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Abstract: 
nematic l i qu id  c rys ta l  was f i r s t  shown by Cladis' .  For chole- 
s t e r i c  1 iquid c rys t a l s  such behaviour could be observed only 
a t  atmospheric p r e s s ~ r e ~ ~ ~ ~ ~ * ~  . With one exception7 ( r een t r an t  
nematic a t  atmospheric pressure) a1 1 systems investigated un t i l  
now - nematics as well a s  cho le s t e r i c s  - have a t  l e a s t  one 
compound with a terminal -polar group. 

In the  l i g h t  r e f l ec t ion  measurements u p  t o  3000 bars in 
a ternary mixture of cholesteryl propionate, -nonanoate and 
-tetradecanoate reported here,  we show t h a t  l i qu id  c r y s t a l s  
without polar end groups can show a pressure induced reent ran t  
behaviour a s  we1 1 .  

Introduction 

A pressure induced reent ran t  behaviour of a 

In 1975 Cladis'  observed the  sequence of 
phases nematic, smectic, nematic by decreasing the  temperature from 
the  nematic phase of a mixture of two l iqu id  c rys t a l s .  The nematic 
phase a t  lower temperatures was ca l l ed  a " reent ran t"  nematic. Some 
time later Cladis e t  a1.2 found the  same phenomenon f o r  pure com- 
pounds under pressure. S t a r t i ng  from the  nematic phase a t  a t -  
mospheric pressure the  pure compound passed through the  same 
sequence of phases mentioned above w i t h  isothermally increasing 
pressure. With  one exception'( reen t ran t  nematic a t  atmospheric 
pressure) a l l  systems inves t iga ted  un t i l  now have a t  l e a s t  one 
compound w i t h  a terminal-polar group which mostly i s  a cyano-group. 
The same i s  the  case f o r  cho le s t e r i c  l i q u i d  c r y s t a l s  ( i nves t iga -  
t i ons  a t  atmospheric pressure: mixtures 3 1 4 ~ 5  , pure compound6). 
According t o  Cladis '  the cyano-group causes an assoc ia t ion  of t he  
molecules in an t ipa ra l l e l  pairs. In the  case of the  pressure i n -  
duced nematic reent ran t  phenomenon, t h i s  r e s u l t s  a t  higher pres- 
sures i n  a buckling des t ab i l i za t ion  of the  smectic l aye r s  and 
f i n a l l y  i n  a reent ran t  nematic phase w i t h  a denser packing o f  
the pa i r s .  

In the  following we show t h a t  in cho le s t e r i c  l i qu id  c rys ta l  
mixtures without any compo.und with a cyano-group, a pressure i n -  
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120 P. POLLMANN and €3. WIEGIl 

duced reentrant  cholester ic  phase can occur, t o o .  

Results and discussion I n  the course of several invest i -  
gations o f  the l i g h t  ref lect ion of cholester ic  1 i q u i d  crystal  
mixtures we observed an unusual pressure behaviour of A,, the 
wavelength of maximum l i g h t  ref lect ion.  I t  has been known for  a 
long time t h a t  pure cholesteryl n-alkanoates and mixtures of them 
can show a divergence of A, when approaching the phase t rans i t ion  
cholester ic  (CH)/smectic A (S,)  a t  constant pressure and de- 
creasing temperature or a t  constant temperature and increasing 
pressure. Therefore we were very surprised when X, of a ternary 
mixture of cholesteryl propionate ( C P ) ,  -nonanoate ( C N )  and 
-tetradecanoate(CT) (see 52.94"C - isotherm i n  f i g .  1 ;  molar 
f ract ion X,, = 0.1501, a f t e r  an expected increase w i t h  pressure, 

500 1000 1500 2000 
300; 

p /  bar - 

FIGURE 1 Pressure ( p )  dependence o f  the wavelength of maximum 
l i g h t  ref lect ion X, a t  various temperatures for  a 
ternary mixture of cholesteryl propionate ( C P ) ,  
-nonanoate ( C N )  and -tetradecanoate ( C T )  ( r a t i o  of 
molar f ract ion:  
X,, : X,, : X,, = 0.150 : 0.577 : 0.273 ; 
x,, : x,, = 2.11 : 1.00) 
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A PRFSSURL INDUCI D RETNTRANT CHOLLSTERIC PHASL 1 2 1  

f i n a l  l y  decreased w i t h  f u r t h e r  p r e s s u r i z i n g .  Because a1 1 com- 
ponents o f  t h e  m i x t u r e  f o r m  a l e f t - h a n d e d  h e l i x ,  a compensation 
e f f e c t  cannot  e x p l a i n  t h i s  behaviour .  To t h e  b e s t  o f  o u r  know- 
ledge,  a r e e n t r a n t  behav iou r  o f  t h e  c h o l e s t e r i c  phase i s  p r o -  
b a b l y  t h e  reason f o r  t h i s  unusual p ressu re  dependence o f  A,. 
For  f u r t h e r  examinat ion o f  t h i s  ques t i on ,  we measured some 
a d d i t i o n a l  isotherms o f  t h e  m i x t u r e  w i t h  X,, = 0.150 (see f i g .  1 )  
and extended o u r  i n v e s t i g a t i o n s  t o  a second m i x t u r e  w i t h  X,, = 
0.120 ( X c N  : X,, = 2.11 : 1-00 f o r  b o t h  m i x t u r e s )  (see f i g .  2). 

p/bar - 

FIGURE 2 Pressure ( p )  dependence o f  t h e  wavelength o f  maximum 
l i g h t  r e f l e c t i o n  A, a t  v a r i o u s  temperatures f o r  a 
t e r n a r y  m i x t u r e  o f  c h o l e s t e r y l  p r o p i o n a t e  ( C P )  , 
-nonanoate (CN) and - te t radecanoa te  (CT) ( r a t i o  o f  
mo la r  f r a c t i o n :  
X,, : X,, : X,, = 0.120 : 0.597 : 0.283 ; 
x,, : x,, = 2.11 : 1.00) 

Fo r  de te rm in ing  t h e  phase t r a n s i t i o n  p o i n t  CH/SA from t h e  
p ressu re  ( p )  dependence o f  A, a t  c o n s t a n t  temperature,  e i t h e r  a 
b r e a k o f f  o r  a s t r o n g  d ivergence o f  t h e  A,-isotherm w i t h  p must 
be observable . I n  t h e  m a j o r i t y  o f  isotherms (see f i g .  1 and 2)  
t h i s  i s  n o t  t h e  case so t h a t  we were f o r c e d  t o  c o n v e r t  t h e  
p ressu re  dependence i n t o  atemperature dependence o f  A, u s i n g  t h e  
measured isotherms.  The d ivergences o f  these A,-isobars were 
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strong enough t o  determine the phase transition temperature Tt  
according t o  the function 

L5 50 55 60 65 70 

A, = A * (  - 1)" 

for A, + m  . 
A, B and  T t  are the best f i t  parameters of the function. 

This method of determination of the phase transition point 
CH/SA has been previously described by Pakusch8. 

T,/'C - 
FIGURE 3 Phase transition chol esteric/smectic A :  

phase transition pressure p t  versus phase transition 
temperature Tt of two ternary mixtures of cholesteryl 
propionate ( C P ) ,  -nonanoate ( C N )  and  -tetradecanoate ( C T ) ;  
( ra t io  of molar fraction: Xcp : X,, : X, = 0.150 : 0.577 
0.273, 0.120 : 0.597 : 0.283, respectively; 
x,, : x,, = 2.11 : 1.00) 

The obtained phase equilibrium line CH/S, of the ternary 
mixture with X,, = 0.120 shows clearly the change from a positive 
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A PRESSURE INDUCED REENTRANT CHOLESTERIC PHASE 123 

t o  a n e g a t i v e  g rad ien t .  The smect ic A phase, however, i s  always 
t h e  low-temperature phase. Now t h e  pressure  dependence o f  t h e  
52.94"C-isotherm i n  f i g u r e  1 i s  understandable:  s t a r t i n g  f rom 
t h e  c h o l e s t e r i c  phase a t  atmospher ic p ressure  (see f i g .  3 ) ,  s i nce  
one i s  approaching t h e  smect ic A phase when t h e  pressure  i s  r a i s e d  
a t  52.94"C, A, increases; a t  s t i l l  h ighe r  pressures,  one i s  go ing  
away f rom t h e  smect ic A phase, so A, decreases. 

Only i n  t h e  case of t h e  m i x t u r e  w i t h  X c p  = 0.150 cou ld  we 
prove d i r e c t l y  a phase t r a n s i t i o n  S, +- CH w i t h  i nc reas ing  pressure  
by ou r  A,-measurements: s t a r t i n g  i n  t h e  smect ic A phase a t  a t -  
mospheric p ressure  (mic roscop ic  obse rva t i on  o f  a smect ic t e x t u r e )  
t h e  pressure  was increased a t  cons tan t  temperature u n t i l  a l i g h t  
r e f l e c t i o n  band appeared which i s  c h a r a c t e r i s t i c  f o r  a c h o l e s t e r i c  
phase. I n  t h e  case o f  t h e  m i x t u r e  w i t h  X,, = 0.120, t h i s  p r o o f  was 
n o t  p o s s i b l e  because X R  o f  t h e  r e e n t r a n t  c h o l e s t e r i c  phase was t o o  
l a r g e  (>> 2000 nm) t o  be measured w i t h  ou r  spectrometer.  

P r e l i m i n a r y  mic roscop ic  observa t ions  under p ressure  i n  these 
t e r n a r y  m ix tu res  performed by Herrmann and Schneiderg seem t o  con- 
f i r m  t h e  ex i s tence  o f  a r e e n t r a n t  c h o l e s t e r i c  phase a t  h i g h  pres-  
sure.  

CP, t h e  component w i t h  a s i g n i f i c a n t l y  s h o r t e r  a lkane cha in  
than CN and CT, p robab ly  causes s i m i l a r  volume c o n d i t i o n s  as i n  
t h e  case o f  t h e  cyano-compounds b u t  w i t h o u t  fo rming  a n t i p a r a l l e l  
p a i r s  o f  molecules. Because t h e  t e r n a r y  system descr ibed above 
i s  o f  h igh  thermodynamic i n t e r e s t ,  e s p e c i a l l y  w i t h  rega rd  t o  t h e  
change f rom a d iscont inuous  t o  a cont inuous  phase t r a n s i t i o n ' ,  
vo l  umet r i c  and c a l o r i m e t r i c  measurements a t  atmospher ic p ressure  
as w e l l  as a t  e leva ted  pressure  a r e  underway. 
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