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Pade rborn ,  4790 Pade rborn ,  Germany 

(Submit ted f o r  p u b l i c a t i o n :  A p r i l  16,  1977) 

A b s t r a c t :  I n  o r d e r  t o  s t u d y  t h e  i n f l u e n c e  of a tri- 
c r i t i c a l  p o i n t  on t h e  u n t w i s t i n g  of t h e  c h o l e s t e r i c  
h e l i x  n e a r  t h e  phase t r a n s i t i o n  c h o l e s t e r i c - t o - s m e c t i c  
A l i g h t  r e f l e c t i o n  measurements were c a r r i e d  o u t  w i t h  
c h o l e s t e r y l  o l e y l  c a r b o n a t e  (COCA and c h o l e s t e r y l  myri- 
s t a t e  (CM) up t o  4 . 5  kba r  and 95 C .  The u n t w i s t i n g  of  
t h e  h e l i x  can be  observed by t h e  d ive rgence  of t h e  wave- 
l e n g t h  of  maximum l i g h t  r e f l e c t i o n  XR w i t h  p r e s s u r e  i n  
t h e  phase t r a n s i t i o n  r e g i o n .  

Whereas t h e  e x i s t e n c e  of a t r i c r i t i c a l  p o i n t  i n  t h e  
phase diagram of COC i s  a l r e a d y  known e x p e r i m e n t a l  
e v i d e n c e  cou ld  be  g i v e n  i n  t h e  case of CPf a s  w e l l .  

A comparison of  t h e  p r e s s u r e  dependence of X R  f o r  COC 
a s  w e l l  as f o r  CM below and above t h e  t r i c r i t i c a l  p o i n t  
shows t h a t  t h e  d i v e r g e n c e  of X R  w i t h  p r e s s u r e  i s  o n l y  
l i t t l e  a l t e r e d  by  t h e  change i n  phase t r a n s i t i o n  o r d e r .  

I n t r o d u c t i o n :  The t r a n s f o r m a t i o n  o f  a c h o l e s t e r i c  t o  a 
s m e c t i c  mesophase by p r e s s u r e  o r  t empera tu re  v a r i a t i o n  can 
s e n s i t i v e l y  be  s t u d i e d  by l i g h t  r e f l e c t i o n  measurements. The 
wavelength of maximum l i g h t  r e f l e c t i o n  X i s  p r o p o r t i o n a l  t o  
t h e  p i t c h  z of  t h e  c h o l e s t e r i c  h e l i x  a c c o r d i n g  t o  

R 
- 

X = n . z  (1) 
1 R 

where n d e n o t e s  t h e  a v e r a g e  r e f r a c t i v e  i n d e x  of  t h e  phase.  
S i n c e  t h e  phase  t r a n s i t i o n  is  accompanied by an u n t w i s t i n g  
of t h e  h e l i x  a d i v e r g e n c e  of  X (p,T) i s  obse rved .2  R 
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190 POLLMAN and SCHERER 

The t r a n s i t i o n s  choles te r ic -smect ic  A of pure subs tan-  
ces  a t  a tmospheric  p r e s s u r e  known so  f a r  are f i rs t  o r d e r ,  
that  i s  a change i n  volume and en tha lpy  occurs .  Keyes 
e t  a1.3 and Shashidhar  e t  a1.4 however have shown f o r  
c h o l e s t e r y l  o l e y l  carbonate  (COC) t h a t  t h e  a p p l i c a t i o n  of 
h igh  p res su res  can change a phase ' t r a n s i t i o n  c h o l e s t e r i c -  
smect ic  A from f i r s t  t o  h igher  order .  The poin t  i n  t h e  
pressure- temperature  phase diagram corresponding t o  t h i s  
change of o rde r  i s  c a l l e d  a t r i c r i t i c a l  po in t .  

I n  t h e  case of COC w e  have a l r eady  shown t h a t  a t r i -  
c r i t i c a l  po in t  is d e t e c t e d  a l s o  i n  a phase diagram based upon 
l i g h t  r e f l e c t i o n  measurements. The t r i c r i t i c a l  po in t  
appears  as an i n t e r s e c t i o n  of two s t r a i g h t  l i n e s  which repre-  
s e n t  first o rde r  behavior  below and h ighe r  o rde r  one above 
t h i s  s i n g u l a r  po in t  (F igure  1). 

The t r a n s i t i o n  choles te r ic - to-smect ic  which i s  o f t e n  
associated wi th  p r e t r a n s i t i o n  phenomena occurs  wi th in  a 
f i n i t e  p re s su re  o r  tempera ture  reg ion .  A s  has been found by 
volume r n e a ~ u r e m e n t s ~ ~ '  c h o l e s t e r y l  m y r i s t a t e  (CM) r e v e a l s  an 
unusual ly  narrow t r a n s i t i o n  r eg ion ,  whereas t h a t  of choles-  
t e r y l  o l e y l  carbonate  (COC) is  e s s e n t i a l l y  more extended. 
Th i s  behavior  can be seen  a l s o  from Figures  2 o r  3 where near  
a phase t r a n s i t i o n  choles te r ic - to-smect ic  A t h e  p re s su re  
dependence of XR at  cons tan t  temperature  f o r  CM and COC is 
shown." 
i n  t h e  very r ap id  d ivergence  of  x,(p). 
experiments was t o  i n v e s t i g a t e ,  of t he  divergence of X,(p) 
e s p e c i a l l y  t h a t  ve ry  r ap id  one of CM i s  e s s e n t i a l l y  i n f l u -  
enced by t h e  e x i s t e n c e  of a t r i c r i t i c a l  po in t .  

The narrow t r a n s i t i o n  reg ion  of CM e x h i b i t s  i t s e l f  
The motivat ion f o r  our  

F i r s t  o f  a l l ,  t h e  e x i s t e n c e  of a t r i c r i t i c a l  po in t  f o r  
CM must be proved exper imenta l ly  s i n c e  Semenchenko e t  a1.9 
have only  p red ic t ed  t h a t  t h e  change i n  the  e f f e c t i v e  volume 
dur ing  the  cho le s t e r i c - smec t i c  A phase t r a n s i t i o n  determined 
by them up t o  0.800 kbar  would approach z e r o  a t  about 1.050 
kbar and 107OC. 
have measured 20 i so therms,  two of which have a l r eady  been 
shown i n  Figures  2 and 3 r e s p e c t i v e l y .  Phase t r a n s i t i o n  
p res su re  pu is t h a t  p re s su re  where XR approaches i n f i n i t y .  
The r e s u l t i n g  t r a n s i t i o n  p res su res  p were p l o t t e d  the  

I n  o rde r  t o  g e t  a phase diagram of CM we 

5 

U * 
For t h e  exper imenta l  technique employed i n  t h i s  i nves t iga -  
t i o n  see r e f e r e n c e  8. 
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F i g u r e  1: The  p,-0, phase  diagram of  c h o l e s t e r y l  o l e y l  
c a r b o n a t e  (CH = c h o l e s t e r i c ,  S A , =  s m e c t i c  A ;  

p,k, 8,k: c o o r d i n a t e s  of the t r i c r i t i c a l  p o i n t )  
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1 700 - 
€ 
C 
Y 

2 
600 

500 

30C 

COC (3 = 39,s *c 1 

0,O 0,2 0,4 0,6 0,8 1,0 
p [kbar] - 

Figure  2: P re s su re  dependence of t h e  wavelength of maximum 
light r e f l e c t i o n  xR f o r  c h o l e s t e r y l  o l e y l  carbon- 
ate (COC) and c h o l e s t e r y l  m y r i s t a t e  (CM) a t  a 
temperature  8 below euk of t h e  t r i c r i t i c a l  po in t  

= phase t r a n s i t i o n  p res su re )  (PLI 

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
 0

5:
48

 2
3 

Fe
br

ua
ry

 2
01

3 



PRESSURE DEPENDENCE 193 

I 700 
c. 

E 
C 

0 4  

u 

E 

600 

500 

400 

I 

C M  

COC (9=  

300 1 
1,o 1,2 1,L 

L 
0 

Y 
ro 

n 

a! 

ci 

r' 
II 

L 
1,6 1,8 2,o 
p [kbarl  - 

F i g u r e  3: P r e s s u r e  dependence  of t h e  wave leng th  of  maximum 
l i g h t  r e f l e c t i o n  XR f o r  c h o l e s t e r y l  o l e y l  carbon-  
are (COC) and c h o l e s t e r y l  m y r i s t a t e  (CM) a t  a 
t e m p e r a t u r e  f3 above  €Iuk of  t h e  t r i c r i t i c a l  p o i n t  

= p h a s e  t r a n s i t i o n  p r e s s u r e )  
( pu 
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194 POLLMAN and S C H t R t R  

I 

Semenchenko 
e t  a l .  9 

T h i s  work 

t r a n s i t i o n  t e m p e r a t u r e s  BU i n  F i g u r e  4 .  
s t r a i g h t  l i n e s  which i n t e r s e c t  a t  puk = 1 .051  k b a r  and 
8,k = 105.1OC. 
e x c e l l e n t  agreement w i t h  t h o s e  h a v i n g  been o b t a i n e d  by 
e x t r a p o l a t i o n  a c c o r d i n g  t o  Semenchenko (Tab le  I)  and t h u s  
g i v e  e v i d e n c e  €or a t r ic r i t i ca l  p o i n t  o f  CM. 

The p l o t  g i v e s  two 

These i n t e r s e c t i o n  c o o r d i n a t e s  are i n  

1.050 

1 .051  

Tab le  I: P r e s s u r e - t e m p e r a t u r e  c o o r d i n a t e s  puk - euk of t h e  
t r i c r i t i c a l  p o i n t  of c h o l e s t e r y l  m y r i s t a t e  

COC 

CM 

0.411 ( r e f .  7) 150 2 10 150 10 ( r e f .  10 )  

1 .015  ( r e f .  9 )  355 2 1 5  360 2 15 ( r e f .  10) 

107 

105 .1  

To test  f u r t h e r m o r e  t h e  phase  d i ag rams  f o r  CM and COC i n  Fig- 
u r e s  1 and 4 w e  have  a p p l i e d  t h e  C l a u s i u s  Clapeyron e q u a t i o n  
t o  t h e  f u n c t i o n  pu (8,) below t h e  t r i c r i t i c a l  p o i n t  and t h u s  
c a l c u l a t e d  t h e  t r a n s i t i o n  e n t h a l p i e s  a t  a tmosphe r i c  p r e s s u r e  
by means o f  t h e  known c o r r e s p o n d i n g  changes i n  volume. These 
e n t h a l p y  v a l u e s  were compared w i t h  t h o s e  o b t a i n e d  d i r e c t l y  by 
d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  (Tab le  11). The c o r r e s -  
ponding v a l u e s  a g r e e  w i t h i n  t h e  measu r ing  accu racy .  

T a b l e  11: Changes i n  volume AV and e n t h a l p y  AH f o r  t h e  
c h o l e s t e r i c - s m e c t i c  A t r a n s i t i o n s  of c h o l e s t e r y l  
o l e y l  c a r b o n a t e  (COC) and c h o l e s t e r y l  m y r i s t a t e  (CM) 
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d 2,o 

CH 

80 90 100 110 120 130 
3""CI - 

Figure  4 :  The pu-8, phase  diagram of c h o l e s t e r y l  m y r i s t a t e  
(CH = c h o l e s t e r i c ,  SA = s m e c t i c  A; p k, 8&: 
c o o r d i n a t e s  of t h e  t r i c r i t i c a l  p o i n t y  

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
 0

5:
48

 2
3 

Fe
br

ua
ry

 2
01

3 



196 POLLMAN and SCHERER 

s m e c t i c  A phase t r a n s i t i o n .  The p r e s s u r e  dependence of 
A R  ( z )  of CM and COC r e s p e c t i v e l y  a t  a tempera ture  i n  some 
d i s t a n c e  below t h e  t r i c r i t i c a l  p o i n t  is  d i s p l a y e d  i n  F igure  2 
t h a t  i n  some d i s t a n c e  above t h i s  p o i n t  i n  F igure  3. Evi- 
d e n t l y  t h e  d ivergence  of  b o t h  AR(p)-curves is  l i t t l e  a l t e r e d  
by t h e  change i n  t h e  phase t r a n s i t i o n  o r d e r .  The curves 
d i v e r g e  o n l y  somewhat s lower .  Although t h e  phase t r a n s i t i o n  
h a s  changed from f i r s t  t o  h i g h e r  o r d e r ,  t h e  u n t w i s t i n g  of t h e  
h e l i x  of CM caused by t h e  phase t r a n s i t i o n  s t i l l  o c c u r s  i n  a 
v e r y  narrow r e g i o n .  

F i n a l l y ,  t h e  advantage of t h e  l i g h t  r e f l e c t i o n  measure- 
ments c a r r i e d  o u t  i n  t h i s  work should  be p o i n t e d  o u t .  Whereas 
i n  most c a s e s  o b s e r v a t i o n  of  t h e  t r a n s i t i o n  r e g i o n  choles-  
t e r i c - t o - s m e c t i c  by means of volume measurements i s  p o s s i b l e  
o n l y  as f a r  as  t h e  t r a n s i t i o n  i s  f i r s t  order-- the "discon- 
t i n u i t y  reg ion"  i n  t h e  volume--temperature ( -pressure)  curve 
d i m i n i s h e s  t o  a break  a t  t h e  t r i c r i t i c a l  p o i n t - - l i g h t  
r e f l e c t i o n  measurements a l l o w  o b s e r v a t i o n  above t h e  
t r i c r i t i c a l  p o i n t  as w e l l .  
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