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ALIPHATIC C H A I N  C O N F O R M A T I O N S  I N  S M E C T I C - A  
P H A S E S  

J .  S Z A B O N ,  L . B A T A  AND J .  MINK* 
C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  P h y s i c s ,  
H-1525 B u d a p e s t  1 1 4 ,  P . O . B .  4 9 .  H u n g a r y  

* I n s t i t u t e  o f  I s o t o p e s ,  B u d a p e s t  

A b s t r a c t  The n o n p o l a r  s m e c t o g e n s ,  t h e  a l l -  
r i g i d  m T  and t h e  l o n g - c h a i n  16AOC a s  w e l l  a s  
t h e i r  m i x t u r e s h a v e  been  s t u d i e d  by F T I R  a t  
d i f f e r e n t  t e m p e r a t u r e s .  D S C  a n d  X - r a y  m e a s u r e -  
m e n t s  i n d i c a t e d  m o n o l a y e r  S p h a s e s  a t  e v e r y  
c o n c e n t r a t i o n s .  The c a l c u l a t e d  m o l e c u l a r  I . e n g t h  
o f  m T  and  t h e  measured  va1.ue o f  d i n  S p h a s e  
was e q u a l ,  o t h e r w i s e  d i n c r e a s e d  w i t h  t h e  IhAOC 
c o n c e n t r a t i o n  l i n e a r l y  e x c e p t  x r 0 . 8 .  W h i l e  a 
more l i q u i d - l i k e  b e h a v i o u r  o f  t h e  a l i p h a t i c  
c h a i n s  w e r e  d e t e c t e d  i n  S A  compared  t o  t h e  
i s o t r o p i c  p h a s e ,  a s i g n i f i c a n t  d e c r e a s e  o f  t h e  
gauche  c o n f o r m e r s  w e r e  f o u n d  b e t w e e n  x = 0 . 3 - 0 . 5  

I N T R O D U C T I O N  

V e r y  few  i n f o r m a t i o n  a b o u t  p o s s i b l e  a l i p h a t i c  

p a c k i n g  and c o n f o r m a t i o n s  i n  S A  m i x t u r e s  h a s  b e e n  

p u b l i s h e d .  I n  t h i s  p a p e r  t h e  b i n a r y  m i x t u r e s  o f  m T  

and  16AOC e x h i b i t e d  s m e c t i c  i n d u c t i o n  i s  s t u d i e d  

b y  FTIR s p e c t r o s c o p y ,  t h e  componen ts  b e i n g  c h o s e n  

t o  h a v e  S A  m i x t u r e s  w i t h  p o l y m e t h y l e n e  c h a i n  c o n -  

c e n t r a t i o n s  f r o m  z e r o  t o  maximum. S c h e r n s t i c a l l y ,  

t h e  a l l - r i g i d  

m T  
(L=2.74 nrn) 

16AOC 
( L = 5 . 8 3  nm) 

213 
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214 J .  SZABON, L. BATA AND J. MINK 

mT was mixed with 1 6 A O C  of flexible segments. 
By variation of their concentration, 
- spectral changes of the vibrations of the poly- 

methylene chain, (CH2)n, at liquid crystal phase 
transitions, 
- the sign of change due to the build-up o f  the 

layer (influence of the temperature), and t h e  

(influence of the (CH2)n concentration) 
could be studied. 

- changes at different layer spacings, d ,  

EXPERIMENTAL 

C16Hj300CCH=CH CH=CHCOOC H 16 33 

1 6 A O C  

The compounds, a z o x y b e n z a l - b i s - m e t a - t o l u i d i n e ,  

mT and bis-hexadecyl azoxycinnarnate, 16AOC, as 
well as their binary phase diagram were made in 
Halle.’ The samples f o r  FTIR spectroscopy were made 
of a thin film of the liquid mixture between K B r  

windows, the experimental set-up (DIGILAB FTS-20C) was 
similar as published earlier. The spectra of mT 
and 1 6 A O C  a s  well as their mixtures of different 
concentrations were taken at different temperatures. 
The mixtures exhibited broad srnectic A range in 
middle concentrations, 12O-18O0C, while at other 
mole fractions narrow 5 phases existed. A 

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

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



ALIPHATIC CHAIN CONFORMATIONS 215 

A c o n t i n u o u s  m o n o l a y e r  S A p h a s e  was p r o v e d  h y  X - r a y  

m e a s u r e m e n t s .  The c a l c u l a t e d  m n l e c i i l a r  l e n q t h  o f  

m T  a n d  t h e  m e a s u r e d  v a l u e  o f  t h e  l a y e r  d i s t a n c e ,  

d ,  
a n d  c a l c u l a t e d  d a t  e v e r y  c o n c e n t r a t i o n  o f  t h e  

b i n a r y  m i x t u r e s  e x c e p t  x 7 f l . R ,  w h e r e  x i s  t h e  m o l e  

f r a c t i o n  o f  16AnC. The m i x i n g  r u l e ,  d=ZXldl, was 

a p p l i e d  f o r  t h e  c a l c u l a t i o n .  

i n  SA p h a s e  w e r e  e q u a l  a s  w e l l  a s  t h e  m e a s u r e d  

2 

T r a n s i t i o n a l  e n t h a l p i e s  o f  0 . 2 - 1 . 5  mg s a m p l e s  

w e r e  m e a s u r e d  b y  P e r k i n - E l m e r  DSC-2 c o n n e c t e d  t o  

Commodore 2 0 0 1  f g r  a r e a  a n d  e r r o r  c a l c u l a t i o n s .  

RESULTS 

The  SA-I t r a n s i t i o n a l  e n t h a l p i e s  a r e  i l l u s t r a t e d  

i n  F i g . 1 .  They  v a r i e d  n o n - a d d i t i v e l y  i n  f u n c t i o n  

of  X m T  i n  a s i m i l a r  way a s  i n  c a s e  of e a r l i e r  

r e s u 1 . t ~  o f  c y a n o -  o r  n i t r o -  compounds  w i t h  a n  

a l - i p h a t i c  e n d - c h a i n .  

The i n t e n s i t i e s  o f  t h e  C H 2  r o c k i n g  v i b r a t i o n s  o f  

t h e  p o l y m e t h y l . e n e  c h a i n s  c h a n g e d  i n  t h e  f u n c t i o n  

o f  t h e  t e m p e r a t u r e .  As a n  examp1.e i n t e n s i t i e s  a t  

f o u r  v i b r a t i o n a l b a n d s  c a n  b e  c o m p a r e d  i n  

d i f f e r e n t  p h a s e s  i n  T a h l e  I. 
Changes  o f  t h e  v i b r a t i o n a l  band peak h e i g h t s  ( i n  

a r h i t r a r y  u n i t ) o f  t h e  p o l y m e t h y l e n e  c h a i n s  a t  

735  cm-' a n d  722  cm 

d i f f e r e n t  p h a s e s  a s  s o l i d ,  SA a n d  i s o t r o p i c  l i q u i d  

a r e  ill t i s t r a t e d  i n  F i g .  2 h .  R e d i s t r i b u t i o n  of C H 2 r  band i n  

7 5 0 - 7 2 0  c m - l  w e r e  r a t h e r  g e n e r a l  i n  o t h e r  c o n c e n t -  

r a t i o n s  a s  w e l l ,  b u t  t h e  s t r o n g  i n c r e a s e  o f  I(CH2)M3~ 
i n  SA p h a s e  was e x c e p t i o n a l  c o m p a r e d  t o ,  f o r  

-1 i n  t h e  m i x t u r e  o f  x = o . 5  i n  
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276 J .  SZABON, L. BATA AND J .  MINK 

Jfg  13 i 

mT 16AOC X 

F I G U R E  1. T r a n s i t i o n a l  e n t h a l p i e s  a s  a 
F u n c t i o n  of t h e  c o n c e n t r a t i o n  

e x a m p l e ,  t h e  c a s e  of x = O . f 3 .  

The C H 2  s t r e t c h i n g  v i b r a t i o n s  a t  2 ? 2 5 + 1 0  cm-l and 
2f360+1@ cm-l ruled t h e  s p e c t r a  in m i x t u r e s  of e a c h  
c o n c e n t r a t i o n s  i f  X l n A o c # o .  T h e  r a t i o ,  D C ,  of t h e i r  
i n t e n s i t i e s  

intensity of the asymmetric stretch 
intensity of the symmetric stretch 

D(= 
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ALIPHATIC CHAIN CONFORMATIONS 277 

as a function of the temperature is i32~1strated in 
Fig.2a. It shows a decrease of this ratio in S 
p h a s e ,  compared both to solid as well as to isotropic 
phases at phase transition temperatures. 

A 

TABLE I C H  rocking vibrational intensities 2 
of the m T  - 1 6 A O C  mixture, x = 0 . 5 0 ,  
at different tempera 'cures ( a r b .  iini ts j 

T ( " c )  I n t e n s 1 t i e s Phases 
750-740 740-730 730-725 crn-l 722 cm-l 

200 2.0 2 . 2  3 . 4  2 . 4  isotropic 
190 2.0 2 . 2  3 . 5  1 . 8  is0 tropic 
180 1 . 5  2 . 2  3 . 6  3.0 (is - - -  
160 0.7 0.5 3 . 3  3.R Smec tic-A 
130 1.0 0 2 . 5  3.7 Smectic-A 
115 1 . 2  2.0 3.4 2 . o  ( m e 1  t ing) 

' A )  

9 5  0.7 0.2 3.7 2 . 2  Solid 
7 5  1.5 0 4.4 4.0 Solid 
30 1 0 4 . 3  5.4 Solid 

assignements: ( s e e  text) 

Finally, intensities of the polyrnethylene CH2 
asymmetric stretching vibrations in SA phases of 
different layer spacings can be compared if an 
independent vibrational band, a s  the C = 0 st band at 
1720 cm-l was used as inner reference. (This band 
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278 1. SZABON, L. BATA AND J .  MINK 

b 

Cr +s*! SA 
1 I 1 

30 75 95 115 130 160 180 200 
T ["CI 

F I G U R E  2 . a .  Ra t io  o f  i n t e n s i t i e s  (see t e x t ) .  
b .  V l b r a t i o n a l  i n t e n s i t i e s  a t  two band 

frequencies as a f u n c t i o n  of t he  
temperature i n  t h e  mT-16AOC mix ture a t  
x=O. 50. 

showed no s h i f t  and  t h e i r  i n t e n s i t i e s  c h a n g e d  

l i n e a r l y  w i t h  x )  

F i n . 3  Sihnws t h e  change  o f  t h e  i n t e n s i t y  r a t i o  

6 = cy ' A  l N i s o t r o p i c  

( w h e r e  D(= Tpo75 / I  
/ -  1 7 2 0 )  
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ALIPHATIC CHAIN CONFORMATIONS 279 

F I G U R E  3 .  Influence of the concentration on /5 
( see  text) 

diiring phase transition S A - I  at different concent- 
rations. A minimum and two maxima can b e  seen on 
the curve, the minimum b e l o n g s  to the x=0.3-0.5 
concentration range. 

C O N C L U S I O N  

Shortening of the layer distance d of S A  phase of 
1 6 A O C  compared to the molecular length L l h A O C  i s  
a consequence of conformational changes of the 
long aliphatic chains which were non-all-trans. 
This is t r u e  in the range x=fl.5-1 f o r  1 6 A O C  as w e l l .  
On the other hand no d-shortening could h e  detected 
if the mol.ec~~l~e had no flexible segment as in the 
case o f  mT. 

The broad rnaxim!im n f  the 5 - I  transitional A 
- 0 . 8  in Fig.1 gave evidence 1 6  AOC enthal~pies arnund x 
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2 80 1. SZABON, L. BATA AND 1. MINK 

f o r  l o o s e ,  n o n - l o c a l i s e d  o u t e r - s p h e r e - t y p e  t w o  

d i m e n s i o n a l  i n t e r m o l e c u l a r  i n t e r a c t i o n  ( 2 0 - s o l v a t i o n )  

a t  a m o l e c u l a r  r a t i o  of  6 : l  a t  w h i c h  t h e  f i r s t  comp- 

l e t e  2 0 - s o l v a t i o n  s h e l l  c o u l d  b e  b u i l t  a r o u n d  t h e  

a l l - c o r e  m T  c o m p o n e n t .  The b r o a d e n i n g  of t h e  maximum 

t o w a r d s  x ~ ~ ~ ~ ~ =  0 . 5 - 0 . 3  c a n  b e  compared  t o  t h e  m i n i -  

mum i n  ,b = dSa/  ffis c u r v e  a r o u n d  t h e  same r a n g e  o f  

x i n  F i g . 3 .  I t  i n d i c a t e s  i n c r e a s e d  p r o p o r t i o n  o f  

c o - v i b r a t i n g  a l l -  t r a n s  sequences  as w e l l  as gre- 
a t e r  van d e r  Waals i n t e r a c t i o n s  i n  S A  p h a s e ,  com- 

p a r e d  t o  t h e  i s o t r o p i c  l i q u i d  w h i c h  i s  more  l i q u i d -  

l i k e .  The r e d i s t r i b u t i o n  o f  C H 2  r o c k i n g  b a n d  i n t e n -  

s i t i e s  i n  d i f f e r e n t  p h a s e s  s u p p o r t  t h i s  c o n c l u s i o n .  

( F i g . 2 b . ) .  I t  h a s  b e e n  n o t e d  t h a t  t h e  b a n d  a t  

722 c m - l  r e q u i r e s  t h e  p r e s e n c e  o f  a t  l e a s t  s i x  

t r a n s - l i n k e d  m e t h y l e n e  g r o u p s  . I n  t h e  l i q u i d  s t a t e  

t h e  l o n g  a l i p h a t i c  c h a i n s  e x i s t  p r e d o m i n a n t l y  i n  

c o n f o r m a t i o n  s e t s  and e a c h  s e c t i o n  w i l l  t h e n  

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

t e r n  d e t e r m i n e d  b y  i t s  c h a i n  l e n g t h .  As F i g . 2 . b .  

i l l u s t r a t e s ,  t h e  l e n g t h  o f  t h e  c o - v i b r a t i n g  a l l -  

t r a n s  sequences  a r e  i n c r e a s e d  i n  S A  ( i f  x = O . 5 ) .  

On t h e  o t h e r  h a n d ,  s h o r t e r  s e q u e n c e s  were p r o v e d  

a t  x = O . 1  and  x = O . 8 ,  i n d i c a t i n g  a n  i n c r e a s e  o f  
gauche  c o n f o r m a t i o r .  

4 

T h i s  i s  p r o b a b l y  due  t o  a n  i n c r e a s e  of  s t e r i c  

s t r e s s  e i t h e r  i f  d i s  t o o  l o w  compared  t o  L16AOc 

(x=0.1-0.2) o r  by i n c r e a s i n g  t h e  number o f  v a c a n c i e s  

b y  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  s m a l l  r i g i d  

m T  i n  t h e  " t h i c k "  m i x e d  l a y e r ,  a r o u n d  x = O . B .  

By d e t e c t i n g  t h e  change  o f  t h e  C H 2  s t r e t c h i n g  

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

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



ALIPHATIC CHAIN CONFORMATIONS 281 

v i b r a t i o n s  compared t o  an i n n e r  r e f e r e n c e  o r  t h e  

r e d i s t r i b u t i o n  o f  CH2 r o c k i n g  i t  i s  p o s s i b l e  t o  

f o l l o w  t h e  change  i n  t h e  p o p u l a t i o n  o f  g a u c h e  

c o n f o r m e r s  

The authors are indebted t o  Prof. 0. Demus f o r  k i n d l y  

support ing the compounds and O r .  5 .  Oie le  f o r  making 

the low-angle X-ray measurements. 
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