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EFFECT OF MOLECULAR ORDERING ON THE 

NEMATIC-ISOTROPIC TRANSITION I N  RE- 

ENTRANT NEMATIC MIXTURES: 

A H I G H  PRESSURE DTA AND OPTICAL STUDY 

R. SHASHIDHAR", H.D.  KLEINHANS and 

G . M .  SCHNEIDER 

Department of  Chemistry,  U n i v e r s i t y  of  

Bochum, Bochum, FRG 

(Submitted f o r  Publication September 3 ,  1981) 

ABSTRACT The e f f e c t  of  pressure on t h e  

smectic A - n e m a t i c  (A-N) and t h e  nematic- 

i s o t r o p i c  ( N - I )  phase boundar ies  h a s  been 

s t u d i e d  as a f u n c t i o n  of  mole f r a c t i o n  i n  

m i x t u r e s  of  4'-n-hexyloxy-4-cyanobiphenyl 
(60CB)  and 4'-n-octyloxy-4-cyanobiphenyl 
(80CB)  by DTA and o p t i c a l  microscopy.  The 

m a x i m u m  p r e s s u r e  of occurrence of t h e  smec- 
t i c  A phase  d e c r e a s e s  w i t h  i n c r e a s i n g  6 0 C B  

m o l e  f r a c t i o n  (x) u n t i l  a t  ~ ~ 0 . 3 0 ,  t h e r e  

i s  no s m e c t i c  A phase  a t  a l l .  The p l o t  of  

dT/dp a t  1 b a r  f o r  t h e  N - I  t r a n s i t i o n  ve r -  

sus  mole f r a c t i o n  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  

0.10< x <  0 . 2 8  imply ing  t h a t  t h e  changes i n  
molecu la r  o r d e r i n g  which accompany t h e  f o r -  

mation of t h e  r e - e n t r a n t  nematic phase  

cou ld  m a n i f e s t  a t  much h i g h e r  t empera tu res  

and a f f e c t  t h e r e b y  t h e  p r e s s u r e  behaviour  

of even t h e  N - I  t r a n s i t i o n .  

Humboldt F e l l o w ,  on  leave of absence from the 
Raman Research I n s t i t u t e ,  Bangalore-560080, India 
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120 R. SHASHIDHAR, H. D. KLEINHANS and G. M. SCHNEIDER 

I N  T RO D U CT I ON A f t e r  t h e  d i s c o v e r y  of  t h e  

r e - e n t r a n t  phenomenon by C l a d i s  i n  m i x t u r e s  a t  at-  
I mospheric  p r e s s u r e  and i n  p u r e  compounds a t  h igh  

p r e s s u r e s 2  

a c t i v i t y  i n  t h e  s y n t h e s i s  of mater ia l s  and a number 

of p u r e  compounds as w e l l  as b i n a r y  m i x t u r e s  have 

been found which e x h i b i t  t h e  r e - e n t r a n t  behaviour  

a t  a tmosphe r i c  p r e s s u r e .  3-5  There have a l so  been 
several e x p e r i m e n t a l  reports on t h i s  phenomenon. 

Q u i t e  a few of t h e s e  s t u d i e s  are on b i n a r y  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). 6-10 W e  have under- 
t aken  a d e t a i l e d  i n v e s t i g a t i o n  of t h e  e f f e c t  of 

p r e s s u r e  on t h e  smectic A-nematic (A-N) and nematic- 

i s o t r o p i c  ( N - I )  phase  boundar i e s  as  a f u n c t i o n  of  
c o n c e n t r a t i o n  i n  60CB-80CB m i x t u r e s .  

t h e r e  has  been a tremendous s u r g e  of 

EXPERIMENTAL Both 60CB and 80CB w e r e  
purchased  from BDH England and w e r e  used wi thou t  
f u r t h e r  p u r i f i c a t i o n .  The A-N and N - I  t r a n s i t i o n  
t empera tu res  of 80CB w e r e  67.OoC and 8OoC, wh i l e  t h e  

N - I  t r a n s i t i o n  t empera tu re  of 60CB w a s  76. 5OC, t h e s e  

v a l u e s  be ing  i n  v e r y  good agreement w i t h  t h o s e  re- 

p o r t e d  i n  l i t e r a t u r e .  I n  o r d e r  t o  minimize t h e  er- 
rors  i n  t h e  c o n c e n t r a t i o n  d e t e r m i n a t i o n ,  r a t h e r  

large q u a n t i t i e s  o f  t h e  mix tu re  w e r e  made ( 2 ,  150 mg) 
f o r  each  6 0 C B  c o n c e n t r a t i o n .  I n  e v e r y  case, t h e  N - I  

t r a n s i t i o n  w a s  ex t remely  s h a r p  and cou ld  be d e t e r -  
mined t o  a r e p r o d u c i b l e  accu racy  of: bet te r  than  

kO.1 K .  The A-N t r a n s i t i o n  t empera tu res  w e r e  r e l a t i -  

v e l y b r o a d e r i n  n a t u r e .  
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PRESSURE STUDY OF RE-ENTRANT NEMATIC MIXTURES 121 

Two kinds  of high pressure  cel ls  w e r e  used, a 
d i f f e r e n t i a l  thermal a n a l y s i s  (DTA) c e l l  f o r  t h e  

N-I t r a n s i t i o n  and a diamond a n v i l  c e l l  e s s e n t i a l -  

l y  f o r  t h e  A-N t r a n s i t i o n ,  s i n c e  i t  w a s  no t  poss- 

i b l e  t o  d e t e c t  t h e  A-N t r a n s i t i o n  by DTA. The da ta  

on t h e  A-N t r a n s i t i o n  w e r e  brought t o  an abso lu te  
s c a l e b y  normalizing t h e  N-I t r a n s i t i o n  va lues  ob- 
t a i n e d  from t h e  t w o  d i f f e r e n t  cel ls .  (See re feren-  

ces 1 1  and 1 2  f o r  d e t a i l s  of these  ce l l s  a s  w e l l  
as f o r  t h e  c a l i b r a t i o n  procedure) .  

RESULTS The temperature-mole f r a c t i o n  d ia -  

gram f o r  t h e  60CB-80CB mixture eva lua ted  a t  1 ba r  
i s  shown i n  F igure  1 ,  t h e  concent ra t ion  (x)  being 

0.00 020 0.40 0.60 0.80 1.00 

-X 

Figure 1 Temperature ( T )  - mole f r a c t i o n  (x) dia-  
gram f o r  t h e  6 0 C B -  80CB mixture a t  l bar .  
x i s  t h e  mole f r a c t i o n  of 60CB i n  the  mix- 
t u r e .  
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122 R.  SHASHIDHAR, H. D. KLEINHANS and G. M. SCHNEIDER 

g i v e n  i n  m o l e  f r a c t i o n  of  60CB.  T h i s  a g r e e s v e r y  

w e l l  w i t h  t h e  e a r l i e r  d a t a  o f  G u i l l o n  e t  a1.6 The 

smectic A-re-en t ran t  nemat ic  t r a n s i t i o n  c o u l d  be 

de te rmined  even f o r  x s l i g h t l y  less t h a n  0 . 2 0 .  For 

s t i l l  lower v a l u e s  of x ,  t h e  smectic A phase  

c r y s t a l l i z e d  b e f o r e  t h e  fo rma t ion  o f  t h e  r e - e n t r a n t  

nemat ic  phase .  

A-N TRANSITION The A-N phase  boundar i e s  f o r  
p u r e  80CB ( x = O )  and f o r  7 d i f f e r e n t  c o n c e n t r a t i o n s  

are shown i n  F i g u r e  2 .  The m a x i m u m  p r e s s u r e  (p,) a t  

which t h e  smectic A phase  (and  t h e  r e - e n t r a n t  nema- 

t i c  phase )  can  occur  i s  1 .96  k b a r  f o r  80CB and i t  

d e c r e a s e s  r a p i d l y  w i t h  i n c r e a s i n g  x. The v a r i a t i o n  
of pM w i t h  x i s  shown i n  F i g u r e  3.  An e x t r a p o l a t i o n  
of  t h i s  cu rve  shows t h a t  pM shou ld  be z e r o  f o r  
~ ~ 0 . 3 0 .  T h i s  i s  i n  f a c t  e x a c t l y  what i s  observed  

e x p e r i m e n t a l l y  a l so  (see F i g . l ) ,  i . e .  t h e r e  i s  no 

l o t  

0 5 L  20 
60 

T/P 

I 
w 

F i g u r e  2 p-T boundar ies  of t h e  smectic A-nematic 
t r a n s i t i o n  f o r  p u r e  80CB ( x = O )  and f o r  
d i f f e r e n t  mole f r a c t i o n s  o f  60CB.  
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PRESSURE STUDY OF RE-ENTRANT NEMATIC MIXTURES 123 

smectic A phase beyond x=0.30. These r e s u l t s  a r e  

i n  good agreement wi th  t h e  r ecen t  experiments of 
C lad i s .  13 

PO ~- 

030 

-El 

\ 
z 10 - 

0 5  - 

0 10 010 

-X 

Figure 3 Var ia t ion  of PM, t he  maximum pressure  of 
occurrence of t h e  smectic A phase,with 
t h e  m o l e  f r a c t i o n  of 60CB. 

N - I  TRANSITION Generally t h e  N - I  phase 
boundary looks r a t h e r  un in t e re s t ing  compared t o  t h e  
A-N phase boundary a t  high p res su res .  I t  w a s  never- 

t h e l e s s  thought  worthwhile t o  c a r r y  o u t  a d e t a i l e d  

i n v e s t i g a t i o n  o f  t h e  p-T curves f o r  t h e  N-I t r a n s i -  

t i o n  t o  see i f  any s p e c i a l  features are seen. I n  
a l l ,  mixtures  of 1 2  d i f f e r e n t  mole f r a c t i o n s  w e r e  
s tud ied  i n  a d d i t i o n  t o  t h e  pure compounds. The dT/ 
dp a t  1 b a r  w a s  eva lua ted  from each of the  p-T curve 
by a l e a s t  square f i t  t o  t h e  set  of d a t a  p o i n t s .  The 
accuracy i n  t h e  determinat ion of dT/dp i s  reckoned 
t o  be 20.3 K-kbar-I . Figure 4 shows t h e  p l o t  of 
(dT/dpf 1 bar vs x.  Considering t h a t  t h e  N-I t r a n s i -  

t i o n  a t  1 ba r  evolves continuously (see Fig.11, one 
would i n t u i t i v e l y  expect  t he  dT/dp vs x curve a l s o  
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124 R. SHASHIDHAR, H. D. KLEINHANS and G. M. SCHNEIDER 

4o r- 

F i g u r e  4 

0.m 0.20 0.40 060 0.80 1.00 

--+X 

V a r i a t i o n  of (dT/dp) a t  1 b a r  fo r  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  v e r s u s  t h e  
m o l e  f r a c t i o n  o f  60CB. The open and 
c l o s e d  c i r c l e s  denote  t h e  d a t a  p o i n t s  
o b t a i n e d  under  d i f f e r e n t  e x p e r i m e n t a l  
c o n d i t i o n s  (see t e x t ) .  

t o  show a smooth v a r i a t i o n  between t h e  p u r e  60CB 

and 8 0 C B  v a l u e s .  However, F ig .4  shows t h a t  t h i s  i s  

n o t  t h e  case. Although t h e  dT/dp v s  x cu rve  does 
show t h e  expec ted  smooth v a r i a t i o n  a t  h i g h e r  x 

v a l u e s ,  t h e r e  i s  a marked anomaly a t  l o w e r  x v a l u e s ,  
t h e  l o w e s t  dT/dp v a l u e  o c c u r r i n g  a t  ~ ~ 0 . 1 7 .  The 

maximum drop  i n  dT/dp ( t a k e n  from a 'base l i n e  ' 
j o i n i n g  t h e  x =  0.0 and x = 1 .O d a t a  p o i n t s )  i s  2 . 1  

K-kbar- '  which i s  s e v e r a l  t i m e s  l a r g e r  t h a n  t h e  

accu racy  i n  t h e  d e t e r m i n a t i o n  of  dT/dp. Cons ider ing  
t h a t  t h e s e  d e v i a t i o n s  are l a r g e  o n l y  i n  t h e  range  

0 .10< x <  0.30, it i s  n a t u r a l  t o  ascribe t h i s  t o  t h e  
p re sence  of t h e  smectic A and r e - e n t r a n t  nemat ic  
phases  a t  l o w e r  t empera tu res  (see F i g . 1 ) .  

I t  must be mentioned t h a t  a l l  t h e  d a t a  p o i n t s  

marked as open c i rc les  i n  F i g u r e  4 w e r e  o b t a i n e d  i n  

t h e  fo l lowing  manner: A t  each  p r e s s u r e ,  t h e  sub- 
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PRESSURE STUDY OF RE-ENTRANT NEMATIC MIXTURES 125 

s t ance  was cooled till it c r y s t a l l i z e d  before  it 
w a s  re-heated again.  Experiments w e r e  a l s o  conduc- 

t e d  fo r  two mole f r a c t i o n s  ( x = 0 . 1 5  and 0 . 1 7 )  i n  a 

d i f f e r e n t  manner, v i z ,  t h e  sample w a s  cooled j u s t  a 

f e w  degrees  ( %  4 t o  5 K )  below t h e  TNI a t  each p res  
s u r e  and w a s  then re-heated t o  determine t h e  TNI a t  
another  p r e s s u r e .  I n  o t h e r  words, t h e  p-T curves 
w e r e  ob ta ined  without  apprec iab le  cool ing  of t h e  

sample. The dT/dp va lues  obtained when t h e  exper i -  

ment w a s  conducted i n  t h i s  manner are shown as clo- 
sed  c i rc les  i n  Fig.4.  They l i e  much higher  than t h e  

corresponding d a t a  p o i n t s  obtained by heat ing t h e  
subs tance  which has  been cooled t o  t h e  s o l i d  phase. 
The c losed  c i rc les  i n  f a c t  now f a l l  exac t ly  on t h e  
curve j o i n i n g  the  x=O.O and x =  1 . 0  d a t a  po in t s .  N o  

such d i f f e r e n c e  w a s  however observed i n  t h e  dT/dp 

va lues  for x >  0.30 when t h e  experiment w a s  conducted 

wi th  and wi thout  supercool ing.  

W e  t h e r e f o r e  be l i eve  t h a t  t h e  p re s su re  beha- 

v iou r  of t h e  N-I t r a n s i t i o n  g e t s  d r a s t i c a l l y  a f f ec -  
t e d  by s t r u c t u r a l  changes occurr ing a t  l o w e r  tempe- 

r a t u r e s .  Although it i s  s t i l l  n o t  p o s s i b l e  t o  ascer- 
t a i n  whether t h i s  e f f e c t  i s  due t o  t h e  inf luence  of 

t h e  smectic order ing  or due t o  t h e  presence of the  

r e -en t r an t  nematic phase a t  f a r t h e r  temperatures or 
due t o  a combination of both (it  could even be due 
t o  some k i n e t i c  e f f e c t s ) ,  w e  t e n t a t i v e l y  conclude 
t h a t  t h e  normal or high temperature nematic phase,  
i n  t h e  concent ra t ion  range of ex i s t ence  of t h e  re- 
e n t r a n t  nematic phase, has  a molecular order ing  

which i s  somewhat d i f f e r e n t  from t h e  order ing  of 
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126 R. SHASHIDHAR, H. D. KLEINHANS and G. M. SCHNElDER 

t h e  nemat ic  phase  o c c u r r i n g  a t  h i g h e r  concen t r a -  

t i o n s .  A d e t a i l e d  thermodynamic a n a l y s i s  of  t h e s e  

r e s u l t s  a long  w i t h  some more expe r imen ta l  r e s u l t s  

w i l l  be p u b l i s h e d  s e p a r a t e l y .  
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