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STUDY BY MOSSBAUER SPECTROSCOPY O F  NEW S P I N E L  COMPOUNDS C O N T A I N I N G  Fe3+ AND Sb5+ I O N S  
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RBsum6.- Nous avons Btudig par  s c t roscop ie  Miissbauer du "Fe, de nouveaux compos6s contenant des 
ions  Fe3+ e t  Sb5+ e t  dgr ivant  de l a  s t r u c t u r e  s p i n e l l e .  
Dew types de s t r u c t u r e s  c r i s t a l lograph iques  e x i s t e n t  : cubique e t  orthorhombique, deux types de 
s p e c t r e s  G s s b a u e r  y correspondent.  
Dans l e s  coaposBs cubiques, l e s  ions  Fe3+ occupent l e s  s i t e s  B; dans l e s  orthorhombiques, i l s  occu- 
pent  l e s  s i t e s  A e t  B dans l e  rapport  de populat ion 211. 
Nous donnons a u s s i  des  informat ions  magngtiques di5duites des s p e c t r e s  G s s b a u e r  . 
Abstract . -  New compounds with  Fe3+ and Sb5+ ions  de r iv ing  from the s p i n e l  s t r u c t u r e  a r e  s tud ied  by 
Efijssbauer spectroscopy on "Fe. 
Two k inds  of c rys ta l lograph ic  s t r u c t u r e s  cubic  and orthorhombic e x i s t  f o r  these  compounds and two 
kinds of ~ i j s s b a u e r  s p e c t r a  a r e  observed. 
I n  the  cubic  compounds, ~ e ~ +  ions  occupy B s i t e s ;  i n  the  orthorhombic one, they occupy A and B s i -  
t e s  i n  the  populat ion r a t i o  211. 
Magnetic informations a r e  a l s o  given from the  ~ g s s b a u e r  spec t ra .  

1 .  Introduct ion.-  We have s tud ied  by Mijssbauer spec- c a l  doublet  appears.  The isomer s h i f t s  reported i n  

troscopy the compounds with  chemical formula t a b l e  I a r e  c h a r a c t e r i s t i c  of Fe3+ ions i n  B s i t e s  

Y$+ Fe3+ sb5+ 08 ( I )  of the  spine1 s t r u c t u r e  11 1 a s  expected i n  d i s t r i -  

where y2+ is one o r  severa l  of the  following ions;  bu t ion  ( 2 ) .  

Mg2+, co2+ ,  ~ i ~ + ,  cu2+ o r  zn2+. Table I g ives  the  

l i s t .  - 2 0 -2  vlmm.s-1 
I I l 

Two kinds of c rys ta l lograph ic  s t r u c t u r e s  appear i n  :\ . . 
t h i s  s e r i e s .  The f i r s t  one i s  cubic  l i k e  the  s p i n e l  

s t r u c t u r e ,  wi th  o r  without an o r d e r  113 on the  

octahedral  (B) s i t e s .  This  i s  t h e  case  f o r  the  com- 

pounds with  zn2+ ( f i r s t  p a r t  of t a b l e  I ) .  The second 

one i s  orthorhombic with  a t r i p l e  u n i t  c e l l  de r i -  

v ing from the  s p i n e l .  It i s  the case  of MgrFeSbOa 

and t h e  compounds of t h e  second p a r t  of t a b l e  I. No - 
d e t a i l s  a r e  known about t h a t  s t r u c t u r e ,  except  t h a t  

an order  211 probably e x i s t s  on the  t e t r a h e d r a l  si- 

t e s  (A). 
- 

The quest ion was : where a r e  s i t u a t e d  the Fe3+ ions  

i n  these  two s t r u c t u r e s  ? 

According t o  t h e  usual  sites occupat ions  i n  s p i n e l s ,  

we expected f o r  ZnrFeSbOe (cubic)  

( { ~ n : + ~ e  ' + } ~ b  '+) B (2)  

and f o r  Mgt, FeSbOe (orthorhombic) 

( M ~ ~ + F ~  3 + ) A ( ~ g : + ~ b  (3)  - 
2. Room temperature Mijssbauer spectra . -  At room 

temperature, two kinds of K6ssbauer s p e c t r a  a r e  
-1 0 * l  v1rnrn .s - l  

observed ( f i g u r e  I )  corresponding t o  both kinds  of 

c r y s t a l l o g r a p h i c  s t r u c t u r e s .  Fig. 1 : Room temperature G s s b a u e r  spec t ra  of (a)  
ZnrFeSbOs (b) Ni3CoFeSbOs. The s o l i d  l i n e s  a r e  the  

For the  cubic  compounds ( f i g u r e  1.a). one S ~ m t r i -  results of least-squares fits. 
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Table I 

The quadrupole coupl ings  a r e  l a r g e r  than t h e  one 

observed i n  usual  s p i n e l s  / l /  b u t  may be due t o  t h e  

presence of t h e  antimony atoms. 

The s p e c t r a  of t h e  orthorhombic compounds ( f i g u r e  

1.b) a r e  the  r e s u l t  of t he  s u p e r p o s i t i o n  of  two 

doub le t s  w i th  the  hype r f ine  parameters  given i n  

t a b l e  I. The i n t e n s i t y  r a t i o ,  s i t e  I / s i t e  11, of  

these  two doub le t s  is 211. Thus, we conclude t h a t  

we have two kinds  of Fe3+ ions  i n  the  popula t ion 

r a t i o  211; b u t  we do no t  know y e t  on which s i t e s ,  

they a r e  s i t u a t e d .  

I n  a chemical formula t r i p l e  o f  ( 3 ) ,  we have two 

p o s s i b i l i t i e s  

( M ~ : + F ~ : + F ~  3 + ) A  ( M ~ ; + S ~ : + ) ~  (4)  

( M ~ : + F ~ : + ) ~  ( M ~ ; + F ~  3 C ~ b  :+)B (5)  

D i s t r i b u t i o n  (4 )  i s  i n  agreement wi th  t h e  expected 

one (3)  w i th  two d i f f e r e n t  A s i t e s  f o r  Fe3+ i o n s ,  

bu t  (5 )  is  i n  agreement wi th  an o r d e r  211 on A si- 

t e s  p r e d i c t e d  by X-rays measurements. 

From t h e  hype r f ine  parameters ,  we a r e  a b l e  t o  choose 

between (4)  and ( 5 ) .  I n  t a b l e  I, t h e  d i f f e r e n c e s  

62 - a r e  around 0.1 m.s-l, which i s  very  c l o s e  

Compound 

2n4Fesb08 (SC) 

Zn4FeSb08 

(9.1300) 

Zn2C02FeSb08 

Zn2CulFeSb08 

Mg4FeSb08 

rcg3CoPeSb08 

Mg3NiFesbOe 

Mg2Ni2FeSb08 

ngNi3FeSb08 

Ni3CoFeSb08 

CO, FeSb08 

t h e  i n t e n s i t y  of double t  (2)  dec reases  wi th  X in- 

c reas ing  from 0.1 t o  0.4,  i n d i c a t i n g  t h a t  double t  

(1) i s  due t o  Fe3+ i n  A s i t e s  which a r e  thus  charac- 

t e r i z e d  by a l a r g e  quadrupole s p l i t t i n g .  

From room temperature  MEssbauer s p e c t r a ,  we conclude 

t h a t  d i s t r i b u t i o n  (5)  i s  t h e  c o r r e c t  one. We a r e  

going t o  s e e  t h a t  magnetic s p e c t r a  a r e  a l s o  i n  agree- 

ment wi th  t h a t  d i s t r i b u t i o n .  

We have no i n d i c a t i o n  about a n  o rde r  on B s i t e s  and 

s e v e r a l  types  a r e  s t i l l  poss ib l e .  X-rays s p e c t r a  on 

s i n g l e  c r y s t a l s  a r e  necessary  todetermine t h a t  o rde r .  

3. Magnetic Mgssbauer spec t r a . -  Here, we g ive  t h e  

f i r s t  magnetic informat  ions  on these  compounds. 

The l a s t  5our compounds of  t a b l e  I are a t t r a c t e d  by 

a magnet a t  77 K and a r e  l i k e l y  t o  be  f e r r imagne t i c .  

Figure  2 shows the &ssbauer  spectrum of  Co4FeSbOrJ 

a t  77 K. It was f i t t e d  by two s ix- l ines  Zeeman pat -  

t e r n s  i n  the  r a t i o  211 wi th  t h e  fo l lowing parameters 

g iven by a Karyagin's t r ea tmen t  of t he  n u c l e a r  l e -  

vels 141 

SC=slow cooling - +0.01 - +0.02 +0.01 - +0.02 
rel. Fe 

- 
Q.T-quenched rel. Fe 
from T'C 

t o  t h e  d i f f e r e n c e  between the  isomer s h i f t s  on B and H2=480+5'kOe c2=+0.3+0.1mm.s-l 0 . 5 9 . 5  5351' 

A s i t e s  of  c l a s s i c a l  s p i n e l s  / 2 / .  Th i s  i s  i n  favour  -0.350. l  "=o. 8+0.2 e2=72t40 

Site I 

of (5 ) .  
828' @2=15+15e 62= 0.3+0.02 m.s-' 

Another argument is  given by the  s u b s t i t u t i o n  of  There s t i l l  remains a s i n g l e  l i n e  wi th  6=0.18 =.S-l 

cr3+ i n s t e a d  of Fe3+,  c r3+ occupying B s i t e s  /3 / . In  which i s  probably  due t o  a small  amount of  impuri ty  

t h e  s p e c t r a  of  t h e  s o l i d  s o l u t i o n s  Mg4Fe,-xCrxSbOe, non v i s i b l e  i n  t h e  paramagnetic spectrum. 

cl(m/s) 

1.11 

1.04 

1.09 

1-00 

l. l0 

1.09 

0.87 

Tt (K) 

ord. T<4 K 

not maqn. 
at 77 K 

19025 

175210 

230 

210 

dl(mm/s) 

0.25 

0.22 

0.22 

0.22 

0.24 

0.23 

0.23 

Site 11 

c2(nm/s) 

0.50 

0.61 

0.62 

0.59 

0.45 

0.44 

0.43 

0.41 

0.41 

0.42 

0.35 

62(rmn/s) 

0.32 

0.32 

0.33 

0.32 

0.35 

0.34 

0.33 

0.32 

0.33 

0.33 

0.30 
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Fig. 2 : Mzssbauer spectrum of Co+FeSbOe a t  77 K. 
The s o l i d  l i n e  is the r e s u l t  of a leas t -squares  f i t .  

The most i n t e n s e  subspectrum, a t t r i b u t e d  t o  A s i t e s  

from paramagnetic s p e c t r a ,  has  the  smal les t  i n t e r n a l  

f i e l d .  This  i s  i n  agreement with previous observa- 

t i o n s  on c l a s s i c a l  s p i n e l s ,  where the  i n t e r n a l  

f i e l d s  on A s i t e s  a r e  smal le r  than the  one on B s i -  

t e s  ( 2 ) .  Again, t h i s  i s  i n  favour of d i s t r i b u t i o n  

(5) 

The i n t e r n a l  magnetic f i e l d s  of Co*FeSbOe do not 

e x a c t l y  fol low a B r i l l o u i n  curve f o r  S=5/2. This  

w i l l  be discussed i n  t h e  fu tu re .  

Table I gives  a l s o  the  t r a n s i t i o n  temperatures of 

t h e  compounds which a r e  ordered a t  77 K and the  ma- 

ximum i n t e r n a l  f i e l d  observed. 

4. Conclusions.-We have s tud ied  by &ssbauer spec- 

troscopy new compounds de r iv ing  from the spine1 

s t r u c t u r e  with  Fe3+ and sb5+ ions .  

From the  $ssbauer s p e c t r a ,  we can conclude t h a t  i n  

the  cubic  compounds, t h e  Fe3+ions a r e  s i t u a t e d  on 

t h e  B s i t e s  and i n  the  orthorhombic compounds, they 

a r e  d i s t r i b u t e d  between A and B s i t e s  i n  the  r a t i o  

2 1 1 .  
Furthermore, we give the  f i r s t  magnetic informations 

about these  coplpounds. 


