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A MOLECULAR ORBITAL MODEL 
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The f l uo rescence  and a b s o r p t i o n  spec t ra  o f  LaMgAll1019 c r y s t a l  doped w i t h  C r  
3+ 

and EPR i n v e s t i g a t i o n s  g i v e s  evidence f o r  t h e  presence o f  c r3+  m u l t i s i t e s  I) : C r  

i o n s  a r e  t r apped  a t  t h e  2a, 4 f  and 12k A l  o c t a e d r a l  s i t e s  and C r - C r  p a i r  cen te rs  a t  

4 f  s i t e s  a r e  a l s o  ass&ed. The e l e c t r o n i c  s t r u c t u r e s  o f  these d i f f e r e n t  cen te rs  a r e  

determined through a  mo lecu la r  o r b i t a l  model u s i n g  t h e  s p i n  p o l a r i z e d  o p t i o n  o f  t h e  

SCF Xa method. The computa t iona l  framework i s  s i m i l a r  t o  t h e  one desc r i bed  f o r  

cr3+ i n  p e r o v s k i t e  oxydes 2). The o n l y  d i f f e r e n c e  c o n s i s t  i n  t h e  cho ice  o f  a  l o c a l  

s p i n  d e n s i t y  app rox ipa t  i o n  3, which improves agreement between exper imenta l  and 
x+ 

c a l c u l a t e d  term s p l i t t i n g s  f o r  s t a t e s  w i t h  l a r g e  s p i n  p o l a r i z a t i o n s  as C r -  . 
Eigenvalue diagrams a r e  ob ta ined  f o r  t h e  4~ ground term as shown i n  f i g u r e s  1 

9- 0- 
2  

and 2. A106 (Djd) and Cr0; (D3d) represent  t h e  undoped and doped 2a s i t e  w h i l e  

~r0:- (CJv) i s  assoc ia ted  t o  t h e  4 f  s i t e .  ~ l ~ r 0 ; ~ -  and cr20;" p i c t u r e  two ad jacen t  
7+ 

4 f  s i t e s  doped w i t h  one o r  two Crd i o n s  r e s p e c t i v e l y .  Atomic d i s tances  used i n  t h e  

c l u s t e r  geometr ies  a r e  taken f rom Khan e t  a1 4'. These diagrams show t h e  d ~ ' ?  ( d ~ b )  

s p l i t t i n g s i n t o  a, and e  l e v e l s  i nc rease  s l i g h t l y  f rom 2a t o  4 f  s i t e s  w h i l e  t h e  two 

groups o f  de: Leve ls  assoc ia ted  t o  C r - C r  p a i r  a r e  spreaded on more than 0.2 ev ; 

an impor tan t  covalency o f  C r - C r  and Cr-0 bonds i s  n o t i c e d  i n  t h e  l a t t e r .  The ener- 
4  g i e s  o f  e x c i t e d  terms r e l a t i v e l y  t o  A  have been eva lua ted  f rom s u i t a b l e  t r a n s i t i o n  2 

2  s t a t e  computat ions between d  E ? ~ ,  d d 2 d e )  and d d  dY? c o n f i g u r a t i o n s .  I t  i s  possi- 

b l e  t o  deduce t h e  B and C Pacachparameters and t h e  Dq c r y s t a l  f i e l d  strength f rom 
-1 

t h e  trans:t ions assoc ia ted  t o  t h e  2a s i t e .  Assuming C/B = 4.5, we o b t a i n  B  = 774cm 

and 10  Dg = 15910cm-~. The e l e c t r o s t a t i c  i n t e r a c t i o n s  p r o v i d e  t h e  te rm energy d i a -  

gram of f i g u r e  3a. On t h e  o t h e r  hand, t h e  f l uo rescence  emission L ine  a t  68?nm, 
4  assoc ia ted  t o  2 ~ +  A emission (2a s i t e )  and t h e  a b s o r p t i o n  peak a t  565nm, a t t r i -  

4 4 2  
b u t e d  t o  A  -+ T a r e  used t o  o b t a i n  €? = 695nm, 10Dq = 17700cm-~ and t h e  

2  2  exp 
r e l e v a n t  t e rm  energy diagram o f  f i g u r e  3b. Both t h e o r e t i c a l  and exper imenta l  te rm 

p o s i t i o n s  a r e  compared t o  t h e  abso rp t i on  spectrum i n  t h i s  f i g u r e  and a l l o w  t h e  

ass igna t i ons  o f  a l l  t h e  exper imenta l  s t r u c t u r e s .  FleBertheless, i t  may be n o t i c e d  
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F igu res  1 and 2 : 02p, Cr3d and A13s, A13p eigenvabdes i n  v a r i o u s  c l u s t e r  represen- 

t a t i v e  o f  undbped and doped 2a, 4 f  and coupled 4 f  s i t e s  i n  LaMqAl,lO,,,. 

4 4 
t h a t  t h e  A2-+ T energy i s  overes t imated s ince  t h e  peak maximum L i e s  a t  s h o r t e r  2 
wavelength than t h e  zero-phonon Line, un reso l ved  i n  t h e  spectrum, b u t  expected around 

650nm 5, ; t h i s  would imp ly  Dq a 1540 cm-', much more i n  agreement w i t h  t h e  theore-  

t i c a l  data.  

2 4 For t h e  4 f  s i t e ,  t h e  E + A 2  emiss ion l i n e  i s  c a l c u l a t e d  t o  be 0.075eV lower 

than i n  t h e  2a case. T h i s  f o l l o w s  t h e  exper imenta l  t r ends  where t h e  wavelength o f  

t h i s  L ine  v a r i e s  f r om 689 t o  695 nm compared t o  t h e  623 t o  647 nm c a l c u l a t i o n s  i n  

t h e  2a and 4 f  s i t e s  r e s p e c t i v e l y .  Simultaneously, 4 4 
A 2  T2 would be spreaded 

4 4 by t h e  s p l i t t i n g  o f  4 ~ 2  i n t o  A1 and E terms (es t imated around 0.08 ev) and a 

decrease o f  i t s  mean energy i s  p red i c ted .  T h i s  c o r r e l a t e s  t h e  exper imenta l  observa- 

t i ons .  

The o v e r a l l  s p l i t t i n g  o f  d & ,  d e )  and d Y q  l e v e l s  i n  t h e  p a i r  cen te r  c rea tes  
2 4 4 4 broad E+  A2 and A2-.+ T bands, which o v e r l a p  each o ther .  The minimum energy o f  
4 2 

4~ ?, T2 t r a n s i t i o n s  decreases aga in  r e l a t i v e l y  t o  t h e  cub ic  and pseudocubic cases 
2 

2 4 
The e v o l u t i o n  o f  t h e  c a l c u l a t e d  E and T2 energ ies  show t h a t  Za, 4 f  and p a i r  

cen te rs  behave as more and more l o w - f i e l d  chromium complexes i n  t h e  r e g i o n  Dq/B% 2 

i n  t h e  Tanabe and Sugano d3 diagram. 
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