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BRAGG REFLECTION OF LINEARLY POLARIZED LIGHT 
I N  A CHIRAL SMECTIC C LIQUID CRYSTAL FOR 
OBLIQUE INCIDEIKE 

S.N. Aronishidze,  G.S. Chi laya,  M.N. Kushnirenko 
and S.M. O s a d c h i i  

I n s t i t u t e  of Cybernet ics  of t h e  Academy of 
Sciences of t h e  Georgian SSR, S.Euli str. ,  
No. 5, T b i l i s i  380086, USSR 
(Received for Publication August 16. 1984) 

Abst rac ts  Re f l ec t ion  s p e c t r a  were meas- 
ured w i t h  obl ique  inc iden t  6 and T 
po la r i zed  l i g h t  i n  a c h i r a l  smectic C 
l i q u i d  c r y s t a l .  For t h e  f i r s t - o r d e r  
d i f f r a c t i o n ,  wi th  6 - p o l a r i z e d  inc iden t  
l i g h t ,  t h e  r e f l e c t i o n l l i g h t  i s  r - p o l a -  
r i z e d  and v i c e  versa .  

It  is exper imenta l ly  shown t h a t  i n  c h i r a l  
smectic C l i q u i d  c r y s t a l s  for t h e  l i gh t  pro- 
pagat ing along h e l i c a l  ax i s  t h e  f i r s t - o r d e r  
Bragg d i f f r a c t i o n  is  absen t ,  only t h e  second 
o rde r  being ~ b s e r v a b l e . ~ - ~  For obl ique  i n c i d e n t  
l i g h t  f i r s t  and second o rde r  appear.  

previous s t u d i e s .  I n  t h e  p re sen t  experiment w e  
used a device  f o r  measuring t h e  r e f l e c t a n c e  
of obl ique  rays .  The i n v e s t i g a t i o n s  were pe r fo r -  
med on 4-p-hexyloxyphenyl ester of 4 ' - (2 ' ' -  
methylbutyl)biphenyl-4-carboxylic a c i d  produced 
by BEH Chemicals Ltd w i t h  a c h i r a l  smectic C 
phase wi th  s e l e c t i v e  r e f l e c t i o n  i n  the v i s i b l e  
l i g h t  range. The r e f l e c t i o n  of l i g h t  l i n e a r l y  

Transmission s p e c t r a  were measured i n  our 
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polar ized  i n  the plane of inc idence  (T-PO- 
l a r i z a t i o n )  and perpendicular  t o  it (6 -po la r i -  
z a t i o n ) ,  w a s  measured. A l l  measurements were 
carried ou t  f o r  s i n g l e  domain p lane  s t r u c t u r e  
samples ( t h e  helical a x i s  was perpendicular  t o  
the  f i l m  su r face ) .  Samples of about 20um t h i c k  
were sandwiched between the  faces of f l a t  and 
hemispherical  g l a s ses  

t i o n  6 and po la r i za t ions  f o r  t h e  first and 
second o rde r  are shown i n  Fig. 1. no is the 
wavelength of the  maximum of r e f l e c t i o n  f o r  per- 
pendicular  i n c i d e n c e  ( A, Pn, where g i s  the  
spiral p i t c h  and n, t h e  r e f r a c t i v e  index along 
t h e  spiral l3, the  r e f l e c t i v e  c o e f f i -  
c i e n t , A  , the  wavelength of l i g h t ,  the  i n c i -  
dence angle is  44'. According t o  the  experimen- 
t a l  r e s u l t s  the f irst  o rde r  6 polar ized  l i g h t  i s  
scattered t o  X polar ized  and v i c e  versa .  The 
p o l a r i z a t i o n  p rope r t i e s  of second o rde r  re- 
f l e c t e d  l i g h t  are similar t o  the s e l e c t i v e  
r e f l e c t i o n  which occurs i n  c h o l e s t e r i c s .  
Quan t i t a t ive  p o l a r i z a t i o n  characteristics g i v e  
a n  azimuthal dependence of reflectance. The 
p o l a r i z a t i o n  characteristics f o r  t h e  f irst  and 
second o rde r  r e f l e c t i o n s  i n  the d i v i s i o n  ana lyzer  
were measured . 

The dependence of t h e  r e f l e c t i v e  c o e f f i c i e n t  
(R) on the ana lyzer  p o s i t i o n  f o r  t he  first o rde r  
r e f l e c t e d  l i g h t  i s  shown i n  Fig.2. 
dence ang le  w a s  44O, t he  p o l a r i z e r  being i n  

The r e f l e c t a n c e  spectra f o r  f o u r  combina- 

The i n c i -  
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BRAGG REFLECTION OF LINEARLY POLARIZED LIGHT I89 

[I.. . . . , 

67f 11 h./A 
Fig. 1. Linear ly  polar ized  l i g h t  r e f l e c t i o n  

s p e c t r a  for four combinations of p o l a r i z e r  and 
ana lyzer .  F& t h e  r e f l e c t i v e  c o e f f i c i e n t ;  A,, t h e  
wavelength of  t h e  maximum of r e f l e c t i o n  f o r  per-  
pendicular  inc idence  of l i g h t ;  jl , t h e  wave- 
l e n g t h  of l i g h t .  

, %  

6 F 6 
Fig. 2. Ref lec t ive  c o e f f i c i e n t  depending on 

t h e  ana lyzer  p o s i t i o n  f o r  t h e  f i rs t  o r d e r  reflec- 
t i o n .  Incidence ang le  - 44O, p o l a r i z e r  being i n  
6 pos i t i on .  
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i 

Fig.  3. Azimuthal dependence of t h e  re- 
f l e c t i v e  c o e f f i c i e n t  fo r  second o r d e r  d i f f r a c t i o n .  
A - 6 p o s i t i o n  of the p o l a r i z e r ;  B - p o s i t i o n  
of  t h e  p o l a r i z e r .  

The a n g l e s  i n d i c a t e  t h e  d i r e c t i o n s  of t h e  
a n a l y z e r  and t h e  r a d i u s ,  t h e  r e f l e c t i v e  c o e f f i -  
c i e n t  . 
d i r e c t i o n s  i n  case A ,  and 6+T+ 6 d i r e c t i o n s  
i n  case B. The a n g l e s  of i n c i d e n c e :  1 - 4 4 O ,  

The a n a l y z e r  r o t a t i o n s  correspond t h e  7'+ b+ 7t' 

2 - 250, 3 - 1.50. 
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BRACX REFLECTION OF LINEARLY POLARIZED LIGHT 191 

6 pos i t ion .  The ana lyzer  pos i t i on  changed 
between the  6 -X- 6 planes i n  t h e  range 10'. 
Analogous curve  was obtained f o r  t h e  p o l a r i z e r  
i n  T p o s i t i o n .  

of s e l e c t i v e  r e f l e c t i o n  f o r  the second o rde r  6 
a n d x  po la r i za t ions  of i nc iden t  l i g h t  f o r  t h e  
angles  of incidence:  
The p o l a r i z e r  was i n  6 pos i t i on  i n  case A and 77 
p o s i t i o n  i n  case B. The analyzer  was  r o t a t e d  
from 7f' p o s i t i o n  (angles  Oo and 180' i n  Fig.2A) 
t o  6 p o s i t i o n  (angles 90' i n  Fig.  215) and from 

i n  Fig. 2B) t o  

Fig. 3 shows the p o l a r i z a t i o n  characteristics 

1-44', 2-25', 3-1.5O. 

0 6 p o s i t i o n  (angles oo and 180 
T p o s i t i o n  (angle  90' i n  Fig. 2B). The reflec- 

t i v e  c o e f f i c i e n t  i s  p lo t t ed  i n  po lar  coord ina tes ,  
t h e  angles  i n d i c a t i n g  t h e  d i r e c t i o n s  of t he  
ana lyzer  and the r ad ius ,  t h e  r e f l e c t i v e  
c o e f f i c i e n t  . 
r e f l e c t i o n  i n  the YT and 6/6 pos i t i ons  w a s  set 
f o r  each case. 

The observed characteristics are i n  good 
agreement w i t h  the previous experimental  r e s u l t s  

7 -8 2-5 and t h e o r e t i c a l  c a l c u l a t i o n s  . 
A d e t a i l e d  comparative a n a l y s i s  of the theo- 

retical and experimental  r e s u l t s  w i l l  be 
performed. 

The wavelength of the maximum of s e l e c t i v e  
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