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Moss bauer Spectra of Copper Nickel F errites 
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Solid State Laboratory, Chemistry Department, Indian Institute of Technology, Powai, Bombay-400 076 

MOssbauer spectra of the compositions Cu1 -21Ni.cFe2 0 6 (0 ~ x ~ 1) have been 
studied. For x ,;;; 0.2, the compounds are tetragonal and the rest are cubic spinels. 
Cation distribution obtained from the split lines of the MOssbauer spectra does not agree 
with that obtained from magnetisation data. The spectra seem to be complicated due. to 
the presence of more than one hyperfine field at the B site Fea+ owing to the distorting 
effect of the Cu•+ ion on the A sites. This leads to non-Lorentzian line shapes and 
excludes straight-forward calculation of cation distribution from relative areas under 
resonances. 

M AGNETiC properties of spinel ferrites are 
strongly dependent on the nature of the 
cations and their distribution between the 

tetrahedral (A) and octahedral (B) sites in the cubic 

tra were 
pure iron foil and a-Fe!IOs)• The ~pee erfoOJIS 
analysed using a computer program wht~h PJines to 
a least mean square fit of the Lorentztan 

close packed oxygen lattice. CuFe 110 6 is particu­
larly interesting in this respect because the distri­
bution of Cu11 + ions between the nonequivalent 
sites is temperature sensitive. Moreover, the 
presence of Cu~+ ions leads t~ severe ~ahn-Teller 
distortion makmg the noneqmvalent sttes more 
distinct than in other spinels1 • 

Nickel ferrite is an inverse spinel. It is interest­
ing to see how the distribution of Cu H ions in 
the A and B sites are affected in the presence of 
Nill+ ion which has a strong octahedral site 
preference. This prompted us to determine the 
cation distribution in the Cu1-~~:NisFe110 .. system 
(O<x<l) by magnetisation measurements (Kiran 
et al 0 ). Several reports have appeared in the 
literature on the Mossbauer spectra of CuFe10 .. 
and NiFe110 6 (Ev8lls and Hafner1, Yamadaya 
et a/ 1 , Evans et a/ 8 , Sawatzky et al•, Morel 11), but 
no report has been made on the Mossbauer study 
of the mixed ferrite systero Cu1-~~:Ni~~:Fe10,. This 
is being reported in this paper. 

Experimental 
The compounds were prepared by mixing appro­

priate quantities of CuO, NiO and a-Fe9 0 8 (all AR 
grade) and firing at 1320 K for 24 hr. The samples 
were then cooled slowly to 1020 K, annealed at this 
temperature for 48 hr and cooled to room tempera­
ture at 60°/hr. All the samples were characterised 
as monophasic solid solutions by X-ray diffraction 
(XRD). 

Mossbauer spectra were recorded on a multi­
channel analyser (MCA 38A of ECIL) in the 
constant acceleration mode. The source used was 
~~'~Co in rhodium matrix. The spectrometer was 
checked for velocity calibration by comparing the 
line positions of various standard absorbers (SS 310, 
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the experimental points. 
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Fig. 1. Mossbauer spectra of the system 1-~~' 
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TABLE 1-MOSSBAUER SPECTRAL PARAMETERS+ 
OFCU1 -.:Ni,Fe1 0• 

Composi· 
tion Lattice Hyperfine field Isomer shifts Quadrupole Intensity [~:»-~r parameter HeJJ±5kOe IS(mmjsec) splittings ratio 

Fe~+ QS (mm/sec) I.8'1,4 X a (A) 
A B A 

0.0 a-8.268 T 492 c -8.607 
0.1 · a-8.270 -T 492 c •8.584 
0.2 a-8.340 

T 487 c -8.468 0.3 8.362) 482 
0.4 8.353 I 484 498 0.54 o.s 8.356. 484 498 0.55 
0.6 8.344 }-c 484 502 0.38 
0.7 8.342 1 491 509 0.55 
0.8 488 506 0.41 
0.9 8.333 I 

0.54 8.331 J 491 511 
1.0 8.320 491 510 0.33 

+-all values at 300 K ; T-Tetragonal ; c-Cubic; - -Results and Discussion 
XRD patterns showed all the compositions . as 

monophasic spinels. The compounds wtt~ 
~==0.0-0.3 were tetragonal and all. other .compo.st­
ttons were found to be cubic spmels, w1th latttce 

. Parameter decreasing linearlY with increasing x. 
Mossbauer spectra are given in Fig. 1 and the 

relevant parameters in Table 1. The spect~a for the 
compositions x=0-0.3 are of simple six-hne trpe. 
~lthough the lines are broad, they :fitted well mto 
S!JC Lorentzians. The large line width seem~. to 
suggest that the spectra may be due to supeq~osltion 
of two six-line patterns whose envelope 1s also 
Lorentzians. For 0.4 ,..; x .;;;;: 1, the spectra no 
longer correspond to a single six-line pattern; the 
~:lttreme line (in some cases, the la~t two ?r .all the 
hnes) on the positive velocity are spht. Th1s IS. ~ue 
to the superposition of two six-line patte~ns ~nsmg 
fr?m Fea+ ions at the two nonequivalent Sites m the 
8P1Del structure. This was :first proposed by Ev~ns 
et a/ 8 for CuFe 0 who assigned the pattern Wtth 
la~ger hyper:fine 11spiitting to the B site F;;+ and ~hat 
With the smaller hyper:fine split to F~ at A s1tes. · 
The s~me assignment may be accepted In ~he present 
case m view of the fact that isomer shift (IS) and 
quS:drupole ·splitting (QS) of the latter. are smaller. 
It Is possible to' resolve the Lorentzians corres­
ponding to FeB+ at A and B sites and compute. the 
relative concentrations of Fes+ in the two Sites. 
The ratios of the areas under resonance lBfiA are 
give~ in Table 1 along with the ratio [Fe8.+]Bf(Fes+JA 
obtamed from magnetisation values (K1ran eta/ ). 
It may be observed that the agreement be.t~een the 
two ratios is poor except for the composttlons x= 
0.9 and 1.0. Such discrepancy has also been 
reported by Evans and Hafner1 who observed that 
f?r CuFe110 .. the intensity ratio was 0.6 and 0._7 for 
stngle crystal and ceramic samples, respectively, 
Whereas expected cation ratio wa~ between . 1.22-
1.33. Since the difference in recotlless fraction of 
F~a+ at A and B sites is less than 10%, suc::h large 
differences are unexpected. Since the asstgnment 

B A B 

0.60 0.10 1.103 

0.54 0.05 1.059 

0.30 0.10 1.111 

0.38 0.13 1.12~ 
0.67 0.10 0.21 0.860 1.134 
0.66 0.08 0.20 0.930 1.105 
0.52 0.04 0.19 0.877 1.083 
0.69 0.10 0.14 0,743 1.057 
0.55 0.06 0.20 0.792 1.030 
0.71 0.06 0.22 0.967 1.010 
0.48 0.08 0.23 1.010 1.000 

t-from magneti~ation data. 

of the A and B sites appears to be correct, we along 
with Evans and Hafner1 are forced to conclude that 
the discrepancy in the IBfiA values are due to 
anomalous line shapes brought about by different 
QS, IS and magnetic hyperfine :fields (He 11) at 
apparently equivalent sites. Local symmetry at the 
[Fes+]B sites may be different depending upon the 
type and number of neighbouring cations. Distor­
tions at these sites may be particularly important 
in copper containing fer rites because Cu s+ ions 
distort their environment ·severely. Symmetry of 
the iron site will then depend on the number 
of neighbouring Cu s+ ions which are randomly 
distributed. Overall absorption lines may become 
non-Lorentzian in shape or may even split into a 
number of lines1 • The large line width may be 
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Fig, 2. Variation of hyperfine field (He 11) with x in the 
system Cu1-:~:Ni.,Fe 9 0,.., 

suggestive of the presence of B site Fe 8 + with 
different symmetry, although the overall spectra of 
B site iron fits into a set of Lorentzians. 
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The isomer shifts are all in the range 0.3-0.7 
mmfsec with respect to 57CofFe and this corres· 
ponds to iron in the trivalent state only. There is 
no regular variation of IS ·as well as of QS with 
composition. 

The variation of the hyp~rfine fields at the A and 
B sites (H61 1 average in case of 0 <: x <: 0.3) with 
composition is given in Fig. 2. The hyperfine· fields 
at both the sites increase with x. The relatively 
higher value of HeJJ(B) may be understood as 
follows. The average field for all the ions in a 
given sublattice is proportional to the average 
magdetisation of that sublattice. In an inverse 
ferrite, an fes+ ion at the B site will have all its 
nearest neighbouring A sites occupied by FeB+ ions 
whereas the A site Fes+ ion will have inter-sublattice 
bonds with Cus+, fes+ and Ni 2 +. Since Fe~+­
Qt-.fe~+ is the strongest superexchange intefd.c­
tion, the Hefl of an fe 8 + io~ surrounded in part 
by cations other than Fest- will be smaller than 
when surrounded by all Fea+ ions only. The 

l3~2 

. ses could be 
increase in He !I at A sites as X tnc~ea pes+.oa·. 
due to the fact that the interacttOUC s+ A The 
Ni»+ is stronger .than. Fe~-o~-~f':tct.thatas. 
increase in H 01 j{B) wtth x ts due to th action of A. 
x increases from 0.4 onward.s, the 1 fr ·ncreases as 
sites occupied by the Fes+ !OTIS a so J hence the 
shown by the magnetisation . data, a~ses in these 
number of Cull+ ions on A sttes deer 
compositions8 • 
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