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Effect of Cr and Fe Doping on the Structural and
Optical Properties of ZnO Nanostructures
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Abstract—In the present study, we have synthesized Cr and Fe
doped zinc oxide (ZnO) nanostructures (Zn,_;Cr,Fe,O; where 6 = a +
b=20%,a=>5,6,8 & 10% and b = 15, 14, 12 & 10%) via sol-gel
method at different doping concentrations. The synthesized samples
were characterized for structural properties by X-ray diffractrometer
and field emission scanning electron microscope and the optical
properties were carried out through photoluminescence and UV-
visible spectroscopy. The particle size calculated through field
emission scanning electron microscope varies from 41 to 96 nm for
the samples synthesized at different doping concentrations. The
optical band gaps calculated through UV-visible spectroscopy are
found to be decreasing from 3.27 to 3.02 eV as the doping
concentration of Cr increases and Fe decreases.
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I. INTRODUCTION

N recent years, considerable interest has been focused on

transition metal oxides as these are used in various
applications because of their specific catalytic, optical,
electrical and magnetic properties [1], [2]. The oxides of
transition metals such as chromium, copper, zinc, iron, nickel
and cobalt are an important class of semiconductors, which
have applications in magnetic storage media, solar energy
transformation, electronic, semiconductor, catalysis and
electrical and optical switching devices [3], [4]. Among the
oxides of transition metal, zinc oxide (ZnO) is considered to
be one of the most important multifunctional semiconductor
material for technological applications such as light emitting
diodes, gas sensors, drug delivery, transparent field effect
transistors, window layer for thin-film solar cells, transparent
conducting electrodes, surface acoustic wave devices,
piezoelectric devices, photodiodes and optoelectronic devices
due to the wide band gap (3.37 eV), high transmission
coefficient in the visible and near infrared spectral range and
large excitation binding energy (60 meV) at room temperature
[5], [6]. ZnO is also biodegradable, biocompatible and biosafe
for medical and environmental applications. Moreover, ZnO
has owned a giant potential commercially due to its low cost,
non-toxic, abundant resources in the nature and environmental
friendly. There are a wide variety of synthetic methods for the
preparation of ultrafine oxide nanoparticles such as sol- gel,
hydrothermal, microwave, solid state techniques and spray
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pyrolysis methods etc [7]-[10]. Out of these methods, we
prepared Cr and Fe doped zinc oxide (ZnO) nanostructures
(Zn, 5Cr,Fe,. 8 =a + b =20%, wherea=15, 6, 8 & 10% and b =
15, 14, 12 & 10%) nanostructures by using sol-gel technique
which is robust and reliable to control the shape and size of
particles without requiring the expensive and complex
equipments. Moreover, sol-gel process is a low temperature
process. It means that less energy consumption and less
pollution. Doping with selective elements offers an effective
method to enhance and control the structural, electrical and
optical properties of ZnO nanoparticles. Doping of various
transition metals (e.g. Cr, Co, Ni, and Fe) in ZnO modify their
structural and optical properties significantly. Among all TM
dopant, chromium (Cr) and iron (Fe), due to its unique
chemical stability, is recognized as one of the most efficient
doping element to improve and tune the structural and optical
properties of ZnO nanomaterials.

Therefore, in the present work, we report the effect of
doping on the structural and optical properties of ZnO
nanocrystals synthesized by sol-gel method at different doping
concentrations of Cr and Fe ions. It is observed that the
particle size of ZnO nanostructures increases while optical
band gap decreases as we increase the doping concentrations
of Cr and decrease the doping concentrations of Fe ions.

II. EXPERIMENTAL

Cr and Fe doped zinc oxide (ZnO) nanoparticles (Zn;.
sCr,Fe,O; where 6 =a+b;a=35,6,8 & 10% and b = 15, 14,
12 & 10%) has been synthesized by sol-gel method at
different doping concentrations. A precursor solution for
Zn g9Crg5Fep 150 was prepared by dissolving high purity zinc
nitrate (Zn(NOs),.6H,0), chromium nitrate (Cr(NO;);.9H,0)
and Ferric nitrate (Fe(NOs);.9H,0) in de-ionized water under
vigorous stirring and a 5M sodium hydroxide (NaOH) solution
was then added drop wise with constant stirring to maintain
the pH value at 12. The solution was magnetically stirred in
electric oven for 5 hours. After that, the solution was allowed
to cool down at room temperature. The solution was filtered
and washed several times with de-ionized water and ethanol to
remove the impurities ions and then centrifuged and dried at
300 °C in furnace for 10 hrs. The same procedure was adopted
to synthesize ZnO nanoparticles for remaining concentrations.
The obtained ZnO powders were characterized by X-ray
diffractometer (XRD; Rigaku Japan) with Cu-Ko radiation
source (A =1.54 A) for structural and phase purity analysis.
XRD data were collected with a counting rate of 2° per
minutes in the range of 260 from 20 to 80°. The morphology
and the structural characterization were conducted by Field
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Emission scanning electron microscope (FESEM; FEG-
Quanta-450, FEI). Photoluminescence (PL) and UV-visible
spectra were measured at room temperature to study the
optical properties of the synthesized ZnO nanostructures.

III. RESULTS AND DISCUSSIONS

Fig. 1 shows the X-ray diffraction pattern (XRD) of Cr and
Fe doped zinc oxide (ZnO) nanostructures synthesized at
different doping concentrations. The corresponding X-ray
diffraction peaks for (100), (002) and (101) planes confirm the
formation of wurtzite structure of ZnO for all the samples.
Although, we have observed impurity phases of (ZnFe,O,,
Cr,0;, Fe,0;, FeO and CrO,) in all the samples due to
unreacted concentration of Cr/Fe and sintering -effect.
Furthermore, the line broadening of diffraction peaks (as
observed from the Fig. 1) is an indication that the synthesized
materials are in the nanometer range. The average crystallite
size (D) of ZnO nanostructures is calculated from the line
broadening using Scherrer formula; D =K A/ B cosBg where k
= 0.89 is the shape factor, A is wavelength of CuKa (1.54 A)
radiation, f = B-b, B is the full width at half maximum
(FWHM), b represents the instrumental broadening and 6 is
the angle of Bragg diffraction. The average crystallite size (D)
of ZnO nanostructures, calculated through Debye Scherrer
formula, increases from 31 to 43 nm as the doping
concentration of Cr increases and Fe decreases. In order to
observe the structural morphology and size of the synthesized
ZnO nanostructures, the samples were probed by high
resolution field emission scanning electron microscope
(FESEM).
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Fig. 1 XRD patterns of Cr and Fe doped ZnO nanostructures

Figs. 2 (a), (b) show the FESEM images of ZnO
nanostructures synthesized at different doping concentrations
of Cr and Fe ions. It is clear from FESEM images that the
average particles size of ZnO nanostructures increases from 41
to 96 nm as the doping concentrations of Cr increases and Fe
decreases. This also supports the XRD results that the particle
size increases as the doping concentration of Cr increases and
Fe decreases.

Fig. 2 FESEM images of ZnO nanostructures: (a) ZnggyCry osFeg.150
and (b) Zny gyCro.10Fe0.100
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Fig. 3 Room temperature PL spectra of Cr and Fe doped ZnO
nanostructures

Fig. 3 shows the room temperature PL spectra of Cr and Fe
doped ZnO nanostructures. PL spectra were carried out using
Xe light under the excitation of 325 nm for all the samples.
The emission spectrums of the excitation at 325 nm give a
broad visible emission. The broad visible emission from ZnO
nanostructures may be due to the recombination of
photogenerated holes with singly ionized charge states in

1322



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620
Vol:8, No:12, 2014

intrinsic defects such as oxygen vacancies, Zn interstitials, or
impurities [11], [12].
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Fig. 5 Variation of crystallite size with energy band gap of Cr and Fe
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Fig. 6 Variation of energy band gap with refractive index of Cr and
Fe doped ZnO nanostructures

The optical band gap energy of ZnO nanostructures for
direct band gap is calculated by Tauc relation: (a hv) ™= A
(hv- E,), where E, is the optical band gap, hv = photon energy,
A is a constant, a = absorption coefficient and n = % for the
allowed direct energy band and n = 3/2 for a forbidden direct
energy gap semiconductor [13], [14]. The absorption
coefficient (o) can be calculated using the relation: o = 4rk/A;
where k is the absorption index or absorbance, A is the
wavelength in nm. The optical band gap energies (E,) is
calculated by plotting Tauc’s graphs between (ahv) * versus
photon energy (hv) and the intercept of this linear region on
the energy axis at (ahv)? equal to zero gives the band gap. Fig.
4 shows the graph of (ahv) ? versus photon energy (hv) of Cr
and Fe doped ZnO nanostructures. The inset of Fig. 4 shows
the absorbance versus wavelength plots. The value of band
gap of ZnO nanoparticles are 3.27, 3.21, 3.09, and 3.02 eV for
the samples synthesized at different doping concentrations of
Cr and Fe. The optical band gaps calculated through UV-
visible spectroscopy are found to be decreasing from 3.27 to
3.02 eV as the doping concentration of Cr increases and Fe
decreases. The decrease in optical energy band gap could be
due to the increase of density of localized state in the
conduction band. Fig. 5 shows the variation of crystallite size
with energy band gap of Cr and Fe doped ZnO nanostructures.
We have also calculated refractive index (n) of Cr and Fe

doped ZnO nanostructures using Moss relation [15]: = Eﬁ ;
g

where k is a constant with a value of 108 eV. For
semiconducting materials refractive index play a significant
role in determining the optical and electrical properties of the
crystals and helps in the design of heterostructure laser, in
optoelectronic devices as well as in solar cell applications
[16]-[18]. Moreover, a correlation between refractive index (n)
and energy band gap (Eg) has considerable bearing on the
band structure of semiconductors and would be valuable in
finding an adequate refractive index value of the unknown
material from this relation. Fig. 6 shows the variation of
energy band gap with refractive index of Cr and Fe doped
ZnO nanostructures. It is observed from Fig. 6 that refractive
index increases as the energy band decreases.

IV. CONCLUSIONS

We synthesized the Cr and Fe doped ZnO nanostructures
via sol-gel method at different doping concentrations and
studied their structural and optical properties. XRD shows the
wurtzite phase formation in all samples with some impurities
(ZnFe,04, Cry,0;3, FeyOs;, FeO and CrO,) phases. FESEM
analysis show that the average particle size of ZnO
nanostructures increases from 41 to 96 nm as the doping
concentration of Cr increases and Fe decreases.
Photoluminescence spectra also confirm the phase formation
of ZnO. It is observed that optical band gap decreased from
3.27 to 3.02 eV, and the refractive index (n) increased from
2.40 to 2.44 as the doping concentration of Cr increases and
Fe decreases.
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