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INFLUENCE OF MOLECULAR ORDERING ON THE 

PRESSURE BEHAVIOUR O F  THE NEMATIC-ISO- 

TROPIC TRANSITION 

H . D .  KLEINHANS, R. SHASHIDHAR" and 

G.M. SCHNEIDER 

Department of Chemistry,  P h y s i c a l  Chemistry 

Labora to ry ,  U n i v e r s i t y  of  Bochum, 

4630 Bochum, F e d e r a l  Republ ic  of  Germany 

(Submitted for  Publication February 9, 1982) 

A b s t r a c t  The e f f e c t  of  p r e s s u r e  on t h e  

nematic-isotropic t r a n s i t i o n  i n  mixtures  of  

60CB and 80CB has  been s t u d i e d  by DTA. The 

p l o t  o f  dT/dp a t  1 b a r  versus  m o l e f r a c t i o n  

( x )  of  60CB shows a n  anomalous d e c r e a s e  i n  
t h e  range  0 .1  < x <  0.28. Experiments conduc- 

t e d  under  d i f f e r e n t  t he rma l  c o n d i t i o n s  of  

t h e  sample seem t o  i n d i c a t e  t h a t  t h i s  ano- 
malous  behaviour  i s  e s s e n t i a l l y  due t o  t h e  

i n f l u e n c e  of molecular o r d e r i n g  which deve- 

l o p s  con t inuous ly  and n o t  due t o  any k i n e t i c  

e f f e c t s .  

I n  an ea r l i e r  pape r" )  w e  had shown t h a t  f o r  

m i x t u r e s  of 4'-n-hexyloxy-4-cyanobiphenyl ( 6 0 C B )  

and 4'-n-octyloxy-4-cyanobiphenyl (80CB), t h e  dT/ 

dp versus  m o l e f r a c t i o n  of 6 0 C B  ( x )  curve e x h i b i t s  

an anomalous d e c r e a s e  i n  t h e  m o l e f r a c t i o n  range  

of  0.1 < x <  0 . 2 8 .  Cons ider ing  t h e  f a c t  t h a t  t h e  

smectic A phase  e x i s t s  ( a t  1 b a r )  o n l y  until 
*AvH f e l l o w ,  on leave o f  absence from t h e  Raman 

I n s t i t u t e ,  Bangalore  - 560 080, I n d i a  
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20 H. D. KLEINHANS, R. SHASHIDHAR and G. M .  SCHNEIDER 

x = O . 2 8 ,  it w a s  p o s t u l a t e d  t h a t  t h i s  anomaly cou ld  
be t h e  e f f ec t  of molecu la r  o r d e r i n g  a l though  t h i s  
cou ld  conc ievab ly  a l s o  be due t o  k i n e t i c  effects .  
W e  have c a r r i e d  o u t  some a d d i t i o n a l  expe r imen t s  
under  d i f f e r e n t  t he rma l  c o n d i t i o n s  of  t h e  sample,  

t o  a s c e r t a i n  t h e  o r i g i n  o f  t h i s  e f f e c t .  The re- 
s u l t s  i n d i c a t e  t h a t  n o t  k i n e t i c  e f f e c t s  b u t  o rde r -  
i n g  are t h e  i n f l u e n c i n g  f a c t o r  f o r  t h i s  anomalous 
p r e s s u r e  behaviour .  

70 
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F i g u r e  1 :  T r a n s i t i o n  t e m p e r a t u r e s  T a t  1 b a r  i n  
m i x t u r e s  o f  60CB and 80C'B v e r s u s  t h e  
m o l e f r a c t i o n  x of 60CB ( t h e  s t a r t i n g  
t empera tu res  of  t h e  DTA r u n s  are i n -  
d i c a t e d  by X I ,  x2 e tc ;  see t e x t )  

A l l  expe r imen t s  w e r e  c a r r i e d  o u t  u s i n g  DTA 

( 2 )  as t h e  probe t o  detect  t h e  n e m a t i c - i s o t r o p i c  

t r a n s i t i o n  a t  h igh  p r e s s u r e .  F i g u r e  1 shows t h e  
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NEMATIC-ISOTROPIC TRANSITION UNDER PRESSURE 21 

p l o t  o f  t h e  t empera tu re  ( T )  v e r s u s  m o l e f r a c t i o n  
( x )  cu rve  e v a l u a t e d  a t  1 b a r  w h i l e  F igu re  2 g i v e s  
t h e  dT/dp a t  1 bar v e r s u s  x curve  f o r  t h e  nematic- 
i s o t r o p i c  ( N - I )  t r a n s i t i o n .  I t  i s  c l e a r l y  s e e n  
t h a t  a l t h o u g h  TN-I a t  1 bar f o r  t h e  m i x t u r e s  i s  a 
con t inuous ly  deve loping  f u n c t i o n  of concen t r a t ion ,  
dT/dp a t  1 b a r  i s  no t .The  dT/dpversus  x c u r v e  ex- 
h i b i t s  an anomalous d e c r e a s e  i n  t h e  range 0 . 1  < x 
< 0.28, t h e  minimum v a l u e  occur ing  a t  x = 0.162. 
T h i s  v a l u e  of x w a s  chosen f o r  c a r r y i n g  o u t  o u r  
exper iments  d e s c r i b e d  i n  t h e  fo l lowing .  

301 
aoo 0.10 Qto a3o a40 

-X 

F i g u r e  2: (dT/dp) Ibar  v a l u e s  f o r  t h e  N - I  t r a n s i -  
t i o n  i n  60CB/80CB m i x t u r e s  v e r s u s  m o l e -  

f r a c t i o n  x of 60CB as o b t a i n e d  from DTA 

(o= data  from r e f e r e n c e  1 ;  f o r  explana-  
t i o n  of  x ,  see t e x t )  

I n  a l l ,  t h e  mix tu re  w i t h  x = 0 . 1 6 2  was s t u d i e d  
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22 H. D. KLEINHANS, R.  SHASHIDHAR and G. M. SCHNEIDER 

under 5 d i f f e r e n t  experimental  condi t ions .  The aim 
of t h e  experiment w a s  t o  eva lua te  t h e  p-T bound- 
aries of t h e  N - I  t r a n s i t i o n  under d i f f e r e n t  t he r -  
m a l  cond i t ions  of t h e  sample and then t o  eva lua te ,  

by a computer f i t  t o  t h e  set  of d a t a  p o i n t s ,  t he  
dT/dp a t  1 ba r  f o r  each experiment. The parameter 

t h a t  w a s  d i f f e r e n t  i n  each se t  of experiment w a s  
t he  temperature t o  which t h e  sample w a s  cooled 
with r e s p e c t  t o  t h e  N - I  t r a n s i t i o n  temperature.  
Within a se t  of experiments,  t h e  substance was 
always cooled, a t  any p res su re ,  t o  a common tempe- 

- T )  wi th  r e s p e c t  t o  the  N - I  phase r a t u r e  ( T R =  

t r a n s i t i o n  a t  t h a t  p re s su re  and then,  it w a s  re- 
heated a t  about ( 1  t o  2 )  K/minute and the  N - I  

t r a n s i t i o n  temperature determined accu ra t e ly .  The 

TR va lues  i n  t h e  case of t h e  5 d i f f e r e n t  sets of 
experiments w e r e  about 5, 13, 1 9 ,  2 7  and 51 K .  

(Po in t s  marked as x l ,  x2, ..., i n  Figure 1 i n d i -  
cate t h e  temperatures t o  which t h e  samples w e r e  
cooled ( a t  1 ba r )  i n  these  sets of exper iments ) .  
I n  add i t ion ,  experiments were a l s o  conducted by 
s t a b i l i z i n g  t h e  temperature f o r  about 1.5 t o  2 

hours a t  TR before  re-heat ing t h e  sample i n t o  t h e  
i s o t r o p i c  phase. However, t h e  t r a n s i t i o n  tempera- 
t u r e  a t  any pressure  was e x a c t l y  t h e  same irre- 
spec t ive  of whether t h e  temperature of t h e  sample 
w a s  s t a b i l i z e d  o r  no t .  The dT/dp va lues  f o r  t hese  
5 sets of experiments,  eva lua ted  from a least  
square f i t  of each set  of d a t a  p o i n t s ,  a r e  shown 
i n  F igure  2. I t  i s  seen t h a t  t h e  dT/dp va lues  are 
s t rong ly  dependent on t h e  TR va lues  t o  which t h e  
sample i s  cooled before  re-heat ing.  I n  f a c t ,  lower 

TN- I 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
31

 2
1 

Fe
br

ua
ry

 2
01

3 



NEMATIC-ISOTROPIC TRANSITION UNDER PRESSURE 23 

t h e  TR value,  lower i s  t h e  dT/dp. Experiments  were 
a l so  conducted f o r  x h i g h e r  t h a n  0 .28  by va ry ing  

TR. However, i d e n t i c a l  t r a n s i t i o n  t empera tu res  and 

hence dT/dp values  were o b t a i n e d  r e g a r d l e s s  of t h e  

TR v a l u e  t o  which t h e  sample w a s  cooled .  There- 

fore, on t h e  b a s i s  o f  t h e s e  r e s u l t s  ( e s p e c i a l l y  

f r o m  t h e  absence  of any s t a b i l i z i n g  e f f ec t  of 
tempering as w e l l  as from t h e  f a c t  t h a t  t h e  r u n s  

s t a r t i n g  from 1 ,  2 o r  3 gave d i f f e r e n t  dT/dp 

v a l u e s )  w e  t e n t a t i v e l y  conclude  t h a t  t h e  anomalous 

p r e s s u r e  behaviour  of t h e  N-I t r a n s i t i o n  i s  n o t  

due t o  k i n e t i c  e f f e c t s  b u t  due t o  e q u i l i b r i u m  
p r o p e r t i e s  e . g .  t o  t h e  i n f l u e n c e  of molecu la r  

o r d e r i n g  which develops  c o n t i n u o u s l y  as a func- 

t i o n  of  t empera tu re .  

I t  may be r e c a l l e d  t h a t  Achard e t  a d 3 )  have 

r e c e n t l y  shown t h a t  t h e  smectic o r d e r i n g  i n f l u e n -  

ces t h e  e n t h a l p y  change of t h e  N-I t r a n s i t i o n .  
S ince  it i s  g e n e r a l l y  accep ted  t h a t  t h e  C laus ius -  

Clapeyron e q u a t i o n  shou ld  be obeyed f o r  t h e  N-I 
t r a n s i t i o n ,  an  anomaly s e e n  i n  dT/dp might  mani- 
f e s t  i t s e l f  i n  t h e  volume and e n t h a l p y  changes a t  
t h e  t r a n s i t i o n .  D e t a i l e d  thermodynamic exper iments  

are i n  p r o g r e s s  t o  v e r i f y  t h i s  p o i n t .  

On o f  u s  (R.S.)  i s  g r a t e f u l  t o  Alexander von 
Humboldt-St i f tung f o r  t h e  award of a f e l l o w s h i p .  
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