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NONLINEAR OPTICAL PROPERTIES OF SOME FATTY A C I D S -  
CHOLESTEROL MIXTURES 

MIHAELA D U M I T ~  , CORNELIA MOTQC’, HARIA HONCIUC~ 
AND R ~ L U C A  HONCTUC~ 
1. Polytechnical Institute of Bucharest, ROMANIA 
2 .  Medicine and Pharmacy Institute of Bucharest 

Abstract It is shown that fatty acids such as the 
arrachidic and the lauric acids and their mixtures 
with cholesterol exhibit nonlinear optical proper- 
ties, The effects of a 20 mW He-Ne laser ( A =  6328 1) 
on such mixtures exhibiting smectogenic mesomorphism 
were examined and the optical activity dependence on 
the cholesterol percentage was determined. 

(Received January 10, 1991) 

Keywords: fatty acids, nonlinear efects, cholesterol, arrachichic acid, optical activity 

INTRODUCTION 

In the last years, several optical devices using diffe- 
rent liquid crystal configurations have been proposed. 
An increasing interest in the use of liquid crystals as 
nonlinear optical media was developed . 

Liquid crystal8 are highly nonlinear, the optical 
field-induced molecular reorientation being significant 
due to the strong molecular correlations. 

This is the reason why we considered that the study 
of nonlinear effects, at l o w  optical power limit in li- 
quid crystals is very useful., having many applications. 

In this paper we investigate the effects of a 20 mW 
We-Ne laser (>, = 6328 i ) on some fatty acids-cholesterol 
mixtures. 

1 

MATERIALS 
As liquid crystals we used arrachidic acid, lauric acid 
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and mixtures  of these f a t t y  a c i d s  w i t h  c h o l e s t e r o l .  
As microscopica l  i n v e s t i g a t i o n s  under po la r i zed  l i g h t  

have shown, the  a r r a c h i d i c  a c i d  e x h i b i t s  an e n a n t h i o t r o p i e  
smect ic  mesonorphiam w i t h i n  70-711OC and the  l a u r i c  ac id  a 
smect ic  mesornorphism w i t h i n  44.11-51.3°C. 

Mixtures o f  t h e s e  f a t t y  a c i d s  and choles te ro l .  .in d i f -  
f e r e n t  percentages were obta ined  and t h e i r  phys i ca l  proper- 
t i e s  were determined. It was proved2 t h a t  by adding choles-  
t e r o l  t o  these  f a t t y  ac id8  the, mesomorphic range ie wide- 

ned ( Figure  1 ); t h i a  was a l a o  evidenced by the  corre8- 
ponding t e x t u r e  changes. 

t"C1) 

0- 
25 M 75 % Cholesterol 

FIGUKE: 1 Trans i%jen  tempera tures  o f  a r r a c h i d i c  ac id  
c h o l e s t e r o l  mix tures  as f u n c t i o n  on cholcs-  
t e r o l  percentage  : x s o l i d - l i q u i d  c r y s t a l ,  
o l i q u i d  c r y s t a l - i s o t r o p i c  l i q u i d  t r a n s i t i -  
on temperatures .  

EXPEHIMENTAL RESULTS 

The l i q u i d  c r y s t a l  c e l l ,  20 f ~ m  t h i c k ,  was placed  between 
p a r a l l e l  and crossed  p o l a r i z e r s  r e s p e c t i v e l y  and i r r a d i a -  
ted  with a He-Ne l aser  ( > = 6328 ) . The ou tpu t  powers 
P,, and PA were deterrained a8 f u n c t i o n s  o f  t h e  i n c i d e n t  
o p t i c a l  l a s e r  power E?. 

low o p t i c a l  i n c i d e n t  power, a l i n e a r  dependence o f  the 
ou tpu t  power on the i n c i d e n t  power was obta ined .  When the  
i n c i d e n t  power was increased  over 1 2  mW, t h e  s l o p e  of t h e  

A6 i t  i s  shown i n  F igure  2a and F igure  2b , a t  very  
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NONLINEAR OPTICAL PROPERTIES OF FATTY ACIDS [a111297 

0 2 6 0 10 12 

FIGUIU 2a The ou tpu t  power PI, ver sus  inpu t  power P 
8 pure n r r a c h i d i c  a c i d ,  x 8rrachi .d ic  
ac id -cho le s t e ro l  1*2,4 a r r a c h i d i c  ac id-  
c h o l e s t e r o l  2+1 . P,, va lues  obta ined  when 
i n c r e a s i n g  or  dec reas ing  P a r e  i n d i c a t e d  
by arrows. 

The change o f  t h e  s l o p s  i n  the P,, = P,, (P i n p u t )  o r  
PA = PL ( P  i n p u t )  p l o t s  i s  an i n d i c a t i o n  f o r  t h e  e x i s t e n c e  
of' an induced r o t a t o r y  power, when t h e  i n c i d e n t  laser  po- 
wer was s t r o n e  enough ( > 1 2  IUW ) * 

I n  t h e  ca8e o f  pure a r r a c h i d i c  a c i d  and i t s  1+2 and 
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FXCUfU3 2b The ou tpu t  power FA ver sus  inpu t  power P 
A pure a r r a c h i d i c  a c i d , .  a r r a c h i d i c  ac id-  
c h o l e s t e r o l  2+X , a r r a c h i d i c  acid-choles- 
t e r o l  15-2 : X when P was i nc reased  , o when 
P w a s  decreased.  

2e1 c h o l e s t e r o l  mixtures, a h y s t e r e s i s  w6s not iced  : d i f -  

f e r e n t  PI ,  r e s p e c t i v e l y  PL va lues  were obta ined  when the  
1 Eiser power ~ 7 8 s  increased  ox' decreased.  

mixtures  were examined ; however, d i f f e r e n t  val.ues f o r  the 
output  power were obta ined  ( when the  i n p u t  power was i n -  
creesed o r  decreased ). A non l inea r  l e n s  e f f e c t  was ev i -  

denced in l a u r i c  ac id  end i t s  cho le s t e ro l  mixtures . 

The same e f f e c t  occured when pure l a u r i c  ac id  o r  i t s  
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NONLINEAR OPTICAL PROPERTIES OF FATTY ACIDS [643]/299 

FIGURE: 3a The o u t p u t  power PA ver sus  c h o l e s t e r o l  
percentage  i n  a r r a c h i d i c  a c i d - c h o l e s t e r o l  
mix tures .  

D i e l e c t r i c s  g e n e r a l l y  behave i n  t h i s  way, most o f  
them e x h i b i t i n g  f e r r o e l e c t r i c  p r o p e r t i e s  ; as  it was ex- 

per imenty l ly  proved, some l i q u i d  c r y s t a l s  d i s p l a y  such 
4 p r o p e r t i e s  . 

t h e i r  mix tures  w i t h  c h o l e s t e r o l  d i s p l a y  an " o p t i c a l  non- 
l i n e a r  a c t i v i t y " .  This  is  dependent on t h e  c h o l e s t e r o l  
percentage ,  as it is  shown i n  F igure  9a and F igu re  3b. 

We m a y  conclude t h a t  t h e  i n v e s t i g a t e d  f a t t y  ecids and D
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FIGURE 3b The ou tpu t  power PA ver sus  c h o l e s t e r o l  
percentage i n  a r r e c h i d i c  ac id -cho le s t e ro l  
mix tures .  

When c h o l e s t e r o l  i s  added t o  a r r ach i r l i c  a c i d ,  p,, 
and 

near  the  percentage 50:504 (by weight )  and then  P,, and 

PA i n c r e a s e  when t h e  c h o l e s t e r o l  percentage  i s  increases. 
It is  worth mentioning t h b t  when some e l e c t r i c a l  

measurements are performed, such 8 s  cspac i t ance  ( F i g u r e  
4 )  o r  space charge (F igu re  51, t h e  c h o l e s t e r o l  percentage 
i s  e s s e n t i a l  i n  confering p a r t i c u l a r  p r o p e r t i e s  t o  theee  
mixtures .  

P? are first decreased ; they r e a c h  a minimum value  
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NONLINEAR OPTICAL PROPERTIES OF FATTY ACIDS [645]/301 

- 
25 50 75 %Cholesterol 

FIGURE 4 E l e c t r i c a l  capac i t ance  ve r sus  c h o l e s t e r o l  
percentage i n  a r r a c h i d i c  a c i d - c h o l e s t e r o l  
mixtures .  

Aq t 

w 
25 50 75 %Cholesterol 

FIGURE 5 Space charge accumulated in arrachidic 
ac id -cho les t e ro l  mix tures  versus  c h o l e s t e -  
r o l  percentage .  

This  shows t h r t  by adding c h o l e s t e r o l  t o  E o m e  f a t t y  
a c i d s  a space  charge is  induced and t h e  d i e l e c t r i c  cons- 
t a n t  of  t h e  mixture  is i nc reased ,  r e a c h i n c  a maximum i n  
t h e  v i c i n i t y  o f  the  50:50% chol.estero1 percentage  i con- 
sequen t ly ,  t h e  r e f r e c t i v e  index w i l l  be changed. T t  may be 
suggested t h a t  t he  i m a g i n a r y  p a r t  o f  t h e  d i e l e c t r i c  
c o n s t a n t ,  r e s p o n s i b l e  f o r  t h e  a b s o r p t i o n ,  w i l l  be a l s o  
a f f e c t e d  by t h e  c h o l e s t e r o l  percentLge. Therefore ,  when 
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t h e  mixture  i s  i r r a d i a t e d  wi th  8 He-No l a s e r ,  t h e  ou tpu t  
power w i l l  be decreased as a r e s u l t  o f  t h e s e  n o n l i n e a r  
induced e f f e c t s .  

l i q u i d  c r y s t a l s  as w e l l  a s  w i t h  the  r e s u l t s  we ob ta ined  
when o t h e r  f a t t y  ac ids -cho le s t e ro l  mix tures  were examined. 

These r e s u l t s  a r e  i n  agreement w i t h  o t h e r  r e p o r t s  on 

CONCLUSIONS 

The s a t u r a t e d  f & t t y  s c i d  - ,the a r r a c h i d i c  a c i d  - and i t s  
mixtures  w i t h  c h o l e s t e r o l  i n  d i f f e r e n t  percentages  a r e  
non l inea r  o p t i c a l  media. The n o n l i n e a r  o p t i c a l  a c t i v i t y  
i s  6 f u n c t i o n  on the  c h o l e s t e r o l  percentage and its lower 
values a r e  connected t o  the maximum va lue  f o r  t h e  capac i -  
tance o r  f o r  the space  charge accumulated w i t h i n  t h e  
sample. 
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