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a b s t r a c t

Rare-earth La3þ cations, with large ionic radii, substituted ZnCr2�xLaxO4 nanoparticles with x ranging
from 0.0 to 0.50 were synthesized by solegel auto-combustion technique. Effect of La substitution on
structural and magnetic properties of ZnCr2O4 spinel oxide is reported. The phase composition of the
obtained powders was investigated by Fourier transform infrared spectroscopy, X-ray diffraction, and
scanning electron microscopy. Magnetic measurements were made using a SQUID magnetometer. FT-IR
and X-ray diffraction revealed the transition of spinel structure to perovskite structure because of the
exchange of Zn2þ and La3þ cations among constituent A-sites. The particle size were estimated from the
SEM micrographs and were found to increase with the La ions substitution from 48 to 80 nm. It was
revealed from the magnetic measurements that magnetization follow a decreasing trend with substi-
tution of Cr3þ ions by paramagnetic La3þ ions. Also, the magnetization showed a drastic decrease with
increase of temperature from 2 K to 300 K because of enhanced domain pinning effect, due to the La3þ

substitution.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction

There is a confusion between “doping” and “substitution” terms
in many research papers. In case of doping, infinitesimally small
amount of some “foreign” substance occupies only the interstitial
sites but never the constituent sites and may change the electronic,
magnetic, thermal properties of the crystal. Substitution is the
word used when replacing one element by another one at levels
reaching several percents. In this case, the “foreign” substance (in
any permissible amount) always occupies the constituent sites and
never the interstitial sites.

Substitution with rare earth elements of the trivalent cations
from the spinel oxides is a barely explored topic in the literature,
although some works incorrectly uses the term substitution. Given
this reality, we asked the question what happens in terms of
structural and magnetic properties in case of substitution with
sufficiently large amount of rare-earth cations in octahedral sites of
spinel-type oxides?

Oxides with spinel structure belong to the group of strategic
materials which are used in the wide area of modern technologies,
).
due to interesting physico-chemical properties. They exhibit
excellent magnetic, electric, optic, catalytic and photocatalytic
properties [1e5]. In particular, zinc chromite (ZnCr2O4) spinels are
commonly used as gas and humidity sensors [6e8], as catalytic
materials [9,10], and as magnetic material [11].

The general formula of spinel type oxides is (A)[B2]O4, where the
tetrahedral sites (A) are occupied by divalent cations (like Zn, Ni,
Co,…), and the octahedral sites [B] by trivalent cations (Fe, Cr, Al,…),
in a cubic structure.

ZnCr2O4 is a mixed spinel type oxide which crystallizes to face-
centered cubic lattice with Fd3m space group [12]. ZnCr2O4 is a
geometrically frustrated antiferromagnet with a first order transi-
tion at 12.5 K from paramagnetic phase with cubic structure to
antiferromagnetic phase with tetragonal structure [13,14].

The presence of rare earth ions into the spinel structure has
been reported to lead to structural distortion that induces strains in
the material and to affect the electrical and magnetic properties
significantly [15]. Single ion anisotropy and magnetostriction of La
are very large, therefore it is of interest to investigate the effect of La
on structural and anisotropy related properties of La substituted
ZnCr2O4. To date, many investigations have been carried out to
understand the effect of RE3þ doping on the properties of spinel
oxide type ferrite [16,17], NieMneCr ferrite [18], NieCo ferrite [19],
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NieZn ferrite [20]. Generally, in spinel oxides, the two types of
cations do not usually differ greatly in size, because the spinel
structure is stable only if the cations are rather medium sized and,
in addition, the ionic radii of the different cations in the same
compound do not dramatically differ. Hence, substitutionwith non-
magnetic rare earth (La) in place of Cr ions in ZnCr2O4 induce lattice
distortion and magnetic defect as ionic size of La is about twice
higher comparable to that of Cr ions (0.615 Å for Cr3þ and 1.032 Å
for La3þ, respectively) [21]. However, La ions contributes to the
weakening of the tetrahedraleoctahedral superexchange in-
teractions due to its non-magnetic nature [22]. Therefore, is ex-
pected that a relatively high amount of La3þ in ZnCr2O4 may create
lattice strain in the material and it leads to modify the magnetic
properties. Also La3þ exhibits only in 3þ state which, theoretically,
restrict it to enter into B-sites of spinel structure only. But, this can
happen only in case of doping with La ions, because of large ionic
radius of these cations. Therefore, doping with a percentage of 0.2,
as can easily find in the literature, it is extremely difficult to control,
often leading to the transition to other structures. As said above,
this represents a substitution with La ions in spinel structure.
Kumar et al. [23] reported the synthesis of lanthanumecobalt fer-
rites of composition CoLaxFe2�xO4 (x ¼ 0, 0.1, 0.15, 0.2) by the co-
precipitation method. However, in many cases, the pure spinel
structure formation, for compositions with the percentage of RE
greater than 0.1, is not fully confirmed. Rahman et al. [24] investi-
gated the gadolinium (Gd) substituted cobalt ferrites with variable
Gd content (x ¼ 0.0e0.4) and reported that a secondary phase
formation (GdFeO3) emerges with increasing Gd content. Peng et al.
[25] reported the synthesis of Pr3þ doped NieZn ferrite with a rare-
earth content ranging between 0 and 0.08. XRD diffraction patterns
confirmed the formation of secondary phases of perovskite
(PrFeO3) at higher Pr content. Wu et al. [26] reported the prepa-
ration of nickelezinc ferrite with lanthanum substitution with a
variable La substitution content (x¼ 0.0e0.4). The results indicated
that the perovskite phase (LaFeO3) is predominantly starting with
x ¼ 0.2, and appeared in a proportion of up to 50% even from the
x ¼ 0.1. Yehia et al. [27] investigated the structural and magnetic
properties of rare-earth substituted nickel ferrites, NiFe1.99R0.01O4
(RE ¼ Sm, Gd, Eu, and La). Authors reported that the saturation
magnetization and coercivity increased with RE-substitution and
appeared to be greatly affected by the nature of RE3þ ions. Although
it was observed that the introduction of these metals in structure
affects the magnetic properties, the structure did not change
significantly, which means that RE occupies the interstitial posi-
tions. This confirms that there has been a doping and not a sub-
stitution. Rezlescu et al. [28] pointed out that rare-earth ions
drastically affected the physical properties of substituted ferrite due
to their larger ionic radius, and when rare-earth ions entered the
octahedral (B-site), they could replace Fe3þ ions at low rare earth
ion content only. In many other investigations [29e33] a modifi-
cation in the structural, magnetic and electrical properties is ob-
tained due to the addition of rare earth ions but, in some cases
conflicting results are obtained. For these reasons, further detailed
investigations on rare earth-substituted ferrites are needed.
Therefore, the main purpose of our investigation is to study the
effect of Cr3þ substitution with La3þ ions on the structural and
magnetic properties of ZnCr2O4 spinel-type oxide. According to the
best of our knowledge, there is a lack of detailed study on structure
and magnetic properties of these nanomaterials. The properties of
spinel oxides are strongly influenced by the composition and
microstructure, which are sensitive to the preparation methodol-
ogy used in their synthesis. The present work deals with the
preparation of ZnCr2O4 substituted with bulky La cations by using
solegel auto-combustion technique, which is a wet-chemical
method for the fabrication of inorganic materials. The
concurrence of these reactions leads to the formation of more and
more metal-oxygen-metal bondings, catalyzed by the air moisture
and traces of water presents in the solvent. Usually these reactions
are completed by a conditioning step at elevated temperature in air,
which can also be used to crystallize the amorphous material. The
importance of the fuels used in solegel auto combustion processes
for the preparation of spinel-type materials was already proved. In
a previous study, dealing with the preparation of rare-earth doped
spinels, we demonstrated that from four different combustion
agents, (citric acid, tartaric acid, urea and cellulose) only citric acid
and cellulose allow the pure spinel phase formation [20]. Conse-
quently, the citric acid was selected as a combustion agent for the
preparation of studied materials.

2. Experimental

The samples of the ZnCr2�xLaxO4 system (x ¼ 0, 0.25, 0.50)
were prepared by solegel auto-combustion method from
high-purity starting materials. Analytical grade chromium nitrate
Cr(NO3)3$9H2O (99,9%, Aldrich), lanthanum nitrate and zinc nitrate
solutions were mixed in stoichiometric proportions. Lanthanum
nitrate and zinc nitrate were obtained in situ from La2O3 (99%,
SigmaeAldrich), and ZnO (99%, SigmaeAldrich) respectively, and
nitric acid (Merck) 20% solution. A solution of citric acid [C6H8O7]
(Merck) was mixed with each sample of metal nitrates mixture in
1:1 M ratio of citric acid to metallic cations, to yield finer-sized
powders, possessing desirable powder characteristics. The homo-
geneous solutions of nitrates were transformed into gel phase on
heating for 5 h at 80 �C under continuous stirring. The dried gels
were gradually heated on the sand bath up to 300 �C, when the
combustionwas clearly observed and all the gels were converted to
powders. The powders were ground and then thermally treated in
two steps: up to 500 �C/7 h and up to 700 �C/7 h.

Perovskite-type oxide, LaCrO3, was prepared by solegel auto-
combustion technique, for comparison purposes. The synthesis
procedure consisted in dissolving La2O3 (SigmaeAldrich) into
HNO3 (20%) (Lachner) and Cr(NO3)3$9H2O2 (Merck) in distilled
water, taken in equimolar amounts, followed by the addition of
citric acid (Merck) in order to give a molar ratio of metallic cations
and citric acid of 1:1. Consequently, the as-obtained mixture was
subjected to the same heat treatments as described earlier for the
spinel preparation (80 �C on the water bath, 300 �C on the sand
bath, and, finally, annealing at 500 �C and 700 �C for 7 h).

Infrared study of the as-prepared powders has been done using
a Bruker spectrophotometer TENSOR™ 27-type with ATR cell at a
resolution of 2 cm�1. IR spectroscopy was used for monitoring solid
phase chemical reactions and for the disappearance of the organic
phase. Structure of the as-obtained powders was confirmed by X-
ray diffraction (XRD) using a Bruker ASX D8 Advance diffractometer
with CuKa radiation (l ¼ 1.5406 Å), for 2q ranging between 20 and
80�, at a scanning speed of 0.02�/s. The morphology and particles
size analysis of the powders obtained at 700 �C were investigated
by scanning electron microscopy using a Hitachi S2600N Micro-
scope. Magnetic properties of the obtained powders were made
using a Quantum Design MPMS XL-5 SQUID magnetometer applying
a magnetic field of 60 kOe at room temperature 300 K, and 2 K
respectively.

3. Results and discussion

3.1. Infrared spectra interpretation

The IR spectra, in the wavenumber range 2000e400 cm�1, for
ZnCr2�xLaxO4 (x ¼ 0, 0.25, 0.50) and LaCrO3 powders thermally
treated at 700 �C, are shown in Fig. 1. There can be seen the



Fig. 1. IR spectra of ZnCr2�xLaxO4 system (x ¼ 0, 0.25, 0.50) and LaCrO3 powders.
Fig. 2. X-ray diffraction patterns of ZnCr2�xLaxO4 (x ¼ 0, 0.25, 0.50) and LaCrO3

powders.

A.I. Borhan et al. / Journal of Alloys and Compounds 651 (2015) 200e207202
presence of two main absorption peaks at y1 and y2 wavenumbers,
characteristic of spinel structure, for samples with La content x ¼ 0
and x ¼ 0.25. According to Waldron [34], the strongest absorption
peak y1, observed in the range 611e603 cm�1, is caused by intrinsic
vibration of bonds between metal ions and oxygen ions in tetra-
hedral sites, whereas the weakest absorption peak y2, observed in
the range 488e492 cm�1, is assigned to the stretching vibrations of
bonds between metal ions in octahedral sites and oxygen ions [35].
A comparison of the observed vibrational frequencies of the first
two samples, indicate a decrease of the wavenumber values for
tetrahedral vibrations and an increase for octahedral vibrations.
The shift of y2 band to higher wavenumbers with La3þ content, can
be attributed to the substitution of Cr3þ (radius: 0.615 Å) ions by
La3þ ions (radius: 1.032 Å) in octahedral sites, which causes a
decrease in the metaleoxygen bond length and an increase wave-
length of absorption peaks. However, starting with the sample with
La3þcontent x ¼ 0.25, it can be observed the appearance of the
LaCrO3 perovskite structure proved by the presence, at 586 cm�1, of
a band typical for anti-symmetric (yas) octahedral CrO6 stretching
vibrations [36]. Moreover, deeper substitution with higher ionic
radius La cations causes the quasicomplete disparition of y1 band
and a shift towards smaller wavenumber for yas band (from
586 cm�1 and 583 cm�1) probably due to the formation of
perovskite-type phase in higher amounts [37,38]. Therefore, it
could be noticed that the IR spectra of sample with x ¼ 0.5 is very
similar with the LaCrO3 spectra, indicating that the perovskite
phase becamemajoritary. Nevertheless, these observationsmust be
confirmed by other analyses like X-ray diffraction.
3.2. X-ray diffraction study

The XRD patterns of as-obtained powders are shown in Fig. 2.
The diffraction peaks from (220), (311), (222), (400), (422), (511)
(440), (620), (533), (622) and (444) planes correspond to the spinel
structure of ZnCr2O4 (JCPDS card No. 22-1107) which belonging to
the Fd3m space groupwith cubic symmetry. It can be observed that
insertion of La3þ in spinel lattice produces a shift of the (3 1 1)
diffraction peak, and from the sample with x ¼ 0.25, a perovskite
structure [diffraction peak (11 0)] with cubic unit cell belonging to
the Pm-3m space group [37,39] may be formed. This is confirmed
by the diffraction pattern of LaCrO3 (JCPDS card No. 75e0441)
offered for comparison. As La3þ substitution increases, the devia-
tion from spinel phase becomes more prominent with the
appearance of secondary phases with significant amount of zinc
oxide (ZnO: JCPDS card No. 36-1451) phase and spinel ZnCr2O4
phase (JCPDS card No. 22-1107). The formation of secondary phases
in the spinel oxides during sintering process is governed by amount
of La3þ used. Higher rare-earth content leads to a higher potential
barrier for La3þ ion to overcome for entering into the B-site of spinel
crystal lattice. It can be observed that diffraction peaks corre-
sponding to secondary phases decrease with content of La3þ in-
creases. Phases quantification (Fig. 3aec)was estimated using
FullProf 2000 program [40], by profile fitting, with a peak shape
modeled by a Pseudo-Voigt function using the Thomson Cox
Hastings model [41] and for instrumental profile corrections was
used LaB6 as a standard for instrumental profile corrections. For
ZnCr2O4 was determined a high percentage of secondary phase of
ZnO, which in pattern from Fig. 2 could not be seen because
probably overlaps the diffraction peak corresponding to spinel
phase. For the substituted samples, the results indicate the pres-
ence of LaCrO3 (antiferromagnetic) as majority phase and ZnCr2O4
and ZnO (antiferromagnetic and diamagnetic, respectively) phases
in ratios reported in Table 1. One can observe that the amount of La
has a significant influence on phase content which varies for
ZnCr2O4 from 78% (for La x¼ 0) to 5% (for La x¼ 0.5). Therefore, the
relatively large amount of La3þ ions in ZnCr2O4 can affect not only
the phase composition but also the size of the spinel matrix. The
secondary phases are probably due to the limited solubility of La in
the ZnCrO4 spinel lattice, which is below x ¼ 0.25, according to our
results and to literature data [30]. In our opinion, the La ions occupy
either the Zn positions or go to the grain boundaries. However we
have to exclude the probability that the bulky rare-earth ions
occupy the B-sites of Cr3þ ions. This is because of the fact that the
octahedral sites are too small to be occupied by the large rare-earth
ions with large ionic radius. Of course the occupancy of the tetra-
hedral sites by the rare-earth ions is possible, leading to the for-
mation of a new main structure, in this case, the perovskite one.

It has been reported [41] that phases formation is affected by the
concentration of rare-earth element in substituted spinel oxides.
This can be attributed to dimension of RE3þ ionic radii and elec-
tronic configuration [42]. For example, if the amount of La3þ is large
enough, then it will form secondary phases on the grain boundaries
or transitions to other types of structures will occur due to signif-
icantly larger ionic radius and diffusion of La3þ ions. Therefore, an
explanation for the transition of spinel structure to perovskite
structure is the exchange of Zn2þ and La3þ cations among A-sites, a
position occupied by lanthanum ions due to very large ionic radius.
Based on the above discussion, doping with small amounts of
lanthanum can be achieved on octahedral B-position, but bringing
a deficiency of A-site cations. When it reaches the degree of solu-
bility, lanthanum ions will occupy only constituent A-sites through
complete substitution of Zn ions, leading to the formation of a new



Fig. 3. (aec). Phases quantification for samples with x ¼ 0; 0.25 and 0.50, by profile fitting.
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Table 1
Phases quantification and the profile parameters estimated using FullProf 2000 program.

Sample Phase identification and quantification Profile parameters Reliability factor (c2)

Chemical formula Space group Composition (%) Lattice parameter (Å) Crystallite size (nm)

ZCL0 ZnCr2O4 Fd-3m 78 8.334(1) 29.4(1) 1.49
ZnO P63mc 22 a¼ 3.250(5) c¼ 5.205(9)

ZCL0.25 ZnCr2O4 Fd-3m 14 8.250(6) 28.1(3) 1.98
LaCrO3 Pm-3m 44 8.690(9)
ZnO P63mc 41 a¼ 3.248 (8) c¼ 5.197(6)

ZCL0.5 ZnCr2O4 Fd-3m 5 8.248(6) 25.2(1) 3.88
LaCrO3 Pm-3m 87 8.698(2)
ZnO P63mc 8 a¼ 3.248(9) c¼ 5.195(4)

A.I. Borhan et al. / Journal of Alloys and Compounds 651 (2015) 200e207204
structure, in this case, the perovskite. This transition is confirmed
by crystallite size variation, estimated from Rietveld refinement.
The average crystallite size decreases with phase transition, from
29.4 nm for the ZnCr2O4 to 25.2 nm for the material with La x¼ 0.5.
XRD results mentioned in Fig.1 confirmed that, after the addition of
La ions, the main phase of the samples is LaCrO3 and the grain
boundary phases are ZnCr2O4 and ZnO. The decrease in crystallite
size of the samples with increasing amount of La3þ ions can be
explained on the basis of energy needed for the substituted sam-
ples to complete crystallization and growth [43]. The lattice con-
stants of the as-prepared samples calculated from the XRD data
refinement are listed in Table 1. The lattice constant dropped down
when the substitution amount of La3þ ions increased to x¼ 0.5. The
larger amount of LaCrO3 in case of composition with x ¼ 0.5 would
cause the expansion of unit cell, resulting in larger lattice constants.
However, with additional La3þ introduction in matrix, the lattice
constants decreased. This can be attributed to that part of La3þ ions
could not enter the octahedral site but form a phase of LaCrO3,
thereby causing the lattice contraction and thus the decrease in
lattice constant. Similar phenomenon was also observed for La3þ-
doped NieZn ferrites obtained by a solegel auto-combustion
method [44].
3.3. SEM analysis

SEMmicrographs used to obtain further structural informations
of selected samples are shown in Fig. 4 (aed). The SEM pictures
showed spherical shaped particles, and also indicated nearly uni-
form distribution of particles. Better grain boundaries were
observed at smaller substitution of La3þ ions. Compared with the
XRD results mentioned above, it can be confirmed that after the
addition of La3þ ions, the main phase of the samples is LaCrO3 and
grain boundary phase could be spinel phase and zinc oxide. Further,
it is observed that the particle size decrease with La3þ substitution
because of the appearance of LaCrO3 phase in addition to cubic
phase. This LaCrO3 phase indicates that the Cr3þ ions are not
replaced by La3þ ions at the octahedral sites which inhibit the grain
growth. The particles size, as-obtained in ImageJ program, de-
creases with La substitution ranging between 80 nm for ZnCr2O4
and 48 nm for x ¼ 0.50 La content. SEM image for LaCrO3 sample
shows agglomerated particles with spherical shapes and average
size of 80 nm. The decrease in particle size of the samples with
increasing La3þ substitution ions can be explained as follows. The
materials with rare earth ions has high thermal stability, and hence
more energy is needed for the La3þ ions incorporation into spinel
lattice, forming La3þ-O bond, and growth of particles, respectively
[16]. In addition, the formed secondary spinel phase for samples
with x ¼ 0.25 and 0.50, pinning at the grain boundary, will hinder
the growth of perovskite grains, resulting in smaller perovskite
particles and thus denser materials.
3.4. Magnetic properties

Fig. 5 (aeb) shows the field dependent magnetization (M vs H)
of ZnCr2�xLaxO4 (x ¼ 0, 0.25, 0.50) system obtained at 2 K and
300 K. TheM vs H curves for all samples measured at 300 K reveal a
linear behavior to the high field region. For all the samples, the
loops do not reach saturation at 6 T due to the slight non-
compensated paramagnetic contribution. Note that all the mate-
rials show a similar paramagnetic behavior and the magnetization
decreases with the paramagnetic La3þ content. The observed
behavior could be attributed to crystallite size decrease with the
rare-earth cations amount. As the crystallite size decreases, the
surface effect becomes prominent, leading to distortions on the
structure. Hence, surface atoms are under the effect of strain which
leads to vacancies and a variety of interatomic spacing. All of these
factors leads to spin disorder at the surface, which causes low
magnetization [22]. On the other hand, the magnetization recorded
at 2 K (Fig. 5b) showed small hysteresis loops to all the studied
materials indicating the existence of possible superparamagnetic
behaviors and surface effects which are likely due to the uncom-
pensated spins on the sample surface. The value of magnetization
at 2 K shows an anomalous behavior with La3þ ions substitution.
One can notice that the sample with x ¼ 0.25 shows a magneti-
zation higher than observed for ZnCr2O4, which may be due to co-
existence of several phases in the structure. So, this anomalous
behavior of magnetization may be due to the formation of sec-
ondary phases i.e., ZnCr2O4 and ZnO (non-magnetic) phases as
explained in X-ray diffraction analysis. The sample containing the
higher La ions concentration (x ¼ 0.5) shows an extremely small
magnetization, i.e. 10 emu/g, which means that perovskite phase
was stabilized and it became predominant in the network. In
addition, a decreasing in the magnetic properties can be attributed
to the decrease in crystallite, which indicates a direct relationship
between magnetic properties and crystal growth, meaning that the
decrease in magnetic parameters values may be associated with
decreased crystallite size depending on the La content. A very
interesting observation is that the magnetization increases at 2 K
towards 300 K. For example, in the case of the sample with the
content of lanthanum, x ¼ 0.25, magnetization measured at 300 K
is 28 emu/g while at 2 K is 75 emu/g. According to the literature,
this variation can be described by the theory of spin waves at low
temperature [45]. Therefore, the spins of the atoms are completely
parallel at 2 K, but by raising the temperature, chaotic spin
arrangement will increase. Hence, the value of M increases with the
decrease of temperature. The zero field-cooled (ZFC) and the field-
cooled (FC) magnetization curve for the unsubstituted and
substituted samples at an applied field of 1 T in the temperature
range of 2e300 K are given in Fig. 6. Below room temperature, all
curves show almost identic reversibility. Moreover, no magnetic
transitions were observed for the investigated samples in the
temperature range used in measurements of this work. But M



Fig. 4. SEM images of (a) x ¼ 0, (b) x ¼ 0.25, (c) x ¼ 0.50 of ZnCr2�xLaxO4 system and (d) LaCrO3.

Fig. 5. Variation of magnetization (M) with applied field (H) at (a) 300 K and (b) 2 K of ZnCr2�xLaxO4 system (x ¼ 0, 0.25, 0.50).
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increased with decrease of temperature, suggesting that entropy of
electronic spin configuration prevailed at low temperature [46].
The drastic magnetization decrease with temperature is due to the
grain size decrease. This is because of the domain walls partly
coincide with the grain boundaries. Therefore, the increase in grain
boundaries with grain size decrease leads to the pinning of domain
walls motion. As such it is assumed that magnetic ordering can be
broken up easily at nonmagnetic grain boundaries and then there is
only a short range magnetic exchange interaction [47]. With in-
crease of La content, vacancy increases, resulting enhanced domain
pinning effect which decrease the magnetization [48]. In this
context, it seems that the drastic decrease of magnetization with
temperature increase comes from structural phase transition, from
ZnCr2O4 spinel in LaCrO3 perovskite.

4. Conclusions

The synthesis of ZnCr2�xLaxO4 nano-sized spinel oxides show
the formation of spinel cubic crystal structure for ZnCr2O4 with
transition to perovskite structure as main phase in presence of
bulky rare-earth La3þ ions, which cannot enter in spinel lattice.

X-ray diffraction confirmed the formation of nanosized crys-
tallites and transition of spinel structure to perovskite structure
because of the exchange of Zn2þ and La3þ cations among A-sites, a
position occupied by lanthanum ions due to very large ionic radius.
The occupation number of individual atoms over the A and B-sites
are affected by the variation of the La3þ substitution. The replace-
ment of Cr cations with bulky La cations in spinel-type materials is
limited to the doping level; the substitution is practically impos-
sible. At higher concentrations the rare-earth cations tend to form
perovskite-type materials with the B-site cations. When it reaches
the degree of solubility, lanthanum ions will occupy only constit-
uent A-sites through complete substitution of Zn ions, leading to
the formation of a new perovskite structure.

With increase of La content, vacancy increases, resulting
enhanced domain pinning effect with decrease in magnetization,



Fig. 6. Variation of magnetization (M) with temperature (T/K) under ZFC, FC at 1 T.
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which seems that drastic decrease of magnetization with temper-
ature comes from structural phase transition.
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