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Rdsurn6 - A p a r t i r  de photographies de microscopic Qlectronique de f i lms 
minces e t  discont inus d ' o r ,  Qtudies  expgrimentalement par Norman e t  co l la -  
borateurs ,  on ca lcu le  l a  t r a n s m i t t i v i t c  B l ' a i d e  d'une t h s o r i e  s t a t i s t i q u e  
pr6sent6e pr6cZdement. Les r 6 s u l t a t s  sont en assez bon accord avec l e s  
valeurs  expgrimentales. 

Abstract  - Using the e lec t ron  micrographs of t h i n  discontinuous goldfilms, 
s tudied experimentally by Norrman e t  a l . ,  we calculated the  transmittance on 
the b a s i s  of a s t a t i s t i c a l  theory given i n  a previous paper. The r e s u l t s  
agree r a t h e r  well  with the experimental values. 

The s t a t i s t i c a l  theory1) f o r  the  d i e l e c t r i c  s u s c e p t i b i l i t i e s  of a t h i n  is land f i l m  
i s  used to ca lcu la te  the transmittance of normally inc iden t  l i g h t  through gold f i lms  
on a g lass  subs t ra te2) .  Taking loca l  f i e l d s  i n t o  account, the d i e l e c t r i c  suscept i-  
b i l i t y  p a r a l l e l  to  the s u b s t r a t e  i s  found t o  have the following general  form 

where cis i s  the average p o l a r i z a b i l i t y  of the i s lands  p a r a l l e l  t o  the surface of 
the s u b s t r a t e  per u n i t  of surface area. Furthermore, ~ 1 ,  has the dimensionality of 
an inverse length and accounts f o r  l o c a l  f i e l d  e f f e c t s  p a r a l l e l  t o  the surface.  An 
e x p l i c i t  expression f o r  lcll w i l l  be given below. The transmittance of normally in- 
c ident  l i g h t ,  divided by the  Fresnel  value,  i s  given i n  terms of y by3) 

where A i s  the  wavelength of the incident  l i g h t ,  c the v e l o c i t y  of li n 
the r e f r a c t i v e  index of the subs t ra te .  For the f i l m  under c o n s i d e r a t i o n g y t t ~ d i >  
lands a re  i n  reasonable approximation p r o l a t e  spheroids with the long ax is  p a r a l l e l  
t o  the surf ace of the subs t ra te .  The p o l a r i z a b i l i t y  of such a spheroid i s  given by4) 

where V and e a re  the volume and the e c c e n t r i c i t y  of the  spheroid. Furthermore, 
E i s  the d i e l e c t r i c  constant of the i s land  mater ial  (gold i n  t h i s  case) and sm i s  
the,  as  ye t  unspecif ied,  d i e l e c t r i c  constant  of a medium i n  which the i s land  
i s  thought to  be embedded, which s a t i s f i e s  1< ; E~ i s  the d i e l e c t r i c  son- 
s t a n t  of the s u b s t r a t e  (g lass  i n  t h i s  case) .  The depolar izat ion fac- 
t o r s  i n  the d i r e c t i o n  of the long, k = l ,  and the s h o r t ,  k=2, ax is  p a r a l l e l  t o  the sur- 
face  of the s u b s t r a t e  a r e  given by4) 

L( I ) (e )  = M e )  -B(e)  and L(2)(e) = 4 - ; A  (e)  -B(e) 
- 3 E - 1  

A ( e )  = 4 e (1-eZ) [ i n  (2) -2.1 and B(e) =I 1 

24 {cs+l ) (1-e21-2 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19831077

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19831077


CIO-380 JOURNAL DE PHYSIQUE 

Fig.2- The p o l a r i z a b i l i t y  densi ty of 
the  f i lms  using E m = $ ( I + &  ) 

Fig. 1- High-resolution electronmicro- 
graphs of regions of the f i lms  

B i s  due t o  the i n t e r a c t i o n  with the  image dipole and we note t h a t  the spheroid 
touches the  s u b s t r a t e  surface.  For d i f f e r e n t  i s lands  e .  and Vi w i l l  be d i f f e -  
r e n t .  The average p o l a r i z a b i l i t y  p a r a l l e l  t o  the  surfac; i s  given by 

The weight thickness tw i s  i n  p r i n c i p l e  equal to  F Vi per u n i t  of surface area.  
In  p r a c t i c e  one f i n d s  a somewhat lower value2) due t o  so-called " l o s t  weight". 
We used the experimental values t =1.5, 1.7, 2.6, 3.0 and 3.6 nm i n  our calcula- 
t ion.  Using a computer a n a ~ ~ s i s ~ ) ~  of the e lec t ron  micrographs, f i g .  1, we obtained 
the average p o l a r i z a b i l i t i e s .  I n  f i g . 2  these a r e  given using E rn = L  The 
d e s c r i p t i o n  using t h e  d i e l e c t r i c  s u s c e p t i b i l i t y  y f o r  t h e  f i l m  gives the same 
transmittance as  a plane-paral le l  p l a t e  i f  one uses 

f o r  the d i e l e c t r i c  constant ,  f i l l i n g  f r a c t i o n  and thickness  of the p la te .  I f  one 
would use spherical  i s lands  and neglects  image dipoles  eqs.(2)-(6) give the o r i g i n a l  
Maxwell Garnett formula'). This shows the  f a c t  t h a t  the o p t i c a l  thickness  i n  the 
usual descr ip t ion  may be calculated i n  terms of the  loca l  f i e l d  f a c t o r  K I ~  . This 
f a c t o r ,  and thus the  o p t i c a l  thickness ,  i s  given i n  our theory i n  terms of the cor- 
r e l a t i o n  funct ion gw(r) f o r  the d i s t r i b u t i o n  of is land mass along the surface of 
the  subs t ra te  by 

Here d i s  the average d i s tance  of the  cen t re  of the i s lands  t o  the subs t ra te .  The 
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Fig.3- The mass d i s t r i b u t i o n  correla- 
t i o n  funct ions of t h e  f i lms 

Fig.4- The transmittance a s  a funct ion 
of the wavelength f o r  the f i lms .  The 
continuous curves give the experimental 
values. The do ts  give the  computed values.  
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second term betweenthe square brackets  i s  due to  the image dipoles .  I n  f i g . 3  the  
c o r r e l a t i o n  funct ions,  obtained from the  electronmicrographs , a r e  given f o r  the va- 
r i o u s  f i lms.  The r e s u l t i n g  transmittances a r e  compared with the  experimental values 
i n  f ig .4 ,  where we used E = . I n  order  t o  gain some i n s i g h t  i n t o  how t h e  
various parameters l i k e  t h z  e c c e n t r i c i t y ,  &, , the o p t i c a l  thickness and the image 
charge a f f e c t  the computed transmittance T , we have varied a l l  these quant i t i es .  
Fig.5 shows the  values of T f o r  3 d i f f e r e n t  choices of E, and i t  is  apparent t h a t  
both the  loca t ion  of the minimum and the  amount of absorption depend s trongly on E . 
For a l l  f i lms we f i n d  t h a t  & = 5 ( l+& ) i s  the b e s t  choice. A t h e o r e t i c a l  moti- m 

va t ion  f o r  t h i s  choice may alEo be giGen'b) based on the observation t h a t  E 
should approach E i n  the  f = l  l i m i t .  Fig.6 shows t h a t  accounting f o r  the  

e f f  

image dipoles  increases the  width of the  minimum i n  T . This improves the agree- 
ment with the experimental shape. I n  f ig.7 the va lue  of T i s  compared with a va- 
l u e  obtained by s t re tch ing  a l l  the is lands.  This shows t h a t  the  loca t ion  of the  m i -  
nimum i s  a s e n s i t i v e  funct ion of the shape of the i s lands .  Clearly the values of the 
e c c e n t r i c i t i e s  found from the electronmicrographs and used i n  the  ca lcu la t ion  lead 
t o  a s a t i s f a c t o r y  value of t h i s  locat ion.  I n  f i g . 8  the va lue  of T i s  compared t o  
a value obtained by decreasing t . It i s  i n t e r e s t i n g  t o  note t h a t  the decrease 
of t 'yas an e f f e c t  comparablPP~o an increase of & . This explains  why Norrman 

m e t  al'lPt were able  to  f i t  t h e i r  d a t a  using E =1.2, r a t h e r  than the value E = 

$ (  1+& ) = 1.67 we used, using topt as an adjusvable parameter. It should be e z  
phasiged however, t h a t  the s t a t i s t ~ c a l  ana lys i s  leads t o  a unique value of t SO 

t h a t  we obtain our values of T without f i t t i n g  any parameter. OP t 
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Fig.5-The computed transmittance f o r  
E = I  , j ( l + ~ ~ )  and E~ f o r  two f i lms  m 

Fig .6 - The corriputed transmittance in- 
cluding and neglect ing image d ipo les  
f o r  two f i lms  

Fig.7-The computed transmittance f o r  two Fig.8-The computed transmittance f o r  
values of the average e c c e n t r i c i t y  f o r  two values of the  o p t i c a l  thickness 
two f i lms  f o r  two f i l m s  


