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If a beam of plane-polar ized light is incident on a liquid surface,  the reflected beam displays a slight 
polarization ellipticity, while Fresne l  theory predicts  that the plane polarization will be preserved.  There  
have been severa l  theoret ical  and experimental  studies of this topic [1-8], and the general  concensus is 
that the polarizat ion ellipticity resul ts  f rom the existence of a surface layer  having a s t ruc ture  different 
f rom that of a homogeneous liquid. 

In the case in which the light in the incident beam is polarized in a plane making an angle of 45 ~ with 
the incidence plane, the ellipticity p is 

=-:-1/n~V~ 1 ( ~ -  ~z), (1) 

where ;~ is the wavelength of the light; n is the re f rac t ive  index of the homogeneous liquid for the given 
wavelength; 7x  and 7 z are  theoret ical  pa ramete r s  which depend on neither the wavelength nor the light 
intensity, 

*5 = ~ ,  (2) 

~'i a re  the components of the induced dipole moment per unit a rea  of the surface  layer;  ~ a re  the com-  
ponents of the polarizat ion of the homogeneous liquid. 

The vec tor  ~ can be found f rom the macroscopic  equations for the electr ic  field in a homogeneous 
dielectr ic .  In determining the dipole moment  of the surface layer  we must  take into account the layer  
s t ruc ture  and thus employ a specific model for the liquid s t ructure .  For  this purpose we will use the meth-  
od of molecular  distr ibution functions. 

Far  f rom the cr i t ica l  point, where we can neglect the interaction between the molecules of the vapor 
and those of the liquid, we can get sa t i s fac tory  resul ts  by using the model of a liquid bounded by an ideal 
impenetrable wall. For  this model approximate solutions a re  available with which we can find the single-  
component distr ibution function F i (q) and the binary distribution F 2 (q', q) in the surface layer  if we know 
the binary molecular  interact ion potential and the radial  distribution function for the homogeneous liquid, 
g ( Iq '  - q l  .). We place the origin of coordinates at a point such that the XOY plane coincides with the wall 
and the z axis is directed f rom the vapor into the liquid. 

The dipole moment  of the surface  layer  consis ts  of the dipole moments  P0(z) of the molecules  in 
the layer ;  we can therefore  wri te  the components of the vector  ~ as 

l 

z ~ Poi (z) F~ (z) dz, ~ = - -  (3) 
7) 2 

0 

where v is the average  volume per molecule in the homogeneous liquid; 1 is the thickness of the surface 
layer .  

For  nonpolar liquids the molecular  dipole moment P0(z) a r i ses  as a resu l t  of the e lectr ic  field E(z) 
which consists  of the field E 0 of the light wave and that Ei (z) of the surrounding dipoles. In the visible part 
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of the  s p e c t r u m  the w a v e l e n g t h  i s  much  h ighe r  than  the l i n e a r  d i m e n s i o n  a of the m o l e c u l e s  (by two o r  t h r e e  
o r d e r s  of m a g n i t u d e ) ,  so  we can  a s s u m e  that  the  f i e ld  i n t e n s i t y  i s  the  s a m e  a t  a g iven  i n s t a n t  a t  a l l  po in t s  
in  the  s u r f a c e  l a y e r ,  w h i c h  i s  no m o r e  than  a few m o l e c u l a r  d i a m e t e r s  th ick .  The  i n s t a n t a n e o u s  v a l u e s  of 
the  m o l e c u l a r  d ipo l e  m o m e n t  and the  f i e ld  a c t i n g  in  th i s  c a s e  a r e  r e l a t e d  by the u s n a l  r e l a t i o n  

po(z) = ~E(z), (3 ')  

w h e r e  fl i s  the a v e r a g e  p o l a r i z a b i l i t y  o f  the  l i q u i d  m o l e c u l e s .  

The  f i e ld  El (z)  c a n b e  e x p r e s s e d  in  t e r m s  of the cond i t i ona l  d i s t r i b u t i o n  func t ion  F l ( q ' / q ) ,  which  
g ives  the  p r o b a b i l i t y  fo r  f ind ing  a m o l e c u l e  a t  poin t  q '  i f  t h e r e  is  a m o l e c u l e  a t  poin t  q. We deno te  the  d i f -  
: f e r e n c e  b e t w e e n  q '  and q a s  r ;  then  we  have 

1S[3 (P . ( z )_ ,  r) r ,  Po(Z) ]F, (q , ,q )dq ,"  (4) 
E, (z) = - ~  r ~' ra 

The  c o n d i t i o n a l  d i s t r i b u t i o n  func t ion  F 1 ( q ' / q ) i s  r e l a t e d  to . the  s i n g l e - c o m p o n e n t  func t ion  Fl(q)  and the  

b i n a r y  func t ion  F2(q ' ,  q) by 

F, (q'/q) = Fe (q', q)/F~ (q). 

In the  s u p e r p o s i t i o n  a p p r o x i m a t i o n ,  we  can  e x p r e s s  the b i n a r y  d i s t r i b u t i o n  func t ion  in  the  s u r f a c e  l a y e r  in  
t e r m s  of the  s i n g l e - c o m p o n e n t  func t ions  a t  po in t s  q and q '  and the  r a d i a l  d i s t r i b u t i o n  func t ion  of a h o m o -  
geneous  l iquid:  

F~ ( q', q) = F, ( cf) F~ (q) g (r). 

Then  we have  

E, (z) = v r '~ r a 
Z ' > 0  

w h e r e  the  i n t e g r a t i o n  i s  c a r r i e d  out o v e r  the e n t i r e  z ~ > 0 h a l f - s p a c e ,  s i n c e  a d ipo l e  a t  z '  = z i s  a u t o m a t i -  

c a l l y  inc luded  ( s ince  we have  g( r  < a) = 0). 

A f t e r  l e n g t h y  c a l c u l a t i o n s ,  we f ind i n t e g r a l  equa t ions  fo r  the  c o m p o n e n t s  of the  d ipo l e  m o m e n t  of 
a m o l e c u l e  in  the  s u r f a c e  l a y e r  a t  a d i s t a n c e  z f r o m  the wa l l :  

c o  

p0~ (z) = ,~E0~ + C, S Po~ (z') & (z') (2 (] z -- z' I) dz'. (6) 
0 

I n E q .  (6), we have  

~ .  Cz 2 ~  C ~ = - - ,  = - -  ; 
0 0 

c o  

S g ( r )  [r 2 -  3 f z - - z ' ) q  
Q (Iz--z'l) 7 -r7 dr. 

Iz-z'l 

In the  i n t e r i o r  of the  l iquid ,  a s  z - -  % the d ipo l e  m o m e n t  c o m p o n e n t s  t ake  on the c o n s t a n t  v a l u e s  
r  

P0i~,  and the  i n t e g r a l  S dz<Q (I z - -  z' l) b e c o m e s  equa l  to 4 / 3 .  F o r  P0i~ we thus  f ind the  s t a n d a r d  e x p r e s s i o n ,  
0 

found by  L o r e n t z  fo r  i s o t r o p i c  m e d i a .  We can  t h e r e f o r e  t r a n s f o r m  f r o m  E0i to P0i~:  

c o  

0 

F o r  m a n y  n o n p o l a r  l i qu ids  we have  Ci < 1. We expand P0i(z) in  a s e r i e s  in  t e r m s  of  Ci: 

C pm c~p;~ ~ (z) " ~  P0,(z) = p0 (~ + ~ 0~ (z) + + . . .  + ~,~0, (z) + . . .  

K on the  two s i d e s  We s u b s t i t u t e  th i s  e x p a n s i o n  into (7) and equa te  the c o e f f i c i e n t s  of i d e n t i c a l  p o w e r s  of C i 
of the  r e s u l t i n g  equat ion .  In  th i s  m a n n e r  w e  f ind the P l f  ) (z): 

p(O) (z) = P0~oo, 
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TABLE 1. 

Substance 

Benzene 

Toluene 

Carbon tetra- 

chloride 

p-Xylene 

n - Hex ane 

? 
t = 2 0 ~  ~ = 5 4 6 0 A  

p.lO~ p.lO~ 
theo exp 

122 107--136 
130 114 

114 84--126 
133 129 
105 65 

Substance 

n-Pentane 

n-Octane 

Cyclopentane 

Chlorobenzene 

Water 

p. 105 
theo 

92 
122 
104 
135 
57 

p.lO 5 
exp 

70 
92 

121 
138 

40--75 

Aceordingly,  
in a homogeneous liquid: 

Poi (Z) = POioo 1 =-  - - ~  

0 

0 0 

co 

4 S P(o~' ( z )  --- -3-~P0,~+P01r F, (z ' )  Q (] z --  z '  l) dz ' ,  

0 

�9 , o . .  , .  . . . .  o o , �9 �9 , . . , , �9 , , 

o o  

P~0? (z) = .! F, (z') q (I z - -  z' I) P~07 -'~ (z) dz'. (7) 
0 

the dipole moment of a molecule in the surface layer  can be expressed in t e rms  of its value 

(8) 

The components of the vector  P can be writ ten as 

Pi = __1 Poij:l(oo). 

Since the integrals  associa ted with the high powers of C~ fall off rapidly with increasing K, we can r e -  
s t r ic t  Eq. (7) to the f i r s t  approximation,  i.e., take into account only the f i r s t  two terms.  Substituting into 
(2) the components P0x(Z) and P0z(Z), we find 

l Oo 

"b,-- T z = ( C z - - C x )  F l ( z )  - - - -~ - t -  F , ( z ' ) Q ( l z - -  z ' ) d z '  

0 0 

(9) 

Substituting (9) into (1), we find the final express ion for the ellipticity p: 

c o  

�9 0 0 

(i0) 

We used Eq. (10) to calculate p for severa l  liquids*; the resul ts  a re  shown in Table 1. Also shown in this 
table a re  experimental  data f rom [3-5]. Since there is a large sca t te r  in the experimental  values obtained 
for  p for cer ta in  liquids by various invest igators ,  we show the corresponding ranges.  

Comparison shows that the values of p calculated f rom Eq. (10) agree  quite sa t is factor i ly  with ex-  
perimental  values not only for the nonpolar liquids, but also for  liquids whose molecules have a rigid dipole 
moment,  i.e., water ,  chlorobenzene, etc. We can explain this resul t  by assuming that the oscil lation 
period of the e lectr ic  field of the light wave is much lower, by about two o rders  of magnitude, than the 

* The radial  distr ibution function was taken f rom [10], and the s ingle-component  distribution function was 
calculated f rom the approximate equation given in [11]: 

Ft (z) = 1 .-- dt (I) -- 1]rdr. 
Z I l l  
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orientational-relaxation time of many polar molecules. Because of this circumstance, the electronic 
polarizability of the molecules plays the main role in producing the induced dipole moment and the polari- 
zation ellipticity of the reflected light. 
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