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DIFFERENTIAL THERMAL ANALYSIS (DTA) AND 
MICROSCOPIC STUDIES UNDER HIGH PRESSURE: 
PHASE BEHAVIOUR OF SOME TBAAS 

A. BARTELT, H. REISIG, J. HERRMANN and 
G.M. SCHNEIDER 

Department of Chemistry, Physical Chemistry 
Laboratory, University of Bochum, F R G  

(Received for Publication June 11.  1984) 

Abstract High pressure studies on the poly- 
morphic phase behaviour of some members of the 
homologous series of the Terephthal-bis-(4-n- 
alkylanilines) (TBAAs) were performed using a 
high pressure differential thermal analysis 
equipment (DTA) and a diamond anvil cell (DAC). 
The substances show a complex T-p phase behav- 
iour with pressure induced phases and tricriti- 
cal phenomena. 

Introduction At atmospheric pressure much expe- 
rimental work has been carried out on the homolo- 
gous series of the TBAAs ( 1 , 2 ) ,  whereas high pres- 
sure investigations are still rather scarce. Until 
now TBBA and TBAA(5) were studied at high pressure 
in our laboratory ( 3 , 4 ) .  The interesting polymorphic 
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phase behaviour of these substances has initiated 
further experiments with other members of this ho- 
mologous series; new results on the T-p phase be- 
haviour of the octyl (TBAA(8)) and dodecyl (TBAA 
(12)) homologues are presented in this paper. 

Experimental The substances were synthesized as 
described by Liebert (5) and were recrystallized 
several times from Chloroform/Ethanol until no 
further change of the clearing behaviour (i.e. of 
transition temperature and peak shape) could be 
observed. 
High pressure measurements were carried out with a 
differential thermal analysis apparatus (DTA) to 
determine the T-p phase diagrams of TBAA(8) and 
TBAA(l2). Experiments were performed up to 3 kbar 
and at temperatures between 300 K and 600 K. Tran- 
sition temperatures were determined in heating 
runs with rates of 1 K min-I. The DTA equipment 
and the experimental procedure are described else- 
where (6,7). 
Additional optical measurements with a diamond 
anvil cell (DAC) under a polarizing microscope 
(7,8) were performed in order to investigate higher 
order transitionsbetween mesophases and to identi- 
fy pressure induced phases. 

Results and Conclusions As the lower members 
TBBA and TBAA(5) of this homologous series, the 
investigated substances exhibit a complicated po- 
lymorphic phase behaviour. 

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

0:
27

 2
1 

Fe
br

ua
ry

 2
01

3 



I)TA A N D  MICROSCOPIC STUD11 S 01 SOMt TBAAS 135 

TBAA 

TBAA 

p h i c  

8 )  shows t h e  f o l l o w i n g  sequence  of  mesomor- 

phases  w i t h  i n c r e a s i n g  t e m p e r a t u r e s :  smG/smF/ 
s m C / s m A ;  t h e  nemat i c  phase  i s  p r e s s u r e  induced  and  

a p p e a r s  a t  a t r i p l e  p o i n t  a t  a b o u t  2 3 0  bar and 

488 K. 
The phase  d iagram of  TBAA(8) h a s  a l r e a d y  been d i s -  

c u s s e d  i n  p a r t  i n  a p r e c e d i n g  p u b l i c a t i o n  ( 4 ) .  R e -  

c e n t  DTA-measurements ( e s p e c i a l l y  a n n e a l i n g  expe- 

r i m e n t s )  have  l e d  t o  new r e s u l t s  c o n c e r n i n g  t h e  

phase  b e h a v i o u r  o f  t h e  s o l i d  p h a s e s  of  TBAA(8). 

F i g u r e  1 shows t h e  T-p phase  d iagram of  TBAA(8) 

w i t h  i n c l u s i o n  o f  t h e  new f i n d i n g s .  The t r a n s i t i o n  

c u r v e s  I and  I1 run  w i t h i n  a t e m p e r a t u r e  r a n g e  of 

a b o u t  3 K ;  t h e y  a re  e s s e n t i a l l y  p a r a l l e l  up  t o  

a b o u t  9 0 0  b a r .  Above 9 0 0  b a r  o n l y  t r a n s i t i o n  I 

c o u l d  be  o b s e r v e d .  The new phase  s a p p e a r s  a t  
a b o u t  450 b a r .  O p t i c a l  o b s e r v a t i o n s  i n d i c a t e  s 

Y 
t o  be  a s o l i d  m o d i f i c a t i o n .  Annea l ing  e x p e r i m e n t s  

f o r  s e v e r a l  h o u r s  a b o u t  2 0  K below t h e  f r e e z i n g  

t e m p e r a t u r e  fo l lowed  by h e a t i n g  up  a g a i n  produced  

a v a r i a t i o n  of  t h e  peak areas:  The peak area of  

t r a n s i t i o n  I i n c r e a s e d  whereas  t h e  peak area of 

t r a n s i t i o n  I1 d e c r e a s e d .  T h i s  behav iour  c o u l d  b e  

e x p l a i n e d  by a m e t a s t a b l e  c h a r a c t e r  of t h e  s o l i d  
phase  sII. 
I n  t h e  p r e s s u r e  r a n g e  from 450 bar up  t o  600  b a r  

t h e  s / s m G  t r a n s i t i o n  c u r v e  c o u l d  o n l y  be d e t e c t e d  

a f t e r  a n n e a l i n g .  T h e r e f o r e  t h e  f o r m a t i o n  of  t h e  s 
Y 

phase  seems t o  be  a k i n e t i c a l l y  h i n d e r e d  p r o c e s s .  

S u i t a b l e  t h e r m a l  c o n d i t i o n s  o r  i n c r e a s e  of p r e s s u -  

re can  e v i d e n t l y  overcome t h i s  h i n d r a n c e .  

Y 

Y 
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The s m C / s m A  t r a n s i t i o n  w a s  d e t e c t e d  by DTA and DAC 

up t o  1100  b a r ,  b u t  above by DAC o n l y .  T h i s  e f f e c t  

can be e x p l a i n e d  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  p o i n t  on t h e  s m A / s m C  t r a n s i t i o n  l i n e  a t  about  

1 1 0 0  b a r  and 512 K where t h e  t r a n s i t i o n  changes 

from f i r s t  t o  h i g h e r  o r d e r .  For  bo th  s u b s t a n c e s  

t h e  s m G / s m F  and smF/smI t r a n s i t i o n s  are  of h i g h e r  

o r d e r  a l r e a d y  a t  normal p r e s s u r e  and consequen t ly  

n o t  d e t e c t a b l e  by DTA. 

TBAA ( 1 2 )  

F i g u r e  2 shows t h e  T-p phase behaviour  of T B A A ( 1 2 ) .  

A t  normal p r e s s u r e  f o u r  smec t i c  phases  a r e  obse r -  

ved cor responding  t o  t h e  fo l lowing  t r a n s i t i o n s :  

s / s m G  (353.8 K ) ,  s m G / s m F  (386 K )  , s m F / s m I  ( 4 1 0  K )  , 
s m I / s m C  ( 4 2 4 . 1  K )  and s m C / 1  (453.4 K) . A l l  b u t  s m G /  

smF and s m F / s m I  which are of second o r d e r  ( 9 )  w e r e  
d e t e c t a b l e  by DTA. Above normal p r e s s u r e  t h e  ve ry  

weak 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  occur-  

r i n g  a t  t h e s e  two t r a n s i t i o n s  c o u l d  even n o t  be 

observed  i n  t h e  DAC expe r imen t s .  

Beyond a t r i p l e  p o i n t  a t  abou t  805 b a r  and 4 9 2  K 

TBAA( 1 2 )  e x h i b i t s  a p r e s s u r e  induced phase .  The 
phase diagrams of t h e  lower members TBBA, TBAA(5) 

and TBAA(8) ( 3  , 4 )  show an i n c r e a s e  of t h e  tempe- 
r a t u r e  range of  t h e  smA and t h e  nemat ic  phases  

r e s p e c t i v e l y .  The re fo re  a p r e s s u r e  induced nema- 

t i c  and /o r  smA phase cou ld  be  p r e d i c t e d  €or h i g h e r  
members of t h i s  homologous ser ies .  I n  t h e  micro- 

s c o p i c  s t u d i e s  a f a n - t e x t u r e  w a s  found f o r  t h e  
p r e s s u r e  induced phase mentioned above be ing  cha-  

r a c t e r i s t i c  f o r  a smec t i c  phase .  T h e r e f o r e  t h i s  
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~ 

2’5 p/kbar 0.5 1.0 1.5 2.0 

F i g u r e  1 : T-p phase  d i ag ram of TBAA(8) 
(- DTA r e s u l t s ;  --- DAC r e s u l t s )  

TBAA(12) t 
I .  . . . . . . . . . . . . . . . , . . .  

2’5 p/kbor 
0.5 1.0 1.5 2.0 

F i g u r e  2 :  T-p phase  d i ag ram of TBAA(12) 
( -  DTA r e s u l t s ;  e x t r a p o l a t e d  data) 
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phase is suqgested to be the smA phase. 

A. BARTLLT, H. R[:ISIG, J .  HLRRMANN and G. M. SCHNEIDER 

Further investigations are underway. Financial 
support of the Fonds der Chemischen Industrie 
e.V. is gratefully acknowledged. 
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