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Abstract In the present work, Zn; Ni,O (x = 0.02, 0.04, 0.06 and 0.08) nanoparticles have been synthesized using
sol-gel auto-combustion method. The structural and magnetic properties of the Ni-doped ZnO samples annealed at 800°C
were characterized by Thermogravimetry/Differential thermal analysis (TG/DTA), X-ray diffractometer (XRD), Scanning
electron microscope (SEM), FTIR spectrophotometer, Vibrating sample magnetometer (VSM) and Electron paramagnetic
resonance (EPR) spectroscopy. Thermal analysis of as—prepared Zn 3Nig0,O sample shows that the synthesis process un-
dergoes two stage weight losses before yielding Zn, ¢gNij 0,0 nanoparticles. Structural analysis using XRD reveals the for-
mation of hexagonal wurtzite structure. SEM micrographs of Zny ¢gNij 0,0 show the presence of spherical nanoparticles and
the formation of well defined pores in the sample. FTIR study confirms the formation of ZnO with the stretching vibrational
mode around 525 cm’'. VSM measurement of sample (Zng 9¢Nig ¢4O) shows the hysteresis loop at room temperature confirms
the ferromagnetic property of the sample. EPR spectra of the nickel doped ZnO samples suggest that the exchange interaction

between Ni*" ions results in the ferromagnetic nature of the samples.
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1. Introduction

Diluted magnetic semiconductors (DMS) obtained by
introducing a dilute amount of transition metal ions into
semiconductors in which the transport and magnetic proper-
ties combined in a single substance. DMS have attracted
immense interest among the researchers and intensively
studied for their potential technological applications such as
generating and manipulating spin-polarized currents[1].
DMS with the use of spin carriers in addition to charge car-
riers, as an added degree of freedom is a promising candidate
material in the field of magnetic recording media[2]. In
addition, DMS materials have several advantages such as
instant-on computer, increased integration density, higher
data processing speed, low electrical energy demand and
compatibility of their fabrication processes[3]. Recently,
investigations on oxide diluted magnetic semiconductors
such as transition metal doped ZnO, TiO,, CeO,, SnO,, have
triggered great revolution among the researchers for the
emerging field of spintronics device applications. This is so
because, a DMS based on III-V semiconductors such as
GaAs, InAs doped with transition metals shows ferromag-
netism only at very low temperatures[4,5]. For an efficient
DMS material, its Curie temperature above room tempera-
ture is desired. Transition metal doped ZnO have been
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under intense investigation since the theoritical prediction of
curie temperature to be above room temperature[6].

Many reports on the nickel doped ZnO diluted magnetic
semiconductor with room temperature ferromagnetism in the
form of thin films and nanocrystals[7-11]. Despite a number
of reports available on nickel doped ZnO, still lot of con-
troversies persists on the existence and origin of room tem-
perature ferromagnetism in this system. In the present work,
we have made an attempt to investigate Zn;_(Ni,O (0.02 < x
<0.08) using the sol—gel auto-combustion method. The pre-
sent synthesis method has several advantages such as cost
effective, lesser synthesis time, requires low temperature for
processing and requisite amount of final product. The results
of the structural, thermal and magnetic characterization of
synthesized Ni-doped nanocrystals are also presented. The
powder samples of different concentration of Ni-doped ZnO
have been characterized with regard to their thermal stability
(TGA/DTA), phase(s) (XRD and FTIR), microstructure
(SEM), and magnetic properties (VSM and EPR).

2. Experimental Procedure

Nanocrystalline Zn; Ni,O (x = 0.02, 0.04, 0.06, 0.08)
powder samples were synthesized by a simple and low-temp-
erature auto-combustion method. The stoichiometric amount
of the aqueous solution containing the analytical grade metal
nitrates (oxidizer) Zn(NO3),6H,0, Ni(NO;),6H,0, and gly-
cine (fuel) C,HsNO, was calculated based on the total oxi-
dizing and reducing valency of oxidizer and the fuel, which
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serve as a numerical coefficient for the stoichiometric bal-
ance such that the equivalence ratio is unity, i.e. O:F = 1.0[12]
and the energy released is at a maximum. Fig.1. Shows the
schematic diagram of autocombustion method to prepare
nickel doped ZnO nanoparticles.
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Figure 1. Shows the schematic diagram of autocombustion method to
prepare nickel doped ZnO Nanoparticles

In the present synthesis glycine plays the role of or-
ganic fuel which possesses a high heat of combustion, and it
offers a platform for the redox reactions to occur between the
reactants during the course of combustion. Metal nitrates and
glycine were completely dissolved in a 1000 ml beaker to
obtain a 100ml aqueous solution. To mix the precursor so-
lution, the aqueous solution was stirred for about 1 h. The
mixed precursor solution was evaporated on a hot plate at
100°C under constant stirring and was concentrated by
heating until the excess free water was evaporated. Then, the
solution converted into a ‘‘gel’’. The ‘‘gel’” was subse-
quently swelling into foam and underwent a strong self-
propagating combustion reaction to give a fine powder. The
combustion process yields voluminous ash accompanied by
dense yellowish fumes. The resulted powders were moss
green and became darker with increasing Ni content. The
product is gently crushed into a fine powder using the mortar
and pestle for an hour and was made as pellets. The pellets
were subjected to annealing at 800°C for 8 hours and ground
for 1 hour for further characterization studies.

3. Characterization

Thermogravimetric (TG) and differential thermal analysis
(DTA) of the powder sample were carried out at a heating
rate of 10°C/min using TA SDT Q600 2960 analyzer (Shi-
madzu, USA). The crystalline nature and the phase purity of
the powder samples were examined by X-ray powder dif-
fraction (XRD) with (PAnalytical Model: X’Pert PRO). The
microstructure of the powder sample (ZngogNigp,O) was
investigated using Scanning Electron Microscope (SEM)
(HITACHI Model: S-3400 N). Infrared spectra of the pow-
der samples were recorded using Fourier Transform In-
fra-Red Spectrophotometer (FTIR) (Nicolet-6700) from 400
to 4000 cm™ by the KBr pellet method. Magnetic properties
of the Zny ¢Nig 04O sample were experimentally studied by
measuring magnetization as a function of external magnetic
field at room temperature using Vibrating sample magne-
tometer (VSM) (Lakeshore 7404). Electron spin paramag-
netic resonance (EPR) characteristics of the powder samples
were studied using (JES-TE100 ESR spectrometer). The
structural and magnetic measurements of the samples were
carried out at room temperature except EPR study performed
at 77K.

4. Results and Discussion

4.1. Thermal Analysis

TG-DTA analyses of the as-synthesized ZnjogNig 0O
powder sample was carried out to determine the appropriate
calcination temperature. Fig.2. shows the TG-DTA curves of
7Zng9gNig20. The as-synthesized powder ZngogNigg,O
sample was heated in the presence of nitrogen atmosphere at
the rate of 10°C/min in the temperature range 115.0°C to
180.0°C with 8% weight loss. The weight loss may be due to
the evaporation of water content present in the Zn-Ni pre-
cursors and can be verified from DTA curve that shows an
endothermic peak at 172°C. The second stage of decompo-
sition has been observed in the temperature range of
330°C—405°C with an endothermic peak at 380°C that indi-
cates a weight loss of 27% due to the decomposition of
Ni—Zn precursor to the formation of Zng¢gNigpO. Since
there is no appreciable change in weight above 400°C, the
calcination temperature of the powder was optimized at
405°C.
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Figure 2. TG/DTA curve of as-prepared Zn; Ni,O (x = 0.02) sample
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4.2. Structural Analysis

Fig. 3 shows the X-ray diffraction patterns of nickel
doped ZnO nanoparticles synthesized using auto-combustion
method. The XRD patterns of Zn; (Ni,O (x = 0.02, 0.04,
0.06, 0.08) samples annealed at 800°C shows the reflection
planes indexed to wurtzite hep structure of ZnO (space group
P63mc, JCPDF # 36-1451)[13].
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Figure 3. XRD patterns of Zn; «NiO (x = 0.02, 0.04, 0.06, 0.08) powders
annealed at 800°C
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Figure.4. Variation of 2 theta of NiO peak with the doping concentration of
Zn;.Ni,O samples annealed at 800°C

However, an additional diffraction peak corresponded to
NiO comes into existence at an angle 20~42.5°, which
clearly indicate that phase segregation have occurred in the
samples. Fig.4 shows the variation of 2 theta of NiO peak
with the doping concentration of Zn;,Ni,O samples an-
nealed at 800°C. It is observed that the intensity of NiO peak
increases sharply and shifts to the lower angle with increas-
ing nickel concentration. The observed left shift in the NiO
diffraction peak from their native place with increasing
nickel content is an evident that NiO is distorted to larger
spacing where nickel gets oxidized and incorporated into

ZnO lattice[14]. Fig. 5. shows the morphology of
Zng 9gNig 0,0 powder sample annealed at 800°C investigated
using SEM. SEM micrographs of the powder sample show
the distribution of spherical nanocrystallites with clear
boundaries and the formation of well defined pores in the
sample.
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Figure 5. SEM micrographs of Zng¢sNig 0,0 sample annealed at 800°C
4.2. FTIR Analysis

Fig.6. shows the FT-IR spectra of Zn; (Ni,O (x=0.02, 0.04,
0.06, 0.08) nanocrystals annealed at 800°C. From the FTIR
spectra, the strong vibrational mode observed at 525 cm ™" is
assigned to stretching vibrations of ZnO[15].
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Figure.6. FTIR spectra of Zn;NiyO (x = 0.00, 0.02, 0.04, 0.06, 0.08)
samples annealed at 800°C
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The weak absorption bands centred at 1340 cm™ and 1565
cm ' attributed to the stretching vibration of C=0 and C=H
groups. From the FTIR analysis of the powder samples, it is
well understood that all other vibration modes above 600
em’ are weak when compared to that of wurtzite ZnO vi-
bration mode 525 cm™ clearly depicts the good crystalline
quality of the samples.

4.3. VSM Study

Magnetization measurements on ZngNij 4O nanoparti-
cles annealed at 800°C were performed using vibrating
sample magnetometer at room temperature. Fig. 7 shows the
hysterisis loop obtained from the magnetization M versus
field H data for Zng¢sNig¢4O. From the magnetic hysteresis
loop (M—H curve) of Zng ¢sNig 04O (Fig.7), it is clear that the
nanoparticles are ferromagnetic at room temperature. The
values of their saturation magnetization (M;) and coercive
field (H,) are 0.004 emu/g and 90G.
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Figure 7. The magnetic hysteresis loops (M—H curve) of Zng¢sNi.04sO
sample

Though numerous work have been done on the transi-
tion metal doped ZnO, the mechanism responsible for the
origin of ferromagnetism at room temperature still remains
controversial. So far, several assumptions have been made at
the origin of ferromagnetism are: the role of the secondary
phase, the connection between defects and magnetism,
oxygen vacancy, etc.[16—18]. Among several models pro-
posed to explain the origin of ferromagnetism in diluted
magnetic semiconductor materials, carrier-mediated ferro-
magnetism explains the possible mechanism accountable for
the magnetic behaviors. In our present Zng 9¢Nig o4O sample,
the origin of ferromagnetism may be due to the formation of
Ni-related secondary phase such as metallic nickel and NiO.
But, from the structural study using XRD, NiO peaks are
observed with the resolution limit of our XRD instrument.
However, bulk NiO is antiferromagnetic with neel tem-
perature of 520 K and hence the phase correlated to NiO can
be ruled out. Thus, the room-temperature ferromagnetism in

our Zng9¢Nig 4O sample could originate from the long-range
Ni*" -Ni** ferromagnetic coupling mediated by shallow do-
nor electrons[19]. Thus, the origin of ferromagnetism in the
sample could be due to the exchange interaction between
free delocalized carriers and localized d spins on the nickel
ions.

4.4. Electron Paramagnetic Resonance

EPR spectra of Ni(IT) in ZnO have been recorded on a
JEOL JES-TE100 ESR spectrometer operating at X-band
frequency 9.38653 GHz with microwave power of 1.00mW
in the field range 0-500 mT, having a 100 kHz field modu-
lation at 77K to obtain the first derivative EPR spectrum. Fig.
8. shows the EPR spectra of nickel doped ZnO samples
annealed at 800°C. All spectra exhibit a symmetric and nar-
row resonance signal. From the EPR spectra of the samples,

a minor shift of g-value from the free electron position being
2.002 is observed.
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Figure 8. EPR spectrum of Zn;4NiyO (x = 0.02, 0.04, 0.06, 0.08)

Ni-doped ZnO nanoparticles annealed at 800°C

Clearly, it is observed from Fig. 8 that there is a slight
decrease in the value of resonant field with the increase in Ni
concentration. When the nickel content increases, the aver-
age distance between Ni*"-Ni*" ions decreases and hence Ni
atoms come close to each other. The super-exchange inter-
actions between these neighboring Ni*" ions increases the
internal field[20] and decreases the resonant field with in-
creasing nickel concentration.

5. Conclusions

In summary, nanocrystalline Ni-doped ZnO were suc-
cessfully synthesized by sol-gel auto-combustion method.
XRD analysis reveals the formation of hexagonal wurtzite
structure for all the nickel doped ZnO samples annealed at
800°C. With increasing Ni content, phase segregation has
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occurred in the samples. Room temperature magnetic hys-
teresis loop of Zn; Ni,O (x=0.04) sample confirms the
ferromagnetic property of the sample. EPR analysis of the
samples indicates that the resonant field decreases with in-
creasing Ni content due to the super-exchange interactions
between Ni*" ions in the lattice.
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