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MICROSCOPIC AND THERMAL PHASE STUDIES AT 
HIGH PRESSURES: 
TBBA AND SOME OF ITS HOMOLOGUES 

J. HERRMANN, A. BARTELT, H.D. KLEINHANS, 
H. REISIG, G.M. SCHNEIDER 

Department of Chemistry, Physical Chemistry 
Laboratory, University of Bochum, FRG 

(Received for Publication November 26, 1983) 

Abstract The phase behaviour of some 
Terephthal-bis-(4-n-alkylanilines) (TBAAs) 
has been studied up to 5 kbar in the tempe- 
rature range from 300 to 650 K using a dif- 
ferential thermal analysis equipment (DTA) 
and a diamond anvil cell (DAC) mounted on a 
polarizing microscope. All substances exhibit 
a complex T-p behaviour, which is discussed 
with respect to the stability of the diffe- 
rent liquid crystalline phases. 

Introduction At normal pressure TBAAs have 
been studied extensively by various experimental 
methods. To our knowledge, however, there do not 
exist any other high pressure investigations of 
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226 J. HERRMANN, et aL 

these subs tances  besides former experiments car- 
r i e d  o u t  a t  ou r  labora tory ' .  These experiments 
have been extended now t o  t h e  p e n t y l  (TBPA) and 
o c t y l  (TBOA) homologues of TBBA t h e  r e s u l t s  being 
presented  i n  t h i s  paper .  

Experimental The substances w e r e  synthes ized  
fol lowing Taylor  e t  a l .  * and w e r e  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  u n t i l  no f u r t h e r  improvement of t h e  
c l e a r i n g  behaviour could be detected i n  t h e  ex- 
periments.  

The high p res su re  measurements w e r e  performed 
using a DTA equipment and a h igh  p res su re  p o l a r i -  
z ing microscope wi th  a diamond a n v i l  ce l l  (DAC) 

making it p o s s i b l e  t o  i d e n t i f y  l i q u i d  c r y s t a l l i n e  
phases and phase t r a n s i t i o n s  by direct  t e x t u r e  ob- 
s e rva t ions .  T r a n s i t i o n  temperatures  and p res su res  
w e r e  determined i n  hea t ing  and cool ing  cyc le s  w i t h  
rates of about 1 t o  5 K min-l. The accuracy of the  
T-p d a t a  should be better than  20.5 K and + lo  bar 
f o r  DTA or r l  K and +50 bar f o r  DAC. For f u r t h e r  
details of the experimental  s e t  ups and procedures 
t he  reader is  referred t o  l i t e r a t u r e  4-6. 

Resu l t s  F igures  1-3 show t h e  T-p phase d i a -  
grams of TBBA, TBPA and TBOA obta ined  i n t h e e x p e r -  
iments.  The n o t a t i o n  of t h e  smectic phases ( s m )  
fol lows t h e  l i t e r a t u r e  e.g.  t h e  work of Benat ta r  
e t  a l .  3 

The phase diagram of TBBA has  been d iscussed  
already ' .  H e r e  some a d d i t i o n a l  details  are given. 
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HIGH PRESSURE STUDIES TBAAS 227 

The smA/smC t r a n s i t i o n ,  which i s  of h igher  order 
and could n o t  be de t ec t ed  by DTA, has been obser- 
ved by DAC as has also been done for t h e  n/smA 
t r a n s i t i o n  above about 1000 bar. These new r e s u l t s  
show t h a t  t h e  smA temperature range inc reases  w i t h  
i nc reas ing  p res su re  whereas p re s su re  does n o t  s e e m  
t o  a f fec t  the temperature range of t h e  smC phase. 

Direct o p t i c a l  observa t ion  of t h e  former un- 
i d e n t i f i e d  sX phase sugges ts  it t o  be a s o l i d  l i k e  

phase. 

The T-p phase diagram of TBPA i s  given i n  f i -  

gure  2. A t  normal pressure  s i x  l i q u i d  c r y s t a l l i n e  
phases e x i s t :  l / n  507.0 K ,  n/smA 485.8 K ,  smA/smC 

452.7 K ,  smC/smF 423.7 R ,  s m F / s m G  414.8 K ,  smG/smH 

335.9 K ,  where a l l  bu t  smA/smC could be determined 
by DTA. 

Under p re s su re  the  n/smA a t  about 1710 bar  
and the  s m F / s m G  t r a n s i t i o n s  a t  about 1400 bar be- 
come undetec tab le  by DTA. Thus a t  h igher  p re s su res  
both t r a n s i t i o n s  have been observed by DAC, such 
as t h e  smA/smC t r a n s i t i o n  over  t h e  whole p re s su re  
range. It can be seen t h a t  the  temperature ranges 
of n, smA and smG of TBPA inc rease  wi th  inc reas ing  
pressure ,  t h e  temperature ranges of smC and s f l a r e  
nea r ly  cons t an t  or  decrease moderately, whereas 
smH vanishes  a t  a t r i p l e  p o i n t  a t  about  340.1 K 

and 155 bar .  

The T-p phase behaviour of TBOA is  more com- 
p l i c a t e d  (Figure 3). A t  normal p re s su re  f o u r  smec- 

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
 1

1:
18

 2
1 

Fe
br

ua
ry

 2
01

3 



228 J. HERRMANN, et aL 

t i c  phases are found: l/smA 4 7 4 . 7  K ,  smA/smC 

4 6 4 . 6  K ,  smC/smF 4 3 0 . 0  K ,  s m F / s m G  4 1 2 . 4  K ,  a l l  
bu t  s m F / s m G  being d e t e c t a b l e  by DTA. 

An a d d i t i o n a l  p re s su re  induced n phase, how- 
ever, could be i d e n t i f i e d  above a t r i p l e  p o i n t  a t  
about  230 ba r  and 4 8 8  K by t e x t u r e  observa t ion ,  
t h e  l / n  and n/smA t r a n s i t i o n s  being determined by 
DTA and DAC. A t  p r e s s u r e s  above about 1 1 0 0  bar t h e  
smA/smC t r a n s i t i o n  does n o t  e x h i b i t  any d e t e c t a b l e  
en tha lpy  change i n  our  DTA experiments and could 
be followed t o  h igher  p r e s s u r e s  by DAC only.  An 
analogous e f f e c t  w a s  found f o r  t h e  s m F / s m G  t r a n s -  
i t i o n  where t h e  very modest changes i n  t e x t u r e  and 
l i g h t  i n t e n s i t y  occurr ing  a t  t h i s  t r a n s i t i o n  could 
n o t  be observed a t  p r e s s u r e s  h igher  than about 
1 4 0 0  bar .  Another p re s su re  induced phase (sY) i s  
suggested t o  be a s o l i d  phase. 

Conclusion The p r e s e n t  measurements g ive  a 
f i r s t  i n t e r e s t i n g  i n s i g h t  i n t o  t h e  phase behaviour 
of t h e  d i f f e r e n t  l i q u i d  c r y s t a l l i n e  phases of some 
TBAAs under p re s su re .  I t  can be deduced from t h e  
experiments t h a t  p re s su re  has a s t a b i l i z i n g  e f f e c t  
on t h e  n,  smA and smG phases ,  where t h e  n phase 
can even be p res su re  induced. The smC and smF pha- 
ses are only moderately a f f e c t e d  by pressure ;  t h e  
temperature  ranges of bo th  phases are stable or 
s l i g h t l y  decrease with inc reas ing  pressure .  How- 
eve r ,  p re s su re  d e s t a b i l i z e s  t h e  smH phase which 
vanishes  a t  higher  p re s su res .  

The na tu re  of t h e  phase t r a n s i t i o n s  n/smA, 
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HIGH PRESSURE STUDIES TBAAS 229 

smA/smC and s m F / s m G  i s  another  p o i n t  i n  t h e  phase 

behaviour of TBAAs a t t r a c t i n g  s p e c i a l  a t t e n t i o n .  

These t r a n s i t i o n s  s e e m  t o  e x h i b i t  so-cal led tri- 
c r i t i ca l  p o i n t s ,  which are s h i f t e d  t o  higher  

p re s su res  wi th  inc reas ing  a l k y l  cha in  length .  This  

i s  demonstrated by t h e  DTA measurements. So t h e  n/  
smA t r a n s i t i o n  becomes undetec tab le  by DTAatabout 

1000 ba r  f o r  TBBA and a t  about 1710 ba r  f o r  TBPA 

but  e x h i b i t s  a measurable en tha lpy  e f f e c t  over  t h e  

whole experimental  T-p range f o r  TBOA. The smA/smC 

t r a n s i t i o n  i s  undetec tab le  by DTA f o r  TBBA and 

TBPA, b u t  can be determined up t o  about 1100 b a r  

f o r  TBOA. A s i m i l a r  e f f e c t  occurs a t  t h e  smF/smG 

t r a n s i t i o n ,  which cannot be observed by DTA f o r  

TBPA and TBOA. 

1 .  

2 .  

3. 

4. 

5 .  

6. 
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jooo plbar 

Fig. 1 

Fig. 2 

Fig. 3 5w t /  

Fig. 1-3: Temperature-pressure phase diagrams of 
TBBA (Fig.l), TBPA (Fig.2), and TBOA (Fig.3) (data 
obtained from DAC measurements are indicated by 0) 
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