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H I G H  PRESSURE INVESTIGATIONS OF THE PHASE TRANSITIONS 
IN CHOLESTERYL PENTANOATE AND CHOLESTERYL HEXANOATE 

P .  POLLMANN a n d  B .  WIEGE 
Department of Physical Chemistry, University of 
Paderborn, 4790 Paderborn, Germany 
(Submitted for Publication January 4, 1982) 

Abstract : A t  h i g h  pressures too cholesteryl n-penta- 
ZZTF(IX-5)  and cholesteryl n-hexanoate (CH-6)  e x h i b i t  
only a choles te r ic  l iquid c rys ta l l ine  phase. Our l i g h t  
re f lec t ion  measurements u p  t o  2600 bars y ie ld  n o  indica- 
t ion of a pressure induced smectic phase which was sug- 
gested by Tikhomirova and Ginzberg' for CH-5 a t  a b o u t  
850 bars and 120°C. The obtained pressure(p,)-temperature 
( T t  ) phase diagrams show the expected widening of the cho- 
l e s t e r i c  range with pt  and Tt . In the case of CH-5 the 
marked crys ta l l iza t ion  curve besides a me1 t i n g  curve could 
be explained by the transformation of the cholester ic  into 
a metastable c rys ta l l ine  sol id  phase. 
Introduction In the homologous series of the chole- 

s te ry l  n-a1 kanoates the lower homologues exhib i t  only chole- 
s t e r i c  mesophases a t  atmospheric pressure, b u t  from the hep- 
tanoate b o t h  smectic A and cholester ic  mesophases are observed. 
Therefore, we suppose, the pressure induced phase of cholesteryl 
pentanoate (CH-5) found  by the Russian workers Ti khomirova 
and  Ginzberg' i s  assumed by them t o  be a smectic. Because our 
laboratory i s  equipped w i t h  an optical  h i g h  pressure apparatus 
f o r  sens i t ive  detection of smectic phases and the available 
pressure( p t  )-temperature(T;))phase diagrams of CH-5 ' I  3 y  
differ  very much from one another, we have re-investigated the 
pt-T, phase behaviour of t h i s  alkanoate. 

Compared w i t h  the CH-5 pressure induced smectic beha- 
viour i s  ra ther  t o  be expected f o r  the hexanoate (CH-6) (see 
above). On t h a t  account the phase behaviour of t h i s  cholesteryl 
e s t e r  was studied t o o .  

Results and discussion A smectic A phase (S,) i n  a d d i -  
t ion t o  a cholester ic  phase ( C H )  can be established by the d i -  
vergence of the maximum wavelength of the se lec t ive  l i g h t  re- 
f lec t ion  X R  of the l a t t e r  phase near the phase t rans i t ion  CHISA. 
T h i s  e f f e c t  i s  shown i n  f igure 1 for  cholesteryl nonanoate a t  
atmospheric pressure. A n  analogous behaviour of hR occurs when 
the cholester ic  compound i s  pressurized t o  the CH/SA t rans i t ion  

=ex t means t rans i t ion  
27 1 
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272 P. POLLMANN and B. WIEGE 

a t  constant temperature. 

The supposed induced smectic mesophase of CH-5 was obtained 
by Tikhomirova and Ginzberg' a t  about 850 bars and  120°C. No di-  
vergence of X R  , however, was found by us in o u r  experimental 
range u p  t o  2600 bars and 169.4"C. 

FIGURE 1 Temperature (T )  dependence of  the maximum wavelength 
o f  the selective l igh t  ref lect ion A R  for  cholesteryl 
nonanoate a t  atmospheric pressure 

smectic A (5,) 
TCH/S,, = phase t ransi t ion temperature cholesteric (CH)/ 

A s l igh t  red s h i f t  o f  X R  with pressure was only observed a t  
d i f fe ren t  constant temperatures a s  shown i n  f igure 2 for 169.4"C. 

4201  , , , , , , 

1600 1800 ZOO0 2200 2400 2600 

p[b=] - 
FIGURE 2 Pressure (p) dependence of the maximum wavelength of 

the selective l i gh t  reflection X R  for  cholesteryl 
pentanoate a t  169.4"C 
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PRESSURE INVESTIGATIONS IN CH-5 AND CH-6 273 

The upper pressure l i m i t  o f  the  isotherm i s  the  phase t r a n s i -  
t i o n  pressure c h o l e s t e r i c  (CH) /c rys ta l l i ne  (C). For  CH-6 too  
i n  the  range 1-1225 bars and 93.62 - 136.02"C no divergence o f  
hR was observed. The t r a n s i t i o n  po in ts  CH/C as w e l l  as chole- 
s t e r i c  (CH) / iso t rop ic  ( I )  which was a l so  determined are  i nd i ca -  
ted  by the  sudden disappearance o f  the  l i g h t  r e f l e c t i o n  o f  the 
c h o l e s t e r i c  phase. Because CH-5 as w e l l  as CH-6 e x h i b i t  a b lue 
phase (BP), upon c l o s e r  cons idera t ion  the  t r a n s i t i o n  C H / I  must 
be rep laced by CH/BP and B P / I  respec t ive ly .  The range o f  t he  
BP, however, i s  o n l y  about 0.5 degrees, and the re fo re  ignored 
here and i n  the  fo l lowing." )  

Not shown i n  t h i s  paper a re  the  numerous isotherms o f  hR 
versus pressure necessary f o r  the determinat ion o f  the  pt -Tt 
phase diagrams of CH-5 and CH-6. For  CH-5, however, t he  slopes 
of these isotherms (ahR/ap), a re  g iven i n  f i g u r e  3 as func t i ons  
of temperature. 

FIGURE 3 Temperature dependence o f  the f i r s t  d e r i v a t i v e  o f  the  
hR (p )  va lues ( aAR/ap)T f o r  cho les te ry l  pentanoate 
Meaning o f  l e t t e r s  as i n  f i g u r e  1 and 2 

The observed decrease o f  ( axR/ap), w i t h  temperature i s  an 
a d d i t i o n a l  argument aga ins t  a pressure induced smectic phase. 
( al.R/ap)T could be e a s i l y  determined, because the  isotherms a re  
a l l  l i n e a r  i n  the  respec t ive  upper pressure ranges. The decrease 
of ( ahR/ap)T w i t h  inc reas ing  temperature cannot according t o  

- 
hR= n z (1 )  

n = average r e f r a c t i v e  index of the cho les te r i c  phase 
z = p i t c h  o f  t he  c h o l e s t e r i c  h e l i x  

5 l ! p t T t  phase behaviour o f  the BP see 
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274 P .  POLLMANN and B .  WlEGE 

se a t t r ibu ted  t o  the pressure (p)-temperature(T) behaviour of 
n and the density,  which has a d i r e c t  influence on z .  Both 
e f f e c t s  have been estimated. In the case of n we have made use 
of the measurements of Horn6 who observed the D-T dependen- 
ce of the two re f rac t ive  indices of a nematic u p  t o  2000 bars. 
For z we determined the d i r e c t  dependence on the density from 
the p-V-T data of C H - 5 4  assuming an isotropic  compressibi- 
l i t y .  The influencesof n as well as  of z and of the density 
respectively on X R  are  o f  no importance and moreover cancel 
o u t .  Hence there remains a s ign i f icant  decrease of the pres- 
sure dependence of z (according t o  eq. (1))  with increasing 
temperature which means a decrease o f  t h a t  of the twist  angle 
(cz-1 ) -  

I n  f igure 4 and 5 the pt-Tt  phase diagrams of CH-5 and  
CH-6 based upon our  1 i g h t  ref lect ion measurements are presented. 
The diagrams show the cholester ic  l iquid crystal  ( C H )  between 
the c rys ta l l ine  solid ( C )  and the isotropic  l iquid phase ( I )  
(The very small blue phase region has been neglected).  In b o t h  
cases the cholester ic  range i s  widened by pressure. Furthermore, 
a c rys ta l l iza t ion  ( a )  and a melting curve ( b )  can be c lear ly  
distinguished w i t h  remarkable small deviations of the experi- 
mental points from CH-5 c rys ta l l iza t ion  curve (see f i g .  4 ,  
curve a ) .  

80 90 100 110 120 130 140 150 

7, [TI - 

FIGURE 4 pt-Tt  phase diagram of cholesteryl pentanoate 
(C = c r y s t a l l i n e ,  CH = cholester ic ,  I = isotropic)  
pt , Tt = phase t rans i t ion  pressure and temperature 
respectively 
a = crys ta l l iza t ion  curve, b = melting curve 
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PRESSURE INVESTIGATIONS IN CH-5 AND CH-6 275 

I I 

90 100 1lO 120 130 

FIGURE 5 pt-Tt  phase diagram of cholesteryl hexanoate 
( C  = c r y s t a l l i n e ,  CH = cholester ic ,  I = isotropic)  
pt , T, = phase t rans i t ion  pressure a n d  temperature 
respect ively 
a = c r y s t a l l i z a t i o n  curve, b = melting curve 

For t h i s  curve a o f  CH-5, contrary t o  CH-6, a transformation of 
the cholester ic  i n t o  a metastable c rys ta l l ine  phase could be 
established by X-ray measurements7. 

The accordance of our  pt-Tt phase diagrams with those of 
two Russian g r 0 u p s ~ 9 ~ 1 8  i s  low. While o u r  data o f  the phase t rans i -  
t ion temperatures a t .  atmospheric pressure agree we1 1 w i t h  those 
given i n  the l i t e r a t u r e ,  those 0 f 1 y 4 l 8  do n o t .  According t o 4 < *  
CH-5 and CH-6 should show smectic behaviour even a t  atmospheric 
pressure. However a s  outlined above, no  smectic behaviour could 
be observed by us a t  higher pressures too. The slopes (dp,/dT, ) 
f o r  the melting and clearing curve of CH-5 and CH-6 i n  t h i s  work, 
however, d i f f e r  very l i t t l e  from those obtained by Robberecht3 
who investigated these compounds already i n  1938 up t o  760 bars. 
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