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A study is  made of manganese - - z inc  f e r r i t e s  Mal_xZnxFe204 where  x v a r i e s  f r o m  0.3-0.9. 
It  i s  e s t ab l i shed  that  the var ia t ion  of the f o r m  of the s p e c t r a  with var ia t ion  of x is  of a r e -  
laxation nature.  In this s y s t e m  the nonequivalent  nature  of the neighborhood of the ions has  
an ef fec t  on the re laxa t ion  p r o c e s s e s  and on the c h a r a c t e r  of the magnet ic  order ing.  

The s y s t e m  Mnl_xZnxFe204 i s  a v e r y  suitable object  for  Mossbaue r  inves t igat ions  of the nonequivalent 
pos i t ions  of Fe 3+ ions,  s ince the Za 2+ and Ma 2+ ions occupy exc lus ive ly  t e t r a b e d r a l  s i tes .  The Fe 3+ ions 
a r e  loca l ized  p r inc ipa l ly  in B - s i t e s .  The p r e s e n c e  of such a cat ionic dis t r ibut ion (for x - 0.4) is  conf i rmed  
by the neut ronographic  method [1, 2]. 

The M n - - Z n - f e r r i t e s  also p o s s e s s  in te res t ing  magnet ic  p rope r t i e s .  In the region of low concen t ra -  
t ions of  Zn 2+ ions an i nc r ea s e  in the sa tura t ion  magnet iza t ion  is  o b s e r v e d  with i nc r ea se  of x. Here  the 
co l l inea r  model  of N4el is  sat isf ied.  In the region of high concent ra t ions  of Zn 2+ ions (x >- 0.4) a dec rease  
in the magnet iza t ion  is  obse rved  during the p r o c e s s  of r e p l a c e m e n t  of the Fe 3+ ions [3]. So f a r  no a t t empt  
a t  explaining this has  been comple te ly  successfu l .  We inves t iga ted  the local izat ion neighborhood of i ron  
ions by the Mossbaue r  method in o r d e r  to obtain in format ion  on the nature  of the dis t r ibut ion of Fe 3+ ions 
at  B - s i t e s  of the la t t ice  and on magnet ic  order ing.  

In the works  exis t ing  in the l i t e ra tu re  (for example ,  [2]) i t  did not p rove  poss ib le  to obtain Mossbaue r  
s p e c t r a  of M a - - Z n - f e r r i t e s  with good resolut ion.  As a rule ,  spec t r a  were  obse rved  with v e r y  broadened  
l ines.  In our  Mossbaue r  ef fec t  e x p e r i m e n t s  an improved  method was used. The source  was rad io iso tope  
Co 57 in a Pd mat r ix .  The s p e c t r a  were  r e c o r d e d  on an e l ec t rodynamic  type se t -up with t r i angu la r  f o r m  of 
the r e f e r e n c e  signal.  Motion of the source  was ef fec ted  with the aid of a l inear  mo to r  f r o m  the F i n n i s h f i r m  

impulses ~ i ~176176 

laO F.>7.~ e~ ~ 

: % o  ;.At 

12B [ ,,, 

Fig. I. 

i ! 

I 

fb t 
-8 - 4 0 4 8 U turn/see 

Mossbaue r  spec t r a  of M a - - Z n - f e r r i t e s ,  a) 
x = 0.4, b) x = 0.5. 

Moscow Inst i tute  of  Steel and Alloys.  T r a n s l a t e d  f r o m  Izves t iya  VU Z, Fizika,  No. 3, pp. 77-81, 
March,  1973. Original  a r t i c l e  submi t ted  Ju ly  15, 1971. 

�9 19 75 Plenum Publishing ,Corporation, 227 West 17th Street, New York, N. Y. t0011. No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, meehanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

349 



TABLE 1. Maximum Probabi l i t ies  of the Format ion  of Nonequiva- 
lent Posi t ions  of Fe S+ ions in M n - - Z n - F e r r i t e s  

INo. of most probable 
P(1,x), P(2,x), PI3,x), P(4,x), P(5,x,) P(6,x,, If.ir~nenghbor Znn+ 

x m ~ l  m-----2 m=3 . r n :4  m ~ 5  rn~6 ~Om 

0,5 t -- 
0,6 
o17 
0,8 
0,9 

0,22 
0,14 

0,31 
0,28 
0,18 

0,22 
0,31 
0.32r 
0,24 

0,19 
0,3 
0,396 
0,35 

0,12 
0.262 
0,53 

2,3,4 
2,3,4,5 
3,4,5,6 
4,5,6 
5,6 

"Nokia. " The spec t ra  were r e c o r d e d  by an AI-4096 analyzer .  However,  in the spec t ra  of the Mn- -Zn- fe r -  
r i t e s  invest igated by us no splitt ing of the ex t r eme  components  was observed  for  x = 0.4 and 0.5 ei ther .  
All six l ines were cons iderably  broadened,  espec ia l ly  the ex t r eme  ones (Fig. l a  and b). 

The ra t io  of the in tens i t ies  of the components  of the spec t ra  turned oat  to be unusual. F o r  po lye rys t a l -  
line specimens  i t  should equal 3 : 2 : 1. F r o m  Fig. 1 (curves a and b) it  is seen that the l ines co r r e spond-  
ing to the t rans i t ions  •  ~ • 1/2 a re  of low intensity,  and the ra t io  of the intensi t ies  of the components  of 
the spec t rum deviate cons iderably  f rom 3 : 2 : 1. This pecu l ia r i ty  of the spec t rum indicates the p re sence  of 
re laxat ion ef fec ts  in Ma- -Zn- fe r r i t e s .  As the cSntent of Zn 2+ ions in an Mn--Zn- fe r r i t e  inc reases ,  the 
local  magnetic f ield due to magnetic d i sorder ing  dec reases .  For  sufficiently small  dimensions of the r e -  
ginns of magnetic o rde r ing  ( "superparamagae t ic  par t ic les" )  re laxat ion  occu r s  of the total  magnetic moment  
of the region of o rde r ing  with f requency  

', = %exp -- 

where K is the effective an iso t ropy constant,  r e f e r r e d  to unit volume, and v is the volume of the region of 
o rde r ing  [4, 5]. 

In the format ion  of superparamagnet ie  pa r t i c l es ,  the long-range o r d e r  in the order ing  of spins breaks  
down. However,  in the pa r t i c l e s  themselves  the shor t - range  o r d e r  is  p r e se rved .  Magnetic Inhomogenei-  
t ies  of this type a r i se  due to fluctuations of the local  neighborhood of the Fe S+ ions. As a resul t ,  nonequiva- 
lent  posi t ions of the Fe S+ ions a re  formed.  

Using the method desc r ibed  in [6], the spec t ra  of the Mn- -Zn- fe r r i t e s  (Fig. 1) were reso lved  into a 
number  of sextuplets  of Fe 3+ ions, having in the f i r s t  cation neighborhood a different  number  of diamagnetic 
Zn 2+ ions. Since each  oc tahedra l  Fe S+ ion has six f i r s t  neighbor t e t r ahed ra l  ions, the number  of nonequiva- 
lent  posi t ions of the Fe 3§ ions equals 7. Table 1 gives the maximum probabi l i t ies  P(m, x) of format ion in 

s• the c rys t a l  lat t ice of an Mn--Zn- fe r r i t e  of nonequivalent posi t ions of Fe ions. F o r  example,  for  x = 0.5 
the maximum probabi l i t ies  P(m,  0.5) will be 0.22, 0.31, and 0.22. This cor responds  to three  nonequivalent 
posi t ions  of the Fe 3+ ions having in the f i r s t  cation neighborhood, 2, 3, and 4 diamagnetic Zn 2+ ions r e s -  
pect ively.  The f o r m  of the ex t r eme  l ines of the exper imenta l  spec t ra  co r responds  to the f o r m  of the lines 
obtained when the components  f rom the nonequivalent posi t ions of the Fe 3+ ions are  added (line a ,  Fig. 1). 
Consequently,  the Fe S ions in Mn- -Zn- fe r r i t e s  a re  s ta t i s t ica l ly  posi t ioned in B-s i tes .  

The MSssbauer spec t rum of Mn0.4Zn0. 6 Fe20r (Fig. 2) p roves  to be interest ing.  Here we observe  
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M6ssbauer  spec t rum of Mn- -Zn- fe r r i t e  (x = 0.6). 
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Fig. 3. Mossbauer  spect ra  
for  Ma-- Zn- fe r r i t es :  
a )x  = 0 .7 ,b)x  = 0.8, c )x  = 0.9. 

TABLE 2. l~arameters  of Moss-  
bauer  Spectra  

8pectrurr HAkOe 

~t 435 
~2 40~ 
,~3 385 
~4 333 

m__m A m__m 
~ec g~.c 

0,5 0 , i4  

0,5 0,04 
0.5 0.04 
0,5 0,01 

completely  c lear  splitting of the spec t rum into four sextuplets,  ~1, ,/~2, 
~3, and fi4, of Fe 3+ ions having in the first cation neighborhood 2,3,4, 
and 5 diamagnetic Zn 2+ ions respectively. Table 2 gives the magnetic 
field on the Fe 57 nuclei, the chemical isomeric shift 5, and the magni- 
tude of the quadrupole, splitting A calculated for the spectra ill, f12, f13, 
and f14. 

Analysis of these values shows that in a Mn--Zn-ferrite with 
x = 0.6, the magnetic field depends on the number of exchange interac- 
t:ions. When the ~umber of exchange in teract ions  is reduced by one, 
the magnetic field on the Fe 57 nuclei dec reases ,  on the average,  by 

34 kOe. The spec t rum fi4 due to Fe a+ ions, whose f i r s t  cation neighborhood sphere consis ts  of five Zn 2+ 
ions and one Fe 3+ ion, has a hyperfine s t ructure .  Consequently, in Mn--Zn-- fe r r i tes ,  even Fe 3+ ions with 
one exchange interact ion take pa r t  in the ordering.  

The value of the chemica!  i somer i c  shift is  p rac t i ca l ly  independent of the f i r s t  cation neighborhood, 
and is equal to 0.5 m m / s e c .  The resul ts  of calculating the quadrupole shift of the spec t ra  (Table 2) are  
unexpected. For  spec t ra  f12, fin, and P4, the value of A is small.  Spectrum fil has a large quadrupote shift, 
in spite of the fact  that it is  due to Fe 3+ ions with two Zn 2+ ions in the f i r s t  cation neighborhood sphere.  
Apparent ly  the magnetic moment  of such ions Fe 3+ is not directed along the axis of easy  magnetization, 
i. e . ,  the [111] axis. The deviation of the direct ion of the magnetic moment  f rom the [111] axis may be 
connected with the appearance of angular  order ing  of the spins. It was ea r l i e r  said that this was the only 
reason  leading to the high value A = 0,12 m m / s e c .  The octahedra  ia which the Fe 3+ ions are  local ized 
with two Zn 2+ ions in the f i r s t  cation neighborhood sphere,  may be considerably  distorted. However, the 
effect  of the chemical  composit ion of the f i r s t  cation neighborhood sphere must  be excluded, since a change 
of the number  of Zn 2+ ions f rom 3 to 5 in the f i r s t  coordination neighborhood sphere of the Fe 3+ ions does 
not lead to significant changes in the quadrupole splitting (Spectra f12, fl3, f14, Table 2). 

We note that in accordance  with the Yafet--Kittel  theory  for large Zn 2+ content, the A--B interact ion 
becomes  weaker,  and B--B interact ion between the Fe 3+ ions begins to become apparent.  This can lead to 
the situation that two magnetic sublat t ices B' and B" at an angle to each other  appear  in the B sublattice. 

TABLE 3 

Speci. 
men 
No. 

l 
2 
3 
4 
5 
6 

Remark 

=hemic al formula a,~ 

Mno,7 Zn.,s Fe.O, 8,489 
Mn,;,~ Zn,),~ Fe20~ 8,485 
MnL., a Zno,~ Fe.:O ~ 8,480 
~n,,,, Zno,~ Fe:O~ 8,468 
Mn,,~ Zn~,r Fe.20, 8,457 
M.no,~ Zn~,,~ Fe20 ~ 8,448 

For composition 6 the Cuxic 
ture range. 

'~ B ' T C , ~  error  
10% 

p~ ~ oci'11-1 

5,54 242 3.10 t 
6,20 190 2,4-104 
6,74 150 7.10 ~ 
6,3 80 8.105 
5,6 40 6,5.105 
4,05 " 6.106 

~ointliesinthe room tempera- 
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The angle increases  f rom 0 to 180 ~ as we pass f rom a pure Mn-ferr i te  to a pure Zn-ferri te .  The theory 
gives a sat isfactory description of the course of the magnetization curve independence on x. It is possible 
that for  large concentrations of nonmagnetic Zn 2+ Ions, a chaotic angular spin structure may occur. In the 
low Zn 2+ concentration region, the breakdown of exchange interactions of A--B type does not lead to any 
deviation from the collinear spin structure.  

The lattice pa ramete r  a, the magnetic moment/~B' the Curie point T C and the specific resistance p 
of Mn--Zn-ferr i tes  are  given in Table 3. 

More complex spectra were observed for Mn--Zn-ferr i tes  with x = 0.7 and 0.8 (Fig. 3). They are 
very  blurred and compressed. A distinguishing feature of these spectra is their relaxation nature. The 
disappearance of the hyperfine structure as the Zn content in Mn--Zn-ferr i tes  increases  is apparently due 
to the decrease in intensity of the lines • ~- • 1/2 due to relaxation effects and the approach of the lines 
to each other due to magnetic disordering. The compression and blurring of the spectral  lines may also 
be caused by the presence of a chaotic angular structure in the specimens. 

Consequently, the change in the form of the spectra of Mn--Zn-ferr i tes  occurring at room tempera-  
ture may apparently be explained ei ther by the presence of superparamagnetic regions or else by angular 
ordering of the spins. Both reasons are associated with a nonequivalent neighborhood of the ions, and hence 
with variation of the exchange interactions. 
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