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Magnetization and Miissbauer effect studies have been carried out on samples of Fe,, ,GaZ-,04 for .x = 

0.2, 0.5. 0.6.0.8, and I .O. The results show Fe?’ ion clusters are present in the samples with x 5 0.2. 
On increasingx, clustering is removed and Fe” ions are distributed between the two lattices giving rise 

to strong A-B interactions. 0 19x9 Academic Prea Inc. 

Introduction 

Studies on FeGazOJ have shown that 
Ga3+ and Fe2+ ions are present in both octa- 
hedral (I3) and tetrahedral (A) sites of the 
spine1 lattice (I, 2) and the distribution of 
these ions on the two sites depends on the 
annealing temperature and subsequent heat 
treatment of the spine1 oxide (I, 3). Pres- 
ence of Fe2+ ions on both sites allows only a 
small concentration of the magnetic ions on 
either site and strong A-A, B-B, or A-B 
interactions cannot be expected in FeGa204 
and consequently the ordering temperature 
of this spine1 is only 11 K. Furthermore, 
neutron diffraction and Mossbauer spec- 
troscopy studies on this compound by 
Ghose et al. (I) have shown that the Fe2+ 
ions are not randomly distributed in each 
sublattice but form clusters within which 
short-range magnetic order is present. 

Clustering of Fe2+ ions can be prevented 
if the concentration of these ions are in- 
creased at the cost of the diamagnetic Ga3+ 
ions. But divalent iron cannot be substi- 
tuted for trivalent gallium without disturb- 
ing the stoichiometry and spine1 structure 

of the ferrite. However, if Fe3+ is used in- 
stead of Fe2+, the iron concentration can be 
increased without disturbing the spine1 lat- 
tice. The present work was thus taken up to 
study the magnetic properties of Fe3+ sub- 
stituted FeGa204 and determine the Fe3+ 
ion concentration which would completely 
remove clustering of Fe2+ ions in gallium 
ferrite. 

Experimental 

Samples of Fel+xGa2-x04 were prepared 
from Fe203, Ga203 (Mathey, ‘specpure’), 
and Fe (E. Merck). Details of the prepara- 
tion for x = 0, 0.2, 0.5, 0.6, 0.8, and 1.0 
have been given elsewhere (6). Samples 
with x > 1 were not prepared as the cluster- 
ing of Fe2+ ions were absent in iron-rich 
samples. 

The room temperature X-ray powder pat- 
terns were taken in CUKCI radiation using a 
Siemens K4 diffractometer. Magnetization 
measurements were made in the range 4- 
300 K using a vibrating-sample magnetome- 
ter equipped with a helium gas-flow cryo- 
stat. The Mossbauer spectra were recorded 
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using a conventional constant acceleration 
system with data collection in a 400-chan- 
nel PHA. The source was 10 mCi/s7Co in 
Rh. 

Results and Discussion 

X-ray diffraction studies for the com- 
pounds in the system Fel+xGaz-xOd show 
that single-phase cubic spine1 compounds 
are formed in the studied composition 
range x = 0 to x = 1. The plot of composi- 
tion versus lattice parameter in Fig. 1 
shows a large negative deviation from Ve- 
gard’s law as the concentration of iron in- 
creases. Such negative deviations are usu- 
ally found when substitution brings about a 
change in cation distribution and the same 
type of ion is present on both sites. In Fe,+, 
Ga2-,O,, both Ga3+ and Fe3+ ions have 
preference for the tetrahedral (A) site while 
Fe2+ ions prefer the octahedral (B) sites. 
Hence on substitution of Ga3+ ions by Fe3+ 
ions, Fe2+ ions are likely to be displaced to 
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FIG. 1. Room temperature unit cell parameter a (A) 
vs composition (x) for the system Fe,+,Ga2-,04. 
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FIG. 2. Curie temperature vs composition. 

the B sites and the Fe3+ ions can then oc- 
cupy the A sites. Such displacement of ions 
from one site to another of the spine1 lattice 
has also been found in Fe2+Cr2-,Fe2+04 (4) 
and CuCr2-,A1,04 (5) spine1 systems. How- 
ever, for x > 0.6, the Fe3+ ions probably 
occupy the B sites since cation distribution 
of FeGa204 shows that Fey is 0.6 (1) and, 
hence, for x > 0.6 no vacancy in the A sites 
due to displacement of Fe2 will result. The 
minima in the lattice parameter vs composi- 
tion curve may thus indicate this change in 
Fe3+ ion occupation from A site to B site. 

The displacement of Fey ions to the B 
sites on introduction of Fe3+ ions is also 
supported by the magnetization studies. 
The results show the absence of Fe2+ ion 
clustering and also a rise in Curie tempera- 
ture (Tc) as x is increased. With an increase 
in the concentration of Fe2+ ions on the B 
sites the probability of cluster formation is 
reduced. Absence of clustering would allow 
all the Feg ions to take part in long-range 
magnetic interactions and hence with in- 
creasing x there should be an increase in the 
Curie temperature. This is manifest in Fig. 
2. However, as B-B interactions are not 
very strong, the Tc values of compounds 
with x < 0.6 are not expected to be very 
high and so the TC vs composition plot 



Fe CLUSTERING IN FeGa204 191 

I 1 I 3 I I 

10 20 30 40 50 60 70 80 
T(*K) 

90 

I2 

02 
eg 

fJe 

, 

FIG. 3. Magnetization vs temperature (H = I tesla). 

shows that up to x = 0.6 the increase in Tc 
is gradual. For x > 0.6, Tc values rise quite 
rapidly. High Tc values in spine1 oxides im- 
ply strong antiferromagnetic interaction be- 
tween A site and B site cations and this is 
possible only when the magnetic ions are 
distributed between the A and B sites of the 
spine1 lattice. As has been discussed above, 
for x > 0.6, the Fe3+ ions are present in 
both A and B sites, and the strong magnetic 
interactions leading to high Tc values are 
between Fey and Fe:: ions. 

The magnetization versus temperature 
plots in Fig. 3, show that for x = 0.2, there 
is an additional hump in the curve well be- 
low the Curie temperature. Anomaly ob- 

served in the magnetization curves of cer- 
tain spinels has been attributed to either a 
change from collinear to canted spins or to 
clustering of ions. In MnCrz04 and CoV204, 
it was attributed to canting of spins (6), 
while in some of the Fe,+,Crz-,04 (4) 
spinels and in FeGa204 (I), it was thought 
that the anomaly is due to clustering of 
ions. In FeGazOd the clustering of ions giv- 
ing rise to short-range magnetic order has 
been well established from Mossbauer and 
neutron diffraction studies. In Fe, .zGal .s04 
also clustering of Fe2+ ions has been sug- 
gested from Mossbauer studies (7). The 
Mossbauer spectra of Fel,zGar.804 showed 
a hyperfine split pattern indicating the pres- 
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FIG. 4. Miissbauer spectra of Fe*GaO, at 4.6 K. 

ence of long-range magnetic order at 4.6 K. 
At 23.1 K a paramagnetic doublet super- 
imposed on the hyperfine split pattern was 
observed similar to the finding in the 
Mossbauer spectra of FeGazOd, where the 
presence of a hyperfine split pattern along 
with paramagnetic doublet was shown to be 
due to persistence of short-range ordering 
in the clusters of Fe2+ ions even above the 
long-range ordering temperature (I). 

From these results it appears that the 
anomaly in the magnetization plot of this 
compound could also be attributed to clus- 
ter formation of the Fe2+ ions and not due 
to any noncollinearity of spins. The magne- 
tization plots for x > 0.2 do not show any 
such anomaly indicating that in these 
compounds there is no clustering of 
ions. 

The magnetization plots for x > 0.2 do 
not show any anomaly and it appears that in 
these compounds probably there is no clus- 

ter formation. Figure 4 shows the spectrum 
of Fe2GaOd at 4.6 K. The hyperhne pattern 
clearly indicates the presence of only long- 
range order in the compound. The Moss- 
bauer patterns of the other compounds 
have been discussed elsewhere (6) and all 
the patterns below the ordering tempera- 
tures show the presence of only long-range 
order in these compounds. 

From all these results it may be con- 
cluded that when more than 0.2 mole of 
Fe3+ ions replace Ga3+ ions in FeGazOd, 
i.e., more than 0.2 mole of Fe2+ is displaced 
to the octahedral site, the clustering of Fe*+ 
ions is prevented. This is due to an increase 
in the Fep concentration brought about by 
the Fey ions which displace the Fey to the 
B sites. The results also show that with in- 
creasing x, the Fe3* ions are distributed be- 
tween the A and B sites and strong A-B 
interaction is found in the iron-rich sam- 
ples. 
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