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KEYWORDSABSTRACT

Spintronics materials, which combine ferromagnetic with semiconductors
to take advantage of not only the charge of electrons but their quantum-
mechanical �spin� together, are promising materials. Co-Zn oxide

nanoparticles as a diluted magnetic semiconductor (DMS) material is a
potential spintronic material and expected to play an important role in mag-
netic, magneto-optical, and magneto-electric fields. In this study, a self
flash combustion method was used to produce Co-Zn oxide nanoparticles.
Thermal analysis (TGA and DTA), X-ray diffraction, TEM, and magnetic
measurements have been used for characterization of the prepared samples.
The influence of the prepared Co-Zn oxide on the degradation of phenol
was also studied by using UV/VIS/NIR- spectrophotometer. Results showed
that a Co-Zn oxide nanoparticle (77nm) was successfully prepared by a self
flash combustion from acetate precursors at low temperature. The values
of remnant magnetic flux density (Br), saturation magnetic flux density (Bs)
and coercive force (Hc) (measured at 16oC) are 0.03262emu/g, 0.5769emu/g
and 83.17Oe respectively. The degradation of phenol containing Co-Zn
oxide showed that the concentration of phenol decreased gradually with
time and reach to a value near zero at around 67 hours and the degradation
of phenol aqueous solution followed first order rate kinetics.
 2013 Trade Science Inc. - INDIA

INTRODUCTION

Information technology is based on both semicon-
ductor devices making use of the charge of electrons
and magnetic materials used for recording applications
involving electron spin. For the last two decades, there
has been much interest in an innovative technique, now
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referred to as �spintronics�, which combine ferromag-

netic materials with semiconductors to take advantage
of not only the charge of electrons but their quantum-
mechanical �spin� together. Diluted magnetic semicon-

ductors (DMS) are therefore extensively studied as
potential spintronics materials and expected to play an
important role in magnetic, magneto-optical, and mag-
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neto-electric fields by realizing new functionality that has
not separately existed in magnetic materials or semi-
conductors[1-4]. Diluted magnetic semiconductors
(DMSs), referred to as semiconductor alloys in which
magnetic atoms are randomly introduced in the lattice,
have attracted much attention as promising materials
for spintronics because they have charge and spin de-
grees of freedom in a single substance[5-6]. The substi-
tution of the cations of III-V or II-VI nonmagnetic semi-
conductors by magnetic transition-metal ions such as
Mn, Fe, and Co allows the existence of charge and
spin degree of freedom in a single substance, which
leads to a number of magnetic, optical, and magneto-
transport phenomena. The development of magnetic
semiconductors with practical ordering temperatures
could lead to new classes of device and circuits, in-
cluding spin transistors, and ultradense nonvolatile semi-
conductors memory[7-12].

Fukumura et al.[4] reported the first successful growth
of a ZnO-based DMS by pulsed laser deposition (PLD)
technique, namely Zn

1-x
Mn

x
O, which was found to ex-

hibit no ferromagnetic ordering. While Jin et al.[13] de-
tected no indication of ferromagnetism in Zn

1-x
Co

x
O films.

The ferromagnetic features with a curie temperature as
high as 300 K was observed in some of pulsed laser-
deposited Zn

1-x
Co

x
O films, although the reproducibility

was less than 10% [14]. Prellier et al.[15] report the synthe-
sis of high-quality Co-doped ZnO thin films using the
pulsed laser deposition technique on (0001)-Al

2
O

3 
sub-

strates under an oxidizing atmosphere, using Zn and Co
metallic targets. The formed Zn

1-x
Co

x
O films exhibit fer-

romagnetism with a curie temperature close to room tem-
perature for x = 0.08 and at 150K for x = 0.05. Dinia et
al.[7] used magnetron Co-sputtering to grow Zn

0.75
Co

0.25

magnetic semiconductors on SiO
2
/Si substrate at 400ú

C. Optical absorption measurements have been per-
formed and showed three absorptions bands. Magneti-
zation measurements have been performed at room tem-
perature and shown the presence of the ferromagnetism
with a saturation magnetization of about 0.2µ

B
/Co. Irra-

diation with He ions at 520ºC have been performed on

the as-deposited film. For a dose of 6×1016 cm-2 a huge
increase of the magnetic moment up to 0.37µ

B
/Co has

been observed and accompanied with an improvement
of the crystalline quality. For higher doses the magnetic
moment is strongly reduced down to 0.13µ

B
/Co. This is

attributed to the change in the free carriers density in the
ZnO host[7].

The present work studies the preparation of Co-Zn
oxide nanoparticles by a novel self flash combustion
method. The prepared Co-Zn oxide nanoparticles are
investigated for their magnetic properties. On the other
hand, catalytic degradation of organic pollutants is one
of the most promising green chemistry technology[16-18].
Phenolic compounds are common pollutants that are
present in industrial waste-water and hence many stud-
ies have been reported on the catalytic degradation of
phenols[19-25]. So, the influence of the prepared Co-Zn
oxide on the degradation of phenol was studied.

EXPERIMENTAL

Pure Zinc acetate (Zn (CH
3
COO)

2
.2H

2
O) and

pure cobalt acetate (Co (CH
3
COO)

2
.4H

2
O) were used

to prepare zinc oxide, cobalt oxide and nanoparticles
diluted magnetic materials of zinc � cobalt oxide mix-

ture by a self flash combustion method. For the prepa-
ration of zinc � cobalt oxide mixtures, one mole of pure

zinc acetate was well mixed in a ball mill with a speed
170 r/m for 6 hours with one mole of cobalt (II) ac-
etate tetrahydrate. The mixture was then heated at
200oC for 16 hours to be sure of complete decompo-
sition. Samples were then calcined in air at 300 and
500oC for 1 hour to obtain zinc oxide, cobalt oxide
and zinc � cobalt oxide particles. The different nanosizes

were identified by X-Ray diffraction technique using a
JSX-6OP JEOL diffractometer. The average crystal-
lite size was calculated from the X-ray diffraction peaks
using the following Scherer�s as shown below:

d = 0.9ë/âcosè

Where d is the crystallite size, ë is the X-ray wave length,
â is half-intensity width of the relevant diffraction and è
is the diffraction angle.

The magnetic properties were investigated by a Vi-
brating Sample Magnetometer model 9600 while the
thermal analysis was performed using MAC-Science
model DTA-TGA 2000. FTIR JASCO 410 was used
for IR solid phase spectra. In order to measure the cata-
lytic degradation of phenol by the prepared Co-Zn
oxide, 1 gm of the sample was added to 10 ppm phe-
nol solution (100 ml) and analyzed using a UV/VIS/
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NIR- spectrophotometer (Jasco V 570). During the
procedure, the initial absorbance of the phenol in the
absence of Co-Zn oxide was measured at 230nm wave-
length while the change in the absorbance was mea-
sured with the increase of time for the 10 ppm phenol
aqueous solution containing 1 gm of Co-Zn oxide.

RESULTS AND DISCUSSION

TGA and DTA curves recorded on heating Zn Ac,
Co Ac, and their mixture at 20°C / min in a dynamic

atmosphere of air, are shown in Figure 1 and 2 respec-
tively. They indicate that Zn Ac decomposes via two
endothermic events occurring at 104 °C (Ia) and 294°C

(IIa). Process Ia is an endothermic weight loss (WL)
maximized at 104°C and accompanied by a 16.4% WL

which is close to that expected (17.1%) for releasing 2
moles of water. Process IIa appears to involve an en-
dothermic weight-invariant reaction maximized at 261°C

which is due to melting and another endothermic WL
process occurring at 343°C brings a total WL up to

46.46% which is very close to the expected (47%) for
decomposition of Zn acetate to ZnO
(CH

3
COO)

2
Zn.2H

2
O (CH

3
COO)

2
Zn ZnO + CH

3
COCH

3

+ CO
2

TGA and DTA curves for heating Zn Ac and Co Ac
mixture, at 20 °C/min in air indicate that the mixture

decomposes via 2 weight loss steps and 3 endothermic
processes at 104, 241, and 352 °C. Step Im shows an

endothermic process maximized at 104°C and accom-

panied by a 23% WL which is close to the expected
value of 22.9% for releasing 6 moles of H

2
O

(CH
3
COO)

2
Zn.2H

2
O + (CH

3
COO)

2
Co.4H

2
O (CH

3
COO)

2
Zn

+ (CH
3
COO)

2
Co + H

2
O

Step II appears to involve two endothermic processes.
A weight-invariant endothermic step at 241°C which

represents a melting of acetate salts and the other is an

Figure 1 : TGA curves of ZnAc, CoAc and their mixture in
dynamic air flow

Figure 2 : DTA curves of ZnAc, CoAc and their mixture in
dynamic air flow

7.238

Figure 3 : FTIR spectra for (a) uncalcined Zn acetate and Co
acetate mixture, (b) mixture of Co and Zn acetates calcined at
300oC and (c) mixture of Co and Zn acetates calcined at 500oC
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endothermic step at 352 °C which indicates total WL

up to 45.9% which is close to that expected (47%) for
decomposition of acetates to give (Zn, Co)O.
(CH

3
COO)

2
Zn + (CH

3
COO)

2
Co (Zn, Co)O + CH

3
COCH

3
 +

C
2
H

6
 + 3CO

2

Figure 3(a, b) show IR spectra obtained for the solid
phase of uncalcined Zn acetate and Co acetate mixture
and a mixture of Co and Zn acetates calcined at 300oC
respectively. It displays bands at 1342, 1053, 621 and
482 cm-1, which are assignable to the vibration modes
of acetates[26]. The IR spectrum of the solid product of
mixture of Co and Zn acetates calcined at 500oC dis-
plays bands due to metal oxygen at  1407, 671 and
578 cm-1.

Figure 4 shows XRD patterns of the starting mix-
ture and the combusted products obtained after firing
at 300 and 500°C for 1 hour in air. The patterns of

starting mixture give identified peaks corresponding to
both zinc and cobalt hydrated acetates. The patterns of
fired samples show characteristic peaks for zinc oxide
(hexagonal structure) with short peaks for cobalt oxide
(Co

3
O

4
) phase for the sample calcined at 300oC indi-

cating that incomplete formation of (Zn,Co)O at this
temperature while the intensity of theses peaks increased
for the mix sample calcined at 500oC. This finding is in
agreement with the DTA and TG results which showed
that decomposition of acetate to give (Zn,Co)O was at
352oC. So, cobalt � zinc oxide mixtures can be clearly

obtained by firing the Co-Zn acetate mixture at 500°C.

Figure 4 : XRD patterns of starting mixture and combusted
products. ( zinc acetate hydrate,  cobalt acetate hydrate,
zinc oxide and  cobalt oxide)

Figure 5 : High-resolution transmission electron microscope
(TEM) image of (Zn,Co)O

Figure 6 : B-H Hysteresis loop for cobalt oxide, zinc oxide
and (Co,Zn)O

Figure 7 : UV-vis absorption spectrum variation of phenol
aqueous solution
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The average crystallite size, calculated from the XRD
patterns using the Scherer�s formula, are 89.3 and 77nm

for zinc-cobalt acetate mixtures fired at 300 and 500
°C, respectively. Figure 5 shows the TEM image of the

zinc-cobalt oxide prepared by self flash combustion at
500°C from acetate precursor. The image shows ho-

mogenous nanoparticles with particle sizes 75nm.

material (ZnO). It is common in DMS not to recover
full magnetization and this usually attributed to antifer-
romagnetic coupling between neighboring magnetic ions
due to super exchange interaction. However, all values
are shown to lie in the range of diluted magnetic mate-
rials (DMS).

The degradation of phenol was investigated by us-
ing the prepared Co-Zn oxide as a catalyst. The UV-
vis absorption spectrum variation of 10 ppm phenol
aqueous solution is shown in Figure 7. The aqueous
solution of phenol (10 ppm) shows a major absorption
band at 210 nm in the absence of (Co,Zn)O. The nor-
malization degradation profiles of phenol containing 1gm
of Co-Zn oxide as catalyst is shown in Figure 8, where
c is the concentration of the compound at time t and C

0

the initial concentration of the parent compound. The
graph shows that the concentration of phenol decreased
gradually with time and reach to a value near zero at
around 67 hours. More than 20% of the initial concen-
tration of the phenol was decomposed within 2 hours
of degradation. Figure 9 is a plot demonstrating the first
order reaction rate character of phenol degradation in
the presence of (Co,Zn)O. So, the degradation of phenol
aqueous solution followed first order rate kinetics. It
was reported[27-29] that degradation of phenol depends
on the generation of free radicals. Free radicals are gen-
erated when phenols react with hydroxyl species or any
electron donor adsorbed at the surface of the catalyst.
The presence of nanosized (Co,Zn)O powder activate
the generation of hydroxyl radicals. The formed reac-

 Br (emu/g) Bs (emu/g) Hc (Oe) 
Zn (Ac) 500ºC 
Co (Ac) 500ºC 
Mix heated 500ºC 

0.01774 
0.02462 
0.03262 

0.4462 
0.7259 
0.5769 

53.37 
53.4 

83.17 

TABLE 1: Magnetic properties of fired and unfired samples

Figure 8 : Normalization concentration profile of phenol
during the catalytic degradation by (C0,Zn)O powder

Zn acetate, Co acetate and their equimolar ratio
were heated at 500°C for 1 hours. The products were

ZnO, CoO and a mixture of (Zn, Co)O with traces of
Co

3
O

4
. The magnetic properties of them were investi-

gated at 16oC using vibrating sample magnetometer at
5 kOe. A ferromagnetic hysterisis loop is shown in Fig-
ure 6 and the values of remnant magnetic flux density
(Br), saturation magnetic flux density (Bs) and coerecive
force (Hc) are summarized in TABLE 1. The B-H
hysterisis of Co- doped ZnO showed hysterisis loop of
Hc=83.1Oe which is greater than that for pure ZnO
and CoO. Bs of the doped sample is estimated to be
0.5769 emu/g which was shown to be greater than cor-
responding values for ZnO and less than that CoO. The
decreases of the Bs of the mixture than that of the CoO
can be attributed to contribution of the non-magnetic

Figure 9 : A plot demonstrating the first order reaction rate
character of phenol degradation in the presence of (Co,Zn)O
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tive hydroxyl radicals are then used to carry out chemi-
cal oxidation or to degrade the phenol in waste water
treatment. The resultant hydroxyl radicals react with
phenol in the ortho-, and some para-, positions to form
catechol and hydroquinone, respectively[28]. Further
oxidation of the latter compound then occurs to pro-
duce benzoquinone, which is hydroxylated/oxidised
again and ultimately forms carbon dioxide and water.

CONCLUSION

Co-Zn oxide nanoparticles (77nm) as a diluted mag-
netic semiconductor (DMS) material was successfully
prepared by a novel self flash combustion from acetate
precursors at 500°C. From the thermal analysis (TGA,

DTA) and IR spectra, the thermal decomposition of
CoAc, ZnAc, and the mixture of them were via three
endothermic steps. The first step represents releasing of
water, the second step represents the melting of acetate
salts while the third step represents the decomposition of
acetate to give the oxides. Magnetic measurements of
Co- doped ZnO showed Coercivity (Hc) 83.1Oe which
is greater than that for pure ZnO (53.37 Oe) and CoO
(53.4 Oe). Bs of the doped sample is 0.5769 emu/g,
which was greater than corresponding values for ZnO
and less than that CoO. Co- doped ZnO showed a cata-
lytic effect on the degradation of phenol and the concen-
tration of phenol reach to a value near zero at around
67h. The degradation of phenol aqueous solution fol-
lowed first order rate kinetics.
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