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A NEW PHASE IN p-n-HEXYLOXYBENZYLIDENE- 
AMINO-p'-CHLOROBENZENE 

KAZUHIRO TSUJI, MICHIOcSORAL, 
HIROSHI SUGA, and SYUZO SEKI 
Faculty of Science, Osaka University 
Toyonaka 560, Osaka, Japan 

(Submitted for publication October 20, 1977) 

ABSTRACT: The heat capacity of p-n -hexyloxy- 
benzylideneamino-p'-chlorobenzene (abbreviated 
as HBAC) was measured in the temperature range 
15 to 385 K by an adiabatic calorimeter. A 
new phase was discovered between the crystal 
and the smectic B phase. Transition tempera- 
tures, enthalpies and entropies of the 
transitions are as follows: T =327.7O1K, 
AHtr=10.88 kJ mol-l, and AStr=!S.2 J K 
for the crystal-the new phase transition and 
T .=333.9 K, AHt =12.35 kJ mol-l, and AStr= 

B phase transition, respectively. 

mol-' 

35.0 J K- P mol-1 for the new phase-the smectic 

The liquid crystalline statf of HBAC had been 
reported by AroraZand Fergason, 
Dubois, and Zann. The mesogenic states and the 
transition temperatures are described in the linear 

2 representation after Verbit:3 
K 59.0 SB 91.0 SA 98.0 I1 and K 59.3 SB 89.4 SA 971. 
Both of them reported that HBAC exhibited only two 
smectic phases and the crystal transformed d'rectly 

reconfirmed the presence of the reported three 
phase transitions. However, the shape of the peak 
due to the transition from the crystal to the 
smectic B was broad and rather unusual. This obser- 
vation motivated us to investigate the transition 
by use of a precise heat capacity calorimeter. 

and Billard, 

to the smectic B phase. Our DSC experiments 4 

The sample was synthesized by the azeotropic 
dehydration reaction of p-n-hexyloxybenzaldehyde 
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and p - c h l o r o a n i l i n e  i n  benzene s o l u t i o n .  The 
c r y s t a l s  o b t a i n e d  were p u r i f i e d  by r e c r y s t a l l i z a t i o n  
from e t h a n o l  s o l u t i o n  and f u r t h e r  by t h e  molecu la r  
d i s t i l l a t i o n .  Both p r o c e s s e s  were r e p e a t e d  t w i c e .  
The c a l o r i m e t e r  used  was of  t h e  a d i a b a t i c  t y p e  and 
t h e  d e t a i l s  o f  t h e  e x p e r i m e n t a l  s t u d y  w i l l  be  
r e p o r t e d  e l sewhere .  

phase ,  t h e  p r imary  e n t h a l p y  d iagram around 330 K i s  
shown i n  F i g .  1, i n  which t h e  r e s u l t s  o f  two s e r i e s  
of  expe r imen t s  a r e  shown. Data of t h e s e  two s e r i e s  
a r e  no rma l i zed  s o  a s  t o  g i v e  t h e  same v a l u e  o f  
e n t h a l p y  a t  340 K .  No anomalous t e m p e r a t u r e  d r i f t  
was obse rved  i n  t h e  f i r s t  s e r i e s  up t o  p o i n t  3 (330K). 
Then, t h e  sample t e m p e r a t u r e  s t a r t e d  t o  show a 
d e c r e a s e  below t h e  i n i t i a l  t e m p e r a t u r e  i n  s p i t e  of  
t h e  ene rgy  s u p p l y  ( p o i n t s  4 and 5 ) .  I n  t h e s e  temp- 
e r a t u r e  r e g i o n s ,  t h e  phase  t r a n s i t i o n  took  p l a c e  
s o  s l u g g i s h l y  t h a t  a l ong  p e r i o d  o f  time was r e q u i r e d  
t o  r e a c h  the rma l  e q u i l i b r a t i o n .  Up t o  p o i n t  6 ( 3 3 1 K )  
t h e  d r i f t  was found t o  be an endothermic  o n e ,  where-  
a s  a t  p o i n t  7 (332 K )  t h e  d r i f t  t u r n e d  o u t  t o  be an 
exo the rmic  one.  From t h e  8 t h  p o i n t  ( 3 3 3  X )  t h e  
d r i f t  t u r n e d  o u t  t o  be a normal endothermic  one 
u s u a l l y  obse rved  i n  t h e  m e l t i n g  p r o c e s s .  

To make c l e a r  t h e  e x i s t e n c e  o f  t h e  newly found 

In  o r d e r  t o  u n d e r s t a n d  such an  unusua l  behav io r  
t h e  sample was t h e n  w e l l  annea led  a t  around 330 K 
p r i o r  t o  t h e  second s e r i e s  of measurements .  In  t h i s  
c a s e  s p e c i a l  a t t e n t i o n  was p a i d  t o  conf i rm t h e  
e q u i l i b r a t i o n .  The r e s u l t s  a r e  shown i n  F i g .  1 by 
t h e  open c i r c l e s .  The s o l i d  l i n e  r e p r e s e n t s  t h e  
e q u i l i b r i u m  e n t h a l p y  c u r v e  o f  HBAC based  on t h e  
r e s u l t s  o f  t h e  second s e r i e s  which v e r i f i e d  t h e  
e x i s t e n c e  of  a new phase .  

These r e s u l t s  e x p l a i n  a l s o  why endothermic  o r  
exo the rmic  t e m p e r a t u r e  d r i f t  was b e r v e d  i n  t h e  
f i r s t  s e r i e s .  I n  t h e  l i t e r a t u r e ,  ?,’ i t  i s  mentioned 
t h a t  t h e  c r y s t a l  o f  HBAC d i r e c t l y  t r a n s f o r m s  i n t o  
t h e  s m e c t i c  B phase .  A c t u a l l y ,  however,  t h e  p r o c e s s  
from t h e  c r y s t a l  t o  t h e  s m e c t i c  B t a k e s  p l a c e  i n  two 
s t e p s .  

F i g u r e  2 shows s c h e m a t i c a l l y  t h e  e n t h a l p y  and 
t h e  Gibbs ene rgy  c u r v e s  o f  HBAC based  on o u r  r e s u l t s  
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A NEW PHASE IN HBAC 83 

1 s t  S E R I E S  

\ 2  I 

323 330 340 

T /  K 

FIGURE 1. The e n t h a l p y  cu rves  of HBAC. 
The we igh t  of t h e  c o n t a i n e r  i n c l u d i n g  sample 
is 97.27  g .  The arrows i n d i c a t e  t h e  d i r e c t i o n  
of t h e  spontaneous change i n  sample tempera ture .  
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I I 

\ 
\ 

Y 
F I G U R E  2 .  Schematic  e n t h a l p y  and Gibbs energy 
cu rves  o f  HBAC. The s o l i d  l i n e  i s  estimated 
from o u r  hea t - capac i  t y  measurements and means 
t h e  e q u i l i b r i u m  s t a t e .  Dot ted  l i n e  i s  drawn 
based  on t h e  DSC measurements. Rapid h e a t i n g  
p r o c e s s  cor responds  t o  t h i s  d o t t e d  p a t h  i n  a 
non-equi l ibr ium s t a t e .  
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A NEW PHASE IN HBAC 85 

TABLE 1. T r a n s i t i o n  t empera tu res ,  e n t h a l p i e s  
and e n t r o p i e s  of t r a n s i t i o n s  of HBAC. 

Cryst.-New Phase New Phase-S, 

327.70 333.90 
AHtr / kJ m o l - I  1 0 . 8 8  12.35 

/ ~ ~ - l m o l - l  33.2 37.0 "tr 

'tr 

8 I 60.75k 

; 97 t 23 t 
e3F. 

54.55% 

40 0 I I I 
300 320 340  36 0 300 

FIGURE 3 .  H e a t  c a p a c i t y  c u r v e s  of HBAC 
between 300 and 385 K. S o l i d  circles r e p r e s e n t  
t h e  h e a t  c a p a c i t y  of t h e  supe rcoo led  new phase.  
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and t h o s e  r e p o r t e d  elsewhere.’”  I f  t h e  h e a t i n g  
r a t e  i s  r a t h e r  r a p i d ,  t h e  sample i s  s u p e r h e a t e d  
because  of  t h e  s lowness  o f  t h e  r a t e  of  t h e  phase  
t r a n s i t i o n  and i s  l i a b l e  t o  p a s s  a l o n g  t h e  s i n g l e  
s t e p  p a t h  r e p r e s e n t e d  by t h e  d o t t e d  l i n e  i n  t h e  
f i g u r e .  Around 330 K t h e  d i f f e r e n c e  o f  t h e  Gibbs 
ene rgy  between t h e  c r y s t a l  and  t h e  new phase  
becomes s u f f i c i e n t l y  l a r g e  t o  change t h e  i r r e v e r s -  
i b l y  i n t o  t h e  s t a b l e  new phase .  T h i s  change c o r r e s -  
ponds t o  t h e  t e m p e r a t u r e  d e s c e n t  i n  t h e  e n t h a l p y  
c u r v e .  S i n c e  t h e  p h a s e  change i s  a s s o c i a t e d  w i t h  
t h e  e n t h a l p y  inc remen t ,  t h e  t e m p e r a t u r e  o f  t h e  sample 
d e c r e a s e s  under  t h e  a d i a b a t i c  c o n d i t i o n s .  The same 
s i t u a t i o n  i s  p o s s i b l e  a t  r a t h e r  h i g h e r  t e m p e r a t u r e s  
where t h e  p r o c e s s  becomes exo the rmic .  

Al though t h e  r a t e  of  t r a n s i t i o n  was v e r y  s l u g g -  
i s h ,  t h e  r a t e  of t h e r m a l  e q u i l i b r a t i o n  o f  t h e  new 
phase  i t s e l f  was normal and t h e  h e a t  c a p a c i t y  o f  t h e  
new phase  was measured by t h e  s t a n d a r d  p r o c e d u r e .  
A l l  o f  t h e  h e a t  c a p a c i t y  d a t a  i n  phase  t r a n s i t i o n  
r e g i o n s  a r e  r ep roduced  i n  F i g .  3 .  The t r a n s i t i o n  
t e m p e r a t u r e s ,  t h e  e n t h a l p i e s  and t h e  e n t r o p i e s  of  
t r a n s i t i o n s  a r e  summarized i n  Tab le  1. 

The e x i s t e n c e  o f  t h e  new phase  between t h e  
c r y s t a l  and t h e  smectic B i s  e s t a b l i s h e d .  The 
s t a t e  o f  a g g r e g a t i o n  of  t h i s  new phase  h a s  n o t  
been examined y e t .  However, t h e  magnitude of t h e  
t r a n s i t i o n  e n t r o p y  may d i s p r o v e  t h e  p o s s i b i l i t y  
t h a t  t h i s  new phase  i s  a c r y s t a l l i n e  s t a t e .  Thus,  
t h i s  new phas? i s  supposed t o  be e i t h e r  s m e c t i c  H 
o r  s m e c t i c  E .  
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