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AN INVESTIGATION OF POLYMORPHISM IN 
N- ( p-BUTOXYBENZYLIDENE )-p-PROPYLANILINE 

W. W. WALKER 
Department of Physics and Astronomy, The University of 
Alabama, University, Alabama 35486 

(Received for Publication June 6 ,  1984) 

ABSTRACT: Experimental data are reported on phase 
transitions of N- (p-butoxybenzylidene )-p-propylaniline 
(40.3) using the techniques of differential scanning 
calorimetry and positron annihilation. These data 
reveal the existence of metastable solid phases in 
40.3 which has been fast cooled from the nematic. 

A number of of the solid forms of the 
N- (p-alkoxybenzylidene )-p-alkylanilines obtained by abrupt 
cooling from the mesophase has revealed the existence of a 
multiplicity of low temperature states. Some of these states 
have been described as metastable while others are referred 
to as glassy. The most extensively studied of these compounds 
is MBBA, abbreviated as 10.4 in the n0.m notation where n and 
m denote the lengths of the terminal alkyl chains. Most of 
these investigations have utilized such techniques as thermal 
analysis, infra-red absorption, Raman spectroscopy, and 
neutron diffraction. This paper presents experimental data 
for 40.3 using differential scanning calorimetry and positron 
lifetime measurements. No previous solid phase studies of 40.3 
are known to have been published. Use of the positron lifetime 
technique for the examination of benzylideneanilines which 
have been fast cooled rom the nematic has been reported for 
only two cases: 10.43,~ and 30.55. 

The sample of 40.3 was obtained from Eastman Organic 
Chemicals and used without further purification. Eastman 
quoted a nematic range of 53'C to 82'C for this compound. 
Thermal measurements utilized a Perkin-Elmer DSC-1B. The 
positron lifetime measurements were made with a conventional 
apparatus which has been described previously . Samples 6 
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described as being fast cooled from t h e  nematic were 
immersed i n  l i q u i d  nitrogen while enclosed i n  heat-sealed 
p l a s t i c  bags. 

Figure 1 shows a t y p i c a l  DSC heating thermogram 
obtained f o r  a fast-cooled sample of 40.3 using a heating 
r a t e  of t en  degrees per minute. Although t h e  DSC measure- 
ments s t a r t e d  a t  -lOO°C, t h a t  portion of t h e  t r a c e  f o r  
temperatures below about l 0 ' C  is  not shown since no endo- 
therms o r  exotherms were observed i n  t h a t  region. The thermo- 
gram f o r  a slow-cooled sample was much s i m  l e r ,  shoxing only 
the  las t  two endotherms of Figure 1 (at  53 C and 82 C )  , 
corresponding t o  the  solid-nematic and the  nematic-isotropic 
l i q u i d  t r a n s i t i o n s ,  respect ively.  It i s  seen from Figure 1 
t h a t  a fast-cooled sample exh ib i t s  a m u l t i p l i c i t y  of endo- 
therms below t h e  melting point .  It was found t h a t  t h e  temp- 
e ra tu re s  a t  which these endotherms occur as well  as t h e i r  
r e l a t i v e  sizes depend on the  length of time t h a t  t he  sample 
was held a t  t h e  low temperature and on t h e  heating r a t e  
employed. This type of behavior indicates  a complicated 
sol id-s ta te  morphology i n  the  fast-cooled sample. It is 
apparent from the  DSC data  t h a t  40.3 can exhibi t  several  
metastable s o l i d  phases, possibly separately o r  i n  combina- 
t i o n ,  and the  p a r t i c u l a r  r e s u l t  obtained is  dependent on 
sample treatment. 
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Figure 1. DSC heating thermogram f o r  fast-cooled sample 
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Figure 2.  Positron l i f e t i m e  data:  open c i r c l e s  fo r  f a s t -  
cooled sample, s o l i d  c i r c l e s  f o r  slow-cooled 
sample. 

?'he posi t ron l i f e t i m e  r e s u l t s  are given i n  Figure 2. 
Since heating r a t e s  employed i n  these  measurements a r e  qu i t e  
slow and s ince  t h e  t r a n s i t i o n  temperatures of t h e  metastable 
s t a t e s  a r e  highly dependent on the  r a t e  of warming, it was 
not possible t o  obtain close agreement with t h e  DSC measure- 
ments. The positron data  were analyzed i n t o  t h r e e  components 
using the computer program " P ~ s i t r o n f i t " ~ ,  with 
representing t h e  l i f e t i m e  and t h e  i n t e n s i t y  of t h e  longest-  
l i v e d  component. I3 is  considered t o  be a measure of t h e  
amount of t r i p l e t  positronium (Ps) formed while 
e f f ec t ive  l i f e t i m e  of t r i p l e t  Ps  i n  t h a t  medium. The 7 2  
value fo r  t h e  s t a b l e  s o l i d  obtained by slow cooling i s  
approximately constant a t  ~ 1 . 6  n s  a t  a l l  temperatures invest-  
igated.  I3 f o r  t h i s  case exhibi ts  a s m a l l  temperature e f f e c t ,  
increasing l i n e a r l y  from - 2 9 %  t o  -35% over t h e  seventy 
degree range f o r  which t h e  s o l i d  w a s  studied. However, i n  
agreement with the  DSC r e s u l t s ,  t he  behavior of both 9, and 
I3 w a s  much more complex f o r  t h e  fast-cooled sample. The 
positron data indicate  several  d i s t i n c t  changes i n  the  
s t ruc tu re  of t he  sample as it w a r m s  from -22'C. r, f o r  t h i s  
sample has values both above and below the  value which w a s  

and 13 
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obtained f o r  t h e  slow-cooled sample. I i s  r e l a t i v e l y  small 
( -5%)  f o r  t h e  fast -cooled sample at  t i e  lower temperatures ,  
but it inc reases  r ap id ly  with increas ing  temperature  above 
/-.' 4" c . 

These pos i t ron  r e s u l t s  f o r  40.3 d i f f e r  i n  an important 
way from t h e  r e s u l t s  obtained f o r  two o t h e r  benzylidene- 
a n i l i n e s  (10.4 and 30.5)  prev ious ly  s tud ied  i n  t h i s  labora-  
tory3,5.  I 3  i s  s m a l l e r  f o r  t h e  fast -cooled sample of 40.3, 
just oppos i te  from t h e  behavior i n  t h e  o the r  two cases .  This  
i n d i c a t e s  t h a t  metastable  states formed i n  40.3 are less 
conducive t o  P s  formation. 

Anotner way i n  which fast-cooled samples of  40.3 d i f f e r  
from 10.4 and 30.5 i s  i n  t h e  absence of  an exotherm i n  t h e  
DSC hea t ing  thermogram. This r e s u l t  i n d i c a t e s  t h a t  t h e  meta- 
s t a b l e  s o l i d  phases of 40.3 do not undergo spontaneous re- 
c r y s t a l l i z a t i o n  upon warming. 

The pos i t ron  d a t a ,  which correspond t o  an extremely 
slow warming of  t h e  fast -cooled sample, suggest  t h a t  poss ib ly  
t h r e e  d i f f e r e n t  metastable  phases are formed. The metas tab le  
s o l i d  phase ( K 1 )  p resent  at  -223C appears  t o  be changing 
gradual ly  with increas ing  temperature  i n t o  a second s o l i d  
phase ( K 2 )  i n  t h e  temperature  i n t e r v a l  Ending near  1 7 ° C .  
Phase K2 e x i s t s  between -17'C and - 30 C ,  a t  which tempera- 
ture  it begins  t o  be converted i n t o  a t h i r d  metastable s o l i d  
form ( K 3 ) .  The conversion i n t o  K 3  is  completed near 38°C and 
K3 e x i s t s  u n t i l  t h e  melt ing poin t  i s  reached. C lea r ly ,  
a d d i t i o n a l  techniques need t o  be appl ied  t o  s u b s t a n t i a t e  
t h i s  i n t e r p r e t a t i o n  and t o  f u r t h e r  i d e n t i f y  t h e  na ture  of 
t h e  s o l i d  phases. 

One f u r t h e r  observat ion i s  t h a t  t h e  t r a n s i t i o n  from 
nematic t o  i s o t r o p i c  l i q u i d  i s  marked by a s m a l l  i nc rease  i n  
I3 and 3 s m a l l  decrease i n  % .  This  agrees  with t h e  behavior 
previously observed f o r  30.55. The smallness  of  t h e  e f f e c t s  
here  emphasizes t h e  f a c t  t h a t  t h e  pos i t ron  probe senses  a 
very similar e l e c t r o n i c  environment i n  t h e  nematic and 
i s o t r o p i c  l i q u i d  phases. 
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