
Short Notes K6 5 

T I M 3  (1) 

R b m 3  (233) 

NaMiF3 

phys. stat. s o l .  l3, K65 (1966) 
I n s t i t u t e  of Semiconductors, Academy of Sciences 

of t h e  USSR, Leningrad 
The Di s t r ibu t ion  of Spin Density 

i n  Paramagnetic Perovskite Crystals 
BY 

VoSo LVOV a d  M.P. PETROV 
The d i s t r i b u t i o n  of sp in  dens i ty  i n  c r y s t a l s  of t h e  ABF3 

type wi th  t h e  perovskite s t r u c t u r e  ( A  = N a  , Rb+, T1+; 
B = Mn2+, N i 2 + ,  CO~+~..) is  r ecen t ly  in tens ive ly  inves t iga ted  
with t h e  NMR method (1,2,3). Our r e s u l t s  of sp in  dens i ty  f s  
(per one bond wi th  a magnetic ion) on the  nuc le i  I9F and 
23Na i n  NaNiF3 can be compared wi th  t h e  fs-values i n  TlMnF3 
and R b W 3  (Table 1). The fs-value on the  nucleus A depends 
e s s e n t i a l l y  on t h e  type o f  the  paramagnetic i ons  B. The pre- 
sen t  paper dea l s  with t h e  t h e o r e t i c a l  explanation of t h i s  
f a c t .  

i n  the  row TlMnF3-NaNiF3 the  sp in  dena i ty  on t h e  nucleus 
'F continuously increases.  Besides, t he  f s-value on t h e  

nucleus A i n  R b W 3  i s  g r e a t e r  than i n  TlMnF3. Therefore 
one could expect that t h e  fs-value on t h e  nucleus A i n  NaNiF3 
would be g r e a t e r  than i n  o ther  c rya ta la .  However, no fs-value 
has been found f o r  23Na, The method of MO LCAO (4,5) may be 

+ 

It shall be noted t h a t  wi th  decreasing atomic d i s t ances  

Parameters q f  
TN (OK) t he  c e l l s  (A)  (fSIF (%) (fslA (%) 

83 a = 4025 0.51 - 0.030 

83 a = 4.14 0.52 - 0.052 

149 5 = 3.35 0.56 0 2 0.025 

Table 1 
The values of sp in  d e n s i t i e s  per one bond and t h e  l a t t i c e  

Darameters o f  t h e  pr imi t ive  c e l l s  
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Fig. 1. The perovskite s t r u c t u r e  

used t o  analyse these experimental f a c t s .  We conBAu8r the  
complex AB8FI2 which has cubic symmetry. Fig* 1 shows t h e  
coordinate axes for each atom, The presence of a sp in  dens i ty  
on the  nucleus of the  ion A depend6 e n t i r e l y  on the  polariza- 
t i o n  o f  s -orb i ta l s  as t h i s  ian has a cubic surrounding. 
Therefore we s h a l l  consider only YO which a re  inva r i an t s  of 
t he  cubic group. We shall take i n t o  account 3d-orbitals o f  
paramagnetic ions (dZ2, dx2,y2, ax,, dxyy dyz) and 2p- 
o r b i t a l s  of F (px, p , p,). Using group t h e o r e t i c a l  methods 
(6) we f ind  the  poss ib le  inva r i an t  combinations of t h e  pre- 
viously mentioned AO. I n  o u r  case only th ree  e x i s t :  

Y 

12 . 

where the  atoms F and B of a complex are denoted by the  in- 
d ices  i and j ,  respec t ive ly .  It i s  important t h a t  s does 
not belong t o  MO including d,2 and d , 2 4  A0 of the  atom B. 



Short LY o t  e a K6 7 
Analysing the cubic complex B+F6 we get  the same resu l t s .  
Aocording t o  (1) we find three HO 

We assume that OL, f3, 8 ,  and Sik << I , The spin density i s  due 
t o  the unpaired electron and the polarization o f  the f i l l e d  
o rb i t a l s  by t h i s  electron, The dxy, dxZy dyz o r b i t a l s  of 
BTi2+-ions wich have an octahedral surrounding are f i l l e d .  
It is  natural  t o  believe that  the P O  which consis ts  
mainly of this N i 2 +  A0 is a l s o  f i l l e d ;  therefore,  i n  the 
first approximation no spin density ex i s t s  upon the HO Sunb. 
In R b W  where one electron i s  present per each dxy, dxZ, 

spin deasi ty  ex i s t s  on the nuoleus Rb. The fa-value may be 
expressed as a function of  the overlap in tegra ls  Sik and the 
parameters of covelency OL, p ,  g-, the  l a t t e r  depend on the 
direct ion of electron spin. In th i s  case we have 

o r b i t a l  of Mn*, there  is  one electron on and a 

T h i s  formula indicates that the spin density may be ne- 

In  t h i s  way the experimental r e s u l t s  may be interpreted 
gative as well, which agrees with experiment (Table 1). 

i n  the following manner: the nucleus A i n t e rac t s  with the d 

sent on these orb i ta l s ,  a spin density ex i s t s  on the nucleus A. 
Otherwise, there i s  no spin density on the nucleus A, 

We are gra te fu l  t o  Prof .  G.A. Smolenskii f o r  h is  in- 
t e r e s t  in  t h i s  paper and m a n y  helpful discussions. 

’ 

XY’ 
o rb i t a l s  of the ion B, If unpaired electrons are pre- dxZ’ dyz 
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