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7ZnO is a wide band gap semiconductor (3.37 eV) with a high exciton binding energy (60 meV), which
has wide applications in advanced optoelectronic devices. The theoretical prediction of room temperature
ferromagnetism will be possible through the investigation of diluted magnetic semiconductors such as
transition metal doped ZnO, especially Cobalt doped ZnO. The aim of the work is to synthesize Zni - Co.O
(x =0 and x = 0.20) nanostructures through a novel urea based auto combustion method and its characteri-
zation. The Structural and Magnetic studies of the synthesized Zni-.CoxO Nano powders were carried out
by X-Ray diffraction (XRD) technique and Vibrating Sample Magnetometer (VSM), respectively.
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1. INTRODUCTION

Diluted magnetic semiconductors (DMSs) have at-
tracted a great deal of attention due to the exciting fea-
tures for spintronic studies and possible application (1-
3). A fraction of the cations are replaced by magnetic
ions in DMS materials because of that complex and
interesting electrical and magnetic properties will be
exhibited, which are tunable (4). At the beginning of
the development in this field, the DMSs based on III-V
or II-VI were intensively studied, even though these
materials show ferromagnetism only at very low tem-
peratures. The present work focuses on synthesizing
Co-doped ZnO powder by a novel urea-based auto com-
bustion method. ZnO doped with small amount of Co?*
(i.e. Zno.sCoo.20) without any modification in the struc-
ture has been of the most considerable interest. There-
fore the Structural and morphological analysis of the
synthesized Zni-xCo:O was carried out by X-Ray dif-
fraction (XRD) technique and Vibrating Sample Mag-
netometer (VSM) (5-8).

2. EXPERIMENTAL PROCEDURE

Preparation: The Zni1_xCoxO (i.e. x = 0.0, x = 0.20)
Nano powders have been synthesized through a novel
auto combustion method using fuel to oxidizer equal to
one (= 1). Zinc nitrate hexahydrate Zn (NO3)2 6H20,
cobalt nitrate hexahydrate Co (NOs)2 6H20 were used
as starting chemicals and urea Co (NHgz)2 as a fuel.
These entire chemicals were weighed in stoichiometric
proportions and dissolved in 100 ml of distilled water.
Then polyethylene glycol was added under constant
stirring. After 30 min, the solution completely convert-
ed to a highly viscous gel. Next, the beaker vessel was
transferred into heat oven to complete the combustion
reaction after about 5 min to give fine powders. Two
samples, one un-doped and other cobalt doped have
been prepared.

* vanga.rajendar@gmail.com

2077-6772/2013/5(1)01022(3)

01022-1

The obtained powders were characterized by XRD us-
ing Bruker D8 X-ray diffract meter (CuKa A= 1.5418 A)
in the range 25°-80° (26). Size and magnetic property of
the samples were observed by (Lakeshore, Model no:
7410) Vibrating Sample Magnetometer.

3. RESULTS AND DISCUSSION

X-Ray diffraction: The XRD pattern of the obtained
samples reveals the formation of cobalt doped zinc ox-
ide. The average crystallite size was measured using
the Debye-Scherer’s formula,

.z
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Where, D is the average size of the crystal, 1 is the
wavelength of X-ray used and K is constant (K= 1), B1is
the full width at the half maximum (FWHM) of the
diffraction peak, € is the Bragg’s angle and average
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Fig. 1 — XRD patterns of calicined pure ZnO and Zno.sCoo20
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sizes were obtained to be 28 nm and 26 nm for the
powders of ZnO and Co doped ZnO respectively

The XRD patterns of the calicined ZnO and Co
doped ZnO powders matched standard data (JCPDS,
36-1451) as shown in Fig. 1. Only the diffraction lines
of the wurtzite ZnO were observed without any other
peaks, indicating that the Co has entered ZnO lattice
without changing the wurtzite structure.
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Fig. 2 — Comparison of Znos0Coo0200 (100), (002) and (101)
peak positions with pure ZnO

ZnO structure lattice parameters compared with the
7Zn080Co00.200, then the wunit cell parameters a
(3.2324 A) and ¢ (5.9766 A) of Zno.s0Co0.200 were small-
er than the lattice parameters of ZnO a (3.2485 A) and
¢ (6.0085 A). These changes were consistent with the
shift of (100), (002) and (101) peaks of Zno.s0Co00.200
powder as shown in Fig. 2.
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Fig. 3 — Variation of coercive field (Hc) values as the function
of Co doping content in Zn; - xCoO nanopowders

We observe that the undoped ZnO sample shows di-
amagnetic behavior. Co-doped Zno nanopowders show
ferromagnetic behavior at room temperature. From the
hysteresis loop, the coercive field (H.) values are found
to increase with increase in Co doping concentrations
as shown in Fig. 3. The maximum saturation magneti-
zation was observed for 0.2 % Co-doped ZnO nanopow-
ders.

In the present studies, however, no detectable Co or
CoO phases could be observed in the XRD spectra. Fur-
ther, the increase of intensities of Co-related absorption
bands in optical spectra and decrease of lattice constant
values with increase in Co concentrations suggests sys-
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tematic substitution of Co ions in the ZnO lattice. The-
se observations rule out the possibility of ferromag-
netism due to unwanted Co precipitates in the samples.
In the absence of any unwanted precipitates, the obser-
vation of ferromagnetism requires exchange interaction
between free delocalized carriers and localized d-spins
of Co ions and therefore the presence of free carriers in
the samples is a necessary condition for the observa-
tions of ferromagnetism. The required free charge car-
riers might be made available by the presence of multi
valence Co ions viz. Co%2* and Co3* as well as Valance
centers. Further, increase of doping concentrations re-
sults in the annihilation of Vicente’s, thereby is reduc-
ing the overall free charge carrier density. As a result,
the dominant magnetic interaction between Co ions
becomes nearest neighbour anti-ferromagnetic and fer-
romagnetic properties gradually decrease after 1 at %
Co doping concentration. Hence, to achieve the best
ferromagnetic character in these materials, the Con-
centration of Co dopant has to be properly optimized.
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Fig. 4~ M-H loop showing hysteresis of Co-doped ZnO. At
room temperature magnetization (M) versus applied field (H)
study was performed to observe how the concentration of Fe

atoms changes the magnetic behavior for Zni-.Co:O (x = 0.05
to 0.2) nanoparticles using VSM inthe field range of 0-21000 T

At room temperature coercive field (Hc) and the
remnant magnetization (emu/g) are observed with the
increase in the doping concentration correspondingly.
The coercive field (Hc) decreases and the remnant mag-
netization (emu/g) increases with the increase in the
concentration, respectively. The decrease and increase
in coercive field (H: and the remnant magnetization
(emu/ g) can be observed respectively from the Fig. 4.
The Coercivities decrease with the increase in crystal-
lite size. Room temperature ferromagnetic behavior is
exhibited by the Zni - +Co.O (0.05 < x < 0.2) samples.
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4. CONCLUSIONS

XRD and detailed structural characterizations us-
ing X-ray absorption spectroscopy indicate that Co2*
substitute for Zn%+* in the tetrahedral configuration
without forming secondary phases. The magnetic
measurements indicate that two magnetic phases are
present, with a ferromagnetic one dominating at high
temperatures. Measurements at different compositions
are in course in order to clarify the origin of this mag-
netic behaviour.
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