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Abstract

MgxZni1xFe204 nanoparticles were synthesized
by spray pyrolysis method using polymer precursor
and characterized their structural, magnetic and
hyperfine properties as a function of magnesium
concentration. X-ray diffraction revealed cubic
spinel structure of the prepared samples and
structural refinement was done by Rietveld
method. Cation distribution obtained from the
Rietveld method reflected migration of cations
among the interstitial sites. Fourier transform
infrared spectroscopy confirmed the formation of
spinel structure of the nanoparticles and shift of
band center with magnesium doping due to cation
migration was observed. Saturation magnetization
increased with magnesium concentration due to
enhancement in A-B superexchange interaction
and coercivity varied in accordance with Brown’s
relation. The curve fitting of the magnetization
data revealed coexistence of superparamgnetic,
paramagnetic and ferromagnetic phases in the prepared
nanoparticles. Mossbauer spectroscopy, a technique
with different operating time scale than that of
indicated

vibration  sample

magnetic

magnetometer,

incomplete ordering and strongly
confirmed the enhancement of A-B interaction
with magnesium concentration. The Mossbauer
studies further confirmed the coexistence of different

magnetic phases in the sample.

Keywords: Mg-Zn nanoferrites, Cation migration,

A-B super exchange interaction,
Superparamagnetism, Coexistence
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of magnetic

1. Introduction

Ferrites have wide range of technological
applications owing to their unique electric and
magnetic properties in the fields of high-frequency
devices, magnetic fluids, microwaves, magnetic data
storage, biomedical applications, magnetic resonance
imaging and gas sensors. Ferrites in nanoscale
exhibit improved physical, chemical and magnetic
properties and are recently used for developing
nanosized devices in biomedical field [1,2]. The
cubic spinel ferrite with general formula MeFe204
(Me = Fe, Co, Ni, Mn, Mg, Zn...) belongs to space
group Fd3m . Unit cell of spinel ferrites has eight
molecules of MeFe204 and oxygen ions forms a face
centered cubic (f ¢ ¢) lattice. In this structure two
kinds of interstitial sites occur, the tetrahedral (A)
and octahedral (B) sites which are surrounded by
four and six oxygen ions respectively [3].

Superparamagnetic (SPM) nanoparticles—a new
genre of magnetic particles-have recently shown
rapid advance in the field of magnetic
hyperthermia because of high level of heat
generation, non-retainment of magnetization after
the removal of applied magnetic field, easy
targeting, suitability for human body magnetic fields
and easy circulation through capillaries without
agglomeration. Among many nanospinel ferrites that
exhibit SPM properties and having potential for
application in magnetic hyperthermia, Mg-Zn
ferrite turns out to be a promising candidate due to
their inhibitory nature on cancer cell growth.
Moreover the Mg-Zn ferrites have the capability of
fine tuning its magnetic properties to desirable
values by controlling the doping concentrations of
cations [4]. Doping of Mg? in zinc ferrite, can
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induce hopping of ions between the tetrahedral
and octahedral sites. As the ions at the A and B
sites greatly control the properties of ferrites, the
gradual substitution of Mg? can vary the structural
and magnetic properties to desired values. In this
paper, we report the cost effective synthesis of Mg-
Zn ferrite nanoparticles by polymer assisted spray
pyrolysis method and the effect of magnesium
substitution on structural and magnetic properties
of zinc ferrite. We investigated the magnetic and
hyperfine properties using vibration sample
magnetometer and Mossbauer spectroscopy having
different operating time scales and the analysis
observed a coexistence of superparamagnetic,
ferrimagnetic and paramagnetic phases in the

prepared Mg-Zn ferrite nanoparticles.

2. Experimental

Magnesium doped zinc ferrite nanoparticles
with formula Mg Zn,_ Fe,O, (wherex=0.1,0.2, 0.3,
0.4 and 0.5) were synthesized by spray pyrolysis
method. The starting materials: magnesium nitrate
(Mg(NOs26H20,  Merck  GR), zinc nitrate
(Zn(NOs)2.6H20, Merck LR) and ferric nitrate (Fe
(NOs)s. 6H20, Himedia AR) were dissolved in double
distilled water in accordance with doping
concentrations. These nitrate solutions were added to
2 wt% polyvinyl alcohol (PVA, Loba Chemie, LR)
and stirred continuously until the solution became
homogenous. The solution was transferred to a spray
gun and sprayed to a glass plate in spray pyrolysis unit
kept at 130°C. When sprayed solution became a
geliish layer, the glass plate was taken out and cooled.
Sample layer on the glass plate was peeled off and
calcinated at 450°C to obtain magnesium zinc ferrite
nanoparticles.

The x-ray diffraction (XRD) analysis of the samples
was done with PANIlytical X'Pert-PRO X-ray
diffractometer using Cu-Ko radiations (A = 1.54060 A).
The morphological analysis was done by transmission
(Jeol/JEM  2100)

operated at 200 kV. Fourier transform infrared

electron microscopy (TEM)

spectroscopy (FTIR) of the samples was recorded
using Thermo Nicolet, Avatar 370 spectrometer in

the range 400-4000 cm™ at a resolution of 4 cm.
The variation of magnetization with applied
magnetic field in the range 0 - 15,000 Oe at room
temperature was studied using a Lakeshore 7410
sample magnetometer (VSM). Fe*
Mossbauer measurements were carried out at room

vibration

temperature in transmission mode with a Co/Rh
radioactive source in constant acceleration mode

using a standard personal computer based
Mossbauer spectrometer.
3. Results and Discussion
3.1. X-ray diffraction studies
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Figure 1. XRD patterns of Mg«Zni-Fe204
nanoparticles

The structural analysis of Mg«Zni<Fe:04 (x = 0.1,
0.2, 0. 3, 0.4 and 0.5) nanoparticles was performed
using x-ray diffraction technique. The XRD patterns
are shown in Figure 1 were indexed by Bragg law.
The presence of (220), (311), (222), (400), (422), (511)
and (440) planes with most intense (311) reflection in
the XRD pattern revealed the face centered cubic
spinel structure of the samples. It is also evident from
the Figure 1 that all the peaks are intense and
broadening of the peaks are attributed to nonideal
Bragg
Structural refinement of the nanoferrites was done
by Rietveld method using FULLPROFF program and
refinement pattern is shown in Figure 2. The

reflection occurring in nanoparticles.

refinement was started using the space group Fd3m
in which the oxygen anions occupy wyckoff
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position 32e with coordinates (0.25, 0.25, 0.25),
tetrahedral sites at 8f with coordinates (0.125,
0.125, 0.125) and octahedral sites occupy 16c¢
positions with coordinates (0.5, 0.5, 0.5). The
Rietveld method was performed refining scale
coefficient, background, instrumental parameters,
cell parameters, full width half maximum (FWHM)
parameters, isothermal parameters, atomic positions,
occupancy and shape parameters in sequence
mode. The background was modeled with six
polynomial function and the
experimental profile with Thompson-Cox-Hastings
pseudo-Voight function [5]. The cation distribution of
the samples by the Rietveld refinement is shown in

coefficient

Table 1, where the ions on the tetrahedral sites are
given in front of the square brackets and the
octahedral ions between the brackets. Also the
lattice constant and the oxygen position parameter
obtained from the Rietveld method is listed in
Table 2. The crystallite size was determined using
Scherrer equation. The x-ray density defined as the
weight of atoms in unit cell per volume of unit cell
were calculated by the formula
&M
Dx= NG . (1)

where N is Avagadro’s number (= 6.0225 x 10%
atom/mole), M is the molecular weight of the
sample, ‘@’ is the lattice constant and the factor ‘8’

represents number of molecules in the unit cell.
We have, further, calculated lattice strain using the
modified Williamson and Hall equation
2d|K 1
=5 . (2)

where d is the lattice spacing for (311) planes, K(0.89)
is the shape factor and D is the average crystallite size [6].
The variation of lattice constant and x-ray density is
shown in Figure 2.

The crystallite size obtained from Scherrer formula
lies in the range 10.28-16.83 nm, indicating that
the prepared samples are in the nano reigm and Mg
doping in zinc ferrite has not considerable size
effect. Zinc ferrite has a normal spinel structure in
which Zn?* and Fe?* ions occupying tetrahedral (A)
and octahedral (B) sites respectively [7]. When

Mg?* ions, a B site specific diamagnetic cation was
doped in zinc ferrite, it might initiate migration of
Fe3* ions to A sites. This is possible since number of
A site vacancies are enhanced due to reduction in A
site specific zinc cations [8]. From the Table 1,
although Mg? and Zn?* have strong preferences to
octahedral and tetrahedral sites respectively, they
occupy the other sites in small amount. The Fe3*
ions migrate from octahedral to tetrahedral site
with the increase of magnesium concentration. The
lattice constant decreased with magnesium
concentration owing to replacement of cations
with larger ionic radius (Zn = 0.82 A) by cation with
smaller ionic radius in accordance with Vegard’s law [9].
Even though lattice constant decreased with magnesium
concentration, the x-ray density also followed same
trend and this is due to the fact that reduction in
molecular weight is greater than the decrease of

volume of unit cell (Figure 3) [10].

* Observed Calculated Difference(Obs-Cal) Bragg peak positions
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Figure 2. Rietveld refined XRD patterns of Mg.Zni-
sFe204nanoferrites

Table 1. Cation distribution of the nanoferrites

Chemical

Formula
Mg.1ZngoFe,04 | Mgo0pZng77F€0,01[Mgo.087Zn0.13F€1.99]O04
Mgg2ZngsFe,04 | MgoosZng.67F €006 M0.14Z00.13F€1.04]04
Mg3Zny7Fe,04 | MgopoZng.5F €004 Mgo.21Z1n0,05F€1.96]04
Mgo4ZnysFe,04 | Mg 12Zng.48F€0.15[Mgo2sZn 12F €1 83104
Mg sZngsFe;04 | Mgo.17Zng.45F€0,10[Mgo.33Zn0,05F€1.81104
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Figure 3.Lattice parameter and x-ray density as a

function of Mg content in MgZni-Fe204 system

Table 2. Structural parameters of MgZni<Fe204

system
Magnesium | Crystallite Strain Lattice Oxygen X-ray
Concentration Size ) Constant | Parmeter | density
®) (nm) A) (W (g/em’)
0.1 16.8384 0.0024 8.4498 0.2539 | 52173
0.2 12.803 0.0044 8.4499 0.2545 | 5.1269
0.3 13.7566 0.0044 8.4199 0.25635 | 5.0905
0.4 10.2860 0.0070 8.4007 0.2600 | 5.0334
0.5 11.2249 0.0052 8.3965 0.2622 | 4.9489

3.2. Transmission Electron Microscopy Studies

The TEM image of MgosZnosFe:04 is shown in
Figure 4 and the majority of particles have
spherical morphology. The average particle size
obtained was about 15 nm and particle size ranges
from 9-19 nm as shown in the histogram. The TEM

image of MgosZnosFe204 is shown in Figure 4 and

the majority of particles have spherical
morphology. The average particle size obtained was
about 15 nm and particle size ranges from 9-19 nm
as shown in the histogram.The particle size
distribution suggest a possibility of coexistence of
small superparamagnetic particles and some bigger
particles [11]. The particle size obtained from TEM
is nearly equal to the cryatallite determined from
Scherrer formula indictes that the entire particle is
a single crystallite. The selected area electron
diffraction (SAED) pattern emphasis on the
polycrystalline nature of the sample[12]. Inter
planar distance of (311) plane from TEM image
(2.50 A) is in good agreement with XRD data (2.53

A). The slight agglomoration of the particles is due

to magnetic nature of samples. [13, 14].

Nt of Pascles

Figure 4. (a) TEM micrograph, (b) SAED pattern,
(c) histogram of particle size and (d) interplanar

spacing of MgosZnosFe:O4nanoparticles

3.3. Fourier transform infrared spectroscopy studies
FTIR spectra of the MgxZnixFe:04 nanoparticles
are presented in Figure 5. There exist two metal—
oxygen bands in the FTIR spectra of spinel ferrites
by the band vibration of metals at the tetrahedral
and octahedral sites with the oxygen. The vi band
formed by the intrinsic stretching vibration of
metal at tetrahedral sites with oxygen is observed
in the range 500 - 600 cm'and the v2band formed

by the intrinsic stretching vibration of metal at
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octahedral site is observed in the range 385- 430
cm[15]. The centre of the vi band shifted to
higher

concentration and the shift is because of the

wavenumber with magnesium
migration of Fe? ions from octahedral to tetrahedral

sites replacing Zn? as in the Table 1. Since

stretching wavenumber is inversely proportional to
atomic weight, the increasing content of comparatively
lighter Fe3 at tetrahedral sites replacing Zn? may
be attributed to shift in vi band to higher values. As
there is no splitting or shoulders in the vi1 band,
presence of Fe?* at the A site can be ruled out[16].
Since the detection limit of FTIR instrument was
above 400 cm, the v2 band was not detected[17].
The bands at 1400-1700 and 2925-2810 cm™! were
assigned to carboxyl group (COO-) and stretching
The broad band
centered at 3430 cm is attributed to hydrogen

of C-H bonds respectively.

bonded O-H groups arising from surface hydroxyl

groups on nanoparticles and adsorbed water [18].

transmittance(a.u.)
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(a) (b)
Figure 5. (a) FTIR spectra of MgxZni«Fe204

nanoparticles and (b) enlarged vi band

3.4. Magnetic Studies

Variation of magnetization of MgxZnixFe2Os4
nanoparticles with applied field at room
temperature measured by VSM is shown in Figure
6. Magnetic parameters: saturation magnetization
(Ms), magnetic moment per formula unit (ns),
coercivity (Hc), retentivity (Mr) and squareness

ratio (Mr/ Ms) of the nanoparticles are tabulated in

Table 3 and plotted in Fig 7. The magnetic moment
per formula unit in Bohr magnetons is obtained

from the equation,

MW x M
= —S cee 4
M5 = ses (4)
where MW is the molecular weight and M; is the

saturation ~ magnetization in  emu/g.  The
magnetocrystalline anisotropy constant (Ki) was
estimated using Brown’s relation
2K
H =—t .5
- 6)

where M is the saturation magnetization and He is
the coercivity.

The saturation magnetization and moment per
formula  unit increased with  magnesium
concentration from 14.34 emu/g and 0.61 ps for x =
0.1 to 4228 emu/g and 1.66 s for x=05
respectively even though the particle size remained
the same. This kind of magnetic behaviour may be
attributed to controlled doping of site specific
cations in the sample. The variation of magnetic
parameters in different samples can be understood
through either by size effect or by cation
distribution. The kind of magnetization observed in
our samples with almost uniform particle size as
shown in Table 2, supports dominant role of cationic
distributions in magnetization over size/surface
effects [19]. It is reported that the magnetic
behaviour in spinel ferrites depends on the
distribution of cations at A and B sites,
superexchange interaction and the non-collinear
nature of moments at B site. There are three kind
of superexchange interactions: intra A-A, B-B and
inter sublattice A-B interactions, among which A-B
superexchange interaction is the strongest [13].
According to Neel's two sublattice model of
ferrimagnetism, the resultant magnetic moment

per formula unit is given by
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M(x)=My(x)—M ,(x) .. (6)

where Ms and Ma are the magnetic moments at B
and A sites respectively in Bohr magnetons. The
Neel’s model is modified by Yaffet-Kittel (Y-K)
model incorporating the subdivision of B-sublattice
into two sublattices having magnetic moments
equal in magnitude and each making angle avx
with direction of net magnetization at 0 K.
According to Y-K model, the resultant magnetization
is expressed as
M(x)=M,cosa, —M .. (7)

where angle avk can vary from 0° to 180°. The
subdivision occurs when the B-B interaction
becomes less stronger than the A-B interaction. In
zinc ferrite, which is a normal spinel, the Zn?* and
Fe3* ions occupy A and B sites respectively. In this
system, Zn”" in A site is diamagnetic, no magnetic
moment is expected because the only interaction
happening here is B-B superexchange interaction
and the B site magnetic moments are antiparallel to
each other. The enhancement of magnetization
with doping of magnesium which is a B site specific
cation is attributed to enhancement of A-B sub
lattice interactions by the migration of Fe3 ions
from B to A site [20]. It seems that a threshold
percentage of Mg is required for initiating the
cation distribution in the lattice. All the magnetic
parameters remain steady till x = 0.3 beyond which
Ms and magnetic moment per formula unit values
shoots up supporting Fe3* ions migration from B site
to A site and hence enhancing inter sub-lattice A-B
superexchange interaction. The coercivity values
decreased with magnesium concentration because
of its inverse relation with saturation
magnetization in accordance with Brown’s relation.

In order to determine the magnetic components
present in the prepared nanoparticles, M-H curves

were fitted with different combinations of

magnetic phases. For all the samples, the best fit

. for the combination of paramagnetic,
was obtained P gn

superparamagnetic and ferromagnetic phases Fig 8
using the equation (8).

The first, second and third terms in the equation
represents ferromagnetism, superparamagnetism and
where M is the

magnetization, M5 is the saturation magnetization of

paramagnetism respectively,
ferromagnetic component, H. is the coercivity, S is
the squareness ratio, M’ is the saturation
magnetization of the superparamagnetic component,
i is the magnetic moment per particle, H is the
applied field, k is the Boltzmann constant, T is the
temperature in Kelvin and x is the paramagnetic
susceptibility. The ferromagnetism in the nanoparticles
is evolved from A-B superexchange interaction. The
magnetic particles smaller than critical diameter exibit
superparamagnetism and paramagnetism arise from
the surface spin disorder of the nanoparticles. Thus,
the fitting of the M-H data revealed coexistence of
ferromagnetic, superparamagnetic and paramagnetic

phases in the nanoparticles

2M: H+H
M="Ltan" ¢ |tan s
I H, 2

. (8)
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Figure 6. M versus H curves MgxZnixFe2O4

nanoparticles at room temperature. Inset shows

magnificent of magnetic hysteresis at low fields
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Table 3. Magnetic parameters of MgxZni«Fe204

nanoparticles

Saturatio Anisotro

Mg n Coercivi | Retentivit| magnet Py
. < Squaren G
conte | Magnetiz| tyY y ic . |Constant
ess ratio

nt ation He Mr |momen (Mr/Ms) K1
() Ms (Oe) | (emu/g) | t(us) (

(emu/g) erg/cmd)
0.1 1434 | 55.010 | 0.7688 | 0.61 | 0.0536 |2057.810
0.2 15.65 | 28.838 | 0.325 0.65 | 0.0208 [1156.913
0.3 16.84 | 41.705 | 0.7300 | 0.68 | 0.0433 |1787.558
0.4 27.66 | 14.497 | 04536 | 1.11 | 0.0164 [1009.170
0.5 42.27 6.721 | 0.1865 | 1.66 | 0.0044 |702.977

O Experimental data Fitted line
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Figure 8. Fitting of M-H data of MgxZni«Fe204

nanoparticles using eq.(8)

3.5. Mossbauer Spectra Analysis
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Figure 9. Room temperature Mossbauer spectra of
Mg:Zn1xFe204 samples with different Mg content.
Black dots (*) are the experimental data, red lines
represent the best fit, blue and green lines are the
subspectra used for fitting. Corresponding distribution
of hyperfine field P(Bhf) of respective fractions is

given on the right side.

The Mossbauer spectra of the nanoparticles were
recorded at room temperature and fitted with
Normos/Site and Normos/Dist for discrete sites and
distributions respectively. The sample with x = 0.1
is fitted with Normos/Site and others by
Normos/Dist as shown in Figure9 along with their
distribution of hyperfine fields. In the case of
discrete fitting Lorentzian line shape is assumed in
all cases. Various hyperfine parameters deduced

from Mossbauer spectra, namely isomer shifts (IS),
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quadrupole splitting (QS), line widths (I'), average
hyperfine fields <H(T)> and relative areas the fitted
doublets and distribution are listed in Table 4.

For a magnetic nanoparticle, magnetization
direction fluctuates spontaneously with a
relaxation time (T). Above blocking temperature,
the relaxation time T<<Ts (where Ts is the
Mossbauer measurement time) and the internal
magnetic field at the nucleus is averaged out giving
rise to a quadrupolar doublet in the Mossbauer
pattern. Below the blocking temperature, T>>Ts, a
sextet Mossbauer pattern is observed and near the
blocking temperature when T s a partially
collapsed sextet with broad lines are seen [21].
Mossbauer spectra of all fractions exhibited
central
doublet

superposed on a weak single magnetic sextet except

simultaneous presence of a

superpararamagnetic / paramagnetic
in one sample(x = 0.1). The Mossbauer spectrum of
the low Mg fraction(x = 0.1) closely resembled
ZnFexOs  with
paramagnetic doublet. Unlike other reported results
[22], IS value of the
0.5(Table 4 ) indicating that most of the Fe3* ions

single  superparamagnetic  /

doublet is greater than

occupy octahedral sites in their high spin state
since the presence of Fe?* is not a possibility of the
sample prepared wusing a polymer precursor
annealed at and around 450°C[23]. For fractions x
=0.2, 0.3, 0.4 and 0.5 we could fit spectra only by
considering hyperfine magnetic field distributions. The
results revealed their superparamagnetic /
paramagnetic (strong single doublet) and weak
magnetic ordering (a less intense sextet). The broad
sextet and broad magnetic hyperfine field
distribution P(Bhf) in Fig 9 is due to the variation
of A-B interaction from region to region [24]. In
these fractions, intensity of sextet increases with

the concentration of Mg? ions and this trend is

reported by many researchers [21], [24]-[29]. As in
the Table 4 the relative area of distribution
increased with Mg content and the average
magnetic hyperfine field changed from 17.6 T for x
=0.2 to 24.77 T for x = 0.5. These findings can be
explained by the enhancement of A-B
superexchange interaction strength due to the
redistribution of Fe® ions among tetrahedral and
octahedral sites (Table 1)[26]. In general, hyperfine
field at the B site decreases with Zn concentration
in A sites according to the relation
H, = H (1-nAH) .. (10)

where Ho is the field at B site with no Zn ion in A
site, n is the number of Zn ions in A sites and AH is
the fractional decrease in hyperfine field[30]. The
Mossbauer spectra for x > 0.1 are consistent with
the formation of a fairly good solid solution as local
inhomogeneous clusters with a central doublet
characteristic of particles undergoing SPM
relaxation or having paramagnetic character and an
emerging sextet attributable to bigger ferrite
particles with their relaxation time approximately
is of the order of the characteristic Mossbauer
measurement time. Probability distribution of
hyperfine fields of all the samples have most
probable field around 4 T(low field), representing
doublets indicated majority of particles are
undergoing superparamagnetic relaxation. The
samples with x = 0.2, 0.4 and 0.4 have only low
intense peaks at higher fields (Table 4 , Fig 10) and
x = 0.5 has comparatively more intense peaks
confirmed the presence of particles that contribute
to a relaxation time comparable to measurement
time. Thus Mossbauer spectra analysis corroborated
the presence of ferromagnetic, superparamagnetic
and paramagnetic phases determined by M-H curve
fitting. No trace of impurity was detected in the

samples.
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Table 4. Variation of isomer shift and quadrupole

splitting of MgxZnixFe204 samples

Mg Sub- IS QS r Area Peak Values
Conte <H(T)>

nt(x) spectrum |(mm/s)|(mm/s)|(mm/s)| (%) of P(Bhf)
0.1 | Doublet | 0.70 | 045 | 0615 | 100 | - -
Doublet _

02 |aein| 033 [ 089 [ 041 Ja1or| |

n : : : | 40.58, 48.01

03 dpf'i’le; 032 | 048 | 04 |[2082| - | 402170,

R r;‘“o 034 | - 04 (7018 17.4 | 3357, 46.23

0 dpi".f 1‘? 032 | 054 | 041 [2656| - 3361677’ 2327'3511’

O Astbuhe) g4 | | 039 [73.44| 177 |7000000
n 4553

05 d?fr‘il]z’ 1‘? 034 | 056 | 046 |17.94| - 2‘20024 1:?;%

' SbURO| 97 | 04 |8206| 2477 | 70005
n 46.23

4. Conclusions

Mg:Zni«Fe:04 nanoparticles were synthesized
using spray pyrolysis method and the effect of Mg
doping on the structural, magnetic and hyperfine
properties were investigated using XRD, FTIR,
VSM and Mossbauer spectroscopy. The XRD
patterns revealed the cubic spinel structure and
structural refinement was done by Rietveld method
using FULLPROF program. The cation distribution,
lattice parameter and oxygen position parameter
were extracted from the Rietveld refinement. The
migration of Fe® ions from octahedral to
tetrahedral site with magnesium doping was
observed from the cation distribution. The lattice
parameter decreased with magnesium
concentration obeying Vegard’s law owing to
comparatively smaller ionic radii of Mg? than Zn?"
and by change in the cations in interstitial sites.
The average particle size obtained from TEM image
of MgosZnosFe2Os was about 15 nm and majority of
particles were spherical. The particle size lies in the
range of 9-19 nm with possibility of coexistence of
superparamagnetic particles with some bigger
particles. The FTIR analysis confirmed spinel

structure and center of the vi band in the FTIR

spectra shifted to longer wavenumber with Mg
doping because of the replacement of Zn?* by Fe3*
with comparatively lower atomic weight at the
tetrahedral sites. The curve fitting of M-H data
revealed the coexistence of superparamagnetic,
ferromagnetic and  paramagnetic  particles.
Saturation magnetization and magnetic moment
per formula unit were found to increase with Mg
doping due to enhancement of A-B superexchange
interaction by the redistribution of Fe3* ions among
the interstitial sites. The Mossbauer spectrum of
the samples except with x = 0.1 is a centerall
superparamagnetic doublet superposed on weak
single magnetic sextet. The Mossbauer spectra and
hyperfine field distribution with most probable
field at low field suggest majority of particles are
undergoing superparamagnetic relaxation and few
are ferromagnetic whose relaxation time equals
Mossbauer measurement time. The area of the
sextet and mean hyperfine field increased with
magnesium concentration owing to increase in the
A-B superexchange interaction as in the
magnetization data analysis. = The Mossbauer
analysis strongly confirmed the coexistence of
superparamagnetic, ferromagnetic and paramagnetic
phases observed in magnetization data fitting by
the superposition of a doublet and a collapsed

sextet.
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