability ( P m ) 
beyond which the A phase ceases to exist. 

Crystals 633 

Fig. 1. P - T diagram of 80CB (•) , CBOOA (O) and 
8OCB/CBOOA mixtures, showing the smectic A-nematic 
phase boundary. The concentrations of the mixtures are 
X = 0.9 (A), X = 0.7 (•), X = 0.5 (•), * = 0 . 3 (v) and 
^ = 0.1 (A), where X is the mole fraction of 80CB in the 
mixture. 

80CB x CBOOA 
Fig. 2. Variation of the maximum pressure of smectic 
stability (Pm) with concentration for 8 0 C B / C B 0 0 A mix-
tures. 

The variat ion of Pm with X is, as to be expected 
f rom data for other binary mixtures [ 5 - 7 ] , a 
smooth curve (Figure 2). It might be recalled that 
Her rmann [8] has also measured Pm for several mix-
tures of 8 0 C B / C B 0 0 A . He found that Pm shows a 
nonlinear variation with X, there being a m a x i m u m 
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Fig. 3. Dependence of Pm on the range of the nematic 
phase ( r N I - 7^n) at atmospheric pressure. The open circles 
are data from [2], while the closed circles are data dis-
cussed in this paper. The points 1 and 7 correspond to 
80CB and CBOOA, respectively, while the points 2 - 6 
are for 8 0 C B / C B 0 0 A mixtures with concentrations 
X = 0.9 (2), 0.7 (3), 0.5 (4), 0.3 (5), 0.1 (6), respectively. 
The point 8 is for 90CPBB, a three phenyl ring compound 
(see text). 

Fig. 4. P - T diagram of 90CPBB showing the A - N phase 
boundary. 

for X ~ 0.3. O u r results are in disagreement with 
those of Her rmann . In an earlier paper [2] we had 
shown that Pm is uniquely related to the range of 
the nemat ic phase , R (= TNI - 7^N), at 1 bar by the 
relation Pm = P0 exp (— m R) where P 0

 a n d m are 
constants which depend only on the number of 
phenyl rings in the molecule. To check whether our 
present results on 8 0 C B / C B 0 0 A also fit this rela-
tion we have plotted in Fig. 3 our data for the 
8 0 C B / C B 0 0 A mixtures along with all the earlier 
da ta given by Kalkura et al. [2]. It is seen that the 
8 0 C B / C B 0 0 A data indeed fit very well the line B. 
which is the line for two phenyl ring systems. The 
discrepancy of our data compared to those of [8] is 
perhaps a t t r ibu tab le to the thermal degradat ion of 
C B O O A in Her rmann ' s measurements , conceivably 

caused by the sample being in direct contact with 
the steel gasket. 

4.2. 90CPBB 

The P - T d iagram of 9 0 C P B B , a three phenyl 
ring system, which exhibi ts reentrant nematic at 
a tmospher ic pressure, is given in F igure 4. It is seen 
that the A - N phase bounda ry again has the elliptic 
shape. T h e value of Pm = 540 bar fits the line A of 
Fig. 3 showing once more the validity of the relation 
discussed earlier. 

T(°C) 
Fig. 5. P - T diagram of CBNA. 

Fig. 6. P - T diagram of CPNB. The A - N phase transition 
is monotropic at all pressures. 
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Fig. 7. P—T diagram of NBOOA. The dashed lines in-
dicate that the transitions are monotropic. 

4.3. CBNA 

This compound is the next higher homologue of 
CBOOA. Considering that C B O O A exhibits the 
reentrant nematic phase at a relatively low pressure 
(see Fig. 1), it was expected that CBNA would also 
show an R N phase. But the P - T d iagram (Fig. 5) 
shows that the Ad phase of CBNA is surprisingly 
stable over a wide range of pressures. F h e r e is of 
course a decrease of the Ad range with increase of 
pressure but the rate of this decrease is qui te small, 
and also the A - N phase boundary does not show a 
pronounced curvature towards the pressure axis 
even up to 4 kbar, the highest pressure that we have 
reached. Extrapolating the melt ing and A - N 
boundar ies to higher pressures, we expect the Ad 

phase to be bounded (in the heat ing mode) at 
% 4.3 kbar . 

Addi t ion of an extra methylene g roup to the end 
chain (compared to C B O O A ) therefore seems to 
enhance considerably the stability of the Ad phase. 

4.4. CPNB 

This is a two phenyl ring compound with a C O O 

bridging group. The phase d iagram of this com-
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pound is given in Figure 6. It is seen that the A—N 
has a negative slope throughout and Ad gets bound-
ed at 200 bars. It is obvious that this compound 
would surely have exhibited the N r e phase at a 
higher pressure if crystallisation had not intervened. 

4.5. NBOOA 

It is relevant to recall that so far [9] only one three 
phenyl ring nitro compound in which the longitudi-
nal components of the bridging dipoles are addi t ive 
with respect to the dipole of the nitro end group has 
shown a reentrant nemat ic phase at high pressure. 
We undertook high pressure studies in order to see 
if such a possibility exists in this terminal ly ni tro 
substi tuted compound which has only two phenyl 
rings. Figure 7 gives the P - T d iagram for NBOOA. 
It can be seen that the A - N transit ion, which is 
enant iotropic at lower pressures, becomes mono-
tropic beyond 1.8 kbar. Finally, at % 2 kbar , the 
crystallisation line cuts the A - N line and thereby 
the A phase ceases to exist for pressures beyond 
2 kbar. Also the A - N line is practically l inear 
throughout , and absence of any curvature of the 
boundary precludes the possibility of observing the 
N r e phase. 

These studies show that a l though pressure does 
have the effect of destabil izing the Ad phase in 
terminally polar l iquid crystals, the occurence of 
reentrant nematic is clearly less favoured in two 
phenyl ring systems than in three phenyl ring 
systems. 
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