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PHASE BEHAVIOUR O F  TBBA UNDER H I G H  PRESSURE 

BY DIFFERENTIAL THERMAL ANALYSIS (DTA) 

J .  HERRMANN, H . D .  KLEINHANS, J. QUEDNAU 

and G.M. SCHNEIDER 

Department of Chemistry,  I n s t i t u t e  of 
P h y s i c a l  Chemistry,  U n i v e r s i t y  of Bochum, 

Bochum, FRG 

(Submit ted f o r  p u b l i c a t i o n  10 September 1980)  

A b s t r a c t  The phase behaviour  of  TBBA has  

been s t u d i e d  by h igh -p res su re  d i f f e r e n t i a l  

t he rma l  a n a l y s i s  (DTA) up t o  3 kbar  i n  t h e  

t empera tu re  range  from 300 t o  600  K .  The T-p 

phase  diagram of TBBA is  v e r y  complex. A t  

normal p r e s s u r e a n e w  m e t a s t a b l e  s o l i d  phase 

has  been found. A t  h i g h e r  pressures t h e  

smectic V I  and t h e  smectic V I I  phases  v a n i s h  

and a n o t h e r  new phase i s  p r e s s u r e  induced.  

The e n t h a l p y  of t h e  smectic A/nematic t r ans -  
i t i o n  d e c r e a s e s  d r a s t i c a l l y  w i t h  i n c r e a s i n g  

p r e s s u r e  s u g g e s t i n g  a t r i c r i t i c a l  p o i n t  a t  
about  1000 b a r  and 515 K .  

I n t r o d u c t i o n  I n  a r e s e a r c h  program on t h e  

thermodynamic p r o p e r t i e s  o f  l i q u i d  c r y s t a l s  under  

h igh  p r e s s u r e '  I 2  t h e  phase  behaviour  of TBBA has  

been s t u d i e d  up t o  3 kbar  by d i f f e r e n t i a l  thermal  
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a n a l y s i s  ( D T A ) .  T h i s  s u b s t a n c e  has  been chosen be- 

cause  of  i t s  i n t e r e s t i n g  polymorphism a t  normal 
p r e s s u r e  and it w a s  expec ted  t h a t  s i m i l a r  e f f e c t s  

t o  t h o s e  observed  b e f o r e  w i t h  o t h e r  l i q u i d c r y s t a l s  

(e .g .  t r i c r i t i c a l  phenomena, p r e s s u r e  induced 

phases  l f 2 )  would be found.  

J .  HERRMANN, H. D. KLEINHANS, J .  QUEDNAU and G. M .  SCHNEIDER 

Experimental  The DTA equipment and t h e  
expe r imen ta l  p rocedure  are d e s c r i b e d  e l sewhere .  1 , 3  

Some a d d i t i o n a l  d e t a i l s  are g iven  below. 

The s u b s t a n c e  w a s  s y n t h e s i z e d  as d e s c r i b e d  by 

Tay lo r  e t  a l . 4  and w a s  r e c r y s t a l l i z e d  s e v e r a l  

t i m e s  from e thanol /benzene  u n t i l  no f u r t h e r  change 

of t h e  t r a n s i t i o n  t empera tu re  and of t h e  peak 

shape  of t h e  n e m a t i c / i s o t r o p i c  l i q u i d  phase t r a n s -  
i t i o n  cou ld  be observed .  

For  t h e  measurements t h e  subs t ance  w a s  encap- 

s u l e d  i n  l e a d  ce l l s3  t o  p r e v e n t  a c o n t a c t  between 

t h e  su r round ings  and t h e  sample.  Thus t h e  the rma l  

decomposi t ion of TBBA was s t r o n g l y  h inde red .  Never- 
t h e l e s s  a f t e r  each  measurement a t  h i g h e r  p r e s s u r e s  

t h e  t r a n s i t i o n  t empera tu res  and t h e  t r a n s i t i o n  

peaks  w e r e  remeasured a t  1 b a r  and t h e  c e l l  w a s  

r e p l a c e d  i f  any change cou ld  be observed .  

R e s u l t s  F i g u r e  1 shows t h e  T-p phase 

diagram of TBBA o b t a i n e d  when t h e  subs t ance  w a s  
h e a t e d  from t h e  s o l i d  c r y s t a l  ( s ) .  A t  normal 
p r e s s u r e  t w o  s o l i d / s m e c t i c  G (sl /smG, 384.2 K ;  

s Z / s m G ,  386.7 K ) ,  t h e  s m e c t i c  G / s m e c t i c  C (smG/smC, 
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PHASE EEHAVIOUR OF I’BBA UNDER HIGH PRESSURE 1 1  1 

418.1 K), t h e  s m e c t i c  A/nematic (smA/n, 471.9 K) 
and t h e  n e m a t i c / i s o t r o p i c  l i q u i d  ( n / l ,  510.8 K) 
t r a n s i t i o n s  have been found.  F i g u r e  2 shows t h e  

T-p phase diagram o b t a i n e d  when t h e  subs t ance  w a s  

coo led  u n t i l  t h e  s o l i d  phase appeared .  Here t h e  

smectic V I  ( s m G / s m V I ,  360.4 K) and t h e  smectic V I I  

( s m V I / s m V I I ,  347.6 K) phases  have a d d i t i o n a l l y  

been observed  i n  t h e  supe rcoo led  r e g i o n  a t  atmo- 
s p h e r i c  p r e s s u r e .  I n  bo th  diagrams t h e  s m C / s m A  

t r a n s i t i o n  w a s  n o t  d e t e c t e d  by DTA. These r e s u l t s  
have been confirmed by o p t i c a l  microscopy where 

t h e  s m C / s m A  t r a n s i t i o n  (445.0 K) has  a lso been 

observed .  A l l  r e s u l t s  are i n  good agreement w i t h  

t h e  d a t a  g i v e n  i n  t h e  l i t e r a t u r e  ( e . g .  see r e f e r e n -  
ce s 4 ,5 ,6 )  

The i n f l u e n c e  of p r e s s u r e  on t h e  phase beha- 
v i o u r  of TBBA i s  v e r y  complex. A l l  t r a n s i t i o n  t e m -  
p e r a t u r e s  i n c r e a s e  w i t h  i n c r e a s i n g  p r e s s u r e .  T h i s  

i n c r e a s e  i s  d r a s t i c  f o r  t h e  n / l  t r a n s i t i o n  and as a 
consequence t h i s  t r a n s i t i o n  cou ld  o n l y  be observed  

up t o  abou t  1000 b a r .  A t  a t r i p l e  p o i n t  s X / s m V I / s m G  

( a b o u t  2250 b a r ,  427 K) t h e  s m V I  phase and a t  an- 
o t h e r  t r i p l e  p o i n t  s / s m V I I / s m V I  ( abou t  335 b a r ,  358 

K )  t h e  s m V I I  phase v a n i s h ,  r e s p e c t i v e l y . A n e w  phase 
(sX) i s  p r e s s u r e  induced a t  abou t  535 b a r  and 366K. 

I n  t h e  fo l lowing  some a d d i t i o n a l  p e c u l a r i t i e s  of 

t h e  T-p diagrams are d i s c u s s e d .  

The sl/smG and t h e  s 2 / s m G  t r a n s i t i o n s  occur  
w i t h i n  a t empera tu re  range  of abou t  2 K and t h e  
t r a n s i t i o n  l i n e s  are e s s e n t i a l l y  p a r a l l e l  over t h e  
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112 J. HERRMANN, H .  D. KLEINHANS, J. QUEDNAU and G. M. SCHNEIDER 

L 

500 7500 p/bar 25cK) 

Figure  1 :  T-p phase diagram of TBBA obtained i n  
hea t ing  runs 

Figure 2: T-p phase diagram of TBBA obtained i n  
cooling runs  
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PHASE BEHAVIOUR OF TBBA UNDER HIGH PRESSURE 1 1 3  

whole pressure range up to 3 kbar. The ratio of 
the peak areas of the two transitions varies with 
each new measurement; the sum of the peak areas, 
however, was always constant. This behaviour could 
be explained by the metastable character of one of 
the two solid phases. 

The transition enthalpy of the smA/n transi- 
tion is about 160 J mol-’ at 1 bar and decreases 
rapidly with increasing pressure. Thus no transi- 
tion enthalpy could be detected above about 1000 

bar and 515 K. This suggests a change of the tran- 
sition order from first to higher order. 

In the supercooled region the smG/smVI tran- 
sition is enantiotropic, whereas the smVI/smVII 
and the smVII/s transitions are monotropic. At 
higher pressures this behaviour is more complicated 
because of the pressure induced sX phase. The sX 
phase appears either at a monotropic (smVI/sX, from 
535 bar to 2250 bar) or at an enantiotropic tran- 
sition (smG/sX, above 2250 bar). The s X / s  transi- 
tion is monotropic over the whole experimental 
pressure range. The transition line of the sX/s 
transition exhibits an unusual curvature at low 
pressure. At higher pressures the slope as well as 
the curvature of the coexistence line become zero; 
this suggests that there is no volume change at 
the sX/s transition, the densities of the two 
phases being identical. 
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114 J.  HERRMANN, H. D. KLEINHANS, J .  QUEDNAU and G. M. SCHNEIDER 

Conclusion TBBA e x h i b i t s  i n t e r e s t i n g  h igh  

p r e s s u r e  phenomena, which are s i m i l a r  t o  t h o s e  

s t u d i e d  i n  former exper iments .  The e f f e c t s  

concern ing  t h e  SX phase ,  however, are n o t  w e l l  

unders tood  and f u r t h e r  i n v e s t i g a t i o n s  w i l l  be  

n e c e s s a r y  t o  e x p l a i n  t h e  s t r u c t u r e  and behaviour  

of 

1 .  

2 .  

3. 

4. 

5. 

6.  

t h i s  phase .  
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