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ABSTRACT

Pure and copper doped zinc oxide nanoparticles (Zn;_xCu,O) of different concentrations (x = 0.0, 0.03,
0.06 and 0.09 wt%) were synthesized by using co precipitation method. During the next phase, effect
of Cu concentration on structural, electrical and optical properties of ZnO-NPs were investigated with
the multiple techniques like XRD, UV-visible spectroscopy, FTIR, and two probe methods. The XRD anal-
ysis confirmed hexagonal wurtzite crystal structure having crystallite sizes ranging between 18.3 and
24.2 nm. Rotational and vibration mode of different functional groups (OH, CH, C = O and ZnO) were cal-
culated using FTIR spectra. Moreover, the UV visible spectroscopy identified a band gap (3.10-2.30 eV) of
pure and Cu doped ZnO-NPs. Finally, electrical properties like conductivity was increased and whereas,
the resistivity decreased with increasing Cu dopant concentrations. Overall, addition of Cu as doping
agent improved the structural, optical and electrical properties ZnO-NPs and could enable multiple fur-
ther potential applications like solar cell, energy storage and other optoelectronic devices.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

devices, biomedical applications, plant science, and wastewater
treatment (Mazitova et al., 2019; Lima et al., 2014; Caglar et al.,

Synthesis of II-VI semiconductor nanomaterials is of prime
focus owing to their excellent electrical, optical and thermal prop-
erties. Potential applications include gas sensors, piezoelectric
transducer and light - emitting diode, various optoelectronic
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2015). Zinc oxide is one such potential semiconductor material
with a tunable band gap; it can be doped with higher electronega-
tive elements such as F, Cu, In, Al, and Co to modify its electrical
and optical properties (Xiong et al., 2008). Moreover, ZnO is also
relatively inexpensive and non-toxic nanomaterial. It has extraor-
dinary electron mobility, which is also preferable for high-
temperature applications because not easily oxidized due to the
considerable band gap maximum excitation binding energy (Ryu
et al., 2000; Pan et al., 2008). Furthermore, compared to TiO, and
SiOy; nZnO has been preferably used in killing harmful microor-
ganisms, protecting ultraviolet radiation, and treating cancer sens-
ing devices for clinical applications (Zhang et al., 2008).
Presently, the primary focus of researchers is to enhance the
electro-optical properties by using the various cation dopant
agents (Al*>, Mn*2, Ni*?, Co*? and Cu*?) on ZnO lattice. Addition
of dopant agents alters the morphology and related characters. In
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this context, the use of Cu*? ions could improve physical properties
of nZnO due to its higher ionization energy as well as the excellent
electron and hole recombination (lilarassi and Chandrasekaran,
2010).

Presently indium tin oxide (ITO), an expensive material is used
as a transparent conductive oxide (TCO) in various electrical and
optical applications and Cu-doped nZnO could be a feasible/ ideal
substitute material. We therefore synthesized a relatively low-
cost material with properties comparable to ITO. It is pertinent to
mention here that, dopants of different transition elements are
used to alter ZnO physical and chemical properties (Senthilkumar
et al., 2008). Recent reports also showed that elements with suit-
able ionic radii are preferable as a dopant compared to that having
a larger radius. So, the ionic radius of Cu (87 pm) is smaller than
the ionic radius of Zn (88 pm), so it can be a good substitute which
does not produce stress in the lattice of ZnO nanomaterials (Munir
et al., 2020). Numerous other studies reported use of inner-
transition element dopant ZnO-NPs by co-precipitation technique
(Pal and Giri, 2010), chemical vapour deposition (Shanmugam
and Jeyaperumal, 2018), laser ablation (Thakur et al., 2014), precip-
itation method (Haq et al, 2018), combustion method
(Vijayaprasath et al., 2016) and sol-gel process (Arshad et al.,
2015). Among these methods, co-precipitation technique offers
low cost and eco-friendly synthesis of nanomaterials (Moulahi
and Sediri, 2014; Mittal et al., 2014; Munir et al., 2020) during
which the stoichiometry and homogeneity of the particles can be
controlled simply by controlling the reagents. The present study
is related to synthesis of Cu doped ZnO-NPs through co-
precipitation method and subsequent changes in electrical and
optical properties were studied and compared with pure ZnO-NPs.

2. Experimental procedures
2.1. Synthesis of zinc oxide nanoparticles

To synthesize ZnO-NPs via co-precipitation method, zinc nitrate
hexahydrate (0.1 M) was dissolved in 250 mL deionized water with
continuous stirring on a magnetic stirrer for 2 h. A buffer solution
was also prepared (using NaOH-Na,COs3) and added drop by drop
in a zinc nitrate hexahydrate solution which yielded white gluti-
nous precipitate of ZnO material. The resultant white precipitate
was filtered, washed with deionized water, dried in an oven for
two hours at 80 °C. Finally, the ZnO powder was annealed in a fur-
nace for three hours at 600 °C and ground in mortar and pestle.
After that using the direct addition method, the Cu-doped nZnO
were prepared by adding 0.03 wt% copper nitrate in 0.1 M zinc
nitrate hexahydrate solution with continued stirring on a magnetic
stirrer for two hours at room temperature. The same procedure
was repeated as described earlier.

3. Results and discussion
3.1. Characterization techniques

Prepared Cu dopant ZnO-NPs were characterized by using vari-
ous techniques including XRD, FTIR, UV-VIS and two probe
method. The XRD analysis of Cu dopant ZnO-NPs was evaluated
by using a PanalyticalX'Pert-Pro apparatus at 30 mA, 40 kV. More-
over, FTIR (Spectrum 2, Perkin Elmer) was engaged to examine
rotational and vibrational mode attached on the surface of nano-
materials. After that the absorbance spectra was studied by UV-
visible spectroscopy (double beam spectrometer, Lambda 25, Per-
kin Elmer) LP74 Processor Module. Finally, parameter DC resistiv-
ity has been determined by using two probe IV measurement
techniques.
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3.2. Structural analysis

The X-ray diffraction technique was used to study the crystal
structure and lattice parameter of pure and Cu doped ZnO-NPs.
Pure and copper doped ZnO-NPs showed no secondary peak in
response to increasing Cu concentrations (Fig. 1). The hexagonal
wurtzite crystal structure resulted in the most prominent peak
(101) and Miller indices of different diffracted peaks at 31.76°,
34.45°, 36.35°, 47.62°, and 56.6° corresponding to (100), (002),
(101),(102) and (110) were calculated. All the peaks and Miller
indices compared with standard JCPDS card (36-451) and Cu ions
substituted to the position of Zn ions because the ionic radius of
Cu?* (87 pm) closed to Zn?* (88 pm) (Sajjad et al., 2018; Okeke
et al., 2020). Finally, the crystallite size of pure and Cu dopant
ZnO-NPs by using the Debye-Scherer Eq. (1) was calculated. It
showed that as the Cu concentration increased, then crystallite size
decreased Table 1.

D = 0.97/(cos0) (1)

D = crystalline size,

) = wavelength of x-ray

B = Full width half maxima
0 = Bragg angle.

3.3. Fourier transforms infrared radiation (FTIR) analysis

The broad absorption spectrum in between 3511 cm™' to
1578 cm~! was evident (Fig. 2) which indicated the O-H stretching
mode (Munir et al., 2019). Furthermore, another sharp peak of
1611 cm ! indicated the H-O-H vibration mode, assigned to the
small amount of H,0 in the ZnO-nanocrystals (Osali et al., 2019).
After that, the FTIR spectrum contains several absorption bands
from 402 to 3511 cm ™. The band at 3511 cm™~! wave number pre-
sented O-H (hydroxyl) band. The band near about 2366 cm~! wave
number represented the C-H group. At 1400-1600 cm~! due to
C = O stretching mode, a vibrational band exists. At the level of
460 cm!, the peak represented the Zn-O stretching group. The
peaks from 518.04 cm™! to 809.9 cm ! represented the presence
of Cu atom in the lattice of ZnO.

3.4. Electrical properties

Current-Voltage (I-V) response of pure and Cu dopant ZnO-NPs
was observed at room temperature using two-probe -V technique.
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Fig. 1. XRD spectrum of Cu doped ZnO-NPs.
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Table 1
Lattice parameter and crystallite size of pure and Cu doped ZnO-NPs.

Sample Name Lattice Crystallite size (101) nm
Constant (A)
a=bc

Pure ZnO-NPs 3.25 5.20 24.21

0.03 Cu doped ZnO-NPs 3.25 5.20 20.61

0.06 Cu doped ZnO-NPs 3.25 5.20 19.23

0.09 Cu doped ZnO-NPs 3.24 5.20 18.30

144 1\
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Fig. 2. FTIR spectrum of pure and copper doped ZnO-NPs.

It is reported that a linear behavior can be seen between current
and voltage curve of pure and doped sample as expected because
of Ohm’s law. Reversing the voltage gives same trend as for posi-
tive voltage. Slope of this I-V curve gives conductance for that
sample. Inverse of conductance gives the value of resistance (R).
Electrical conductivity is calculated by using the following relation:

Conductivity =a = L
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Here L and A is the thickness and area of palette. For our exper-
iment, L is 2.826 mm and A is 41.894 mm? because same die is
used and samples are pressed under same pressure. Inverse of con-
ductivity gives resistivity (p). Calculate the value for conductivity
and resistivity of prepared sample for various concentration of
Cu (0.00, 0.03, 0.06, 0.09 wt%). Furthermore, increase in copper
concentration as dopant material improved its conductivity and
decreased resistivity (Fig. 3). A possible explanation of these effects
is the successful substitution of Zn ions by Cu, which contributed
to better electrical properties of Cu doped ZnO NPs as compared
to pure ZnO-NPs (Bylsma et al., 1986).

3.5. UV-visible spectroscopy analysis

The UV-VIS absorbance showed that peak of the absorbance
appearing at a wavelength of around 325.5 to 383 nm [25]. The
maximum absorption recorded for pure ZnO-NPs sample where
as the absorption decreased in the visible region for the doped
samples (Fig. 4). Moreover, the Tauc, Davis and Mott relation was
used to calculate the band gap of pure and Cu doped ZnO-NPs. it
can be express as

(xhv)'/* = A(hv — Eg) (2)

Here o = absorption coefficient, v = light frequency, A = propor-
tionality constant and Eg = band gap. The numerical value of band
gap of pure ZnO-NPs approximately equal to 3.10 eV and it was
also reported that the band gap decrease by increasing the dopant
concentration (Munir et al., 2019). The (Fig. 5) shows that the band
gap decreases (3.10-2.30 eV) as the copper concentration increases
in pure ZnO-NPs. The Cu dopant ZnO-NPs not any structural
change because both are d block element in a periodic table. The
band gap decreased due to strong mixing the p-d sub shell of Cu
and O. Furthermore, band gap shrinking depends upon the electron
interaction and it also depends upon the merging the impurity into
conduction band. Finally, the red shift in Cu doped ZnO nanoparti-
cles was explained Bylsma by using second-order perturbation
theory [26]. After that experimentally, confirm the red shift by sub-
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Fig. 3. Resistivity and Conductivity of Cu doped ZnO-NPs.
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Fig. 4. Absorbance spectrum of UV-Visible spectroscopy.

4. Conclusions

Cu doped ZnO-NPs were synthesized by using Co-precipitation
method. Hexagonal crystals structure and crystallite size
(183 ~ 24.21 nm) of pure and copper dopant ZnO-NPs were
achieved. The absorption of the synthesized particles decreased
with increasing Cu concentrations and strong absorption in
between 325.5 and 383 nm. In addition, the electrical resistivity
of doped ZnO NPs decreased whereas conductivity increased indi-
cating successful substitution of Cu* or Cu?* ions in place of Zn?*.
As a way forward and due to prominent conductive nature of the
synthesized material, it could be suitable alternative material for
multiple applications like solar cell and energy storage.
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