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Susceptibility, magnetization and Moadssbauer
studies of the Mg-Zn ferrite system
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The variation of susceptibility with temperature of the Zn,Mg,_, Fe,0, system has been
obtained between 300 K and the Neél temperature at a constant magnetic field of 7.0 Oe for
x = 0.0 to 0.7. Through the magnetization measurements of this Mg-Zn ferrite system the
variation of saturation magnetization with zinc concentration was determined in gaining infor-
mation about the Yafet—Kittel angles in the system for x < 0.9 at 298 K. The observations
indicate the existence of a Yafet—Kittel type of magnetic ordering in the system. A molecular
field analysis of the Y-K spin ordering using a three sublattice model is shown to explain the
experimental data satisfactorily. For the sake of verification, Neél temperatures of Mg-Zn
ferrites were also determined from Maossbauer studies.

1. Introduction

Most of the zinc substituted ferrites like Ni—Zn [1],
Fe—Zn (2] and Cu—Zn [3] show a canted spin arrange-
ment on the octahedral or B-site. The canting of the
spins gives rise to Yafet—Kittel angles (Y-K), which
suggests that A-B and B-B superexchange interac-
tions are comparable in strength. Practically no
information exists about the magnetic properties and
magnetic ordering of the Mg—Zn ferrite system for
varying zinc concentrations except for our recent
Maossbauer studies at 77 and 298 K [4, 5].

The present paper reports magnetization, suscepti-
bility and a Mdssbauer study of Mg—Zn ferrites at
various .zinc concentrations. The magnetization
measurements were primarily undertaken to investi-
gate the variation of the saturation magnetization
with zinc concentration and to gain information about
the Y-K angles in the system. A molecular field
analysis of the Y-K spin ordering using three sub-
lattice models is shown to explain the experimental
data satisfactorily. The variation of low field a—c¢
susceptibility with temperature of Mg—Zn ferrites was
studied to determine the Ne€l temperatures and to find
the magnetic ordering.

The temperature dependence of Mdssbauer spectra
was obtained to verify the Ne¢l temperatures obtained
from susceptibility measurements and to study the
variation of hyperfine field with temperature.

2. Experimental details
Eleven samples of Zn Mg, .Fe,O, system with
x = 0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9 and 1.0
were prepared by the usual ceramic method, from
pure Fe,0,, MgO and ZnO powders. The oxides were
mixed in stoichiometric proportions and fired at
1100°C for 5S0h and slowly cooled to room tem-
perature.

The X-ray powder diffractometry results of all com-
positions clearly indicated the presence of only the
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cubic spinel phase with no extra lines corresponding to
any other phase. The X-ray powder diffractometry
patterns were recorded on a Philips diffractometer
using FeKo radiation.

The a—c susceptibility measurements on powdered
samples were made in a temperature range 300 to
800K using a double coil set-up [6] operating at a
frequency of 263 Hz and in a r.m.s. field of 7.0 Qe.

The saturation magnetization of each sample was
carried out using the high-field hysteresis loop tech-
nique described elsewhere [7].

The Mé&ssbauer spectrometer was equipped with a
source of 10mCi *’Co(Pd). The experimental set-up
has been described in our earlier work [8]. The Mdss-
bauer spectra of Zn, Mg, _ Fe,O, for x = 0.0 to 0.7
were obtained at different temperatures between
300K and the Neél temperatures.

3. Results and discussion

By means of Mossbauer results [4] and X-ray diffrac-
tion of Mg—Zn ferrites the cation distribution has been
found to be (Zn2* Feif )*[Mgit Felt 1BO;~, where
the ions enclosed by the round brackets correspond to
tetrahedral or A-site and the ions enclosed by the
square brackets correspond to octahedral or B-site.

3.1. Lattice constant and density

The variation of lattice constant with zinc content
for Zn,Mg,_,Fe,O, is shown in Fig. 1. The lattice
constant increases linearly from MgFe,O4 to
ZnFe,0,, which is due to the larger ionic radius of
Zn’*(0.074nm) which, when substituted for the
divalent metal ion in the lattice, replaces the smaller
Fe’*(0.06 nm) ion on the A-site. No previous measure-
ments of lattice constants exist in the literature fof
Mg—Zn ferrites at different values of zinc content. The
X-ray densities of all the samples have been calculated
from molecular weight and volume of the unit cell and
values are given in Table I. The X-ray density increases
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Figure | Variation of the lattice constant for Zn Mg, _, Fe, 0O, sys-
tem as a function of zinc content (x).

with x, which suggests that the increase in mass over-
takes the increase in volume of the unit cell with zinc
substitution.

3.2. Susceptibility

The typical plots of relative low field a—c susceptibility
against temperature are shown in Fig. 2, which
exhibits normal ferrimagnetic behaviour. The Neél
temperatures determined from Fig. 2 are listed in
Table 1. It 1s apparent from Table I that there is a
sharp decrease in Neél temperature for small additions
of zinc. This is due to the decreasing A —B interactions
resulting from replacement of Fe** by Zn*" on A-sites.

3.3. Magnetization

The field dependence of magnetization obtained at
298 K is shown in Fig. 3. From Fig. 3 the values of
saturation magnetization have been estimated within
an accuracy of about 5% and are listed in Table 1. The
magneton number i.e. saturation magnetization per
formula unit in Bohr magneton (ny) at 298 K initially
increases and then decreases as x is increased.

A similar variation of ny with x has also been
observed in other zinc substituted ferrites [1—3], which
has been attributed to the presence of Yafet—Kittel
angles in the spin system on B-sites. On account of
similarities between Mg-Zn and other zinc substituted

TABLE I The X-ray density g, saturation magnetization o,
and Ne¢l temperature Ty for Zn, Mg, _ Fe,0,

x @ [ Ty (K)
-3 -1
(gem™) (2691;11]1(g ) Susceptibility Mdssbauer

0.0 4.55 26 730 723
0.1 4.63 40 715 700
0.2 4.71 52. 670 660
03 4.79 58 630 620
04 487 62 610 593
0.5 494 63 540 523
0.6 502 44 480 470
0.7 510 21 370 353
0.8 =17 8 — -
0.9 3525 3 - —
1.0 5.33 — — -
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Figure 2 The temperature dependence of relative low field a-c
susceptibility (y/xgr) for Zn Mg, _ Fe,O, system. (x/xgy) is the
ratio of susceptibility (y) at temperature 7', to susceptibility at room
temperature ypr.
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Figure 3 Field dependence of magnetization for the Mg—Zn ferrite
system at 298 K.
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Figure 4 The relative saturation magnetization per formula unit at
298K for Mg-Zn ferrites as determined from Equation 1 using
Mossbauer data. The solid line represents data from magnetization
measurements. (>}) Mossbauer; (—) magnetization.

ferrites it is reasonable to assume that Yafet-
Kittel angles are also present in the former system.
An indirect check for the presence of a canted spin
structure follows from the apparent proportionality
between average hyperfine field | H| and the average
sublattice magnetization. It can be shown that

|Hp ()|
| Hy(0) ]
+ (1 = x)u(Mg*)]

| H)
| H,(0)

px) = [(1 + x) p(Fe'™)

[ — 0uFe™)] (D)

where, u(x) is the magnetic moment per formula
unit (Zn** Fel* )*[Mglf Fel7 1°0%~, w(Fe'") and
u(Mg*") are the ionic moments of Fe** and Mg*,
| Hy(x)| and | H,(x)| are the magnitudes of average
nuclear magnetic fields for the octahedral and tetra-
hedral Fe’* ions, respectively. The ionic magnetic
moment of Mg?" is zero, but because of partial inver-
sion (90%) of MgFe,O, structure, the magnetic
moments of A and B-sites are 4.5ug and 5.5 ug,
respectively. It is assumed that the relative magnet-
ization o(x)/o(x = 0) at 298 K is pu(x)/u(x = 0). The
values of relative magnetization o(x)/o(x = 0) as a
function of x were determined from Equation 1 using
the values of hyperfine fields and distribution of Fe**
ions on A- and B-sites at 298 K from Mdssbauer data
[5]. The results are depicted in Fig. 4. The agreement
between 6(x)/a(x = 0) as calculated from Equation 1
and o(x)/o(x = 0) as measured from magnetization
measurements at 298 K is quite good for x < 0.4 but
becomes increasingly worse as x increases above 0.4.
This behaviour can be interpreted as indirect evidence
for the presence of canted spin structure because the
Mossbauer effect measures the magnitude of {S,),
while the macroscopic magnetization depends on the
component of { S, ) parallel to the external field. The
discrepancy between the magnetization measurement
and Mossbauer data can be taken as an indirect evi-
dence for the presence of Yafet—Kittel angles.

The condition for the existence of Y—K angles to
occur in the Ni—Zn system has been investigated in
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TABLE II Saturation magnetization per formula unit in Bohr
magneton at 298 K. The values of the exchange constants in K used

in calculating ay, are as follows: J; = —13.5K and J; = — 10K

X Hy Yafet-Kittel angle (o )
Calculated Experimental

0.0 0.93 0° 0°

0.1 1.45 0° 0°

0.2 1.97 0° 0°

0.3 2.21 0° 0°

0.4 2.39 0° 3029

0.5 2.47 25° 50 25° 22

0.6 1.77 47° 33/ 47° 41

0.7 0.86 61° 35 65° 33

0.8 0.33 72° 32 76° 45

0.9 0.13 81° 52 83° 52

the molecular field approximation by Satya Murthy et
al. [9] using a non-colinear three sublattice model. On
a similar basis we can write the interaction energy
involving the Y—K angles for the Mg—Zn ferrite sys-
tem as

Eyx = [25(1 — x*) ] cos ayg
— 251 + x)* 8] cos 2oyg )

The terms f and 0 are the molecular field constants
related to the following exchange interactions

B:A(Fe’") —— B,(Fe’™)
5: B, (F&*) —— B,(Fe**),

where, i = 1, 2.
The energy is minimum for (a) sinay, = 0, which
corresponds to the Neél’s configuration or for (b)

(15 mi )

COS Oy T x

which corresponds to the situation where the Y-K
ordering is feasible. Here for example

27 J5(FE" ——Fe’™)
N; 8n83 Uy

(4)

Where, J; is the interaction between A (Fe’') and
B,(Fe’*). Z,y is the B, nearest neighbours to A. Ny is
the number of ions per unit formula. ug is the Bohr
magneton and g denotes the Lande’s splitting factor.

Adopting the procedure of Kulkarni and Patil [3]
the following value of J; = — 10.0 K has been accepted
for the Zn, Mg, ,Fe,O, system. Finally, we have esti-
mated the value of J; from the best fit for the variation
of saturation magnetization with zinc concentration
using the relation

ny = (5 + x)cosayg — S(1 — x) %

where s, has been expressed in units of Bohr mag-
neton. We have obtained J;, = —13.5K.

Table II contains the experimental values of oy
obtained from the observed variation of ny with x
using Equation 5 and the values calculated from
Equation 3. From Table II it is clear that experiment-
ally Y—K angles do not exist up to x < 0.3, but for
x 2 0.4, Y-K angles are present. There is a satisfac-
tory agreement between the experimental and theor-
etical values of ayy except for x = 0.4. Thus the
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Figure 5 Mossbauer spectra of Zn, Mg,
Fe,0, at various temperatures.
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observed variation of saturation magnetization with
zinc has been explained on the basis of the existence of
Y -K angles on B-site spins. This suggests that A—B
and B-B superexchange interactions are comparable
in strength,

3.4. Mossbauer study

The room temperature Mossbauer spectra [5] of the
samples with x = 0.0 to 0.6 showed magnetic hyper-
fine patterns and the samples with x = 0.7 to 1.0
showed paramagnetic doublets only. The typical
Méssbauer spectra of sample x = 0.4 at various tem-
peratures are shown in Fig. 5. The Neél temperatures
(Ty) determined by the stationary source and
absorber method for x = 0.0 to 0.7 are given in Table
1 and these values are in very good agreement with
the Neél temperatures obtained from susceptibility
measurements. For Zn Mg, .Fe,0,, Ty decreases
with zinc content (x) and also the decrease is not linear
(Fig. 6), this suggests that the exchange interaction
decreases with increasing zinc concentration.

5.0

100

The plots of reduced hyperfine field H(T')/H(0)
against reduced temeprature 7/Ty for both A- and
B-sites (Fig. 7) follow the Brillouin function charac-
teristic of iron with S = 5/2. From these plots it is
clear that the magnetic fields (within the experimental
error) are proportional to the sublattice magnetization.
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Figure 6 Variation of Neél temperature (7y) for Zn Mg, _, Fe,0,
system with zinc content (x).
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Figure 7 The reduced hyperfine field against reduced temperature
for A and B-sites of Zn, , Mg, ;Fe,0,. The full cuve is the Brillouin
curve for § = 5/2.

Within the molecular field model it is predicted
that in spinels the A-site ions are subjected to the
stronger molecular field and therefore with increasing
temperature it will be harder to disrupt the magnetic
alignment in the A-sublattice than the B-sublattice.
Hence the field at the tetrahedral site should have a
slower variation with temperature than at the octa-
hedral site. This explains why the B-site curve falls
below the A-site one in Fig. 7. The log—log plot of the
values (Fig. 8) shows straight lines for both A and B
sites verifying the one-third power law [10], which
describes the substances magnetization for samples:
with 0.0 ~ x ~ 0.5.

The centre shifts (CS) are characteristic of the high
spin Fe** charge state. The values of CS decrease with
increase in temperature due to a second order Doppler
effect (Table III). In our earlier work on this ferrite
system [4, 5], no quadrupole splitting was observed for
all magnetically split spectra but it was observed for
paramagnetic doublets. It is evident from Table III
that the quadrupole splitting (Q.S) is zero (within the

Log (1-7/T\)
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Figure 8 One-third power law as
Zn, Mg, Fe,0,. (©) A-site; (x) B-site.

applied for sample
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TABLE 111 Temperature dependence of Maossbauer para-
meters for Zny,Mg, . Fe,0,

T(K) Centre shift* Quadrupole splitting
(mmsec™') (mmsec™')
CS(B) CS(A) os(B) 0S(A)
4.2 0.60 £ 0.02 056 £ 0.02 0.00 £ 0.02 0.00 + 0.02
T 0.52 £ 0.03 048 £ 0.02 0.00 £ 0.03 0.00 + 0.02
298 038 +£0.02 027 + 0.02 0.00 £ 0.02 0.00 + 0.02
353 034 £ 0.02 022 + 002 0.00 + 0.06 0.00 + 0.06
373 031 £ 0.02 020 £ 0.02 0.00 £ 0.06 0.00 + 0.06
433 0.27 + 0.02 — 0.00 + 0.06 0.00 + 0.06
513 0.22 + 0.02 - 0.38 + 0.06 —
593 0.13 + 0.02 - 0.32 + 0.06 —
673 0.11 £+ 0.02 - 0.27 & 0.06 —

*With respect to iron metal.

experimental error) for all magnetically split spectra
of x = 0.4 but it is present just below and above its
Neél temperature. This may be attributed to the
chemical disorder in this ferrite system.
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