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BRAGG REFLECTION AND CIRCULAR DICHROfSM 
I N  CHIRAL S16ECTIC AND NEMATIC L I Q U I D  
CRYSTALS 

G.S. CHILAYA, S.N. ARONISHIDZE and 
M. N . KUSHNIRENKO 

I n s t i t u t e  o f  Cybernet ics  o f  Academy o f  
Sciences of Georgian SSR, T b i l f s i ,  USSR 

(Submi t ted  for  P u b l i c a t i o n  August 12, 1952) 

Abstract :  The present  paper d e a l s  wi th  t h e  
fdndings o f  an experimental  comparison o f  
t h e  o p t i c a l  p r o p e r t i e s  of c h o l e s t e r i c  (ch i -  
r a l  nematic) and c h i r a l  smect ic  phases. 1 

The s tudy involved 4-n-hexyloxyphenyl e s t e r  
o f  4'-(2"-methylbutyl)biphenyl-4-carboxylic 
ac id2  produced by BDH wi th  s e l e c t i v e  r e f l e c t i o n  
i n  t h e  v i s i b l e  range i n  c h o l e s t e r i c  and c h i r a l  
smect ic  phases, A l l  measurements were made for t he  
single-domain p l ana r  s t r u c t u r e  samples. Figure 1 
shows t h e  temperature dependences o f  t h e  wavelength 
o f  maximum s e l e c t i v e  r e f l e c t i o n  (1 max) f o r  l i g h t  
i n c i d e n t  para l l e l  t o  t h e  h e l i c a l  axis i n  sandwich 
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FIGURE 1 

FIGURE 2 
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type  c e l l s  f o r  c h i r a l  smectic ( 1 )  and c h o l e s t e r i c  
(2) phases. h max f o r  t h e  c h i r a l  smectic phase 
corresponds t o  t h e  second o rde r  of Bragg r e f l e c -  
t i o n  and f o r  c h o l e s t e r i c  t o  t h e  first order .  

We measured t h e  r e f r a c t i v e  index 2 f o r  
both phases wi th  a goniometer i n  wedge-shaped 
c e l l s  w i t h  an angle  of-2'. The temperature 
dependence ,n i n  i s o t r o p i c ,  c h o l e s t e r i c  and chi-  
r a l  smectic phases f o r  wavelengths 436 nm, 546 nm 
and 577 nm is  shown i n  Figure 2. It i s  c l e a r  from 
t h i s  f i g u r e  t h a t  a t  d e f i n i t e  temperatures a d i -  
v i s i o n  o f  t h e  r e f r a c t i v e  index curves i n t o  two 
branches - both i n  t h e  c h i r a l  smectic and choles- 

3 

t e r i c  phases - i s  observed. The i n t e n s i t y  of t h e  
beam corresponding t o  one o f  t h e  branches gradual- 
l y  decreases  ( i n  t ransmi t ted  l i g h t )  and then  t h i s  
beam disappears  ( i s  r e f l e c t e d ) .  The occurrence of 
t h e s e  branches can be explained i n  t h e  fol lowing 
way. The unpolar ized l i g h t ,  which we used i n  mea- 
s u r i n g  n, can be considered as a sum of: two waves 
c i r c u l a r l y  polar ized  t o  t h e  r i g h t  and t o  the l e f t .  
Near t h e  Bragg r e f l e c t i o n  band w e  observe a t ran-  
smi t ted  beam and one t h a t  i s  beginning t o  be r e f -  
l e c t e d ,  t h e  two having d i f f e r e n t  r e f r a c t i v e  index-. 
For t h e  beam beginning t o  be r e f l e c t e d  t h e  re f rac-  
t i v e  index inc reases ,  approaching t h e  value a t  
which t h e  e l e c t r i c a l  v e c t o r  of t h e  r e f l e c t e d  wave 
begins  t o  fol low t h e  long  a x i s  of t h e  l i q u i d  crys- 
t a l  molecules. The inc rease  o f  2 i s  due t o  t h e  f a c t  
t h a t  i n  t he  inves t iga t ed  c rys ta l .  i n  the  choleste-  
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r i c  phase t h e  h e l i x  p i t c h  i n c r e a s e s  wi th  a decrease 
of  temperature;  and i n  t h e  case  of observa t ion  a t  
t h e  coo l ing  of samples, t h e  Bragg r e f l e c t i o n  band 
"approaches" t h e  wavelengths, t h e  r e f r a c t i v e  indexes 
of which we measured by t h e  longe r  wavelength edge. 
I n  c o n t r a s t ,  i n  t h e  case of c h i r a l  smectic phase, 
t h e  h e l i x  p i t c h  decreases  wi th  aecreas ing  tempera- 
t u r e  and Bragg band t'approaches" t h e  measurable 
wavelengths from t h e  short-wave-side and t h e  re f rac-  
t i v e  index o f  t h e  beam which undergoes r e f l e c t i o n  
decreases .  This  has been proved t h e o r e t i c a l l y .  3 

We measured t h e  c i r c u l a r  dichroism f o r  t h e  
case  of  ob l ique  inc iden t  l i g h t .  Liquid c r y s t a l  was 
l oca t ed  between two hypotenuse s i d e s  o f  a 45' prism. 
V i s i b l e  l i g h t  Bragg s c a t t e r i n g  o r d e r s  a t  an obl ique 
inc idence  l i g h t  on a c h i r a l  srnectic l i q u i d  c r y s t a l  
we revealed i n  '. Figure 3 p r e s e n t s  t h e  r e s u l t s  o f  t he  
measurement of t h e  t r ansmi t t ed  i n t e n s i t y  o f  t h e  l e f t  
( l i g h t )  and r i g h t  ( d a r k )  c i r c u l a r l y  polar ized  l i g h t  
f o r  t h e  smectic phase n t  63OC (0,O- angle  o f  inciden- 
ce  6O0;a,n- 19.5';A,r-  54').  Data f o r  t he  angle o f  
inc idence  equa l l ing  60' corresponds t o  the  f irst  
o r d e r  o f  d i f f r a c t i o n ,  f o r  19.5' t o  t h e  second o rde r ,  
b u t  w i t h  54' angle  of incidence the  short-wave mini- 
mum corresponds t o  t h e  second o r d e r  and t h e  long 
wave t o  t h e  first. ( I n  determining t h e  angle of  beam 
incidence on l i q u i d  c r y s t a l  the  measured va lues  o f  
t he  r e f r a c t i v e  index from Figure 2 were used, bu t  
without  cons ide ra t ion  of t h e  ari isotropy o f  g). T h i s  
f i g u r e  shows t h a t  c i r c u l a r  dichroism o f  s e l e c t i v e  
s c a t t e r i n g  wes observed only f o r  t h e  second o r d e r  
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FIGURE 4 
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d i f f r a c t i o n  on c h i r a l  smect ic  s t r u c t u r e ,  t h e r e  
tleing no dichroism f o r  t h e  f irst  o rde r .  Thus a 
q u a 1  i t a t  i v e  d i f  f eretice of  t h e  o p t i c a l  p r o  p e r t  i e s  
between t h e  c h i r a l  srnectic and c h o l e F t e r i c  phases  
i s  revepled  f o r  f i r s t  o r d e r  d i f f r o c t i o r i .  

as we l l .  A~lortia~ous trFinsaiissiori (Borrmarin e f f e c t )  
i n  Rbsorbing c h o l e s t e r i c  l i q u i d  c r y s t a l s  was exper- 
i m e n t a l l y  i n v e s t i g a t e d  i n  5 9 6 .  I n  
co inc idence  o f  theory  m i t h  experiment was achieved.  
The Borrmann e f f e c t  was observed by u s  i n  t h e  
c h i r a l  srriectic phnse a s  well. To t h e  i n v e s t i p a t e d  
l i q u i d  c r y s t a l  we added l$  o f  t h e  d y e  p-ni t ro-  
kerizene-bis-( berieeneazo ) -p  ' -a i n , e thy lan i l  ine .  The 
tempera ture  ratige o f  l i q u i d  c r y s t a l l i i l e  phases  
was s h i f t e d  tovirrds low ten ,pera ture  as a r e s u l t  
o f  t h i s  a d d i t i o n .  F igure  4 shows t h e  curves  o f  
c i r c u l a r  d ichro ism w i t h  normnl inc idence  o f  l i g h t  
i n  f13t SnIKiWiCh-type c e l l s  i n  the  c h o l e s t e r i c  
phase a t  7 3 O C  ( A  ) and in c h i r a l  smect ic  phase 
a t  6 6 . 5 O C  ( 0 ). C i r c u l a r  d i chro ism was c a l c u l a t e d  
by t b e  following equat ion:  P = I ~ - ~ R / I ~ + I R  , 
where 1~ and 1~ a r e  t r a n s m i t t e d  i n t e n s i t y  f o r  
l e f t  and r i g h t  c i r c u l a r l y  p o l a r i z e d  l i g h t  re- 
s p e c t i v e l y .  The small va lue  of  t h e  Borrrcwin ef- 
f e c t  i n  t h e  c h i r a l  smect ic  phase i s  due t o  t h e  
s l o p e  o +  molecules. 

Thus i n  t h i s  paper  t he  f irst  nttempt has  
been made a t  comparing t h e  o p t i c a l  € : r o p e r t i e s  
o f  c h i r a l  smect ic  and c h o l e s t e r i c .  F o r  l i g h t  
i n c i d e n t  parallel t o  t h e  h e l i c a l  axis no p a r t -  

We i n v e s t i g e t e a  induced c i r c u l a r  d ichro ism 

a q u a n t i t a t i v e  
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i c u l a r  d i f f e r e n c e  was r io ted  between them, A d i f -  

f e r e n c e  was o b s e r v e d  f o r  t h e  f i r s t  o r d e r  o f  d i f -  
f r a c t i o n  a t  o b l i q u e  i r lc ider l t  l i g h t  on  c h i r a l  smec- 
t i c  l i q u i d  c r y s t a l .  Our f u r t h e r  expe r imer i t s  f o r  
t h i s  o r d e r  w i l l  be c a r r i e d  o u t  w i t h  d and % , 
on p l a n e - p o l a r i z e d  l i e h t  end t h e  p o l a r i z a t i o n  o f  
r e f l e c t e d  and trmsmi t t e d  1 i g h t  will be a n a l y s e d .  
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