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X-RAY STUDY OF KODULATED SMECTIC A PHASE 

B. I. OSTROVSKII and FYI. A.SAIDACHMETOV 
I n s t i t u t e  of Crystal lography USSIl Acad.Sci. , 
Leninsky prospe kt  59 ,MOSCOW, 117333 USSR 

Abstract  X-ray d i f f r a c t i o n  has  been used t o  s tu-  
dy the  l a m e l l a r  order ing  i n  mixture of mesogenic 
compounds i n  which p o l a r  cyano end group i s  de- 
coupled f ram a r  omat i c  c ore throughcvnon-p o l a r i -  
zable  methylene chain.  The smectic A phase wi th  
b i l a y e r  d e n s i t y  wave modulated i n  t h e  plane of 
t h e  l a y e r s  has been found. The s p a t i a l  per iod of 
modulated s t r u c t u r e  depends on the  composition of 
a mixture. 

INTRODUCTION 

A smectic A phase i s  cha rac t e r i zed  by t h e  one-dimensi- 
onal t r a n s l a t i o n a l  order  in an o r i e n t a t i o n a l l y  ordered 
f l u i d .  When t h e  c o n s t i t u e n t  molecules possess  s t r o n g l y  
p o l a r  end groups , a r i c h  v a r i e t y  of l ame l l a r  packings 
occurs?’? Apart from t h e  ordinary smectic A phizse with 
s p a t i a l  period d approximately equal  t o  the  molecular 
l eng th  1, the re  are bi layered  smect ics  Ad , whose spa- 
t i a l  per iod i s  incommensurate wi th  t h e  molecular  l eng th  
and smect ics  A v \ r i t h  t h e  per iod  d = 21. I n  a d d i t i o n ,  
t h e r e  e x i s t  a smectic phase wi th  t h e  b i l a y e r  dens i ty  
wave modulated along t h e  d i r e c t i o n  perpendiculas  t o  t h e  
d i r e c t o r  3 and a smectic Aic phase wi th  two c o l l i n e a r  
modulations of i n c m e n s u r a t e  wavelengths simultaneous- 
ly condensed . The incommensurate l a y e r i n g  has  been 
a l s o  found f o r  t e rmina l ly  non-polar compounds T:iith com- 

5 p l i c a t e d  s t e r i c  i n t e r a c t i o n  . 
s tudy  of l ame l l a r  order ing  f o r  a novel  c lass  of termi- 
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4 

Here we present  t h e  r e s u l t s  of  X-ray d i f f r a c t i o n  
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n a l l y  po la r  l i q u i d  c r y s t a l s .  I n  these  compounds t h e  po- 
lar cyano end group i s  s t e r i c a l l y  and e l e c t r i c a l l y  de- 
coupled from t h e  rigid and po la r i zab le  aromatic core  
through a flexible and non-polarizable methylene ( CH2) 
cha in  ,Figure 1 . A s  a r e s u l t  t h e  l o n g i t u d i n a l  d ipole  
moment of a molecule is l o c a l i z e d  f n  t h e  r eg ion  of t h e  
CN group. The mesogenic compounds w i t h  such p r o p e r t i e s  

y e r  ( A 2 )  smectic A phaseslV6.  Our X-ray measurements 
have been known t o  form e i t h e r  monolayer ( A , )  or  b i la -  

C7H1 5 a N = N - a O -  ( CH2) 4-CrJ 

FIGURE 1 Molecular s t r u c t u r e s  of 7CBAB ( 7 )  and 
70BECBP (2) l i q u i d  c r y s t a l s .  

g ive  evidence t h a t  t h e  l o w  temperature l i q u i d  c r y s t a l -  
l i n e  phase i n  7CBAB-70BECBP mixture i s  EI smectic r w i t h  
t h e  b i l a y e r  d e n s i t y  wave modulated i n  the plane of t h e  
l aye r s .  

EXPERIMENTAL RESULTS AND INTERPWATION 

The phase diagram f o r  t h e  7CBA3-70BECBP mixture is 
shown i n  Figure 2. The 70BECBY form8 only monotropic 
nematic phase a t  t h e  temperatures  lower than  t=68OC. I n  
c o n t r a s t  t o  70BECBP 7CBAB shows t h e  phase sequence wi th  

67a 77" ~ 8601. r a t h e r  r i c h  smectic polymorphism: Cr - r- 
Smectic phases f o r  7CBAB-70BECBP mixture a r e  e a s i l y  
supercooled down t o  t= 400 where c r y s t a l l i s a t i o n  occurs,  
Our X-ray s tudy  w a 8  performed us ing  a s tandard photo- 

A1 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:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



X-RAY STUDY 03’ MODULAITED SKECTIC A PHASE r4571121 
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FIGURE 2 Phase diagram for 7CEAB-70BiXBP mix- 
t u r e ,  x i s  a concent ra t ion  of  7CBAB 
i n  mixture,  

technique and a d i f f r a c t o m e t e r  with 9 l i r iear ,  d o s i t i o n  
s e n s i t i v e  d e t e c t o r  and a C% r a d i a t i o n  source.  Deta- 
i l s  of t h e  X-ray cxperiment have been r e p o r t e d  o a r l i -  
c ? ~ ~ ’ ~ .  The o r i e n t a t i o n  of l i c u i d  c r y s t a l  w a s  induced 
e i t h e r  by an A.C. e l e c t r i c  f i e l d  OP s t r e n g t h  1 kV.crn-’ 
and frequency 3 kHz o r  by a IT magnetic f i e l d .  

r e g i o n  show broad, l i q u i d - l i k e  peak centered  a t  qcl,58- 
corresponding t o  average i n t e r m o l e c u l a r  d i s t a n c e  of 
N 5 A  i n  t h e  smect ic  planes.  Thus t h e  smectic phases 
s t u d i e d  i n  our  experiment have t o  be r e f e r r e d  t o  smec- 
t i c  A ones. 

S e v e r a l  degrees  above t h e  AlhT t r a n s i t i o n ,  t h e  
s c a t t e r i n g  from 7CBAB-70BECBP mixture  shows a Bragg- 
l i k e  peak a t  wave v e c t o r  zl = ( O , O , q , i l )  corresponding 
t o  monolayer order ing  and two d i f f u s e  s p o t s  w i t h  wave 

The X-ray p a t t e r n s  i n  the  wide s c a t t e r i n g  a n g l e s  
1 

0 

v e c t o r s  qK = (q,o,0,qi,2) corresponding t o  f l u c t u a t i o n s  
of smectic antiphase s t r u c t u r e  i n  which t h e  b i l a y e r  
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dens i ty  wave i s  modulated i n  the plane of the l a y e r s  
( q,,l = 2ql12 =0.2301-', qLo= O.O27Z-',x=l >. Because 
the  modulated l aue r ing  i s  degenerate i n  the  smectic 
planes,  t h e  smectic f l u c t u a t i o n s  i n  the  smectic A1 
phase mani fes t themseU as 8 r ingof  scat ter ing a t  
3~ = ( sLocos'4 ,qLOeinv  , qtr2 >, o 6 LQS 2R , i n  r e c i p r b  
c a l  space. Its i n t e r s e c t i o n  with the Ewald  sphere l eads  
t o  the  appearance of  r e f l e c t i o n s  ( 2 )  i n  the d i f f r a c t i o n  
p a t t e r n ,  Figure 3 .  The i n t e r l a y e r  d i s tances  f o r  monola- 
y e r  ( d l  =2z/qltl) and b i l aye r  (d2 =2%/q I1 2 ) ordering 
a r e  p r a c t i c a l l y  independent on temperature and concen- 
t r a t i o n  i n  mixture. I n  con t r a s t  t o  d 
of t he  t r ansve r se  modulation i n  the A phase LL= 2%/qLo 
depends on the  concent ra t ion  x of 7CBAB i n  a mixture. 
Its value changes from LL=240A a t  x =1 t o  L,=80A 
x =0.65. 

The Al-T phase t r a n s i t i o n  l i n e  i s  s ignaled by the  
growth and sharpening of a s c a t t e r i n g  peak a t  5 ~ .  Below 

l imi t ed  i n  the  long i tud ina l  d i r e c t i o n  and mosaic l imi t ed  
i m  t h e  t r ansve r se  d i r ec t ion .  The d e t a i l e d  a n a l y s i s  of 
t h e  c r i t i c a l  behaviour i n  the  v i c i n i t y  o f  A,-%- phase 
t r a n s i t i o n  w i l l  be the  subjec t  of a s p e c i a l  paper . 

and d2,  t he  period L 

0 0 
at  

the  A F T  t r a n s i t i o n  the  Tp s c a t t e r i n g  i s  r e s o l u t i o n  

* 

cormxs IONS 

The smectic r p h a s e  w i t h  S i l aye r  dens i ty  wave modulated 
i n  t h e  plane of  t h e  l a y e r s  has been f o u n d  f o r  t h e  mix- 

* The high r e s o l u t i o n  X-ray s c a t t e r i n g  measurements 
of the  c r i t i c a l  f l u c t u a t i o n s  a t  the   AT^ t r a n s i t i o n  f o r  
7CBAB-70BECBP mixture were made r e c e n t l y  i n  AMOLF ( Ams- 
terdam) i n  co l l abora t ion  wi th  W.de Jeu and 1N.Bouwman. 
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X-MY STUDY OF NODULATaD SKECTIC A PHASE [459]/23 

F I G U l U  3 X-ray d i f f r a c t i o n  pa t t e rn  for an orien- 
t e d  smectic 'A: l i q u i d  c rys ta1 ,x  =0.8, 
t =49OC (a ) .  Real and r ec ip roca l  space 
p i c tu re s  of smectic A1 ( b )  and smectic 
A ( c >  s t ruc tures .  YV 

t u r e  of terminal ly  po la r  mesogenic compounds. The spa- 
t i a l  period of modulated s t r u c t u r e  has been shown t o  
ciepend on the c m p o s i t i o n  of a mixture. It w i l l  be in te -  
r e s t i n g  t o  canpare the smectic r phase with c l a s s i c a l  
inc  omeneurate qrstems with d isp lac ive  modulations. In 
most incommensurate systems such as metals w i t h  charge 
-dens i ty  waves or c e r t a i n  d i e l e c t r i c s  the  main bas i s  
of the r ec ip roca l  l a t t i c e  vectors  qo being pertubed 
by the  weak s inusoida l  p o t e n t i a l  with wave vec tor  Q, 

r e s u l t s  i n  a d i f f r a c t i o n  pa t t e rn  w i t h  a small number 

+ 
-* 
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241[460] B. I. OSTROVSKII and K. A, SAIDACHKETOV 
of modulation peaks ( s a t e l l i t s )  a t  the To + % p o i n t s ,  9 

I n  t h e  o p o s i t e  case  of t h e  s t r o n g  modulation , sharp ,  
d e f e c t  walls or  a n t i p h a s e  boundaries appear  r e s u l t i n g  
i n  a l a r g e  number of' h i g h e r  harmonics i n  t h e  d i f f rac-  
t i o n  p a t t e r n .  Our X-ray s tudy  shows t h a t  t h e  second va- 
r i a n t  of d i s p l a c i v e  modulation occurs for 7CBAB-70BECBP 
mixture. The smect ic  phase c o n s i s t s  of l a r g e  r e g i o n s  of 
t h e  b i l a y e r  
walls o r  phase s o l i t o n s  where t h e  phase of t h e  modula- 
t i o n  wave jumps by , Figure 3 ,  The absence of h i g h e r  
harmonics i n  t h e  d i f f r a c t i o n  p a t t e r n s  from t h e  a s t r u c -  
t u r e  does not indicate t h e  weakness of t r a n s v e r s e  mc- 
u u l a t i o n ,  but i s  t h e  consequence of the smoothness of 
smect ic  A 

d e n s i t y  wave. 
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3. I.Kats, V.V*Lebedev, A. R. Murat ov, No A. Osipov, E. I. Ry- 
umtzev and E.M.Terent'yev for f r u i t f u l  d i scuss ions .  

A2 phase p e r i o d i c a l l y  separa ted  by d e f e c t  

phase r e v e a l i n g  i n  s i n u s o i d a l  shape of A2 
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