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SMALL ANGLE X-RAY SCATTERING STUDIES Mu SMECTIC 

CUJD NEMATIC PHASES OF CS TOLUIDINE COflPOUND 

P. K. SARKAR, S. PAUL AND P. MANDhL 
Department of Phys ic s ,  N o r t h  Bengal Un ive r s i ty  
Dar j ee l ing ,  INDIA, PIN- 734430 

A b s t r a c t  X-ray d i f f r a c t i o n  s t u d i e s  on N , N ' - B i s  (p- 
butox ybenr y l  i d i n e  ) -a ,a' -bi -p to1 u i  d i n e  C BEBT 1 i n  
s m e c t i c  and nematic phases  have been r epor t ed .  
Apparent molecular l e n g t h ,  average  in t e rmolecu la r  
d i s t a n c e  i n  both  t h e  phases  have been determined. 
Molecular o r g a n i z a t i o n s  i n  t h e  s m e c t i c  phase h a s  been 

i n  r e l a t i o n  t o  its packing i n  t h e  i d i scussed  
c r y s t a l  1 i n e  state. 

INTRODUCTION 

Polymorphism of a t o l u i d i n e  compound 

r y l  i d i  ne)  -a,u' -bi -p-to1 u i  d i  n e  C BBBT 

N,N' -Bis(p-butoxyben- 

i n  s h o r t  1 h a s  been 

i n v e s t i g a t e d  by s m a l l  a n g l e  X-ray s c a t t e r i n g .  It e x h i b i t s  

both s m e c t i c  and nematic  phases  over  a wide r a n g e  of 

temperature .  The molecular  o r g a n i z a t i o n s  i n  both t h e  phases  

have been determined from X-ray photographs.  Molecular and 

c r y s t a l  s t r u c t u r e s  of t h e  compound had been determined 

earlier: Packing of t h e  molecules i n  t h e  l i q u i d  c r y s t a l l i n e  

as w e l l  a5 i n  t h e  c r y s t a l l i n e  s t a t e  h a s  been d iscussed .  

EXPERIMENTAL 

Accurate  phase  t r a n s i t i o n  t empera tu res  w e r e  determined by 

s tudy ing  t e x t u r e s  under p o l a r i z i n g  microscope us ing  Mettler 

FP82 h o t  s t age .  Mosaic t e x t u r e  i n  s m e c t i c  and marbled t e x -  

t u r e  i n  nematic phase  w e r e  observed! Molecular formula and 

phase t r a n s i t i o n s  t empera tu res  ( i n  deg ree  c e n t i g r a d e  ) 

are  g iven  below: 

-- 

C4HgO-C H CH=N-C H CH2- l 2  6 4- b 4- 

159 188 293 

145 1 72 
Cr*. %m. 'N-I 

[2815]/249 
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S m a l l  a n g l e  X-ray photographs of bo th  non-aligned and 

magnet ica l ly  a l igned  samples  w e r e  t aken  throughout  t h e  

mesomorphic range. A high  t empera tu re  camera2 w a 5  used,  

samples w e r e  t aken  i n  Lindemann g l a s s  c a p i l l a r y  o+ .c 1.0 

mm diameter  and a t empera tu re  c o n t r o l l e r  Indotherm 401D 

w a s  used to  c o n t r o l  t empera tu re  w i t h i n  5 O-S°C. W e  t r i e d  

to  g e t  monodomain sample i n  s m e c t i c  phase  by very S l o w  and 

r e g u l a t e d  coo l ing  from i s o t r o p i c  to s m e c t i c  phase  us ing  

only  t h e  c a p i l l a r y  s u r f a c e  e f f e c t  and a150 apply ing  

magnetic f i e l d  of 0.5 T e s l a .  W e  a150 t r i e d  t o  a l i g n  t h e  

sample by 5 l O W  h e a t i n g  t o  s m e c t i c  phase  i n  p re sence  of 

magnetic f i e l d .  But w e  could  produce only  p a r t i a l  

alignment.  A l l  photographs were t aken  wi th  X-rays 

perpendicular  t o  t h e  magnetic f i e l d  d i r e c t i o n ,  In  o r d e r  t o  

de termine  v a r i o u s  parameters  t h e  photographs w e r e  scanned 

l i n e a r l y  by an  o p t i c a l  dens i tometer  Z C a r l  Z e i s s  MDlOO 1 -  

RESULTS AND D I S C U S S I O N S  ____ _-__-_ 
X-ray d i f f r a c t i o n  photographs i n  s m e c t i c  phase have been 

given i n  F i g u r e s  1 (a )  and (b). A t  t empera tu re  160°C it  

showstwo very  c l o s e l y  spaced o u t e r  r i n g s  wi th  d v a l u e s  

of 4.44 and 4.55 A a long  wi th  f o u r  i n n e r  r i n g s  wi th  d 

v a l u e s  of 11.97, 13.55, 21.47 and 29.90 A. So t h e  smectic 

l a y e r  spac ing  is 29.90 A, s i n c e  t h e  innermost r i n g  

cor responds  t o  t h e  d e n s i t y  v a r i a t i o n  a long  t h e  s m e c t i c  

l aye r s .  However, t h e  molecular  model l e n g t h  of BBBT i n  a l l  

t rans-conformations is 34.3 A. So t h e  molecules  a re  t i l t e d  

a t  an a n g l e  of 29.3O w i t h i n  t h e  s m e c t i c  l a y e r s .  Presence  

of s e v e r a l  r i n g s  i n d i c a t e  t h a t  t h e r e  is long r ange  t h r e e  

dimensional urder ing .  There is a150 i n d i c a t i o n  of p re sence  

of pseudo-hexagonal symmetry wi th in  t h e  l a y e r s  i n  t h e  

photograph of p a r t i a l l y  a l i g n e d  sample- A l l  t h e s e  f e a t u r e s  

a long with t h e  observed t e x t u r e  sugges t  t h a t  t h e  phase  is 

probably s m e c t i c  H (or s m e c t i c  H') which is now a150 termed 

a s  c r y s t a l  H phase  because of i t5 m o r e  c r y s t a l  l i k e  

charac te r?"  For p r e c i s e  i d e n t i f i c a t i o n  of t h e  phase  
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one, however, needs t o  index photograph from a monodomai n 

sample wi th  X-rays p a r a l l e l  t o  smectic l a y e r  normal. 

X-ray photograph i n  nematic phase is given  i n  F i g u r e  

l ( c ) .  In  a d d i t i o n  t o  t h e  o u t e r  c r e s c e n t  w e  observe  t h a t  

FIGURE 1 X-ray d i f f r a c t i o n  photographs of BBBT: 

(a) non a l igned  a to160nC, (b )  a l i g n e d  a t  160°C and 
(c) a l igned  a t  183 C. 

the i n n e r  c r e s c e n t  s p l i t 5  i n t o  fou r  d i s t i n c t  s p o t s  which 

i n d i c a t e  t h e  p re sence  of c y b o t a c t i c  groups. The boundary 

p l a n e s  of t h e s e  groups  are found to b e  a t  an a n g l e  of 

-45Owith t h e  group d i r e c t o r .  The phase is, t h e r e f o r e ,  
6 i d e n t i f i e d  a s  skewed c y b o t a c t i c  nematic. 
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W e  have also s t u d i e d  v a r i a t i o n  of d i f f e r e n t  molecular 

parameters  as a f u n c t i o n  of temperature .  In  s m e c t i c  phase  

t h e  d-values cor responding  t o  t h e  in t e rmolecu la r  d i s t a n c e s  

d o  not  change apprec iab ly  wi th  t empera tu re  a5 shown i n  

F igu re  2. However, d-value cor responding  t o  t h e  s m e c t i c  

l a y e r  spac ing  i n c r e a s e s  apprec iab ly .  W e  can d e f i n e  a t i l t  

a n g l e  9 t= t o 5  (d/L) ,  where d i 5  smectic l a y e r  spac ing  and 

L i 5  model l e n g t h  of t h e  molecules.  i n  a l l  t r a n s -  

conformations.  W e  f i n d  t h a t  ,G, d e c r e a s e s  from 33.8* t o  

2 4 . 6 O  with  tempera ture ,  

-1 

5 5  5 5 5  

0 
150 1 60 1 70 180 1 

I 

TEMPERATURE INo C 

FIGURE 2 V a r i a t i o n  of d-spacing wi th  t empera tu re  
i n  smectic phase.  

The o u t e r  e q u a t o r i a l  arc i n  t h e  nematic  phase  arises 

f r o m  t h e  in t e rmolecu la r  d i s t a n c e s  pe rpend icu la r  t o  t h e  

d i r e c t o r .  The average  in t e rmolecu la r  d i s t a n c e ,  L), is cal- 

c u l a t e d  us ing  a modified Bragg’s r e l a t i o n ,  2DsinB=l. 117 X ,  

obta ined  on t h e  arguments of c y l i n d r i c a l  symmetry of t h e  

molecules? With t empera tu re  I) i 5  found t o  i n c r e a s e  

s l i g h t l y ,  t h e  v a r i a t i o n  be ing  shown i n  F i g u r e  3, The 

meridional  s c a t t e r i n g  ampl i tude  is ob ta ined  from t h e  

d e n s i t y  v a r i a t i o n  a long  t h e  director and g i v e s  informat ion  
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30- 

28 

26.- 

24.- 

22.- 

about t h e  apparent  molecular  l eng th ,  1, of t h e  molecul@s. 
In t h i s  case Bragg's r e l a t i o n  is used a s  such. W e  found 

t h a t  1 i n c r e a s e s  by 4.4 A a5 tempera ture  changes from 178 

t o  2 7 8 * C ,  shown i n  F i g u r e  3. Corresponding change of t i l t  

a n g l e  is from 49.7 to 41.1: 

W e  t h u s  f i n d  t h a t  t h e  molecular t ilt  a n g l e  i n  s m e c t i c  

and nematic phases  d e c r e a s e s  wi th  tempera ture ,  b u t  t h e r e  

-- 
A 

A A  A 

A 
A 

A 
A A  A 

z 
203; 
6.0* L 

5.5 - -  
Q Q O Q 0 Q Q  

5.0-- 0 0  0 

4.5- 

4 . O s : : : : : : : : : : : : : : : : : : r : : : :  
1 70 190 210 230 250 270 290 

L 

n 

a, 

FIGURE 3 V a r i a t i o n  of average  in te rmolecular  d i5-  
t a n c c  (D) and apparent  molecular l eng th  (1) wi th  
t empera tu re  i n  nematic phase. 

is an abrupt  increase i n  t i l t  a n g l e  a t  S m  - N t r a n s i t i o n .  

Although it is no t  y e t  p o s s i b l e  to p r e d i c t  w i th  
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c e r t a i n t y  t h e  e x i s t e n c e  of a d e f i n i t e  phase  from molecular 

shape and i n t e r  molecular  i n t e r a c t i o n s ,  molecular packing 

i n  t h e  c r y s t a l l i n e  state may p r o v i d e  a b e t t e r  i n s i g h t  i n  

understanding t h e  s o l i d  - mesophase t r a n s i t i o n s ? "  I t  had 

been shown earlier' t h a t  t h e  molecules  i n  t h e  c r y s t a l l i n =  

s t a t e  are ar ranged  i n  l a y e r s  and w i t h i n  a l a y e r  t h e  

molecules  are t i l t e d  wi th  r e s p e c t  t o  t h e  l a y e r  normal. 

Th i s  arrangement is t h e  classical s o l i d  s ta te  p recu r so r  of 

smectic phase. I t  may b e  mentioned h e r e  t h a t  i n  t h e  

compound BDCP, which e x h i b i t s  on ly  skewed c y b o t a c t i c  

nematic phase,  para1  lel imbr ica ted  mode of molecular  

packing was observed. 8 

BEET molecules  c r y s t a l l i z e  i n  t r i c l i n i c  system wi th  

cell parameters  a=6.116, b ~ 7 . 9 1 6 ,  c-31.421A and a=92.39, 

(3-92.35, y=96.59O and s p a c e  group P i -  A l s o  it is found 

t h a t  t h e  molecular long  a x i s  de f ined  as  a best f i t t e d  l i n e  

through a l l  t h e  a t o m s ,  m a k e s  an  a n g l e  3 2 O  with  t h e  l a y e r  

normal. Comparing t h e s e  v a l u e s  wi th  t h e  d-values  and t h e  

t ilt  a n g l e  of t h e  molecules  i n  t h e  s m e c t i c  phase w e  l i k e  

t o  i n f e r  t h a t  Cr - S m  t r a n s i t i o n  is e s s e n t i a l l y  of 

d i s p l a c i v e  t y p e  . 9 

In  o r d e r  to g e t  idea about  t h e  in t e rmolecu la r  f o r c e s  

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

i n t e r m o l e c u l a r  d i s t a n c e s  less than  3.ACJ&. Dis tances  

between f e w  carbon a t o m s  of c e n t r o  symmetr ica l ly  r e l a t e d  

molrcu les  are found to  b e  less than  t h e  sum of t h e i r  van 

de r  Waals' r a d i i .  Thus van d e r  Waals i n t e r a c t i o n  p l a y s  a 

s i g n i f i c a n t  role i n  molecular  packing i n  t h e  s o l i d  s ta te  

which is also expected t o  b e  p r e s e n t  i n  s m e c t i c  phase. No 

i n t e rmolecu la r  c o n t a c t  found t o  e x i s t  between t h e  

t r a n s v e r s e  d i p o l e  moments, though t h e  t i l t i n g  of t h e  

m o l e c u l e s  w i t h i n  t h e  smectic l a y e r s  may be  favoured by t h e  

l o n g i t u d i n a l  component of t h e  d ipo le s .  10 D
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