
INTRODUCTION

Zinc oxide (ZnO) is an excellent n-type semiconductor
with a wide band gap of 3.37 eV and a large exciton binding
energy of 60 meV1,2. For these reasons, ZnO is used in a wide
variety of applications, including opto-electronic devices3-6

catalysis7, light-emitting diodes8, thermoelectric devices9,
varistors10,11, flat panel displays11 and surface acoustic wave
devices12. Recent theoretical predictions13-18 proposed transition
metal-doped ZnO as one of the most promising candidates for
room-temperature ferromagnetism (RTFM). Additionally, the
excellent optical transparency of ZnO and the possibility of
band gap engineering through transition metal doping strongly
encourage the exploration of the magneto-optical properties
of the transition metal-doped ZnO system19,20, which might
lead to the development of novel magneto-optic electronic
devices21-23.

Zinc oxide nanoparticles also have a variety of appli-
cations such as UV absorption, deodorization and antibacterial
treatment24-26. Several methods are reported in literature for
the synthesis of doped and undoped ZnO nanoparticles which
can be categorized either chemical or physical methods27,28.
The chemical methods comprise thermal hydrolysis techni-
que29, hydrothermal processing30 and sol-gel method31-33 while
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the physical methods are vapour condensation method34, spray
pyrolysis35-37 and thermo-chemical/flame decomposition of
metal-organic precursors38,39. Wet chemical technique is being
extensively used for synthesis of advanced ceramics, production
of nanocrystalline materials and for metallurgical treatment
of ores and minerals to yield value-added materials. Wet chemical
method is easy to produce relatively large quantities of nano-
particles at low cost.

In the present investigation, we have studied structural and
optical properties of Co-doped ZnO nanoparticles using XRD,
SEM, TEM, EDAX, UV-Visible and FTIR spectroscopies.

We have adopted here a procedure in this respect where
Co-doped ZnO nanoparticles with 25 nm size have been
successfully synthesized by wet chemical method in a water-
ethylene glycol medium. The Co doping in ZnO resulted in
decreasing the particle size and crystallinity while the increase
in band gap.

EXPERIMENTAL

Analytical grade ZnCl2·2H2O and CoCl2·6H2O were used
as starting materials for the synthesis of Zn1-xCoxO series. In a
typical synthesis procedure, citric acid was added to 100 mL
of distilled water with magnetic stirring, until pH becomes
1.5. Required amounts of ZnCl2·2H2O and CoCl2·6H2O with



(x = 0 and 0.05) were added to the solution and dissolved. 10
mL of ethylene glycol was added to the above solution and
stirred for 20 min. Sufficient amount of aqueous ammonia
(15 mol/L) was added drop wise under magnetic stirring. The
resulting solution was stirred for 0.5 h. Finally, a gel was
obtained which was washed several times with water and
ethanol. Gel was dried at 110 ºC for 12 h in an oven. The dried
powder was further calcined at 400 ºC for 2 h resulting in the
formation of Co-doped ZnO nanoparticles. Crystallinity,
structure and crystallite size of Co-doped ZnO nanoparticles
were determined by XRD (Rigaku) using Cu-Kα radiations (λ
= 0.15406 nm) in 2θ range from 20º to 80º. SEM images were
taken using FEI FESEM. High-resolution transmission
electron microscopy (HRTEM) images were obtained using a
(FE-TEM) (JEOL/JEM-2100F version) operated at 200 KV.
The elemental composition was determined by energy dispersive
X-ray spectroscopy (EDS, Inca Oxford). The samples were
coated with a thin layer of gold to prevent charging of the
samples. UV-Visible absorbance spectra have been recorded
using Perkin-Elmer Lambda 35 UV/Vis spectrometer. Fourier
transform infrared (FT-IR) spectra of the powders (as pellets
in KBr) were recorded using a Fourier transform infrared spectro-
meter (Perkin Elmer) in the range of 4000-400 cm-1 with a
resolution of 1 cm-1.

RESULTS AND DISCUSSION

The typical XRD patterns of the pure and Co-doped ZnO
samples annealed at 400 ºC are shown in Fig. 1. The peak
positions of each sample exhibit the wurtzite structure of ZnO
which were confirmed from the ICDD card No. 80-0075.
Further, no other impurity peak was observed in the XRD
pattern showing the single phase character of the sample. The
crystallite size of both the samples were calculated using

Scherrer formula40,
θβ

λ
=

cos
9.0

D , where λ is the wavelength of

X-ray radiation, β is the full width at half maximum (FWHM)
of the peaks at the diffracting angle θ. The calculated crystallite
sizes of each sample are given in Table-1. It can be observed
from Table-1 that the crystallite size of ZnO decreases from
27.1 to 21.3 nm when Co2+ content is increased from 0 to 5 %.
The data revealed that the presence of Co2+ ions in ZnO prohi-
bited the growth of crystal grains. The ionic radius of Co2+ is
58 pm whereas that of Zn2+ is 60 pm41. The Co ions substitute
the Zn2+ ions in the crystal due to comparable ionic radius.
However, the decrease in the lattice parameter may be due to
the smaller ionic radii of Co2+ ions42.

The XRD spectra have also been used to study the crysta-
llinity of the samples. The doping of cobalt in ZnO not only
lowers the particle size but also degrades the crystallinity of
the nanoparticles. As the Co content increases, the intensity
of XRD peaks decreases and FWHM increases (Fig. 1) which

is due to the degradation of crystallinity. This means that even
though the Co ions occupy the regular lattice site of Zn2+, it
produces crystal defects around the dopants and these defects
change the stoichiometry of the materials.

Fig. 1. XRD spectra of pure and cobalt doped ZnO nanoparticles

Fig. 2 shows the typical morphology of pure (Fig. 2a)
and 5 % Co doped (Fig. 2b) ZnO nanoparticles and shows the
presence of large spherical aggregates of smaller individual
nanoparticles. Fig. 3 demonstrates transmission electron
microscopy images taken for pure (Fig. 3a) and 5 % Co-doped
(Fig. 3b) ZnO nanoparticles. It can be observed from the Fig.
3 that ZnO grains had a spherical morphology with an
average diameter of 55 nm for pure ZnO, while 20 nm for 5 %
Co-doped ZnO. Particle size obtained from TEM analysis is

Fig. 2. SEM images of (a) pure and (b) 5 % cobalt doped nanoparticles

Fig. 3. TEM images of (a) pure and (b) 5 % cobalt doped nanoparticles

TABLE-1 
VARIATION OF CRYSTALLITE SIZE, LATTICE PARAMETER, BAND GAP AND CELL VOLUME WITH DOPANT CONCENTRATION 

Dopant  
concentration (%) 

Crystallite size  
(nm) 

Lattice parameter 
(a=b) (Å) 

Lattice parameter (c) 
(Å) 

Band gap 
(eV) 

Cell volume 
(Å3) 

0 
5 

27.1 
21.3 

3.265 
3.258 

5.210 
5.207 

3.22 
3.30 

48.09 
47.86 
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slightly greater than the crystallite calculated from XRD
spectra. It may be due to the aggregation of nanoparticles
during sample preparation for TEM analysis. Powder samples
were dispersed in ethanol and sonicated in an ultrasonic bath
for 15 min for TEM analysis. It is also clear from TEM results
that Co doping in ZnO reduces the particle size.

Fig. 4 illustrates the EDAX spectra of elemental compo-
sition of pure (Fig. 4a) and 5 % Co doped (Fig. 4b) ZnO
nanoparticles. The presence of Co is confirmed from the
selective area EDAX analysis (Fig. 4). It can be verified from
the results of XRD and EDAX that the Co is successfully doped
in the ZnO nanocrystals.

Fig. 4. EDAX images of (a) 0 % (b) 5 % Co doped ZnO nanoparticles

UV-visible absorption spectroscopy is a powerful tech-
nique to explore the optical properties of semiconducting
nanoparticles. The optical absorption spectra of pure and Co
doped ZnO nanoparticles are shown in Fig. 5. The absorbance
is expected to depend on several factors, such as band gap,
oxygen deficiency surface roughness and impurity centers43.
Absorbance spectra exhibits an absorption edge at around 380-
389 nm which can be attributed to the photo-excitation of elec-
trons from valence band to conduction band. The absorption
edge of pure and doped samples slightly varies as that of Co is
introduced in the ZnO nanoparticles. The absorption edges of
pure and 5 % Co doped ZnO are 386 and 376 nm, respec-
tively. The position of the absorption spectra is observed to

 Fig. 5. Absorbance spectra of pure and cobalt doped ZnO nanoparticles

shift toward the lower wavelength side with increase in Co
doping concentration in ZnO. This indicates that the band gap
of ZnO material increases with the doping concentration of
Co2+ ion. The increase in the band gap or blue shift can be
explained on the basis of the Burstein-Moss effect44. When
Fermi level shifts close to the conduction band due to the
increase in the carrier concentration the low energy transitions
are blocked and the value of band gap increases. The present
experimental results are in good agreement with the results
reported by Sakai et al.45. In order to verify the increase in
band gap as discussed above, we have calculated the band gap
using the Tauc relation42.

n
g )Eh(Ah −ν=να

where α is the absorption coefficient, A is a constant and n =
½ for direct band gap semiconductor. An extrapolation of the
linear region of a plot of (αhν)2 vs. hν gives the value of the
optical band gap Eg

43. The measured band gaps are displayed
in Table-1 shows a slight increase with the increase in dopant
concentration. This is also in good agreement to the quantum
confinement effect of the nanoparticles46.

Fig. 6 shows the FTIR spectra of pure and Co-doped ZnO.
FTIR spectra exhibit strong vibrations at around 630 and 430
cm-1 which are assigned to stretching (Co-O) and (Zn-O)
respectively47,48. It is evident that the absorption band at around
3500 cm-1 in 3 % Co-doped sample is due to the hydroxyl
stretching mode (OH) which may be due to moisture. The
absorption peak at 2337 cm-1 is because of an existence of
CO2 molecule in air. A weak absorption peak at 1515 cm-1 is
ascribed to (C=O). FTIR results confirm the formation of pure
Co-doped ZnO samples as there is no vibration obtained from
intermediate product.

Conclusion

Wet chemical synthesis route has been successfully used
to synthesize Co-doped ZnO nanoparticles. The XRD patterns
show that the prepared samples are wurtzite in structure with
the size range of 21.3-27.1 nm. No impurity phase has been
observed in XRD. The crystallinity, particle size and lattice
constants are decreasing with the increase in cobalt concen-
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Fig. 6. FTIR spectra of pure and cobalt doped ZnO nanoparticles

tration. EDAX spectra confirm the existence of Co in doped
samples. XRD, SEM and TEM results confirm the reduction
in particle size with doping. The optical studies have been
carried out using optical absorbance and FTIR spectroscopy.
The band gap of the doped samples show a broadening effect
as measured from the Tauc relation. Thus the cobalt doping
can be used as an effective method for tailoring the optical
and structural properties of ZnO nanoparticles.
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