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POLARIZATION OF THE SCATTERED LIGHT I N  THE ISOTROPIC 

PHASE OF A CHOLESTERIC L I Q U I D  CRYSTAL 

M.E. SCHINDLER AND P.P. CROOKER 

Department of Phys ics  and Astronomy 

Unive r s i ty  of H a w a i i  

Honolulu, H a w a i i  96822 

(Submitted f o r  p u b l i c a t i o n  Apr i l  39, 1979) 

ABSTRACT: I n  t h e  only  measurement t o  d a t e  of t h e  r a t i o  

Rd of depolar ized  t o  po la r i zed  l i g h t  s c a t t e r i n g  in ten-  

s i t i e s  i n  t h e  i s o t r o p i c  phase of a c h o l e s t e r i c  l i q u i d  

c r y s t a l ,  Harada and Crooker r epor t ed  t h a t  t h e  va lue  of 

314 pred ic t ed  by t h e  o rde r  parameter f l u c t u a t i o n  theory  

of de Gennes w a s  no t  observed. We presen t  he re  measure- 

ments of Rd i n  c h o l e s t e r y l  o l e v l  carbonate  (COC) using 

a more p r e c i s e  r o t a t i n g  p o l a r i z e r  technique.  Rd is ob- 

served t o  have a s t r o n g  temperature  dependence which w e  

can e x p l a i n  by t h e  de Gennes theory  p l u s  an a d d i t i o n a l  

f l u c t u a t i n g  component as descr ibed  by Courtens.  

Measurements of p r e t r a n s i t i o n a l  phenomena nea r  t h e  cho- 

l e s t e r i c - i s o t r o p i c  phase t r a n s i t i o n  o f  a c h o l e s t e r i c  l i q u i d  

c r y s t a l  have shown t h a t ,  con t r a ry  t o  prev ious  expec ta t ions ,  

t h i s  t r a n s i t i o n  has  f e a t u r e s  q u i t e  d i f f e r e n t  from the  nematic- 

i s o t r o p i c  t r a n s i t i o n .  I n  a paper  desc r ib ing  l i g h t  s c a t t e r i n g  

measurements i n  t h e  i s o t r o p i c  phase of c h o l e s t e r y l  o l e y l  car- 

bonate  (COC) ,  Harada and Crookerl  have shown t h a t :  (1) t he  

Rayleigh i n t e n s i t y  and l i newid th  change cont inuous ly  through 

t h e  ex t r apo la t ed  second-order phase t r a n s i t i o n  temperature  T*, 
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thereby  making i t  impossible  t o  d e t e c t  any f i r s t - o r d e r  phase 

t r a n s i t i o n  temperature  Tc o p t i c a l l y ;  (2 )  below T* the  auto-  

c o r r e l a t i o n  func t ion  of t h e  s c a t t e r e d  l i g h t  becomes a sum of 

exponen t i a l s ;  (3 )  t he  r a t i o  of t h e  depolar ized  t o  po la r i zed  

s c a t t e r e d  l i g h t  i n t e n s i t i e s  i s  .691 f .007 i n s t e a d  of 3 / 4  as 

p red ic t ed  by the  o rde r  parameter  f l u c t u a t i o n  theory  of de 

Gennes2. 

high temperature  e x t r a p o l a t i o n s  of t h e  Rayleigh l i newid th  

and i n t e n s i t y  l ead  t o  d i f f e r e n t  va lues  of T*, con t r a ry  t o  

the  de Gennes2 p r e d i c t i o n .  F i n a l l y ,  Ajgaonkar and Keyes4 

have observed a p r e t r a n s i t i o n a l  increase i n  t h e  shea r  v i s -  

c o s i t y .  

f e a t u r e  found a t  many c h o l e s t e r i c - i s o t r o p i c  t r a n s i t i o n s  bu t  

n o t  a t  nemat ic - i so t ropic  t r a n s i t i o n s  has  f u r t h e r  complicated 

t h e  p i c t u r e .  

M. E. SCHINDLER and P. P. CROOKER 

I n  a d d i t i o n ,  Mahler, e t  a1.3 have shown t h a t  t h e  

The d iscovery  of t h e  so-ca l led  "blue p h a ~ e " ~ ,  a 

I n  t h i s  l e t t e r  w e  r e p o r t ,  us ing  a more p r e c i s e  r o t a t i n g  

p o l a r i z e r  technique ,  t h e  r a t i o  Rd of t he  depolar ized  t o  po- 

l a r i z e d  components of t h e  s c a t t e r e d  l i g h t  i n t e n s i t y  i n  t h e  

i s o t r o p i c  phase of COC. The d e t a i l s  of t he  temperature  be- 

hav io r  of t h i s  r a t i o  are now observable ,  and w e  f i n d  t h a t  i t  

decreases  l i n e a r l y  wi th  i n c r e a s i n g  temperature  from a va lue  

of .75  a t  t h e  ex t r apo la t ed  second-order phase t r a n s i t i o n  

temperature  T*. 

t h a t  an a d d i t i o n a l  f l u c t u a t i n g  component c o n t r i b u t e s  t o  the  

s c a t t e r i n g ,  and w e  show t h a t  our  parameters  a l s o  exp la in  t h e  

d a t a  of Harada and Crooker. 

We are a b l e  t o  e x p l a i n  our  d a t a  by assuming 

The COC used i n  our  experiments (Aldrich Chemical Co., 

l o t  number 111107) w a s  f i r s t  f i l t e r e d  through a .1 micron 

f i l t e r ,  degassed f o r  18 hours  i n  a vacuum system, then sea l ed  

under d ry  n i t rogen  i n  a 10 mm square  s c a t t e r i n g  c e l l .  Before 

and a f t e r  t h e  experiment t h e  q u a l i t y  of t h e  sample w a s  moni- 

t o red  by measuring the  depolar ized  component of  t he  s c a t t e r e d  
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LIGHT SCATTERING IN A CHOLESTERIC 309 

i n t e n s i t y  as a func t ion  of temperature  and determining T*. 

This  va lue  remained cons t an t  a t  (37.07 ? .07) C.  During 

t h e  experiment t h e  temperature  of t he  sample w a s  c o n t r o l l e d  

t o  w i t h i n  .02 O C  by a c i r c u l a t i n g  water ba th .  

0 

Light  s c a t t e r i n g  was performed a t  90' us ing  a 5 mw He- 

N e  laser and i n c i d e n t  l i g h t  po la r i zed  perpendicular  t o  the  

s c a t t e r i n g  p lane  (V p o l a r i z a t i o n ) .  The s c a t t e r e d  l i g h t  w a s  

passed through a r o t a t i n g  p o l a r i z e r  (w = 4 r e v / s ) ,  and de tec t ed  

us ing  convent iona l  photon count ing  techniques ;  t h e  r e s u l t i n g  

s i g n a l  pu l se s  were then accumulated by a PDP-8/E minicomputer 

ope ra t ing  as a mult ichannel  scaler. The computer a l s o  re- 

ceived p h o t o e l e c t r i c  t iming pu l ses  from t h e  r o t a t i n g  polar-  

i z e r  s o  t h a t  s i g n a l  pu l se s  corresponding t o  the  po la r i zed  

s c a t t e r i n g  (VV) and depolar ized  s c a t t e r i n g  (VH) could be 

s t o r e d  i n  s e p a r a t e  memory l o c a t i o n s .  A t  t he  end of a run 

t h e  accumulated W and VH counts  were read  o u t ,  co r rec t ed  

f o r  background, and the  r a t i o  of t h e  depolar ized  t o  po la r i zed  

i n t e n s i t i e s  Rd = IvH/Iw computed. 

I n  Fig.  1 w e  p re sen t  t h e  r a t i o  Rd as a func t ion  of t h e  

reduced temperature  TIT*. 

by u n c e r t a i n t i e s  i n  the  t iming pu l ses  and no t  by photon 

count ing  statist ics.  C l e a r l y  t h e  p red ic t ed  r a t i o  of .75 is 

not  achieved f o r  T>T*. We a s c r i b e  t h i s  dev ia t ion  of Rd from 

3/4 t o  t he  presence of d e n s i t y  f l u c t u a t i o n s  as has  been d i s -  

cussed by Courtens6. 

c o n s i s t  o f  a c o n t r i b u t i o n  JQ from o rde r  parameter f luc tua -  

t i o n s  and a small c o n t r i b u t i o n  Jp from d e n s i t y  f l u c t u a t i o n s ;  

thus  Ivv = JQ + J p .  According t o  the  de  Gennes theory  IVH-= 

The s c a t t e r  of t h e  d a t a  i s  caused 

L e t  t h e  VV s c a t t e r i n g  i n t e n s i t y  Ivv 

KT/(T-T*), where K i s  a 

(4/3)IVH. Thus, €o r  Jp 

cons tan t  of p r o p o r t i o n a l i t y ,  and Jq = 

small, 
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310 M. E. SCHINDLER and P. P. CROOKER 

0.99 1.00 1.01 1.02 1.03 

TIT * 
FIGURE 1. Depolarization r a t i o  R versus reduced temperature. d 

‘I 

T P C )  

FIGURE 2. Data from Ref. 1. The l i n e s  a r e  a f i t  t o  our 
theory as explained i n  t h e  t e x t .  
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LIGHT SCATTERING IN A CHOLESTERIC 3 11 

The s o l i d  l i n e  i n  Fig.  1 i s  a least squares  f i t  t o  Eq. 1 i n  

the  form Rd = a + b(T-T*), us ing  t h e  d a t a  f o r  T /T*>l  and T* = 

37.07 O C  determined previous ly  from t h e  depolar ized  i n t e n s i t y  

measurements. We ob ta in  a = .748 f .008 i n  good agreement 

wi th  de Gennes va lue  of 314. From the  s lope  b w e  ob ta in  

J p / K T  = (.025 f .002) O C - l .  

MBBA and is  by f a r  t he  l a r g e s t  measured va lue  of J p / K T  t o  

da te6 .  

i f  one realizes t h a t  J /KT i s  a s t rong  func t ion  of molecular 

volume v. (where A and B 

are cons t an t s )  y i e l d s  Courtens '  va lues  f o r  MBBA and fou r  of 

i t s  homologues t o  wi th in  15%,  and using v = 1113 g3 f o r  COC, 

t he  express ion  e x t r a p o l a t e s  t o  wi th in  15% of our va lue .  

This va lue  is  30 times t h a t  f o r  

P Nevertheless ,  our va lue  of J /KT i s  not  unexpected 
P 

B Indeed, t h e  express ion  Jp/KT = Av 

A novel f e a t u r e  of Fig.  1 is t h e  cont inua t ion  of t h e  

d a t a  below T*. 

t i c a l l y  d e t e c t  t h e  f i r s t - o r d e r  phase t r a n s i t i o n  temperature 

Tc and wi th  t h e  presence of t h e  b lue  phase.  

i s  o u t s i d e  t h e  scope of t h e  de Gennes model'. 

This is  a s soc ia t ed  w i t h  t h e  i n a b i l i t y  t o  op- 

Such behavior 

We now show that t h e  d a t a  of  Harada and Crooker' (Fig. 2) 

a r e  c o n s i s t e n t  wi th  Eq. 1 by r e f i t t i n g  t h e i r  d a t a  ( s o l i d  l i n e s  

i n  Fig.  2 )  t o  I-' = (const)(T-T*) and 12 = I& Rd(T). We use 

Rd(T) = a + b(T-T*), where a and b have the  va lues  determined 

i n  t h i s  paper and w e  use Harada and Crooker 's  va lue  of T* = 

31.5 O C .  The f i t  i s  q u i t e  good (x2 = 0.8) and we are ab le  t o  

expla in  t h e i r  d a t a  wi th in  t h e  framework of t h e  de Gennes 

theory.  Notice a l s o  t h a t  t h e i r  va lue  of T* is  5 . 6  C less 

than ours ;  thus  i t  is  apparent  t h a t  s h i f t s  i n  the  t r a n s i t i o n  

temperature only move the  curves  on t h e  temperature a x i s  

without  changing the  e s s e n t i a l  behavior .  

VH 

0 

The au tho r s  wish t o  acknowledge h e l p f u l  d i scuss ions  

with E. Courtens,  C.F. Hayes, and W. Laidlaw. 
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