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X-T<AY INVESTIGATIONS O F  +2184P8X FERROELECTRIC 
LIlJUSu CSIYSIPAL 

JAN PTIZXDIKI JSKI , ROMUW DABROWSKI+, IEONISLAW 
PURA, KlIW ZICKERT++and STANISLAW GIERIOTKA 
I n s t i t u t e  o f  Physics,  Uarsaw Technical Univer- 
s i t y  ,I:oszylrowa 75, 00-662 Warszawa Poland. 
+ Mil i ta ry  Technical Academy, 01-489 Warszawa, 
Po 1 and. 
+-I- ‘dilhelm-Pieck Universi ty ,  Department o f  
Physics,  A.Bebe1 Str.55, 2500 Rostock, GDR. 

Abstract 
a l igned s n e c t i c s  G , J , I and C* 01 Perro- 
e l e c t r i c  l i q u i d  c r y s t a l  i-2M4P8BC were obtained 
by using e l e c t r i c  f i e l d .  N e w  symmetry o f  mo- 
l e c u l a r  packing i n  plane norinal t o  the  mole- 
c u l a r  long axes f o r  siaectic I* is presented. 

The X-rag d i f f r ag t ion  pa t t e rns  fro12 

IN rJ?RO LUC TION 

The symmetry o f  t h e  e l e c t r i c  f i e l d  is  corn  and i t  
be longs t;o liiilit-ing point-group symmetries. Por  
b h i s  reason each c r y s t a l  which has t h i s  symmel-ry 
o r  i t s  subgroul3 could be a p o t e n t i a l  J e r r o e l e c t r i c  
c rys t a l .  Leyer e t  a l . ”  on t h e  b a s i s  o f  group sy-  
iri,iietry cons iders t ions  found t h a t  c h i r a l  sinectic 
C phases of: syinmetrjr C2 might exh ib i t  i‘erroelec- 
t r i c  behaviours. The first i_’erroelec t r i c  l i q u i d  
c r y s t a l  L)OBAIVIBC was discovered i n  t h i s  way, Re- 
cent ly  soiue f e r r o e l e c t r i c  l i q u i d  c r y s t a l s  were 
inves t iga t ed  among them t h e  4 - (2’- ruethyI.buty1) 
phenyl 4’- n - octylbiyhenyl  - 4 - carboxylate ,  
Freviously described as O S I S  and recent-ly a s  
+2J&q.p~~c. 2,3 , 9 4 
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172 J. PRZEDMOJSKI er al. 

The S-(+)-LI-f2-l.methylbuty'lj phenyl  ester of  4 '-n- 
octylbiphenyl-4-carboxylic a c i d  was ob ta ined  in 
a n  e quimo l a r  r e  a c t  i o n  o f  4 ' -n-o c t y l b  i p h eny 1-4- 
c a r b o x y l i c  a c i d  c h l o r i d e  and S- (+) -2 '- lnethglbutyl 
phenyl  c a r r i e d  o u t  i n  benzene s o l u t i o n  i n  t h e  
p re sence  o f  p y r i d i n e .  The rough product  was FU- 
r i f i e d  by r e c r y s t a l i z a t i o n  from methanol -d ie ty l  
e t h e r  s o l u t i o n  and from n-helmme. The p u r i t y  o f  
t h e  sample was v e r i f i e d  by u s i n g  t h i n  l a y e r s  and 
h i g h  p r e s s u r e  chromatography. No i m r u r i t i e s  [were 
de tec t ed .  

DIFFERU4TIAL SCAXXII: G CALORYI'iETRY AND idICRO- 
S C O P I C  OESZRVATION 

drain t h e  1;XC and u i c r o s c o p i c  measurements the  
fo l lowing  phase  sequences  and r h a s e  krrmsi t - ion 
t e m e r a t u r e s  f o r  OUT saingle were e s t a b l i s h e d :  

53.0 60.5 67.0 72.5 62.0 
C r y  a G* == J* ==E I* C* P 

52.0 - 67.5 72.5 - 
'138.5 139.5 140, @ 

- '140.0 'I 4'1 . 0 A r Chol  <= IjP <= ISO 

The upper t e i i p e r a t u r e s  were o b t a i n e d  froin the  
microscopic  t e x t u r e s  obse rvak ions  and X-ray mea- 
surements ,  while  t he  lower ones  were ob ta ined  
from DSC iueasursments. There is a l a r g e  h e a t  o f  
t r a n s i t i o n  Cry+G" (6,/l c a l / g  1 and C*+Cry ('1.7 
c o l / g )  and I*+C* (1 c a l / g ) .  No peak a t  the  
t r a n s i t i o n  G*-+J" was found  and s r n n 1 1  t r : m s i t i o n  
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X-RAY INVESTIGATIONS OF +2M4P8BC 173 

h e a t  a t  J*41* (0.07 c o l / g )  irlas det-ected.  

X-AAY Ii.lfi%7'PT:GL1TIOi4;; 

X-ray d i f f r a c t i o n  photographs were baken wi th  
L'lat p l a t e  and Gu in ie r  c a u e r a s  a s  w e l l  a s  dil-'i"ra- 
c to ine te r  rilethod was used. Photographs  were ob- 
t a i n e d  u s i n g  X-rag Cu, Co and Cr r ac i i a t ion  f i l -  
t e r e d  by a b s o r y t i o n  i ' i l t e r s ,  while d i f f r a c t o m e t e r  
L,easurement,:: were c a r r i e d  o u t  on lI1lON-3 d i f f r a c -  
t o m e t e r  d . t h  Cu r a d i a t i o n  monochromatized by Gc 
f l a t  monochromator. S c i n t i l l n t i o n  coun te r  and 
automcLic char t  p a t t e r n  or s t e p  by s t e p  measure- 
inents were used t o  r e g i s t e r  d i C f r a c t i o n  r a d i a t i o n .  
F r e e  s t a n d i n g  sample was i n v e s t i g a t e d  a h i c h  iiieans 
t h a t  t h e  l i q u i d  c r y s t a l  was keEt i n  a s p e c i a l  
e l e c t r i c  condenser  and t h a t  it d i d  not c o n t a c t  
wiLh tiny wall  i n  t h e  d i r e c t i o n  or" X-rays. 
e l e c t r i c  fu rnace  and autouiat ic  t e a p e r a t w e  con- 
t r o l l e r  enabled  t empera tu re  uieasurements w i t h  
a n  accuracy of  20.7 . 
The riiolecular t ilt  o r i e n t a t i o n  i s  one o f  t h e  si- 
g n i f i c a n t  s t r u c t u r a l  parameters .  It s e r v e s  a s  a 
d i s t i n g u i s h i n g  f e a t u r e  between s idect ic  phases  Jx 
and G" but  a l s o  a s  a n  o r d e r  parameter  i n  con- 
t i n u o u s  phase t r ~ n ~ i t i o n s . ~ ~ ~  3 . g u r e  'I shows the 
dependence 01 t i l t  a n g l e  a s  a f u n c t i o n  o f  tem- 
p e r a t u r e  lor t h e  SriiC*- S m A  t r a n s i t i o n .  From the  
r e l a t i o n  
determined a s  = 0.43+0.04. 
To o b t a i n  a l i g n e d  s a n q l e s ,  s e v e r a l  exper iments  
have been c a r r i e d  ou t  wi th  t h e  h e l p  o r  u a g n e t i c  

0 

Q-lATIP t h e  c r i t i c a l  exronent  p was 
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174 1. PRZEDMOJSKI er al. 

2 i e l d  02 about  'i.GT. Eo order r e s u l t e d  i ro in  tha t .  
Cont rary  t o  t h e  m g n e t i c  f i e l d ,  t h e  e i e c t r i c  
L'ield is very u s e f u l  i n  o b t a i n i n g  wel l  a l i g n e d  
s a q l e s .  In F igure  2 ,  X-ray photographs  Oi t h e  
s a x p l e  a t  v a r i o u s  teiapeeratures and i n  e l e c t - r i c  
f i e l d  O C  ubout- 1.5kV/ium a r e  p re sen ted .  

71GLTL ' I .  Temperature dependence ol'  t h e  t i l t  
a n g l e  01' t h e  Sr&* phase.  

RZ';I;LTS L!iL CISCU3SIOB 

.!%om t h e  x i c r o s c o F i c  t e x t u r e s  o b s e r v a t i o n s ,  DSC 
and X-ray measuroments , t h e  f o l l o w i n g  sequences  
of  ~ h a s e s  i n  t h e  +2iT4P8BC l i q u i d  c r y s t a l  could  
be es t a b  li shed  : Cry G*c+J*-I*k %A cr C ho 1 e EP+6Is o 
Th i s  r h a s e  dia,;rnm a g r e e s  wit-h t h e  r e s u l t s  g iven  
by o t h e r  a u t h o r s .  h P i g u r e  2 ,  d i f f e r e n t  sy- 
mmetry and p a i n  s i z e  o f  t h e  phases  G*,J",I*and 
C* is v i s i b l e .  These photographs  c l e a r l y  i n d i -  
c a t e  t h a t  t h e r e  i s  a long  o r  quasi- long r ange  
o r d e r  in  t h e  bond o r i e n t a t i o n  and i n  tilt o r i e n -  
t a t i o n  in t h e  phases  G",J" and I*, and a liquid 
l i k e  s t r u c t u r e  w i t h i n  t h e  l a y e r s  i n  t h e  sinectic 
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X-RAY INVESTIGATIONS OF +2M4PBBC 175 

C? The X-ray p a t t e r n s  o f  p h a s e s  G',JY and 1' can 
be indexed  using t h e  e lementary  c e l l  pa rame te r s  
, ; iven by Budai e t  a1.3 i n  t h e  same way a s  des- 
s r i b e d  elsewhere. The photogrsphs  o f  t h e  phases  
G*, J*,and I* r e p r e s e n t  f i b e r  p a t t e r n  and t h e r f o r e  
t he  c r y s t a l l o g r a p h i c  t r a n s l a t i o n  a l o n g  t h e  f i b e r  
a x i s  c a n  be c a l c u l a t e d  d i r e c t l y  as  f o r  s ing le  
c r y s t a l  X-ray r o t a t i n g  photograph.  The o b t a i n e d  

G*, 5 j ° C  J*, 65OC 

I*, 6 9 O C  C * ,  7 2 O C  

FIGURlY 2. X-ray photographs  of  phases  G", J*, 
I" and C" n i t h  a n  e l e c t r i c  f i e l d  o f  
1.5 kV/rilm a p p l i e d  p e r p e n d i c u l a r  t o  
t h e  X-ray bezm. 
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Tflz5.48 1. These 
constant  a of t h e  
phases and with 

7 

176 1. PRZEDMOJSKl a d. 

0 
values  a r e  TGi= TJ*=9.45 A and 
values  we l l  agree w i t h  l s t t i c e  
elementary ce l l s  for G* and I" 
t h e  b constant  f o r  J* phme given by Budai e t  al.' 
Therefore t h e  f i b e r  a x i s  f o r  G') and I* phases i s  
[IOO] while f o r  J* phaseiO101. However, t h e  te- 
x t u e  of G') and J* phases a r e  somewhat confusing 
because of  t he  presence of 200 and 020 and a l so  
201 and 111 refelexions.  It should be  noted t h a t  
t h e r e  i s  some s c a t t e r  of t h e  [100]direction about 
t h e  f i b e r  axis and Xor t h i s  reason t h e  r e f l ex ions  
usual ly  forbiden f o r  i d e a l  t e x t u r e s  do appear on 
t h e  X-ray photographs. 
The s p o t s  on t h e  ou te r  r i n g  can be explained a s  
follows. The e l e c t r i c  dipole  moment which can 
d i r e c t l y  i n t e r a c t  w i t h  ex te rna l  e l e c t r i c  f i e l d  
i s  perpendicular t o  t h e  long a x i s  o f  t h e  molecule 
For t h e  o o m  e l e c t r i c  f i e l d  symmetry, t h e  long 
axes o f  t h e  molecules a r e  d i s t r i b u t e d  with mi- 
f o r n  densi ty  i n  the  plane perpendicular t o  t he  
l i n e s  of  e l e c t r i c  f i e l d .  Ve have t h e  following 
s i tua t ions :  a/ some molecules arranged i n  sme- 
c t i c  l aye r s  s a t i s f y  t h e  Bragg law and g ive  t h e  
inner  r i n g  / smectic s p o t s  f o r  a l igned sample/, 
b/ some long molecules axes a r e  p a r a l l e l  t o  t he  
X-ray beam and lead  t o  s c a t t e r i n g  a symmetry of 
molecule d i s t r i b u t i o n  i n  t h e  plane perpendicu- 
l a r  t o  t h e  long axes of molecules. 
We have measured t h e  c o r r e l a t i o n  length f o r  
phases G",J*,I*,C' and A for a non a l igned  sa- 

9 mple i n  t h e  same manner a s  descr ibed b Kumar.. 
The corresponding values  are:5 p=920 A / a t  5 4 O /  

8 

x 
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