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T H E  S Y N T H E S I S ,  THERMODYNAMIC A N D  O P T I C A L  

P R O P E R T I E S  OF T H E  HOMOLOGUS SERIES 4 ' A L -  

K Y L O X Y  B E N Z O I N I L I D E N E  4-n-PROPYLOXY A N I -  

L I N E  

V.  G A L L A R D O  A N 0  H . J .  M f J L L E R  

D e p a r t m e n t  o f  P h y s i c s  - UFSC 

8 8 . 0 0 0  F l o r i a n o p o l i s ,  SC B r a z i l  

(Received for Publication December 22, 1983) 

ABSTRACT. T h e  s e r i e s  o f  4 , 4 ' a l k y l o x y  B e n -  
z o i n i l i d e n e  4 - n - p r o p y l o x y  a n i l i n e  was s y n -  
t h e s i z e d  v a r y i n g  t h e  n u m b e r  c a r b o n  a t o m s  i n  
t h e  a l k y l o x y  c h a i n .  T h e  t e m p e r a t u r e s  a n d  
e n t h a l p i e s  o f  t h e  p h a s e  t r a n s i t i o n s  were 
d e t e r m i n e d ,  a s  w e r e  t h e  i n d i c e s  o f  r e f r a c t i o n .  
Normal  n e m a t i c  p h a s e s  a r e  f o u n d  f o r  n = . 5  
t o  n = 1 0 ,  a n d  m o n o t r o p i c  n e m a t i c  p h a s e s  f o r  
c = 4 ,  11, 1 2  a n d  1 6 .  F o r  n = 1 0  t o  1 6  
s m e c t i c  p h a s e s  were o b s e r v e d  w h i c h  are 
m o n o t r o p i c  a n d  u n s t a b l e .  

I N T R  O O U C T I  0 N 

O n e  o f  t h e  a r e a s  o f  i n t e r e s t  o f  t h e  l i q u i d  
c r y s t a l  g r o u p  a t  t h e  F e d e r a l  U n i v e r s i t y  o f  S a n t a  
C a t a r i n a  i s  t h e  s y n t h e s i s  a n d  c h a r a c t e r i z a t i o n  
o f  n e w  h o m o l o g u s  s e r i e s  o f  t h e r m o t r o p i c  l i q u i d  
c r y s t a l s .  F o r  t h i s  s t u d y  we c h o o s e  t h e  b e n z y l i -  
d e a n i l i n e s .  

T h e  u s e  o f  t h e  b e n z u l i d e a n i l i n e s  i n  p r a c t i c a l  
a p p l i c a t i o n s  is s o m e w h a t  l i m i t e d  b y  t h e  i n s t a b i l i t y  
o f  t h e  i m i n e  b o n d 1 e 5  h o w e v e r ,  t h e r e  are  e x a m p l e s  
o f  o - h i d r o x y  s u b s t i t u t e d  l i q u i d  c r y s t a l s  w h i c h  
a r e  e s t a b l i z e d  b y  a n  i n t r a m o l e c u l a r  h y d r o g e n  bond . 
T h e  c o m p o u n d s  we s y n t h e s i z e d  s e e n  t o  b e  m o r e s t a b l e  
t h a n  t h e  n o n - s u b s t i t u t e d  o n e s 8 D 9 .  

6 8 7  
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14 V. GALLARDO and H. J .  MULLER 

The compounds we s t u d i e d  a r e  t h e  4 - a l k o x y -  
b e n z o i n i l i d e n e  - p - p r o p y l o x y a n i l i n a  a n d  a r e  aromat ic  
d e r i v a t i v e s  o f  t y p e  1 a l k y l o x y b e n z o i n e .  ( O t h e r  
members o f  o u r  g r o u p  h a v e  s t u d i e d  t h e  - p - e t h y l -  
a n d  - p - d e c y o x y a n i l i n e  s e r i e s  a n d  t h e s e  r e s u l t s  
w i l l  b e  r e p o r t e d  s e p e r a t e l y ) .  We w i l l  r e f e r e  t o  
t h i s  s e r i e s  b y  t h e  a b r e v i a t i o n  ABPA, a n d  t o  t h e  
members o f  t h e  s e r i e s  b y  t h e  s u b s t i t u t i o n  o f  t h e  
A b y  t h e  a p r o p r i a t e  s u f i x ;  f o r  e x a m p l e  P f o r  
p r o p y l ,  ( P B P A - 3 1  w h e r e  t h e  n u m b e r  o f  c a r b o n s  i n  
t h e  a l k o x y  c h a i n  i s  a l s o  i n d i c a t e d .  

i n t e r - m o l e c u l a r  h y d r o g e n  b o n d  f o r m i n g  a c h a l a t e  
r i n g  w h i c h  r o t a t e s  a r o u n d  t h e  C - C  b o n d  a n d  t h u s  
i n c r e a s e s  t h e  m o l e c u l a r  r i g i d i t y .  

These m o l e c u l e s  a r e  c h a r a c t e r i z e d  by a s t rong 

SYNTHESIS 

The s y n t h e s i s  o f  t h e s e  componds was c a r r i e d  
o u t  b y  a l k y l a t i o n  a n d  c o n d e n s a t i o n  r e a t i o n s .  The 
4 - a l k o x y b e n z a l d e h y d e s  w e r e  p r e p a r e d  f r o m  4 - h y d r o -  
x y b e n z a l d e h y d e  a n d  t h e  c o r r e s p o n d i n g  a l k y b r o m i d e  
b y  t h e  m e t h o d  o f  G r a y  a n d  Jones1'.  4 - p r o p y l l o x y -  
a n i l i n a  was p r e p a r e d  u s i n g  t h e  m e t h o d  d e s c r i b e d  
b y  t3an-Hoi ,  e t .  a l l 1 .  The 4 - a l k o x y b e n z o i n s  w e r e  
o b t a i n e d  u s i n g  t h e  t e c h n i q u e  o f  V o g e l 1 2 .  

l o x y a n i l i n a ,  t h e  a p r o p r i a t e  4 - n - a l k y l o x y b e n z o i n  
[ 0 . 0 1  m o l l  was d i s o l v e d  i n  a l c o h o l  ( 2 0  m l l  t o  
w h i c h  was a d d e d  a n  e q u a l - m o l a r  q u a n t i t y  o f  4-n-pro- 
p y l o x y - a n i l i n e  f o l l o w e d  b y  o n e  m l  o f  g l a c i a l  a c e t i c  
a c i d .  The r e a c t i o n  was r e f l u x e d  g e n t l y  o n  a s t e a m  
b a t h  f o r  1 5 - 2 0  m i - n u t e s  t h e n  c o o l e d ,  The p r e c i p i t a t e  
o f  2 H i d r o x y - 1 ,  2 - b i s  [ 4 - n - a l k o x y p h e n y l l  - l - [ 4 - p r o -  
p y l o x y p h e n y l )  i m e n o e t h a n e  was f i l t e r e d  a n d  r e c r y s -  
t a l i z e d  a t  l e a s t  5 t i m e s ,  o r  u n t i l  t h e  t r a n s i t i o n  
t e m p e r a t u r e s  w e r e  r e p r o d u c i b l e ,  

The s t r u c t u r e  o f  t h e  f i n a l  p r o d u c t s  was c o n f i r -  
med b y  IR a n d  NMR, f o r  2 - H i d r o x y - 1 , 2 - B i s  [ 4 - n - b u t h y l -  
p h e n y l I - l - [ 4 - p r o p o x y - p h e n y l l  i m i n o e t h a n e ,  w h i c h  g a v e  
t h e  f o l l o w i n g  r e s u l t s :  I R  ( K B R 1  3 3 0 0  cm-'.w-OH; 2 9 5 0  
c m - l  V C - H :  1 6 5 0  c m - l  v c = c ;  1 5 5 0  c m - l  W C = N .  NMRfCDC 3, 
T M S I ,  0 . 8  - 1 , 2  ppm ( m ,  9H. 3 CH31; 1 , 3 - 2 . 1  ppm 
( m ,  10H. 5 [CH211;  3.8 - 4 , Z  ppm ( m ,  6H.  3 [CH211;  
6 ,8  - 8 0  ppm ( m ,  12H, a r o m a t i c ,  1H. - C H I ;  8 ,4  ppm 

To o b t a i n  4 - a l k y l o x y b e n z o i n i l i d e n e - p - p r o p y -  

( S ,  1H.  - O H ) .  
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CALORIMETRIC AND OPTICAL STUDY OF ABPA 15 

EXPERIMENTAL 

A l l  p h a s e  t r a n s i t i o n s  were s t u d i e d  w i t h  a 
p o l a r i z i n g  m i c r o s c o p e  a n d  a M e t t l e r  h o t  s t a g e  
a n d  b y  d i f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  (DSCI. 
T r a n s i t i o n  t e m p e r a t u r e s  were r e p r o d u c i b l e  t o  

0 , 2 O C .  T h e  t e x t u r e s  i n  t h e  s m e c t i c  p h a s e s  were 
" f a n  s h a p e d "  l e a d i n g  u s  t o  b e l i e v e  t h e m  t o  b e  SmA. 

T h e  t h e r m o d y n a m i c  s t u d i e s  were  d o n e  u s i n g  a 
P e r k i n  E l m e r  D S C - 2  c a l i b r a t e d  u s i n g  l e a d ,  i n d i u m  
a n d  t i n .  T h e  t r a n s i t i o n  e n t h a l p i e s  were d e t e r m i n e d  
u s i n g  a h e a t i n g  r a t e  o f  2 . 5  C o / m i n .  T h e  t r a n s i t i o n  
t e m p e r a t u r e s  were r e p r o d u c i b l e  t o  0 , Z o C  a n d  t h e  
t r a n s i t i o n  e n t h a l p i e s  t o  a b o u t  3 %  f o r  t h e  C-I a n d  
C - N  t r a n s i t i o n s  a n d  a b o u t  2 0 %  f o r  t h e  N - I  t r a n s i t i o n .  

H - 5 1  b a l a n c e  h a v i n g  a p r e c i s i o n  o f  0,05 mg. P e a k  
a r e a s  were m e a s u r e d  w i t h  a K o i z u m i  p l a n o m e t e r  KP-27 
h a v i n g  a p r e c i s i o n  o f  0 . 0 5  cm2. E n t h a l p y  d a t a  were 
o b t a i n e d  f r o m  t w o  o r  t h r e e  d i f f e r e n t  s a m p l e s ,  a n d  
e a c h  p e a k  m e a s u r e d  t h r e e  t i m e s .  T h e  e n t h a l p i e s  
g i v e n  a r e  t h u s  t h e  r e s u l t  o f  6 t o  9 m e a s u r e m e n t s .  

T h e  i n d i c e s  o f  r e f r a c t i o n  were m e a s u r e d  w i t h  
a m i c r o r e f r a c t r o m e t e r  u s i n g  t h e  L e i t z - J e l l y  
p r i n c i p l e l 3 .  S a m p l e  a l i g n m e n t  was o b t a i n e d  b y  
r u b i n g  t h e  p r i s m  w i t h  l e n s  t i s s u e .  S o d i u m  l i g h t  
i s  s e p e r a t e d  b y  t h e  s a m p l e  i n t o  o n  o r d i n a r y  ( n o = n , l  
a n d  a n  e x t r a o r d i n a r y  [ n e = n , , )  r a y ,  w i t h  t h e  v i r t u a l  
i m a g e s  o f  t h e s e  t w o  r a y s  b e i n g  p r o j e c t e d  o n a  s ca l e .  
An A b b e  r e f r a t r o m e t e r  was u s e d  t o  c h e c k  k n o w n  
s u b s t a n c e s ,  s h o w i n g  t h a t  o u r  m i c r o r e f r a c t r o m e t e r  
h a s  a p r e c i s i o n  o f  0.002. 

T h e  p r i s m  w i t h  t h e  c o m p o u n d  was p l a c e d  i n  t h e  
M e t t l e r  F P - 5 2  f o r  t e m p e r a t u r e  c o n t r o l .  T h e  p r i s m  
was p r e h e a t e d  t o  a t e m p e r a t u r e  w e l l  i n t o  t h e  n e m a t i c  
r a n g e  b e f o r e  a d d i n g  t h e  s a m p l e .  T h e  t e m p e r a t u r e  
was t h e n  l o w e r e d  t o  t h e  b e g i n i n g  o f  t h e  n e m a t i c  
r a n g e  a n d  t h e  i n d i c e s  o f  r e f r a c t i o n  were m e a s u r e d  
a s  a f u n c t i o n  o f  t e , m p e r a t u r e .  O n c e  t h e  s a m p l e  i s  
h e a t e d  a b o v e  TN-I, a d e c r e a s e  o f  a b o u t  0 . 2 %  i n  t h e  
i n d e x  of  r e f r a c t i o n  i s  o b s e r v e d ,  w h i c h  i s  t a k e n  t o  
i m p l y  some s a m p l e  d e c o m p o s i t i o n .  T h e  v a l u e s  g i v e n  
i n  t h i s  a r t i c l e  a r e  a l w a y s  t h o s e  o f  t h e  f i r s t  
s e r i e s  o f  m e a s u r e m e n t s .  

S a m p l e s  (2-4 m g )  were w e i g h t e d  o n  a M e t t l e r  
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RESULTS A N D  DISCUSSION 

V. GALLARDO and H. J. MULLER 

The t e m p e r a t u r e s  ( O C )  a n d  e n t h a l p i e s  [ c a l / g I  
o f  t r a n s i t i o n  o f  t h e  f a s e  t r a n s i t i o n s  a s  ob ta ined 
f r o m  t h e r m a l  m i c r o s c o p y  a n d  t h e  DSC a r e  presented 
i n  T a b l e  1 a n d  F i g u r e  1 .  

T A B L E  1 T r a n s i t i o n  t e m p e r a t u r e s  ( O C l  a n d  c o r r e s  
p o n d i n g  e n t h a l p i e s  ( c a l / g ]  o f  d i s u b s t i -  
t u t e d  4 , 4 ' A l k y l o x y  B e n z o i n i l i d e n e  
4 - n - p r o p y l o x y  A n i l i n a  [ A B P A ) .  

Compounds 

PBPA- 3 

BBPA-4 

PeBPA-5 

HBPA-6 

HpBPA- 7 

OBPA-8 

DBPA-10 

UDBPA- 11 

DoDe BPA- 12 

HDBPA-16 

TC-N 

TC-1 

133,7' 

119,2 
b 111.9 

103,4 

95.4 

101,s 

99,4a 

102,36 

106 , 3 
101 ,2c  

101,9c 

99.4c 

104-,2 

106.8 

'"C-N 

HC- 1 

26-,02 

2-1 , a9 
- 

24 , I 7  

24 ,OO 

27,67 

26,58 

29,42 

33,25 

- 
35,43 

.. 
36.05 

- 

TN- I 

- 
- 

112,3 

105,s 

109,3 

105 '9 

107,9 

105.8 

- 
103.2 

- 
103,6 

- 
99,9 

a )  T h e s e  compounds show polymorphism i n  t h e  s o l i d  phase. 
b l  M o n o t r o p i c  n e m a t i c  p h a s e .  
c l  T h e s e  compounds have b o t h  monotrop ic  nematic and 

smectic phases, The temperatures shown a r e  for t h e  
nematic phases. 
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CALORIMETRIC AND OPTICAL STUDY OF ABPA 17 

C 

T 

n. 1 2 ~ .  

c - l  
0 N - l  

C - N  
I S - N  

F I G U R E  1 T r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  ABPA 
h o m o l o g e s .  

The  c o m p o u n d s  D B P A - 1 0 ,  UDBPA-11,  D o D e B P A - 1 2  
a n d  HDBPA-16  a l l  p r e s e n t e d  m o n o t r o p i c  p h a s e s  
w i t h  a f a n  s h a p e d  t e x t u r e  o v e r  a s m a l l  t e m p e r a t u r e  
i n t e r n a l .  T h i s  p h a s e  i s  q u i t e  u n s t a b l e  a n d  r a p i d l y  
c r y s t a l i z e s .  The n e m a t i c  p h a s e s  o f  t h e  l a s t  t h r e e  
c o m p o u n d s  [ B P A - 1 1 - 1 2 - 1 6 1  a r e  a l s o  m o n o t r o p i c .  
P B P A - 3  a n d  B B P A - 4  d i d  n o t  show a n y  m e s o p h a s e s , e v e n  
m o n o t r o p i c .  
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18 V. GALLARDO and H. J. MULLER 

The even  - o d d  e f f e c t  c a n  be seen  b o t h  i n  t h e  
t r a n s i t i o n  t e m p e r a t u r e s ,  where  compounds w i t h  a n  
e v e n  number o f  c a r b o n  a t o m s  i n  t h e  a l k o x y  c h a i n  
t e n d e d  t o  be h i g h e r  t h a n  t h o s e  w i t h  a n  odd  member 
a s  w e l l  a s  i n  t h e  e n t h a l p i e s .  I n  t h e  t r a n s i t i o n  
e n t h a l p i e s  t h e  o d d  numbered  compounds h a v e  t h e  
h igher  v a l u e s ,  e s p e c i a l l y  b e t w e e n  n = 3  a n d  n - 1 0 .  
Due t o  t h e  s m a l l  N - I  t r a n s i t i o n  e n t h a l p i e s , t h e  
e r r o r  f o r  t h e s e  p o i n t s  i s  r e l a t i v e l y  g r e a t e r ,  a s  
d e s c r i b e d  i n  r e f e r e n c e 1 4 .  

i s o t r o p i c  [ n i l  i n d e x e s  o f  r e f r a c t i o n  a r e  shown 
a s  a f u n c t i o n  o f  r e d u c e d  t e m p e r a t u r e  [ T =  T/TNII 
i n  f i g u r e  2. I n  f i g u r e  3 ,  t h e  b i r r e f r i n g e n c e  i s  
shown t o  have  t h e  v a l u e s  ( 0 . 2 2  f o r  T = 0.96 a n d  
0.18 f o r  T = 0 . 9 8 1  one w o u l d  e x p e c t  f o r  m o l e c u l e s  
c o n t a i n i n g  more  t h a n  one  b e n z e n e  

The o r d i n a r y  ( n o ] ,  e x t r a o r d i n a r y  (riel a n d  

1.74 
l x  
i 

j I" 

1 

1. HBPA 6 
b O W A  8 
0 DBPA 10 't 

n e  
1 

L 
X 

0 
b b  a 

'i 7 9  "i x I 

' ' 6  

FIGURE 2 R e f r a c t i v e  i n d i c e s  a s  a f u n c t i o n  o f  
r e d u c e d  t e m p e r a t u r e  o f  t h e  ABPA homologes. 

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:
28

 2
1 

Fe
br

ua
ry

 2
01

3 



CALORIMETRIC AND OPTICAL STUDY OF ABPA 19 

c -t' x 

X 

F I G U R E  3 B i r e f r i n g e n c e  ( A n )  a s  a f u n c t i o n  o f  
r e d u c e d  t e m p e r a t u r e  o f  t h e  ABPA h o m o l o g e s .  

A s  c a n  b e  s e e n  i n  F i g .  2 a n d  3 ,  t h e  b i r e f r i n -  
g e n c e  An = n e - n o  a n d  n e  b o t h  d e c r e a s e  a s  t h e  tem- 
p e r a t u r e  i s  i n c r e a s e d ,  e s p e c i a l l y  f o r  v a l u e s  c h o s e  
t o  T N I ,  w h i l e  n o  i n c r e a s e s .  

t e m p e r a t u r e  i n t e r v a l  o f  t h e  n e m a t i c  p h a s e  i s  t o o  
n a r r o w  t o  p e r m i t  a r e a l i s t i c  d e t e r m i n a t i o n  of  t h e  
order  p a r a m e t e r .  I t  i s  e q u a l l y  d i f f i c u l t  t o  c o m p a r e  
t h e  v a l u e s  o f  t h e  b i r e f r i n g e n c e ,  a s  t h i s  p h a s e  
o n l y  e x i s t s  f o r  T = 0 . 9 8 .  

W i t h  t h e  e x c e p t i o n  o f  p e r h a p s  H B P A - 6 ,  t h e '  
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