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ARTICLE INFO ABSTRACT

Keywords: The present work reports the synthesis of Cu;_,Ni, O (x = 0%, 3%, 6% and 9%) nanoparticles by co-precipitation
Powders method and correlates the effect of nickel on structural, optical and electrical properties. A phase separation into
Microstructure

cubic NiO was observed at the higher nickel concentration of 9%. The difference in ionic radii between copper
and nickel resulted in the lattice contraction. The mean crystallite size and strain values were found to be varying
with respect to nickel concentration. Raman spectroscopy studies exhibited the emergence of 1LO peak on 9%
doping due to the phase separation into NiO. The band gap energy calculated using diffuse reflectance spectra
indicated a narrowing of band gap with the increase in nickel content. AC impedance measurement showed a
maximum conductivity of 2.13 x 10~2S/cm at 600 °C for Cug o4Nig o6O. Further, a lower activation energy was
noticed for 6% which increased at 9% Ni presence. The dielectric constant was found to be increasing till 6% and
decreases with higher nickel content (9%). The present work clearly demonstrates the beneficial role of nickel in

Electrical conductivity, Dielectric properties

the form of a doped structure while it becomes detrimental upon phase separation.

1. Introduction

Nanostructured transition metal oxides have drawn considerable
attention from both fundamental and technological aspects due to their
unique optical, mechanical and electrical properties [1-6]. As a result
of the higher surface to volume ratio at nano regime, oxides of transi-
tion metals show physico-chemical properties differing from their bulk
counterparts [7-9]. Copper oxide (CuO) having a high dielectric con-
stant and p-type semiconductor with a band gap of 1.4-2.1 eV have
been utilised in solar cells, Li-ion battery, fuel cells, thermoelectrics,
supercapacitors, magnetic storage media, gas sensor and various cata-
lysis processes [10-15]. Various attempts have been made to improve
the electrical properties of CuO nanostructures. The electrical perfor-
mance of CuO can be influenced by its morphology, preparation
method and chemical composition. Shao et al. reported that the typical
value of electrical conductivity of a p-type CuO nanostructure as 7.8 X
10~*S/cm [16]. Jeong et al. observed a higher electrical conductivity
value for smaller grain sized CuO due to the dominance of conductivity
in the grain rather than that of grain boundary [17]. Further, the pre-
sence of non-stoichiometric defect which is responsible for the mod-
ulation of charge carrier concentration can affect the electrical prop-
erty. Drobny and Pulfrey have reported an enhancement in CuO
conductivity as a result of non-stoichiometric defect produced by the
increase in oxygen partial pressure [18].
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The presence of dopant as well as its concentration in CuO may
influence the chemical and physical properties. Further, the presence of
dopant affects the stoichiometry and crystallinity of CuO and thereby
having an impact on conductivity. Few reports are available on the
preparation and structural changes associated with CuO on doping with
transition metals, such as Mn [19], Fe [20-22], Cd and Zn [23].
However, limited investigations have been carried out to correlate the
conductivity and the dopant nature in CuO [24,25]. Suda et al., ex-
amined the conductivity of pure and Li- or Al- doped CuO and reported
the temperature dependent improvement in conductivity due to the
enhancement in hole concentration [26]. Chiang et al., studied the ef-
fect of dopants such as Li, Ni, Co, Ag, Zn and Mg on the conductivity of
CuO [27]. A relatively higher electrical conductivity of 1.8 x 107°S/
cm was observed for Ni doped CuO even at a lower concentration of
around 2.9 at%. In spite of the reports on the Ni-doped CuO nanos-
tructure with respect to various properties, a systematic effort to unveil
the evolution of electrical properties is absent to the best of our
knowledge [28-30]. The optimum concentration of Ni doping required
for the better conductivity needs to be ascertained in order to realize
many potential applications.

Various methods have been employed for the synthesis of copper
oxide such as colloid thermal synthesis [31], reflux condensation [32],
solid state reaction [33], thermal decomposition [34], sol-gel [35],
sonochemical [36], hydrothermal [37], etc. Out of all these methods,
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co-precipitation provides a simple, fast and economical route for the
preparation of CuO nanostructures. The present work deals with the
synthesis of Cu;,Ni,O nanoparticles and its influence on structural,
optical and electrical properties. Thus, present work shows that the
doping of Ni®** in CuO only up to a certain limit can enhance its
electronic conductivity.

2. Experimental detail
2.1. Preparation of Cu;_,Ni,O nanoparticles

Cup,Ni,O (x = 0, 3, 6 and 9 at%) nanoparticles were prepared by
co-precipitation method using copper nitrate trihydrate (Cu
(NO3)23H,0, Himedia) and nickel nitrate hexa hydrate (Ni
(NO3)2'6H,0, Himedia) as precursors. Typically, to 500 ml of 1 M
aqueous Cu(NO3),-3H,0 solution, calculated amount of Ni(NO3),"6H,0
was added. After stirring at 600 rpm for 30 min, 1 M NaOH solution
was added drop wise in order to maintain the pH at 11 which changes
the colour from transparent deep blue to opaque sky blue. After stirring
the solution for 6 h, the precipitate was centrifuged and washed four
times with deionized water to remove any impurities. Subsequently, the
resultant precipitate was filtered, dried at 80 °C overnight and calcined
at 350 °C for 2 h. The detail of the synthesis procedure of Ni doped CuO
nanoparticles is shown schematically in Fig. 1. The calcined powder
was uniaxially pressed at 7 t into cylindrical pellets to form 13 mm
diameter and 2.5 mm thickness. The green pellet was sintered at 600 °C
for 5h at a heating rate of 5 °C per minute.

2.2. Characterization techniques

The crystal structure of the material was investigated using Rigaku
Ultima IV X-Ray diffractometer (XRD) using Cu Ka radiation (A=
0.15418 nm). Raman spectroscopic studies were carried out with
Renishaw Laser confocal Raman Microscope RM 2000 using 514 nm
laser excitation. Optical properties were analysed by UV-visible
Diffused Reflectance Spectrophotometer (DRS, Varian, 5000). The
surface morphology and elemental composition were investigated by a
Field Emission-Scanning Electron Microscope (FE-SEM), Zeiss Gemini
Ultra-55 with Oxford EDX attachments operating at 5 kV. The cylind-
rical pellets of 13 mm diameter and 1 mm thickness were used as a
dielectric medium by using platinum mesh on both sides of the sample
as electrodes. The frequency dependent of dielectric constant and the
electrical behaviour were studied using a Broadband dielectric spec-
trometer (Novocontrol Technologies, Concept 80) from room
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Fig. 2. XRD spectra of pure CuO and Ni doped CuO nanoparticles.

temperature to 600 °C in the frequency range of 1 Hz to 10 MHz at the
bias potential of 1 V.

3. Results and discussion
3.1. Structural analysis

Fig. 2 shows the XRD pattern of Cu;_,Ni, O nanoparticles prepared
by co-precipitation method. The major peaks observed at 260 values of
32.58, 35.47, 38.97 and 48.74° correspond to the (110), (002), (111)
and (202) reflection planes of monoclinic CuO (ICDD card no. 80-
1916), respectively. Only single phase CuO was observed for the ad-
dition of nickel up to 6% indicating the presence of nickel as the dopant
in CuO matrix. However, in the case of Cug.91Nig 00O additional peaks
were observed at 26 values of 37.24, 43.27° which correspond to (111)
and (200) diffraction planes, respectively, of cubic phased NiO (ICDD
card no. 02-0665). A progressive shift towards higher 20 value was
observed for (002) and (111) planes with the increase in dopant con-
centration due to the substitution of Cu?* (ionic radius: 0.73 [o\) with
Ni%™" (ionic radius: 0.70 10\) ions. Therefore, it can be speculated that the
Ni?* jons are incorporated into CuO lattice by replacing the Cu ions to
form doped structures.

The lattice parameter (a # b # ¢, a = y = 90° # ) and the unit cell
volume of CuO lattice was calculated by using the following equation:

Fig. 1. Schematic representation of the
synthesis of Ni doped CuO nanoparticles.
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