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Small amounts of Zn2+ and Ge4’ substituting for GeFezOA and ZnFe204, can efficiently 
increase the Net1 temperature, thereby can be applied to magnetic device. The site preference of 
Fe”+ and Fe3 ’ in mixed ferrite Zn,Ge, -,Fe,O, (X= 0.6) with Mijssbauer absorption and x-ray 
diffraction was studied. Analysis of x-ray diffraction indicates that the lattice constant is not in 
accord with Vegard’s law, suggesting Fe’+ and Fe”+ are located not only at B sites but at A 
sites. It is found that Debye temperatures of GeFe,04 and ZnFe,O, are 380*5 K and 361*5 
K from M&&duer measurements. Zn’+ and Ge4’ randomly occupy si site or B site. Mhsbauer 
spectra oFZ~,G~.~F~~O, reveal line broadening with increasing temperature and the relaxation 
effect at low temperature. 

I. INTRODUCTION 

in the spine1 ferrites A&Oh, the A-B magnetic inter- 
actions between the magnetic atoms on the ii (tetrahedral) 
sites and the magnetic atoms on the B(octahedra1) sites 
are stronger than A-.4 interactions and B-B interactions.’ 
GeFe,O, and ZnFezOd have only B-B weak interactions 
because of Ge4” and Zn’+ have a strong preference for ;4 
sites(all magnetic ions Fe’+ and Fe3 ’ on the B sites), 
thereby these are antiferromagnetic with NCei tempera- 
tures - 10 and -30 K, respectively.‘-5 We have studied 
the cationic distribution of solid solutions Zn,Ge, -.$e204 
by x-ray diffraction, magnetic measurements, and M&s- 
bauer spectroscopy above the N&e1 temperature.” In this 
system, a large magnetic moment ( W 4 pB per unit formula 
is comparable to that of magnetite) and a high NCel tem- 
perature ( -432 K) have been found for the sample with 
x=0.6, and these are originated by the strong A-B ex- 
change interactions between magnetic ion (Fe”’ or Fe3+) 
on the A sit.es and magnetic ion (Fe*+ or Fe”+) on the B 
sites. 

In this study Mijssbauer spectra of Zn,xhGe0~4Fe20., 
have been collected over a wide temperature range 12-450 
K. We note that Fe atoms occupy the A and B sites and 
that a line broadening effect increases with increasing tem- 
perature and is interpreted to originate from diierent tem- 
perature dependencies of the magnetic hyperfine fields at 
various Fe sites. 

II. EXPERIMENTAL PROCEDURE 

The samples Zn,Ge,-,Fe204 were prepared by grind- 
ing together appropriate proportions of Fez03, GeO,, ZnO, 
and Fe powders of 99.995%, 99.999%, 99.999%, and 
99.995% purity, respectively, pressing the resulting mix- 
tures into pellets at 6000 kg/cm”, firing in evacuated and 
sealed quartz ampoules at 1000 “C for 4 days, and cooling 
in a furnace. The samples were 57Fe enriched to at. % of 
the metal atoms for MGssbauer measurements. 

X-ray diffraction patterns of Zno,hGe0,4FezOh showed 
that the sample had the cubic spine1 of a single phase. The 
latt.ice constant at room temperature was found by using 

the Nelson-Riley function’ and extrapolating to the back- 
ward diffraction (0=90”). This was uO= S.418 f 0.002 A 
and deviated from 8.429 .& (Ref. 6) which was suggested 
by Vegard’s law for Zn,vGe,-,Fez04, that is, variations of 
lattice constants due to exchange of Ge”“‘ and Zn”+ on ;4 
sites. This means that Ge4’ and Zn”-’ can be located not 
only at A sites but at B sites. 

Mijssbauer spec.tra were recorded using a conventional 
Mijssbauer spectrometer of the electromechanical-type 
with a 57Co source in a palladium matrix. 

III. RESULTS 

Figure 1 shows some of the Miissbauer spectra of 
Zn,Ge, -.,FezOh above the Neel temperature. The spectra 
for x=0 and s== 1 consist of a quadrupole doublet that 
means that all Fe ions occupy B sites. The isomer shifts at 
coom temperature for x=0 and x- 1 are 1.07 =tO.O2 and 
0.25AO.02 mm/s relative to the Fe metal, which indicate 
ferrous and ferric character, respectively. 

The spectrum of Zn~,,G~,,Fe,O, above the Niel tem- 
perature contains the two quadrupole doublets originating 
from the B site Fe3+ (dot line) and the A site Fe”’ (solid 
linej ions. In the least-squares fitting of the data, the two 
lines of each doublet were assumed to have equal line- 
widths and absorption areas. A solid line on the data points 
is the sum of these two component doublets. The results of 
the analysis are given in Table I. Sawatzky et ~1.” obtained 
Miissbauer spectra of Fe304 in the temperature range 3OO- 
SO0 K and found that the Debye temperatures for A and B 
sites were 0,d(Fe”+j=334=i=10 K and OB(Fe”.5”)=314 
f 10 K., respectively. Grave et al.” showed that OA of il 
sites is about 20 K more than OB of B sites in the Same 
charge state. From the temperature variation of the total 
h-lbsbauer absorption areas for GeFe204 and ZnFez04, we 
obtained the Debye temperatures for Fe”+ and Fe3 i on the 
B sites using bhe following expression recoil-free fraction:‘” 

(11 

where ER is the recoil energy of 57Fe for the 14.4 keV 
gamma ray. 0 and kR represent t.he Debye temperature 
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