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HIGH PRESSURE STUDY OF 4-II-HEXYLOXYPHENYL-4'- 
n - DECYLOXYBENZOATE (GOPDOB) 
R .  SHASHIDHAR" and H.D. KLEINHANS 
Department of Chemistry, Institute of Physical 
Chemistry, University of Bockum, 
4630 Bochum 1, FRG 

(Submitted for publication January 20, 1981 ) 

Abstract. The effect of pressure on the vari- 
ous types of phase transitionsin GOPDOB has 
been studied. The smectic C phaseis completely 
bounded with a resulting triple point at 
(2.22 t 0.05) kbar, (374 i 0 . 7 ) K .  Two pressure 
induced phases are observed, one above 1.4kbar 
and the other for pressures beyond 2.2 kbar. 
Also, this compound, which was hitherto be- 
lieved to exhibit three smectic phases B, C 
and A, is found to exhibit an additional mono- 
tropic smecticE phaseat atmospheric pressure. 

Introduction. Most of the high pressure studies on 
liquid crystals have been mainly devoted to the 
study of nematicsl. However, of late, there has been 
considerable interest in the study of polymorphic 
smectics2-5. We have under taken a pressure study 
of 4-n-hexyloxyphenyl-4'-n-decyloxybenzoate (here- 
after abbreviated as GOPDOB) 

DSC and Textural Studies. Figure 1 gives raw DSC 
records of GOPDOB. This compound which was first 
synthesized by Deutscher et aL6, was initially re- 
ported to exhibit three smectic phases B, C and A, 

': AvB Fellow, on leave of absence from the Raman 
Research Institute, Bangalore-560080, India 
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218 R. SHASHIDHAR and H. D. KLEINHANS 

i n  a d d i t i o n  t o  t h e  nemat ic  phase .  However, it i s  
c l e a r l y  s e e n  from t h e  DSC r u n s  t h a t  i n  t h e  c o o l i n g  
mode an a d d i t i o n a l  phase  a p p e a r s  o v e r  a na r rowrange  
of t empera tu re  f -3 .5K)  b e f o r e  s o l i d i f i c a t i o n  t a k e s  
p l a c e .  

-C 

a 
I-N 

N-I 
A - L  

I I 1 

330 350 370 

C-E 
b 

I I I 

365 325 285 
TIK 

F i g u r e  1 :  Raw DSC traces o f  60PDOB ( a )  on h e a t i n g  
and ( b )  on c o o l i n g .  The C-A t r a n s i t i o n  
i s  u n d e t e c t a b l e .  

The t e x t u r e s  of t h i s  new phase  have been i n v e s t i g a -  
t e d  by o p t i c a l  microscopy. The f a n  shaped t e x t u r e s  
of smectic B were found t o  deve lop  c o n c e n t r i c  arcs 
c h a r a c t e r i s t i c  of smectic E 7 .  A l s o ,  t h e  s o l i d  phase 
o b t a i n e d  by c o o l i n g  of t h e  mesophase e x h i b i t e d  
s t ro rLg  paramorphic  s t r i a t e d  appearance  as i s  nor-  
mal ly  s e e n  i n  t h e  s o l i d  r e s u l t i n g  from t h e  smectic 
E phase8 .  W e  t h e r e f o r e  b e l i e v e  t h a t  t h i s  rnonotro- 
p i c  phase  i n  60PDOB i s  t h e  smectic E phase .  De ta i l s  
of o u r  t e x t u r a l  s t u d i e s  as  w e l l  as t h e  r e s u l t s  of 
o u r  m i s c i b i l i t y  s t u d i e s  t h a t  are be ing  t a k e n  u p w i l l  
be p u b l i s h e d  s e p a r a t e l y .  

Tab le  1 g i v e s  t h e  t r a n s i t i o n  t e m p e r a t u r e s  ( T t r )  as 
w e l l  as t h e  h e a t s  of t r a n s i t i o n  ( A H )  a t  a tmospher ic  
p r e s s u r e  as de termined  by t h e  Perkin-Elmer DSC-2 
d i F E c r e n t i a 1  scanning  calorimeter equipped  w i t h  a 
c a l c u l a t o r  i n t e r f a c e  and used  i n  c o n j u n c t i o n  w i t h  
an  o n - l i n e  computer ( T e k t r o n i x  31) and a d i g i t a l  
p l o t t e r  ( T e x t r o n i x  4 6 6 1 ) .  
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HIGH PRESSURE STUDY OF 60PDOB 219 

TABLE 1: Ttr and AH Values for 6OPDOB 
Ttr/K aH/kJ.Mol-' 

solid-smectic C (S -e )  334.2 45.32 
smectic C-smectic A (C-A) 350.4" .eO 

nematic-i sotropic (N-I ) 362 .O 2.11 
smectic A-nematic (A-N) 355.6 0.68 

smectic C-smectic B (C-B) + (31 7.1 ) 4.70 
smectic B-smectic E (B-E) + (307.3) 7.92 
$:determined by optical microscopy 
+monotropic transitions 

Pressure studies 
a) Phase diagram. All the transitions except the 
C-A transition were detected by using DTA as the 
probe while the C-A transition was detected by 
using diamond-anvil cell. (For a detailed descrip- 
tion of the high pressure cells used see references 
9 and 10). The complete p-T diagram for GOPDOB is 
given in Figure 2. The range of the smecticC phase, 
which is about 16K at 1 bar, diminishes with in- 
crease of pressure, until at 2.2 kbar it disap- 
pears altogether resulting in a solid-smectic C- 
smectic A triple point at (2.22k0.05) kbar, 
(374 5 0.7) K. It may be recalled that a similar case 
of a bounded smectic C phase was observed before 
for 4-4'-di-n-heptyloxyazoxybenzenell. 
We have fitted the set of experimental data points 
for each transition to two forms of equations, viz., 
(i) T/K= To/K+AP/bar- BP2/bar2, the polynomial 
suggested by Horn11 and (ii) P/a = (T/To) - 1 , the 
modified form of the Simon-Glatzel equation as app- 
lied to liquid crystals by Feyz and Kuss12. The 
constants of these equations evaluated using a 
programmable calculator (Hewlett-Packard 9845B) are 
given below: (see Table 2) 
b)Pressure-induced phases. Two pressure-induced 
phases are observed at higher pressures, one 
appears at 1.38 kbar and the other at 2.23 
kbar. Figure 3 shows the raw DTA traces taken 
at three different pressures beyond 2.23 kbar. 
The three transitions are denoted by I , I1 and 
I11 , where in I and I11 are pressure-induced 
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220 R. SHASHIDHAR and H. D. KLEINHANS 

L20 

Y s 
380 

3 4  

3oa 

i I I 

1 1 I 

500 1500 2500 
Plbar 

F i g u r e  2:  P-T diagram of 6OPDOB. The dashed  l i n e s  
indicatemonotropictransitions. S - 

t r a n s i t i o n  i s  seen  on h e a t i n g  on ly .  2 s1 

Table 2 
Cons tan t s  (Polynominal)  Cons tan t s  ( S G  equa- 

t i o n )  
Trans-  Mean - Mean 

ci i t i o n  A.10 6 error ( b a r s )  error 
B.10 (bars) ( b a r s )  

23.3 2.2 _+ 30 2.18 6.2 245 s-c 5: 
19.0 3.6 k21 0.71 20.5+ 217 

A-N 23.2 1 .o ?I 3 5.57 2.7 k 3  
N- I 2 0 . 5  1 . 9  2 7  3.24 3 . 0  + 7  
C-B 26.8 1.8 + 1 1  3.23 3.6 + I  2 
B-E 25.1 1.4 + I  6 4.08 2.9 k18 

i n d i c a t e s  t h a t  t h e  range  of p r e s s u r e  o v e r  which 
t h e  computa t ions  have been c a r r i e d  o u t  i s  0 t o  2 
k b a r ,  t h i s  r ange  be ing  0-3 kbar  f o r  all t h e  o t h e r  
t r a n s i t i o n s .  
t h e  i m p l i c a t i o n  of such  a l a r g e  v a l u e  i s  s t i l l  n o t  
clear 

C-Ak 

2. 

+ 
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HIGH PRESSURE STUDY OF 60PDOB 221 

I I 

365 375 385 

I II 

1 I 1 I 1 

370 380 390 380 390 
TIK 

Figure 3: Raw DTA traces at three different pres- 
sures: (a) 2.25 kbar (b) 2.44 kbar and 
(c) 2.58 kbar. Heating rates 3-4K/minute. 

transitions. The main peak (transition 11) posi- 
tions in these curves, when plotted in the P-T dia- 
gram, fall on a smooth curve which in fact is a 
continuation of what was designated as S-C phase 
boundary at lower pressures. The pressure-induced 
transitions (I & 111), which appear on either side 
of 11, exhibit distinctly different features. The 
transition I appears as a strong one at lower pres- 
sures, but becomes weaker as the pressure is increa- 
sed. On the other hand, transition I11 begins prac- 
tically as a second-order transition and gains rap- 
idly in strength as the pressure is increased. In 
addition, the formation of transition I appears to 
be related to the tempering of the substance, ie, 
the rate of cooling and the temperature to whichthe 
substance is cooled below the smectic E phase. The 
occurence of transition I11 is however independent 
of the thermal history of the sample and occurs re- 
peatedly (at any given pressure) at the same tempe- 
rature on heating as well as on cooling. We there- 
fore conjecture that I is a transition between two 
solid phases, one of them ( S 1 )  being the pressure- 
induced solid phase, while transition I11 involves 
the smectic A phase and a pressure induced mesopha- 
se, say S,. We have marked the corresponding phase 
boundaries in the phase diagram (Fig.2) accordingly. 
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222 R. SHASHIDHAR and H. D. KLEINHANS 

The question may be asked as to what can be this 
SX phase which occurs below the A phase in the P-T 
plane. It is interesting to note that the Sx phase 
starts appearing just after the C phase has disap- 
peared. It is of course not possible to say much on 
the nature of the Sx phase by DTA experiments alone. 
However, we suggest tentatively that the SX phase 
could be a tilted form of smectic A13 which may 
have a different degree of rotational freedom than 
the original smectic A phase which exists at a 
higher temperature. Evidently x-ray high pressure 
studies are needed to be conducted to verify this 
point. 
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