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LOCAL FIELD UETEZMINATIOIJ BY i lESONANCE 
Il;ilMN SCATTJGIING 

SERGE1 YAKOVENKO and IIOSTISLAV IGNATOVICH 
I n s t i t u t e  of Applied Physical Problems, 
I,linslc, U . S . S . A. 
Abstract The r e s u l t s  of the  l o c a l  f i e l d  
anisotropy determination by the combination 
o f  resonance Rman sca t t e r ing  and absorption 
experiments a r e  presented. 

INTRODUCTION 

zesonance Haman sca t t e r ing  (MS) of l ight,  as 

well as non-resonance spontaneous Kaman sca t t e -  
r i ng ,  has been shown t o  be very usefu l  in t he  
s tud ie s  of o r i en ta t iona l  ordering i n  l i q u i d  crys- 
t a l s ’ .  ‘Jhile i n  the MIS .method one can dea l  only 
wi th  the dye molecules, t h i s  method is  more a p -  
peal ing because of the  more concrete fo rm of the  
Kaman tensor  ( tensor  of the  p o l a r i z a b i l i t y  der i -  
va t ives  with respect  t o  t he  normal coordinate of 
the  v ibra t ion) .  This f a c t  enabled the  authors of ’ t o  determine the order  parameters P2 and P4 for 
beta-carotene molecules i n  MBBA matrix f r o m  llRS 
measurements. 

THE BllCKGiiOUND OF THE METHOD 

In a more recent appl ica t ions  of  the  KiiS method 
i t  has been found t h a t  P2 values obtained by this  
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method * d i f f e r  f rom t h e  order  p e r m e t e r s  de te r -  
mined from the  absorp t ion  dichroism s t u d i e s ,  whi- 
le in b o t h  cases  the t r a n s i t i o n  unaer inves t iga-  
t i o n  i s  between t h e  same molecular. l e v e l s .  It  
should be noted t h a t  i n  t h e  d i f f e rence  of t h e  
l o c a l  f i e l d  f rom t h e  f i e l d  of the incident; l i g h t  
wave has not  been talcen i n t o  account. 

As a l l  o ther  l i q u i d  c y y s t a l l i n e  p r o p e r t i e s  
t he  l o c a l  f i e l d  i s  an i so t rop ic .  Approximating 
mesogenic molecule by the p o l a r i z a b i l i t y ,  placed 
i n  t h e  e l l i p s o i d a l  cavit;y i n  the  an i so t rop ic  die-  
l e c t r i c ,  Segre3 obtained foi lowing equat ions con- 
necting t h ~  l o c a l  arid u v e r ~ g e d  Xields:  

vrhere ni a r e  the  r e f r a c t i v e  i n d i c e s  and z-axis i s  
d i r e c t e d  a l -ng  the  o p t i c a l  axis of t h e  d i e l e c t -  
r i c ;  rnii - depolur iz ing f a c t o r ,  dependent on the 
shtLpc of t he  covi ty:  

whce  a and c ccre the semi-axes of t n e  c r v i t y .  
Taking i n t o  x c o u n t  the loct t l  f i e l d  anisotropy 
L L ~ S  depolnr iza t ion  r a t i o s  and d icnro ic  r a t i o s  for 
t h e  a b s o r p t i o n  band-s can be expressed i n  the  form 
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The f i r s t / s econd  subscr ipt  behind I stands f o r  
the  d i r ec t ion  of the polar iza t ion  of  t he  sca t t e -  
red/ incident  l i g h t  wave. As i t  i s  seen f rom re la -  
tions (3) - (5) ,  i n  order t o  determine P2 and P 
only from RiiS o r  only from dichroism measurements 
one i s  needed i n  independently measured fii. The- 
r e  a r e  many models and approximations f o r  the 
treatment of t he  l o c a l  f i e l d  i n  l i q u i d  crystals. 
F o r  example, t he  semi-axes of the  cavi ty  f o r  the  
ca l cu la t ions  i n  (2)  can be taken t o  be equal t o  
t he  molecular length and width. However, r e a l  mo- 
l e c u l a r  shapes a re  not e l l i p s o i d a l  and consequen- 
t l y  the r e a l  l o c a l  f i e l d  d i f f e r s  from t h a t  i n  ex- 

4 

pressions ( I ) .  In fact 
s t a t i s t i c a l  r e s u l t  f o r  

fii= l+Lii(n:-l), 

the  simplest molecular- 
the l o c a l  f i e l d  f a c t o r  i s  4 

L ZZ +2Lxx=1, ( 6 )  

where Lii are  the components of the  Lorentz ten- 
sor-factor  which i s  r e l a t e d  t o  the  p a i r  d i s t r ibu -  
t i o n  function. 

expressions ( 3 ) - ( 6 ) ,  namely, P2, P and Lzz-Lxx 
(ni a r e  measured independently). These unknowns 
can be computed from experimental values o f  t he  
depolar izat ion r a t i o s  and absorption dichroism 

As one can see, there  a r e  three  unknowns i n  
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f o r  an e l ec t ron ic  t r a n s i t i o n  of the  dye i n  l i q u i d  
c r y s t a l l i n e  matrix. F o r  example, from the  data of 
the pioneer work' we obtained the  following e s t i -  
mates f o r  beta-carotene i n  NBBA matrix a t  T =.95: 
P, =.72,  P4=.36, Lzz-Lxx=- . 3 O i . O 6 .  These values of 
the order parameters a r e  subs t an t i a l ly  l a r g e r  
than those obtained i n  without l o c a l  field cor- 
r ec t ions .  

* 

2 

Here vie present the  results of  the measurements 
s i m i l a r  t o  f o r  the  490 nm absorption band of 
p-dimethylamino-p t -nitroazobenzene (DPUiNRB) i n  
b i n a r y  nematic mixture 

C 71' 1 ( C gH 4 COO ( C 6H 4 C 4H 9 37 % 

63 % C H 3 0  ( CgH4 COO ( C :  6H4) C 5H 1 

( CH ) 2N ( c 6H 4)  11 =N ( c 6H4) N o2 0.08 % DhKNAB 

0 

The measurements were performed i n  180 -geometry 
with Spex-Ramalog spectrometer. A n  ILA-120 argon 
i o n  l a s e r  operating a t  488 nm was the  exc i t ing  
source. Absorption spec t ra  were recorded w i t h  
Specord Id40 spectrophotometer. Homogeneous align- 
ment was achieved by evaporation of the SiOx on 
the  g l a s s  s l i d e s .  Thickness of the  l i q u i d  crys- 
t a l l i n e  samples was var ied from 10 m t o  30 
Theincident i n t e n s i t y  of t he  exc i t ing  beam w a s  
var ied f r o m  5 rnW t o  40 rnW i n  order t o  provide 
equal overheating (approximately 4 ) of  the samp- 
l e s  with d i f f e r e n t  thickness.  The r e f r a c t i v e  in -  
d ices  o f  the  mixture i n  the  range of transparency 

Yrn* P 
0 
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were measured with an 13P-454B Abbe refractometer 
and i n  the absorption range - were ca lcu la ted  
from in te r fe rence  spectra .  

XESULTS AND DISCUSSION 

The s t rongest  bands i n  the RBS spectrum of 
D h M U B  a r e  those located near 1338 cm-' and 1396 
cm . The r e s u l t s  of the  computation of the  o r d e r  
parameters and s t r u c t u r a l  anisotropy with equa- 
t i o n s  ( 3 ) - ( 6 )  f r o m  the  measurements of  the  RRS 

d e p o l a r i z a t i o n  f o r  these two beads and a b s o r p t i o r -  
dichroism for the  4-90 i'm band of  the dye  i n  t h e  
nematic phase tire shown in ;r'igures "I and 2 .  Ob- 
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E'IGURE 1 .  T h e  o r d e r  pmaneters  only f r o m  LZ<S 

(a )  a n d  absorption measurements (t) 

and from eqs.(3)-(6) ( 0 ) .  

FIGURE 2. S t ruc tu ra l  anisotropy from eqs.(3)- 
( 6 )  (0) and by the Segre model (A). 
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viously, locc?,l f i e l d  cor rec t ions  r e s u l t  i n  sub- 
stantional increase of the computed I’ 
while the s e n s i t i v i t y  or“ the  dilS and a b s o r p t i o n  
ratios t o  t he  l o c a l  f i e l d  anisotropy is dif2eren-l-  
a i d ,  i n  p r inc ip l e ,  unpredictable.  

I n  Figure 2 one can see a l s o  the f a c t o r s  of 
s t r u c t u r a l  a n i s o t r o p y  computed f r o m  molecular d i -  
mensions ( c= 18.3 R ,  a=5.5 f n )  c o r n p ~ i n g  equations 
( 6 )  a ~ l d  ( 1 )  with the he lp  of equaticn ( 2 )  (P2 havo 
been. taken from Figure 1 ). Obviously,  the  estima- 
tes of 3(Lzz-Lxx) f rom the  Segre model a r e  r a t h e r  
a r b i t r z r y ,  while t he  s c a t t e r i n g  o f  t he  data i s  
smaller. 

and P4, 2 

1 

I n  conclusion i t  should be noted t h a t  i n  con- 
trast t o  other  methods f o r  t h e  l o c a l  f i e l d  aniso- 
t r o p y  determination i n  o u r  inethod all necessary 
measurements can be done a t  the  szme temperature 
and f o r  t he  t r a n s i t i o n s  between the  similar ele-  
c t ron ic  l e v e l s ,  This r e s u l t s  i n  the  minimization 
of t h e  e r r o r s  due t o  var ious hypotheses concer- 
ning the i n s e n s i t i v i t y  of  the  molecular and local 
mesophase s t r u c t u r e  t o  the  temperature, 
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