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Zng 9oNip, 10O nanoparticles have been synthesized by single-bath two-electrode electrodeposition at constant voltage.
X-ray diffraction, UV vis and photoluminescence studies reveal that a single-phase polycrystalline hcp wurtzite crystal
structure of ZnO is evolved. The material consists of a large number of defects such as oxygen vacancy (Oy) and zinc
interstitial (Zi). The magnetization study reveals that the sample exhibits room-temperature global ferromagnetism and
the ferromagnetic ordering seems to be defect induced via bound magnetic polaron mechanism, and double exchange is
also expected to have played role. Interesting optoelectronic properties have been found in the synthesized sample and
the material seems to be a potential candidate to be used as a UV sensor. Such a transition metal doped ZnO based dilute
magnetic semiconducting system exhibiting room-temperature ferromagnetism is likely to be first of its kind in the sense
that such materials have not yet been reported to be synthesized by the simple method of electrodeposition to the best of

our knowledge on the basis of ample literature review.

Keywords: dilute magnetic semiconductors (DMS), bound magnetic polaron, photoluminescence, ferromag-

netism
PACS: 85.75.—d, 75.25.—j, 75.30.Cr, 75.30.Et

1. Introduction

Manipulating physical properties of a material by intro-
ducing a dopant in the matrix of a solid semiconducting host
to realize a desired functionality has attracted a great deal
of attention since the last few decades. Magnetic and op-
toelectronic properties have been tailored by controlled dop-
ing in semiconductors to obtain interesting useful functionali-
ties. Significant researches are being performed to explore the
possibilities of inducing ferromagnetism (FM) by controlling
spin degree of freedom of electrons in otherwise nonmagnetic
semiconductors by doping dilute concentrations of magnetic
impurities therein.!!! This field of research is categorized as
the field of dilute magnetic semiconductors (DMS).[6-1°1 Di-
lute Doping ensures that besides the original application spe-
cific non-magnetic set of properties of the undoped parent ma-
terial remain widely unaffected, an FM can also be induced in
the material enabling us the best uses of both the properties. [*]

Magnetic properties of Ni-doped ZnO thin films have
been studied by Wakano et al.[>!l They have reported that the
solubility of Ni in ZnO is up to 25% without precipitation. Fer-
romagnetism was observed at 2 K for the film doped with 3—
35% of Ni. Above 30 K, superparamagnetic behavior has been
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observed. Schwartz et al.!*?! have observed robust ferromag-
netism with 7. of about 350 K in Ni-doped ZnO nano crys-
talline thin films prepared using high quality colloidal DMS
quantum dots as solution precursors. Apart from ferromag-
netism, a substantial superparamagnetism was also observed
in zero-field-cooled and field-cooled magnetization studies.

Radonovic et al.!>3] have reported ferromagnetism in Ni-
doped ZnO DMS systems synthesized from solution with 7; >
350 K. Colloidal Ni*>*: ZnO nano crystals have been reported
to be paramagnetic but their aggregation has been found to be
exhibiting ferromagnetism, which may be attributed to the in-
crease in domain volumes and the generation of new lattice
defects during aggregation.

Room-temperature ferromagnetism (RTFM) with low
moment in Ni-doped ZnO nanoparticles (NPs) has been re-
ported by Srinet ef al., in which the material synthesis was
carried out by a sol-gel route.?*! RTFM has also been re-
ported by Liu ef al. in Ni-doped ZnO films synthesized by
pulsed laser deposition.”>! RTFM is reported in ZnO films
for Ni concentrations of 2%, 4%, and 7% to be intrinsic and
for 11% Ni concentration to be extrinsic in nature due to pre-
cipitation of Ni, and the origin of FM has been attributed to
defects mediated.[?%! Satyarthi e al. have also reported the
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co-existence of intrinsic and extrinsic origins of RTFM in Ni-
ion implanted ZnO films.?”) It has been already reported for
Ni-doped ZnO that the nature of FM does not remain intrin-
sic upon annealing in various environments at high tempera-
ture and it may be due to the segregation of TM ions.[?8] The
FM in hydrogenated and vacuum annealed Ni-doped ZnO has
been found to be disappearing upon long reheating in air at
very high temperatures of 700 °C and 800 °C, respectively.*’]

The stability and reproducibility in various environments
and the attainment of high temperature FM are the most chal-
lenging issues in these DMS systems. The nature of FM inter-
action is little explored in Ni-doped ZnO systems as compared
to the Co-doped ZnO systems in experiments. Synthesis of Ni-
doped ZnO nanostructures possessing FM above room temper-
ature, appreciable magnetic moment and high crystallinity still
remains a significant challenge to be addressed for future spin-
tronic devices. Clearly the magnetism in Ni-doped ZnO is still
a subject of much interest that demands careful investigations.

Plenty of researches have been published on ZnO and
TM doped ZnO materials. However, a number of issues are
still unresolved pertaining to the understanding of the ori-
gin of room-temperature global ferromagnetism and band gap
changes due to doping. Consequently, arguments and counter
arguments have been proposed in subsequent researches. 3]
The motivation and the purpose of our present work is to try to
develop a further insight and understanding of the complex in-
teresting processes involved in such systems resulting into the
evolution of novel functional properties, which can be tuned
desirably. The further motivation of our work is to discover
an easy, fast and economic low temperature synthesis pro-
cess for synthesizing such TM doped ZnO materials exhibiting
RTFM and possessing useful optical properties in bulk amount
in comparatively smaller time.

In the present work, we have synthesized a 10% Ni-doped
ZnO system by the wet method of electrodeposition performed
at room temperature in open ambience. Our sample exhibits
RTFM and also possess interesting optical properties. Dif-
ferent processing procedures have been tried for synthesiz-
ing such materials and it is a well-established fact that pro-
cess parameters of material synthesis sensitively control the
structural evolution resulting into newer and novel properties.
We know that the same system synthesized through different
processes exhibits entirely different structural, magnetic and
optical properties. To the best of our knowledge and ample lit-
erature survey, synthesis of Ni-doped ZnO DMS with T;. above
room temperature by the simple process of electrodeposition
has not yet been reported and in that sense our Ni-doped ZnO
sample synthesized by single-bath two-electrode electrodepo-
sition exhibiting RTFM is first of its kind to be reported and

carries convincing novelty.

2. Material synthesis and experimental details

Zngp9oNip.100 has been synthesized by two-electrode
electrodeposition in an electrolytic bath. A rectangular gold
plate (4 cm x 2.5 cm) was used as the anode and a pure alu-
minium substrate of the same size as the cathode. The sepa-
ration between the electrodes was maintained at about 1 mm.
We took 50 g of ZnSO4-7H,0 and 8.4 g of Ni(NO3),-6H,0
(MERCK purity > 99.9%) dissolved in 200ml of deionized
water at room temperature to give the electrolytic bath. Elec-
trodeposition was performed at constant voltage of 5 V for 5
min after which the aluminium substrate was removed from
the bath, gently washed with water and then allowed to dry.
The applied voltage was supposed to be greater than the reduc-
tion potential of the substance deposited at the cathode. The
material deposited on the cathode was then gently scrapped
and was allowed to oxidize naturally in open atmosphere. This
dried sample was then annealed in air at 700 °C for 1 hour.
This annealed powder has been used in all characterization ex-
periments.

This sample has been characterized using x-ray diffrac-
tion (Bruke AXE D8 x-ray diffractometer with Cu K, radi-
ation A = 1.54178 A) to confirm the crystallographic struc-
ture and phase identification. Room-temperature magnetiza-
tion measurement was carried out using a vibrating sample
magnetometer (Lake Shore Cryotronics, Inc., USA) up to an
applied field of 2 T. Photoluminescence (PL) and UV-vis-NIR
spectroscopy (PerkinElmer, UK) have been obtained to check
the doping related changes in band edge emission and absorp-
tion spectra, the kind of defects present and their changes due
to doping.

3. Results and discussion

The crystal structure of the 10% Ni-doped ZnO sam-
ple synthesized by two-electrode single-bath electrodeposition
process and subsequently annealed in air at 700 °C for one
hour has been confirmed by x-ray diffraction using the x-ray
diffractometer with Cu K, radiation (A = 1.54178 A). The
XRD pattern is shown in Fig 1(a). In Fig. 1(b), the XRD pat-
tern of undoped ZnO synthesized by the same method under
identical conditions and annealed at the same temperature has
been shown.

The peak positions of Ni-doped ZnO can very well be at-
tributed to the standard Bragg position of hexagonal wurtzite
ZnO. The XRD pattern has been plotted in log scale for the
easy confirmation of secondary/impurity phases. It can be seen
that no peak corresponding to secondary phases have been ob-
served within the detection limit of x-ray diffractometer, im-
plying thereby that neither Ni segregation has taken place nor
other compounds containing Ni, Zn and O, have been formed.
The XRD pattern show the peaks (100), (002), (101), (102),
(110), (103), (112), and (201) of pure hexagonal wurtzite ZnO
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phase, which are in good agreement with the JCPDS data. It is
also seen that the intensities of different diffraction peaks are
different, which signifies that the growth of the crystal struc-
ture of ZnO under given conditions in various planes is dif-
ferent and not uniform, thus the growth is polycrystalline and
anisotropic. It is also interesting to note that in Ni-doped ZnO
the intensity of peaks has been reduced and the FWHM has in-
creased as compared to these values in undoped ZnO prepared
by electrodeposition at constant voltage of 5 V and annealed
at 700 °C for one hour in the presence of air, as shown in Fig
1(b). This is indicative of the fact that the crystalline quality
has been degraded due to Ni doping in ZnO and substitution
of Zn>* by Ni**.
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Fig. 1. XRD pattern of (a) Ni-doped ZnO and (b) undoped ZnO, both
synthesized by electrodeposition and annealed at 700 °C in air for one
hour.

It is also worth noting here that the dominant peaks for
different planes (100), (002), (101), (102), (110), (103), (112),
and (201) have been shifted towards smaller angle direction as
compared to the positions of the respective peaks of undoped
pure ZnO prepared by the same method under the same condi-
tions and annealed at the same temperature for the same time
under identical conditions. The shifting of XRD peaks due to
Ni doping in ZnO host towards smaller angle side and absence
of any additional impurity phase confirms the evolution of
a single-phase hexagonal wurtzite polycrystalline anisotropic
ZnO crystal structure with substitution of Zn>* by Ni** in the
lattice. The crystallite size has been calculated by the Scherrer

formula
KA

- Bcosh’

where K is a constant taken to be equal to 0.89, A is the wave-
length of used x-ray which is 1.54178 A (Cu K« line), B is
the FWHM of the most prominent peak of XRD pattern, 26 is
Bragg’s angle.

The lattice parameters have been determined using stan-
dard formula for hcp structures taking help of 20 positions
corresponding to different peaks of the XRD pattern

1 4R +hk+k +ﬁ
d 3 a? 2’
2dsin@ = A. €))

The FWHM has been found to be equal to 0.225° and crys-
tallite size to be equal to 41.33 nm. The interplanar spacing
corresponding to the most prominent peak is d = 2.48 A.

The lattice parameters have been calculated to be equal to
a=3.2495 A and ¢ = 5.2069 A.

It can be learnt that Ni doping reduces crystallite size as
compared to the crystallite size of undoped ZnO grown under
identical condition which is equal to 50.84 nm. The reduction
in crystallite size due to Ni doping may be thought of as a con-
sequence of the microstructure stress introduced in the crystal
due to substitution of Zn>* by Ni>*, which affects the normal
growth of ZnO, and the Zener pinning effect may have played
arole. It can be seen that the lattice parameters (a = 3.2495 A,
¢ =15.2069 A) have increased in Ni-doped ZnO as compared to
the corresponding values in undoped pure ZnO crystal grown
under the identical condition, which are a = 3.2342 A and
¢ =5.1772 A. This increase in lattice parameters indicates
that the volume of Ni-doped ZnO expands slightly. This phe-
nomenon seems difficult to be explained by conventional the-
ories because the ionic radius of Ni2* (0.69 A) is smaller than
the ionic radius of Zn%* (0.74 A). We believe that there is no
new compound formed after doping Ni2* ion but the substitu-
tion of Zn>* by Ni>* causes lattice distortion and a large strain
has thus been produced in crystal lattice.

As the ionic radius of Ni2* is smaller than the ionic radius
of Zn*>* the residual stress generated during the crystalliza-
tion process causes an increased mutual repulsion between the
Ni?* ion polarization charges. The system energy thus rises,
which triggers the volume increase. The increase in volume
may also be assumed to cause a change in oxygen parameter.

In consideration of the above-mentioned facts on the basis
of the analysis of x-ray diffraction pattern of Ni-doped ZnO, it
can be discerned that a good quality hexagonal wurtzite poly-
crystalline ZnO crystal structure has evolved by the electrode-
position method.

The optical behavior and properties of our sample have
been studied using UV visible spectroscopy and photolumi-
nescence (PL) spectroscopy. The UV visible and PL spectro-
scopies are used for studying energy band gap value and mod-
ification in the energy band structure due to doping and also to
study the absorption and emission properties of the material.
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A distinct shift in blue region can be observed in the ab-
sorption edge for the Ni-doped ZnO nano-particles as com-
pared to undoped ZnO nano-particles. The observed blue shift
is indicative of a modification in the band structure due to
incorporation of Ni ions in Ni-doped nano-structures. The
dopants are supposed to break the periodicity of the lattice and
hence they perturb the band structure locally. A new energy
level in the band gap is likely to be created due to Ni doping
in ZnO lattice.

Since Ni exists in Ni>* oxidation state, there is an appre-
ciable difference in the electronic configuration of Zn>* and
Ni?*.
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Fig. 2. (a) UV visible graph of un-doped ZnO (synthesized by elec-
trodeposition and annealed at 700 °C in air for one hour) for absorbance
and band gap determination. (b) UV visible graph of Ni-doped ZnO
(synthesized by electrodeposition and annealed at 700 °C in air for one
hour) for absorbance and band gap determination.

Two electrons missing from the orbital of Ni** as com-
pared to Zn>* ions which have all the orbitals of their d-
subshell full cause shifting of the lowest occupied molecu-
lar orbital (LUMO) of conduction band as well as the high-
est occupied molecular orbital (HOMO) of valence band in
doped ZnO as compared to the LUMO and HOMO in pure
Zn0. The LUMO of the conduction band of the Zng 9gNig. 10O

is expected to have shifted downwards as compared to the
LUMO of pure ZNA samples. The HOMO of valence band
of Zng goNig.100 also shifts downwards as compared to the
HOMO of the pure ZnO sample, while the downward shifting
of the LUMO of conduction band of Zng 9oNig 10O is greater
in comparison to the downward shifting of the HOMO of va-
lence band of Zng 99Nig.19O, also compared to the correspond-
ing values in pure ZnO. Thus, the narrowing of the band gap
in the doped ZnO may mainly be attributed to the downward
shift of the conduction band.

Hence, the exchange interaction between the Sp-d ZnO
band electrons and localized d-electrons of the doped Ni**
ions may be considered to be a cause of the change in

[3132] The UV-visible spectroscopy analysis as

band structure.
shown in Fig. 2(b) exhibits that the optical band gap has de-
creased due to Ni-doping in ZnO. In Ni-doped ZnO the energy
band gap has been found to be equal to 2.87 eV as shown in
Fig. 2(b), which is 3.26 eV in the case of pure ZnO synthesized
under identical condition as shown in Fig. 2(a). The decrease
in optical energy gap substantiates the fact that Ni>* has beau-
tifully substituted Zn>* and a single-phase hcp wurtzite struc-

ture has evolved.
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Fig. 3. (a) PL spectra of Ni-doped ZnO synthesized by electrodepo-
sition and annealed at 700 °C in air for one hour. (b) PL spectra of
undoped ZnO synthesized by electrodeposition and annealed at 700 °C
in air for one hour.

PL spectroscopy is used as an effective tool for investi-
gating the presence of defects which usually play a crucial
role in inducing FM ordering in ZnO based DMS. The room-
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temperature PL studies for the Ni-doped and pure ZnO nano-
particles reveal UV emission peaks and a broad visible emis-
sion band ranging from 380 to 420 nm as shown in Figs. 3(a)
and 3(b), respectively.

The presence of these PL peaks in the visible region is
indicative of the existence of multicomponent. Undoped ZnO
nano-particles exhibit an emission peak at 380 nm (3.26 eV).
Ni-doped ZnO NPs show a shift in blue region in this NBE
emission peak. This blue shift can be attributed to the strong
exchange interaction between the d electrons of Ni ions and
the S-p electron of the host band.

A blue emission peak centered at 410 nm (3.03 eV) may
be attributed to the presence of Zn; related surface defects. As
the emission originating due to Oj in the red and near IR re-
gions is not observed in the PL emission spectrum of our sam-
ple and the blue emission corresponding to Zn; is observed, we
expect that our sample is Zn rich. Hence Zn; and O, defects
are expected to be responsible for the visible emission. Some
less prominent emission peaks centered at 425 nm and 445 nm
and between 460 nm and 500 nm may be attributed to oxygen
vacancies.

The formation of a new dopant level between the valence
band and the conduction band may have enhanced the pho-
tocatalytic activity of the Ni-doped ZnO nano structure. It is
also found that the sample shows good optical transmittance in
near UV and visible region and hence our sample is a poten-
tial candidate to be used as a UV sensor. The sample is Zn rich
and a large number of oxygen vacancies exist, which may be
supposed to play an important role in inducing FM ordering in
the sample.
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Fig. 4. VSM graph of Ni-doped ZnO synthesized by electrodeposition
and annealed at 700 °C in air for one hour.

To know the magnetic property of our 10% Ni-doped
ZnO crystal grown by the wet method of electrodeposition
at ambient temperature and constant voltage of 5 V and then
annealed at 700 °C for one hour in air for crystallization to
take place magnetization versus magnetic hysteresis plot was
recorded at room temperature using vibrating sample magne-
tometer whose field versus magnetization curve is shown in
Fig. 4.

The magnetization versus the applied magnetic field
curve reveals a magnetic hysteresis behavior.

The coercivity of the sample has been found to be equal
to 263 G and the retentivity has been found to be equal to
6.16 x 1073 emu/g. The room-temperature saturation magne-
tization has been found to be equal to 50 x 10~ emu/g.

The clear magnetization versus magnetic field hysteresis
loop is indicative of a magnetically ordered state at room tem-
perature. The origin of this room-temperature weak ferromag-
netism exhibited by ZnO based dilute magnetic semiconduc-
tors has been tried to be explained on the basis of diverse theo-
ries. The magnetic property of such systems may depend on a
number of parameters such as the distribution and concentra-
tion of the TM ions, morphology of the host lattice, type and
concentration of defects. Due to high surface-to-volume ratio
in ZnO nanoparticles (NPs), the surface effects are very pro-
nounced. There are two interacting subsystems in such DMS
materials: (1) the diluted system of localized magnetic mo-
ments associated with the TM ions and (2) the delocalized
conduction band electrons and valence band holes. The cou-
pling of the spins of s-like electrons or p-like holes near the
band edges to the d-shell spins of the TM ions may cause fer-
romagnetic interaction.

The Zener model has been proposed for the exchange in-
teractions between the carriers and localized spins (s—d in-
Later, Dietl et al.
tion and realized that the origin of RTFM may be due to

teraction). took help of Zener descrip-
hole mediated exchange interactions and they could theoret-
ically predict a curie temperature above room temperature in
p-type ZnO with 5% Mn dopants and a carrier concentration
of 3.5 x 10%” holes/cm?.

An important role is being played by the intrinsic defects
(zinc vacancies Vz,, interstitial oxygen Oj, oxygen vacancy
Vo, zinc interstitial Zn;, etc.) in inducing the FM interaction
in TM doped ZnO based DMS systems. The requirement of
a long-range interaction necessary to obtain high temperature
FM ordering in TM doped DMS systems was supposed to be
mediated by defect induced states.

The bound magnetic polaron (BMP) model proposes that
the bound electrons (holes) in the defect states are supposed
to couple with TM ions and cause the ferromagnetic regions
to overlap, which gives rise to long-range FM ordering. The
sp—d interaction often leads to the formation of BMPs. The
proposition of the BMP model assumes that in the presence of
donors or acceptors the bound electrons (holes) together with
the spins of the TM ions are within a hydrogenic Bohr orbit
of radius Ry, (for ZnO, Ry, = 0.76 nm). Due to the sp—d inter-
action a significant net ferromagnetic alignment is obtained in
the spins of transition metal ions.

Very recently, ZnO based dilute magnetic semiconduct-
ing systems doped with group V elements have been found
to exhibit d° magnetism and has attracted a great deal of at-
tention from researchers.!*3 For example, C-doped ZnO has
been extensively studied theoretically as well as experimen-
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tally, and has been found to exhibit room-temperature d°
ferromagnetism. 34361

A ZnO host doped with a group V element will usually
exhibit spin polarized RTFM if either an oxygen is substituted
by the dopant (Xp) or a Zn is substituted by group V dopant
with two Zn vacancies (Xz,—2V7z,). The formation of a mag-
netic moment requires a strong localization of orbitals. The 3d
and 2p orbitals show relatively strong localization and there-
fore 2p light element doped ZnO is supposed to be more likely
to show d ferromagnetism. Furthermore, the study of Lu et
al.33) confirmed that not only the 2p elements but the 3p, 4p
and 5p dopants could also make ZnO a dilute magnetic semi-
conducting system.

Among these X related defects only Xo and Xz,—2Vz,
complexes have been found to be magnetic while Xz, com-
plexes are usually non-magnetic. It is proposed that holes
are more effective than electrons in contributing magnetic mo-
ments in such semiconductors. Xz, defects acts as donors and
provide additional electrons as free carriers that are no longer
localized around the impurity. The spins of these free elec-
trons are randomly spread all over the crystal lattice and hence
their spins average out to zero and therefore the materials con-
taining Xz, defects do not show macroscopic magnetism.

N-doped ZnO has been found to exhibit RTFM. The fer-
romagnetic coupling in N-doped ZnO is likely to be resulting
from the partially filled N-2p states and O-2p and Zn-3d states
surrounding the defect. N-2p states overlap significantly with
those of O-2p and Zn-3d states near the Fermi energy, suggest-
ing that a strong coupling interaction among them results in the
splitting of the energy levels near Fermi energy. The coupling
of Zn-3d and N-2p between the N ion and the nearest neigh-
bors surrounding Zn ions is described as p—d coupling.'3”! The
N-2p orbital could also couple with the next nearest neighbors
O-2p orbitals due to its delocalized nature, which results from
the overlap between p states and the host p states at the top of
the valence band and this is named as p—p coupling. 38!

In our sample we expect the Ni atoms to be in tetrahe-
dral crystal field. The 5-fold degeneracy of the Ni 3d band
has been transformed to a 3-fold degenerate tp, state and a 2-
fold degenerate e, states. We propose that in accordance with
Hund’s rule and double exchange mechanism an FM coupling
is expected to have taken place. The replacement of Zn>" ions
with Ni>* ions causes the formation of an occupied ta, orbital.

This is a ferromagnetic (FM) state with lowest possible
energy since six electrons occupy tp, orbitals and two elec-
trons occupy eg orbitals. As a result, the spin of electrons of
Ni2* eg states and the neighboring Ni2* e, states are aligned
in the same direction, and hence NiZ* ions are able to cou-
ple to each other and move between the two neighboring Ni?*
ions, resulting in a stable FM coupling in such Ni-doped ZnO
systems.

Our sample has been synthesized by the method of elec-
trodeposition at ambient temperature and constant voltage,
then annealed at 700 °C for one hour for crystallization to take
place, and so the sample is expected to be containing a lot of
defects such as oxygen vacancy (Oy) and zinc interstitial (Zn;)
because the process of electrodeposition is known for creating
a lot of defects. Annealing at high temperature and substi-
tution of Zn>* ions by Ni’T ions in pure phase of ZnO hcp
wurtzite crystal structure are likely to have induced strain in
crystal, and thus contribute to several crystal imperfections.

We know that the interaction of intrinsic carriers with
the oxygen vacancies plays a significant role in BMP forma-
tion because the electrons locally trapped by oxygen vacancies
may couple with Ni?* ions and cause FM regions to overlap,
which gives rise to a long-range FM ordering. In this defect
mediated RTFM, the large density of oxygen vacancy helps to
provide more BMPS and enhance FM ordering.

Hence, we may conclude that basically the double ex-
change mechanism and the defect induced BMP model is re-
sponsible to induce room-temperature global FM ordering in
our sample.

4. Conclusion

A single-phase polycrystalline hcp wurtzite crystal struc-
ture of pure ZnO has been confirmed by x-ray diffraction pat-
tern peak positions. Microstructure stress has been found to
exist in the crystal, which has resulted the volume of Ni-doped
ZnO to expand slightly. This strain produced in the crystal due
to Ni doping has resulted in the lattice parameters to increase
slightly despite the fact that the ionic radius of Ni>* is smaller
than ionic radius of Zn>*. The nickel atoms are likely to be
in tetrahedral crystal field and a ferromagnetic coupling is ex-
pected to have taken place by double exchange mechanism to
induce room-temperature ferromagnetic ordering in the sys-
tem. The sample is likely to be Zn rich and contain a large
number of oxygen vacancies, which has facilitated the condi-
tion for bound magnetic polaron to be formed, and thus defect
induced RTFM is also expected to have played a role for the
sample to exhibit magnetic hysteresis behavior at room tem-
perature. UV vis and PL studies confirm the substitution of
Zn>" by Ni2" and the presence of crystal defects such as zinc
interstitial (Zn;) and oxygen vacancies (Oy). The synthesized
sample seems to be a potential candidate used as UV sensors.
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