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I n  t h e  l a s t  two y e a r s  o u r  l a b o r a t o r y  has been i n v o l v e d  i n  t h e  s t u d y  o f  
t h e  r a d i a t i o n  e f f e c t s  o f  a  g e n e r a l i z e d  g low d i s c h a r g e  on v a r i o  s  t y p e s  o f  
s u l  f u r  c ~ m p o u n d s  u s i n g  X - ray  p h o t o e l e c t r o n  s p e c t r o s c o p y  (XPS) These 
s t u d i e s  have e v o l v e d  f r o m  a  c o n s i d e r a t i o n  o f  t h e  p o s s i b l e  r e l a t i o n s h i p  be- 
tween s o l  a r  w i n d  bombardment and l u n a r  s u r f a c e  da r ken ing .2 ,3  Now as an 
e x t r a o r d i n a r y  c o i n c i d e n c e  we f i n d  one s o l a r  sys tem body,  10, i n  an e n v i r o n -  
ment c l o s e l y  a p p r o x i m a t i n g  t h a t  w h i c h  we have used i n  o u r  i n v e s t i g a t i o n s ,  
i . e .  a  sys tem i n v o l v i n g  t h e  i n t e r a c t i o n  o f  a  plasma w i t h  t h e  s u r f a c e s  o f  
v a r i o u s  k i n d s  o f  s u l f u r  compounds. XPS has p roved  an i n v a l u a b l e  t o o l  i n  
e n a b l i n g  us t o  f o l l o w  t h e  changes i n  t h e  c h e m i s t r y  o f  b o t h  t h e  s u l f u r  and 
t h e  c a t i o n .  Examples o f  such  i n t e r a c t i o n s  w i l l  be g i v e n  be low.  

The Voyager I and I 1  f l y b y s  e s t a b l i s h e d  t h a t  10 i s  i n  a  c l a s s  o f  i t s  
own w i t h  r e g a r d  t o  t h e  s c a l e  o f  i t s  v o l c a n i c  a c t i v i t y  and t h e  s t a r t l i n g  
appearance  o f  i t s  s u r f a c e .  The p r e s e n t  o b s e r v a t i o n s  p o i n t  c o n v i n c i n g l y  t o  
a  s u r f a c e  c o n s i s t i n g  e s s e n t i a l l y  o f  s u l f u r  i n  v a r i o u s  a l l o t r o p i c  fo rms  as 
w e l l  as s u l f u r  d i o x i d e  f r o z e n  o u t  i n  t h e  f o r m  o f  s u l f u r  d i o x i d e  snow. One 
model p roposed  r e c e n t l y  f o r  t h e  c r u s t  has an ocean o f  l i q u i d  s u l f u r  o v e r l a i n  
by a  c r u s t  o f  s o l i d  s u l f u r  and l i q u i d  s u l f u r  d i o x i d e  capped f i n a l l y  by  a  
l a y e r  o f  b o t h  s o l i d  s u l f u r  and s u l f u r  d i o x i d e .  V o l c a n i c  e r u p t i o n s  b r i n g  
s o l i d  su: f u r ,  s u l f u r  d i o x i d e  gas and s u l f u r  d i o x i d e  snow t o  t h e  s u r f a c e .  

S p e c t r o s c o p i c  d a t a  shows t h a t  J u p i t e r  i s  su r rounded  by  a  t o r u s  o f  
cha rged  s u l f u r  and oxygen i o n s  f o r  wh i ch  10 i s  t h e  sou rce .  The pathway 
by  w h i c h  t h e  s u l f u r  f r o m  10 becomes t h e  t o r u s  a round  J u p i t e r  i s  however n o t  
y e t  e s t a b l i s h e d  and i s  t h e  sou rce  o f  s p e c u l a t i o n .  F i n a l l y ,  and v e r y  
i m p o r t a n t l y ,  10 i s  d e e p l y  embedded i n  J u p i t e r ' s  enormous magnetosphere.  
The cha rged  p a r t i c l e s  i n  t h i s  magnetosphere a r e  known t o  be a c c e l e r a t e d  t o  
v e r y  h i g h  e n e r g i e s .  Thus 10 i s  s u b j e c t e d  t o  cha rged  p a r t i c l e  bombardment 
wh i ch  i s  a  s i g n i f i c a n t  p a r t  o f  t h e  argument  i n  t h i s  pape r .  

E x p e r i m e n t a l  Work 

We have conduc ted  a  l a r g e  number o f  expe r imen t s  on a  v a r i e t y  o f  s u l f u r  
compounds and s u l  f u r ,  i n v o l v i n g  t h e  t a k i n g  o f  p h o t o e l e c t r o n  s p e c t r a  b e f o r e  
and a f t e r  a  sequence o f  g low d i s c h a r g e  i o n  bombardment p r o c e d u r e s .  T h i s  
has e n a b l e d  us t o  s t u d y  t h e  t ime -dependen t  and f l u x  dependen t  r a d i a t i o n  e f -  
f e c t s  o f  t h e  plasma on t h e  sample.  No t  s u r p r i s i n g l y ,  i n  v i e w  o f  t h e  complex 
c h e m i s t r y  o f  s u l f u r  and t h e  c o m p l i c a t e d  c h a r a c t e r  o f  t h e  i n t e r a c t i o n  a t  t h e  
p l a s m a - s o l i d  i n t e r f a c e ,  a  v a r i e t y  o f  r e s u l t s  were o b t a i n e d  and some o f  t h e s e  
appear  t o  be r e l e v a n t  t o  t h e  10 p rob lem.  

What we have been a b l e  t o  e s t a b l i s h  f r o m  t h e  v e r y  o u t s e t  i s  t h a t  unde r  
i o n  bombardment o f  t r a n s i t i o n  m e t a l  - s u l f u r  compounds, t h e  c a t i o n  i s  o f t e n  
r educed  t o  a  l o w e r  v a l e n c e  s t a t e  o r  m e t a l l i c  s t a t e .  The mechanism f o r  
t h i s  p rocess  i s  most  l i k e l y  due t o  t h e  plasma i nduced  e x c i t a t i o n  o f  t h e  
v a l e n c e  e l e c t r o n s  a n d / o r  i o n - s u r f a c e  i n t e r a c t i o n s .  

I n  a d d i t i o n  t o  t h e  above compounds o f  s u l f u r  we have a l s o  examined t h e  
e f f e c t s  o f  i o n  bombardment on e l e m e n t a l  s u l f u r .  F i g .  1 shows t h e  r e s u l t s  
o f  a  s e q u e n t i a l  bombardment o f  an e l e m e n t a l  s u l f u r  s u r f a c e ,  f i r s t  b y  oxygen  
i o n s  and t h e n  f i n a l l y  b y  a r g o n  i o n s .  The oxygen i o n  bombardment i s  seen t o  
p roduce  a  h i g h e r  o x i d e  o f  s u l  f u r .  The subsequen t  a rgon  i o n  bombardment 
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p roduces  what  appears  t o  be e i t h e r  e l emen ta l  s u l f u r  o r  some s u l f u r  p o l y i o n .  
We f e e l  t h a t  such  phenomena has a  d i r e c t  b e a r i n g  on t h e  10 p rob lem and may 
e x p l a i n  i n  p a r t  t h e  s t r a n g e  c o l o r a t i o n  o f  t h e  s u r f a c e .  F u r t h e r  i o n  bombard- 
ment  s t u i d e s  o f  a  v a r i e t y  o f  s u l f a t e  compounds4 has d i s c l o s e d  a  b e h a v i o r  t h a t  
v a r i e s  a l l  t h e  way f r o m  a  s e l e c t i v e  s u l f u r  l o s s  t o  t h e  f o r m a t i o n  o f  complex 
s u l  f u r  p o l y i o n s  . 

W i t h  r e g a r d  t o  t h e  p l asma-su r f ace  i n t e r a c t i o n  one can  e n v i s i o n a  s c e n a r i o  
t o  e x p l a i n  t h e  f o r m a t i o n  o f  t h e  s u l f u r  t o r u s ,  a round  J u p i t e r  where a  p o s s i b l e  
c o n t r i b u t i n g  mechanism i n v o l v e s  i o n i z a t i o n  o f  s u l f u r  vapo r  a t  1 0 ' s  s u r f a c e  
w h i c h  i s  t h e n  swept  away b y  t h e  cha rged  f l u x  o f  J u p i t e r ' s  magnetosphere 
( ana logous  t o  t h e  remova l  o f  t h e  e a r t h ' s  e a r l y  a tmosphere by  t h e  e a r l y  more 
i n t e n s e  s o l a r  w i n d ) .  I t  i s  a l s o  o b v i o u s  t h a t  t h e r e  a r e  a  number o f  q u e s t i o n s  
w h i c h  can  be f u r t h e r  addressed  by  e x p l o i t i n g  t h e  e x p e r i m e n t a l  t e c h n i q u e s  we 
have been empl o y i  ng . 

Fig. 1 

S2p photoelectron spectra of pure sulfur under 1.5 kV oxygen ion bombard- 
ment. (A) Prior to bombardment (B) 4 x 1017 oxygen ions/cm2 dosage ( C )  1 X 1018 
oxygen ions/cm2 dosage (D)  5 x l 0 l 8  oxygen ions/cm2 followed by 4 x 1017 argon 
ions/crn2. 
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