
CHARGE TRANSFER I N  LUNAR MATERIALS: INTERPRETATION OF 
UV-VISIBLE SPECTRAL PROPERTIES OF THE MOON. J.A. T o s s e l l * ,  D . J .  
Vaughan*", R . G .  Burns***, B.M. Loeff ler***,  and K . H .  Johnson****, 
*Dept. of Chemistry, Univers i ty  of Maryland, College Park,  
Maryland 20740, **Dept. of Geology, Univers i ty  of Aston, Birming- 
ham, England, ***Dept. of Ear th  and P l a n e t a r y  Sciences  and * * * *  
Dept. of Meta l lurgy and M a t e r i a l  Sc iences ,  Massachuset ts  I n s t i -  
t u t e  of Technology, Cambridge, Mass. 02139. 

Lunar m a t e r i a l s  have high abundances of c e r t a i n  t r a n s i t i o n  
meta l s ,  n o t a b l y  i r o n ,  t i t a n i u m ,  and chromium, which absorb r a d i a -  
t i o n  i n  t h e  v i s i b l e  and nearby r e g i o n s  of t h e  e lec t romagne t i c  
spectrum. The s p e c t r a  o r i g i n a t e  from e x c i t a t i o n s  of e l e c t r o n s  
w i t h i n  i n d i v i d u a l  t r a n s i t i o n  meta l  ions  ( c r y s t a l  f i e l d  t r a n s i t -  
ions), and between neighboring i o n s  i n  a  c r y s t a l  s t r u c t u r e  a s  a  
r e s u l t  of charge t r a n s f e r  t r a n s i t i o n s .  These e l e c t r o n  t r a n s f e r  
t r a n s i t i o n s  between a d j a c e n t  elements  may involve  c a t i o n + c a t i o n ,  
ca t ion+anion,  and anion+cat ion  t r a n s i t i o n s .  

Charge t r a n s f e r  p rocesses  have been invoked t o  e x p l a i n  t h e  
i n t e n s e  absorp t ion  edges o n s e t t i n g  below 500 nm i n  t h e  s p e c t r a  of 
l u n a r  samples (1, 2 ) ,  a s  w e l l  a s  t h e  s t e e p  d e c l i n e s  i n  r e f l e c t -  
ance s p e c t r a  towards t h e  u l t r a v i o l e t  measured on specimens of  t h e  
moon ( 3 )  and i n  t e l e s c o p i c  obse rva t ions  of t h e  moon's s u r f a c e  ( 4 ) .  
The e n e r g i e s  of t h e s e  charge t r a n s f e r  t r a n s i t i o n s  i n  oxide  and 
s i l i c a t e  minera l s  a r e  poor ly  understood ( 5 ) .  This  has l e d  u s  t o  
c a l c u l a t e  t h e  e l e c t r o n i c  s t r u c t u r e s  of t r a n s i t i o n  meta l  i o n s  i n  
fundamental coord ina t ion  po lyhedra l  u n i t s ,  inc lud ing  r e g u l a r  
o c t a h e d r a l  oxide  environments,  such a s  those  found i n  common 
l u n a r  and t e r r e s t r i a l  minera l s .  We summarize he re  d a t a  on oxy- 
gen+metal charge t r a n s f e r  e n e r g i e s  ob ta ined  f o r  t h e  Fe06j9-, 
~ e 0 6 1 0 -  ~ i 0 6 ~ - ,  ~ i 0 6 j 9 -  cro69- ,  and F e 0 4 ~ -  c l u s t e r s  r e p r e s e n t -  
ing  ~ e ~ ' ,  ~ e 2 + ,  ~ i 4 + ,  ~ 1 3 + ,  and ~ r 3 +  i o n s  i n  o c t a h e d r a l  coordin-  
a t i o n  and ~ e ~ +  i n  t e t r a h e d r a l  coord ina t ion ,  r e s p e c t i v e l y ,  wi th  
oxygen, 

C a l c u l a t i o n s  were performed us ing  t h e  SCF-Xa s c a t t e r e d  wave 
molecular  o r b i t a l  (MO) method ( 6 ) .  This  i s  a  f i r s t  p r i n c i p l e s  
MO method based on t h e  d i v i s i o n  of ma t t e r  i n t o  component po lya t -  
omic c l u s t e r s .  For  example, i n  a  c a l c u l a t i o n  on r u t i l e  (Ti02) 
t h e  ~ i 0 ~ ~ -  c l u s t e r  i s  used (71, corresponding t o  a  ~i~~ i o n  s u r -  
rounded by s i x  02- i o n s .  This  c l u s t e r  i s  assumed t o  approximate 
o c t a h e d r a l l y  coordinated  ~ i 4 +  i o n s  i n  o t h e r  oxides  and s i l i c a t e s ,  
such a s  i l m e n i t e  and c e r t a i n  pyroxenes. S i m i l a r l y ,  hemat i t e  
(Fe203) , e s k o l a i t e  (Cr203),  wi i s t i t e  (FeO) , and Ti203 form t h e  
b a s i s  f o r  c a l c u l a t i o n s  on o c t a h e d r a l l y  coord ina ted  ~ e ~ + ,  ~ r 3 + ,  
Fe2+, and ~ i 3 +  i o n s  (7 ,  8 ) .  The c a l c u l a t e d  energy l e v e l s  a r e  i n  
good agreement w i t h  t r a n s i t i o n  e n e r g i e s  ob ta ined  from x-ray photo- 
e l e c t r o n ,  emission and a b s o r p t i o n  s p e c t r o s c o p i e s ,  and from UV 
r e f l e c t i v i t y  and absorp t ion  s p e c t r a l  d a t a  (7 )  . One c a l c u l a t e d  
o x y g e n + ~ i 4 +  charge  t r a n s f e r  energy,  corresponding t o  t h e  
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6 t lu- t2 tzg  t r a n s i t i o n ,  l i e s  a t  33,880 c m - 1  beyond t h e  v i s i b l e  
r eg ion .  I n  c o n t r a s t  t o  c r y s t a l  f i e l d  d+d t r a n s i t i o n s ,  t h i s  i s  a  
f u l l y  allowed t r a n s i t i o n  and i s  p r e d i c t e d  t o  produce an  i n t e n s e  
absorp t ion  band i n  t h e  u l t r a v i o l e t ,  t h e  a b s o r p t i o n  edge of which 
may extend i n t o  t h e  v i s i b l e .  S i m i l a r  c a l c u l a t i o n s  f o r  t h e  
~ e 0 ~  lo- c l u s t e r  l e a d s  t o  an oxygen+Fe2+ charge t r a n s f e r  t r a n s i t -  
i o n  p r e d i c t e d  a t  ~ 3 7 , 5 0 0  c m - l ,  i n  good agreement wi th  experiment- 
a l l y  determined s p e c t r a l  f e a t u r e s  f o r  o l i v i n e s  and pyroxenes ( 9 ) .  
Oxygen-tmetal charge t r a n s f e r  e n e r g i e s  c a l c u l a t e d  f o r  o t h e r  t r a n s -  
i t i o n  meta l  i o n s  of r e l evance  t o  l u n a r  s t u d i e s  a r e  summarized i n  
t a b l e  1. 

Table 1. Ca lcu la ted  Oxygen-tMetal Charge Trans fe r  
T r a n s i t i o n  Energies  

Species  Lowest Energy of 0+M T r a n s i t i o n  

Octahedra l  2'e3+ 25,330 

Octahedral  ~ e ~ +  37,500 
24- 

Tetrahedra  1 Fe 33,478 

Octahedral  ~ i ~ +  33,880 

Octahedral  ~ i ~ +  

Octahedra l  cr3+ 

The p r e s e n t  work sugges t s  t h a t  oxygen-tmetal charge t r a n s f e r  
processes  invo lv ing  t h e  more abundant ~ i 4 +  and Fe2+ c a t i o n s  con- 
t r i b u t e  s i g n i f i c a n t l y  t o  s p e c t r a l  p r o p e r t i e s  of lunar  m a t e r i a l s  
i n  t h e  near  UV-visible r e g i o n ,  b u t  t h a t  s i m i l a r  p rocesses  involv-  
ing  t h e  l e s s  abundant ~ i 3 +  and ~ r 3 +  c a t i o n s  occur t o o  f a r  i n t o  
t h e  W t o  be impor tant .  Evidence summarized p rev ious ly  ( 1 0 )  
shows t h a t  n e g l i g i b l e  amounts of Fe3+ ions  occur  i n  lunar  samples. 
The d a t a  i n  t a b l e  1 sugges t  t h a t  i f  f e r r i c  i o n s  were p r e s e n t  on 
t h e  moon, c o n t r i b u t i o n s  from oxygen-tFe3+ charge t r a n s f  e r  t r a n s -  
i t i o n s  would extend a b s o r p t i o n  edges f u r t h e r  i n t o  t h e  v i s i b l e  
r eg ion  than i s  observed (11) . 
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