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Abstract  
   A novel route for the synthesis of pure and nickel (Ni) doped copper oxide (CuO) nanoparticles via a 

simple co-precipitation process has been presented. The effect of the concentration of the dopant Ni (0, 

2, and 4 mol %) on its properties has been carefully investigated. It has been reported that Ni doping is 

successfully achieved through the synthesis route. The structure and morphology were analyzed by using 

X-ray diffraction, Fourier transform infrared spectroscopy, and field emission scanning electron 

microscopy. X-ray diffraction analysis proved that prepared nanoparticles are highly pure and 

crystalline having a monoclinic structure and the crystallite size increases (13 nm to 17 nm) with Ni 

doping. Fourier transform infrared spectrum show successful Ni doping in the CuO system. Optical 

properties were investigated using UV-vis spectroscopy and the calculated band gap energies are 4.64 

and 4.71 eV for pure and doped CuO, respectively. Electrical properties (dielectric constant (𝜀′), 

dielectric loss (tan δ), and AC conductivity (𝜎𝑎𝑐) were studied using room temperature impedance 

spectroscopy. Energy dispersive X-ray spectrum of undoped and Ni-doped CuO to confirm the prepared 

sample composition has also been presented and discussed. 

Keywords: Co-precipitation, Copper oxide, Electrical property, Nanoparticles, Nickel doping, Optical 

property. 

 

1. INRODUCTION  

   Nanostructured materials are of great 

interest in current material research from 

basic as well as applied research point of 

view due to their dramatic change in 

properties in the nanometre range [1]. The 

oxides of transition metals or TMOs such 

as Fe3O4, SnO2, TiO2, ZnO, etc. are a 

significant group of semiconductors, which 

have unique material properties in contrast 

to their bulk phase, making it broad 

applications in different areas [2-12]. 

   Among the TMOs, cupric oxide (CuO) is 

especially fascinating because of having a 

variety of chemo-physical properties which 

makes it applicable in many areas, such as 

conversion of energy, optoelectronic 

devices, and gas sensing [13], catalysts 

[14], high-Tc superconductors [15], etc. It 

also shows antibacterial and cancer-

fighting features [16-19]. CuO is a p-group 

narrow band gap semiconductor which is 

useful in photoconductive and photo-

thermal uses [20]. In addition to these, a 

large dielectric constant of CuO opens 

exciting possibilities in microelectronics 

[21-23]. 

   Hitherto, several preparation routes have 

been established to produce CuO nano-

particles of various shapes and sizes such 

as sol-gel [24, 25], chemical method [26], 

hydro-thermal [27], thermal decomposition 

[28], sono-chemical [29], microwave 

irradiation [30] and quick- precipitation 

[31, 32], etc. Among these processes, the 
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co-precipitation method has gained great 

interest in industries due to the facile way 

of synthesis, low temperature and energy, 

cost- effective approach for large-scale 

production and good yield. 

   As we already know, the nanoparticles' 

physical properties are mainly determined 

by their microstructure (crystals grain 

boundaries, crystal defects as well as 

surface morphology). Therefore, for a well 

understanding of materials' size-dependent 

physical properties, it is significantly 

important to get the knowledge of the 

microstructure of CuO NPs. The structural, 

optical, and electrical characteristics of 

CuO NPs are of great topic of concern as it 

to be used as electrode materials, gas 

sensors, and for many devices and systems. 

Furthermore, by doping with foreign metal 

ions we can tailor the chemo-physical 

properties of nanomaterials. 

   In the literature, several authors have 

observed the changes associated with CuO 

doping with transition metals, like Fe [33-

36], Mn [37, 38], Ag, Cd, Zn, and Ti [39]. 

There are few studies on Ni-doped 

nanophase CuO was reported [40-44]. 

Meneses et al. prepared Ni-doped CuO 

NPs through the co-precipitation method 

followed by high-temperature annealing at 

800 oC for 5h and reported the magnetic 

properties [36]. Basith et al. synthesized 

Ni-doped CuO by microwave-assisted 

combustion route and reported an 

enhancement in the band gap from 3.9 eV 

to 4.3 eV by increasing the Ni content. 

They also reported room temperature- 

ferromagnetism with a saturation 

magnetization (Ms) of 1.31 x 10-3 emu/g at 

2.0 wt% of Ni [40]. Al-Amri et al. 

prepared Ni-doped CuO NPs using a sol-

gel combustion method and an obvious 

increase of band gap has been estimated 

[41]. Lakshmi et al. prepared Nickel doped 

CuO- NPs by hydrothermal method and 

catalytic reduction of Triethyl phosphate 

(TEP) monitored and proved using UV-vis 

spectrophotometer [42]. Thangamani et al. 

synthesized Nickel substituted CuO NPs 

by microwave irradiation technique and 

studied and confirmed the ferromagnetic 

behavior of the NPs at room temperature 

[43]. Arunachalam et al. prepared Ni-CuO 

nanocomposite by the co-precipitation 

process and studied the electro-oxidation 

of methanol by varying the factors such as 

catalyst quantity (Ni-doped CuO) and the 

concentration of methanol solution [44]. 

The aim of this work is to observe the 

effect of Ni doping on the opto-electric 

property of CuO NPs. Also, we understand 

that up to now there is no work published 

on electrical properties such as dielectric 

constant, loss factor, and AC conductivity 

of Ni-doped copper oxide nanoparticles 

synthesized using co-precipitation route. 

   In our present study, we prepared pure 

and Ni-doped CuO nanoparticles through a 

novel, cost- effective, co-precipitation 

method. Ni was added as a dopant in two 

different mole % viz. 2 and 4. The 

influence of Ni doping on the structural, 

optical, and electrical properties including 

dielectric constant, dielectric loss, and AC 

conductivity of CuO nanocrystals is first 

time reported using X-ray diffraction 

(XRD), Fourier transform infrared 

spectroscopy (FTIR), field emission 

scanning electron microscopy (FESEM), 

energy dispersive X-ray analysis (EDS), 

UV-Vis, and impedance spectroscopy. 

 

2. MATERIALS AND METHOD 

2.1. Materials and Synthesis Process 

   All the reagents utilized for this work 

were of analytical quality, obtained from 

Merck, India, and were used as 

purchased without further purification. 

Copper nitrate (Cu(NO3)2•3H2O), 

99.5%), and nickel nitrate 

(Ni(NO3)2•3H2O), 99.5%) were used as 

precursors and sodium bicarbonate 

(NaHCO3) as a fuel for this reaction.  

   CuO NPs were prepared using a 

chemical co-precipitation method. The 

schematic of the synthesis process is 

presented in Figure 1. In a common 

synthesis, 0.5 M of tri-hydrated copper 

nitrate was mixed in 100 ml of de-ionized 

water (H2O) through magnetic stirring for 
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approximately 30 min until the copper 

nitrate dissolved completely. Sodium 

bicarbonate solution was then added drop 

by drop into the copper nitrate solution, 

under constant stirring. At this stage tri-

hydrated nickel nitrate solution can be 

added for doping. After continuous stirring 

for approximately 2 hours the reaction 

mixture forms completely having sky blue 

colour. The formed mixture is then kept for 

12 hours insuring that constituent particles 

are completely get precipitated. The 

precipitated mixture was then washed 

throughly and centrifuged a number of 

times using distilled water to remove 

native impurities from it. Finally, the 

precipitated mixture paste dried under the 

air at 100 °C for 24 hours and then 

calcined at 400-500 °C for 4 hours, 

ensuring that cupric carbonate (Cu2(OH)2 

CO3) was completely converted into CuO. 

Although, the black colour is indicative of 

the calcined material is CuO rather than 

Cu2O (red colour). The following are 

examples of probable chemical reactions 

[45]: 

 

2Cu(NO3)2 (aq.) + 4NaHCO3 (aq.) → 

4NaNO3 (aq.) + Cu2(OH)2CO3 (aq.) + H2O 

+ 3CO2 

Cu2(OH)2CO3 → 2CuO + H2O↑ + CO2↑ 

(calcination) 

 

Figure 1. Schematic of synthesis procedure of pure and Ni-doped CuO nanoparticles. 

 

2.2. Characterization 

   XRD (X-ray diffractometer, Rigaku-

Miniflex, Japan) method was used to 

characterise structural features such as 

phase and crystallinity of as-synthesised 

samples using Cu-Kα radiations (λ = 

1.5406 Å) in the 2θ range 20°- 80°. 

Morphology of the sample was observed 

by FEI FE-SEM (field emission scanning 

electron microscopy). The energy 

dispersive X-ray spectrum (EDS) was 

taken to ascertain elemental composition 

of the prepared sample. PerkinElmer, 

USA, FTIR (Fourier transforms infrared) 

spectroscopy was used in transmission 

mode to determine the chemical 

composition of powderform samples in the 

wavenumber range 400–4000 cm−1. 

PerkinElmer, UV-visible was employed to 

acquire the room temperature- absorbance 

spectra of material in the wavelength range 

200 nm-800 nm. In order to perform 

measurement of electrical properties, the 

pellet samples were prepared, metallizing 

both faces with highly pure (99.99 %) 

silver using thermal evaporation. Keithley, 

USA, 3330 LCZ meter type room 

temperature-dielectric spectroscopy was 

employed in the range of 0.1 MHz-10 

MHz to analyse the electrical properties 

(dielectric constant, dielectric loss, and AC 

conductivity). 

3. RESULTS AND DISCUSSION 

3.1. Structural and Morphological 

Properties 

3.1.1. X-ray Diffraction 

   XRD patterns of pure and Ni-doped CuO 

samples are taken and presented in Figure 

2. In the obtained XRD patterns all peaks 
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correspond to planes (110), (002), (111), 

(202), (020), (202), (113), (311), and (113) 

are labeled to the monoclinic phase of CuO 

that was verified with standard data 

(JCPDS card No. 05-0661). The 

characteristics peaks of the pure CuO NPs 

monoclinic phase are found at 2θ = 35.65 

and 38.84 correspond to planes (002) and 

(111), respectively. The XRD spectra 

contain no impurities like Cu2O, Ni oxides, 

and Ni metal, which shows the purity and 

single-phase of the NPs prepared. Also, 

peak sharpness clearly suggests a single 

phase of highly crystalline Ni-doped CuO 

NPs formation. A gradual shift of main 

peaks of doped samples towards lower 2θ 

values was detected as compared to pure 

CuO, which arose because of crystal lattice 

strain due to the difference in Cu2+ and 

Ni2+ ionic radii [46].  

   The increase of lattice parameter and 

hence average crystallite size with Ni 

content is due to enhancement in the 

concentration of molecules at the crystal 

surface [40, 41]. The average crystallite 

size (D) of the as prepared samples was 

calculated using Scherrer’s equation [47]. 

𝐷 =
𝐾𝜆

𝛽 𝑐𝑜𝑠𝜃 
                                               (1)  

   Where K is the shape factor (0.90), λ is 

the wavelength of Cu-Kα radiation, β is the 

full-width at half maximum (FWHM), and 

θ is the diffraction angle. The mean 

crystallite size of pure CuO NPs is 

calculated to be 13.37 nm. By inclusion of 

Ni2+ content of wt. % 2 to 4 average 

crystallite size increases from 14.31 nm to 

17.07 nm. 

 

Figure 2. XRD patterns of as-synthesized 

pure and Ni-doped CuO nanoparticles. 

3.1.2. SEM and EDS 

   X SEM images for pure and 4% Ni-

doped samples are shown in Figure 3(a) 

and 3(b), respectively. The figure shows 

pure CuO has some rounded cubic shape 

and 4% Ni-doped CuO has some rod shape 

morphology as given in the enhanced part 

of the Figure 3(b). The crystallite size as 

seen in the SEM images in accordance 

with the results of XRD analysis. Figure 

4(a) and 4(b) shows the EDS spectrum, 

collected from the average scanned area of 

pure and 4% Ni-doped CuO nanoparticles. 

EDS study showed strong peaks of only 

Cu and O elements for the pure sample and 

Cu, O and, Ni elements for Ni-doped 

samples, whereas no additional peaks are 

found, which indicates that the as-prepared 

nano powder is freed from impurities that 

emerging from the initial precursors, like 

sodium, nitrogen, and carbon, etc. Thus, 

doping of the Ni2+ is successfully done in 

the Cu sites. The atomic percentage of 

sample’s compositional elements (Ni, Cu 

and O) present in undoped CuO and 4% 

Ni-doped CuO NPs are presented in Table 

1. The calculated ratio of atomic 

percentage of Ni and Cu was found to be 

0.0395 (~4%) in 4% Ni- doped CuO NPs. 

Hence, EDS spectra correspond to the 

experimental results [27, 40]. 

 

 

b 

a 
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Figure 3. SEM images of (a) Pure (b) 4% 

Ni-doped CuO nanoparticles, enhanced 

part showing nanorods shaped 

nanoparticles. 

 

 
Figure 4. EDS spectra of (a) pure and (b) 

4 % Ni-doped CuO nanoparticles. 

Table 1. The atomic percentage ratio of 

Cu, Ni and O in CuO and Ni-doped CuO 

nanoparticles. 

Sample ratio 

Atomic percentage (%) of the 

elements 

Cu O Ni 

Ratio of 

atomic 

perc. 

(Ni/Cu) 

CuO 32.52 67.48 -- -- 

Ni0.04Cu0.96O 36.67 61.88 1.45 0.0395 

 

3.1.3. Fourier Transform Infrared 

Spectroscopy 

   FTIR spectroscopy is an analysis 

technique, used for determining the 

vibrational frequency band of molecules 

and to analyze the surface nature of 

nanophase CuO. Figure 5(a) and 5(b) show 

FTIR spectra for pure and Ni-doped CuO 

nanoparticles. The broad absorption band 

centered at 3425 cm-1 associated with the 

stretching vibration of the O-H group 

which is maybe because of the water 

molecules absorption by sample. The 

absorption peak near 2928 cm-1 is due to 

C-H `stretching mode and the peak arose at 

1023 cm-1 is possibly due to the O-H 

deformation band. It is also clear from 

Figure 5 that all samples show bands in 

region 400 cm-1-600 cm-1. The strong band 

at 535 cm-1 and 596 cm-1 are in accord 

with the vibration stretching of the Cu–O 

bond. The obtained frequency bands show 

good agreement to the previously 

published literature [17, 27, 42, 43, 47]. 

Moreover, no frequency band has been 

observed corresponding to the secondary 

phase i.e., cuprous oxide (Cu2O) in the 

material system which confirms the purity 

and successful formation of single-phase 

Ni-CuO NPs [48, 49]. Also, it is observed 

from the spectra that IR analysis depends 

on crystallite size, as Ni concentration 

increases, the intensity, and bandwidth of 

FTIR peaks increases. Moreover, the 

broadening of the IR absorption band 

could be the consequence of alterations 

within CuO lattice's microstructure, lattice 

parameter changes, or variations in the 

system's free electron concentration. It is 

evident that all the char- 

 

Figure 5. (a) FTIR spectra for pure and 

Ni-doped CuO nanoparticles (b) zoomed 
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view of spectra between region 400 cm-1 to 

800 cm-1. 

-acteristic peaks have a slight shift, which 

may be explained by the variation in bond 

length that results from the replacement of 

Cu ions with Ni ions. This supports the 

successful formation of Ni-doped CuO [42, 

43]. 

3.2. Optical Properties 

3.2.1. UV-vis Spectroscopy 

   UV-vis absorption spectra of pure and 

Ni-doped CuO have recorded in the 

wavelength range of 200 nm-800 nm, as 

represented in Figure 6(a). The figure 

shows the three samples viz 0, 2, and 4 % 

doping the respective absorption peaks at 

roughly 267, 265, and 263 nm. The optical 

band gap (Eg) of as prepared samples was 

calculated by the Tauc equation, which 

gives a relation among the incoming 

photon energy and the absorption 

coefficient of the semiconducting 

materials. Tauc’s relation [50] can be 

written as. 

(𝛼ℎ𝜈) =  𝐴(ℎ𝜈 − 𝐸𝑔)
𝑛

                           (2)                                                                                              

Where A is proportionality constant, α is 

the materials absorption coefficient, hʋ is 

energy of incoming photon (h: plank 

constant and ʋ: photon frequency), Eg is 

the optical band gap energy, n is a 

mathematical exponent whose value 

strongly influenced by the existence of the 

electronic transitions that causes light 

absorption. In general, n is considered 

equals to 2 and 1/2 for indirect and direct 

band gap, respectively. The intercept of 

plot for a direct band gap transition 

provides Eg [25] as shown in Figure 6(b). 

   The calculated band gap energy for pure 

(0%) CuO is 4.64 eV, and it is 4.68 and 

4.71 eV for 2% and 4%, respectively. 

Moreover, it is observed from Figure 6(a) 

that the blue shift i.e., shifting of the 

absorption peak of doped CuO NPs 

towards lower wavelength is a sign of the 

introduction of Ni2+ into the CuO lattice, 

known as quantum size effect [51]. 

Calculated Eg values show that it is 

decreased greatly as the Ni concentration is 

increased.  It is also seen from Figure 6(b) 

that the bandgap energy is slightly 

increasing with the Ni doping percentage 

which was also reported by Basith et al. 

[40] and Al-Amri et al. [41] for Ni-doped 

CuO nanoparticles. The bandgap energy 

for pure CuO (0%) nanoparticles is 4.64 

eV which is greater than its bulk phase i.e., 

1.85 eV [52]. This increase in band gap 

energy is due to the renowned quantum 

size effect of nanophase material. This 

quantum size effect theory is applicable 

only when the crystallite size is 

comparable to and in the de- Broglie 

wavelength range of a charge carrier (i.e., 

in the nanometre range). 

 

3.3. Electrical Properties 

3.3.1. Dielectric Constant and Loss 

Factor             
   In this section, frequency dependent 

dielectric constant and loss factor is 

presented and discussed. Impedance 

spectroscopy or dielectric spectroscopy is 

employed to study the effects of frequency 

on the conduction processes in 

nanomaterials. 

 

 
Figure 6. (a) and (b) showing optical 

absorption spectra and the Tauc plot of 
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pure and Ni-doped CuO nanoparticles, 

respectively. 

 

   The dielectric constant (ε) of a material 

can be expressed in the complex form as: 

𝜀∗ = 𝜀′ − 𝑗𝜀′′                                          (3)   

where j is an imaginary number (satisfying 

j2 = −1), 𝜀′  is real part of dielectric 

constant, 

responsible for the stored energy, 

calculated 

from the equation: 

𝜀′ =  
𝐶𝑝𝑑

𝜀𝑜𝐴
                                                   

(4)     

and 𝜀′′ is imaginary part of dielectric 

constant, the cause of the energy loss 

which is expressed as: 

𝑡𝑎𝑛𝛿 =
𝜀′′

𝜀′                                                (5) 

Where Cp denotes capacitance of the 

sample, d denotes thickness of the pellet, A 

is the plane surface area of the pellet, 𝜀o 

denotes free space permittivity, and tan δ 

is called as loss factor. 

   To reach the conclusion on the dielectric 

feature components, we need to consider 

both the dielectric behavior as well as the 

polarizability together. In general, the sum 

of contributions due to various polarization 

mechanisms such as electronic, ionic, 

orientational, and space charge makes the 

overall polarizability of any material 

media. Each polarization mechanism has 

its own unique characteristic; their 

different type of contribution to overall 

polarizability is distinct from the others. 

Generally, a major proportion to dielectric 

constant comes from the charge carrier and 

orientational (dipolar) mechanism. The 

charge carrier mechanism involves partial 

recovery on discharge, leaving a finite 

polarization in media, while orientational 

(dipolar) involves the restoration of the 

zero residual polarization after discharge. 

(Figure 7a, and 7b) 

   The variation of real component of the 

dielectric constant with frequency (range 

0.1 MHz-10 MHz) at room temperature for 

pure and 4% Ni-doped CuO is shown in 

Figure 8(a). It is clear from Figure 8(a) that 

the real part (𝜀′) shows the general 

decreasing trend with the increase in 

frequency for both pure and doped 

samples. Also, at lower frequencies, the 

strong frequency dependence of 𝜀′ can be 

noted but further increase in frequency 

making 𝜀′ approaches a constant value. 

   This may be because the conductivity 

has the same root of origin via hopping 

between metal ions (Cu2+, and Ni2+). 

Generally, for pure CuO pellet, smooth 

(without peaks) decrease in the 𝜀′, 

confirming the overall relaxation is of non-

Debye type character [53, 54]. This 

happened because, at lower frequencies, 

the hopping mechanism follo- 

                                                                                                                               

 

 

Figure 7. Showing (a) the dipolar nature 

of a molecule of CuO, (b) the dipolar 

nature of a molecule of NiO, and (c) the 

atomic arrangement in the pure CuO 

crystal. 

-ws in accordance with the applied a. c. 

field, but when the frequency increased, 

the hopping stops following the frequent 

changes of the field and therefore, 

decreases because of unstable dipolar 

distribution and random orientation. The 

increment in 𝜀′ with Ni doping possibly 

(c) 
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attributed to the enhanced electronegativity 

of Ni compared to Cu in the system. The 

electronegativity of Ni and Cu is 1.91 and 

1.90 respectively on the Pauling scale. 

   The coordination of atoms in CuO is in 

such a way that there are four nearest-

neighbor atoms of the different type for 

each atom. Each copper atom is connected 

to four almost coplanar oxygen atoms sited 

at the corners of a nearly rectangular 

parallelogram. The O atom is coordinated 

to four Cu atoms in the form, making a 

distorted tetrahedron (Figure 7c). In the 

case of pure CuO, electron density will 

exist near central oxygen atom in a 

distorted tetrahedron. Due to the shifting of 

electron density towards central oxygen 

atom bond angles are wide with a small 

value of resultant polarization. As Ni is 

introduced in the system electro-negativity 

of the Cu-Ni system slightly increases 

leading to the shift of electron density 

towards outer Cu-Ni atom, which in turn 

lowers the bond angles resulting the 

increase in resultant polarization and 

thereby increasing the dielectric constant 

up to 4%. As a result of this, the system’s 

overall dipole moment falls abruptly 

decreasing the dielectric constant. 

   Dielectric losses generally involve the 

absorption current in the material. In polar 

dielectrics, a small component of electric 

energy is spent in the orientation of 

molecular dipoles along the direction of 

the applied external electric field to 

overcome the internal friction forces. In 

addition to this, a part of electric energy is 

also spent in the rotations of the molecular 

dipoles and other types of molecular 

relocation from one place to another, this 

also requires energy losses. In 

nanomaterial, defects, and interphase 

layers space charge formation 

inhomogeneities create an absorption 

current and hence dielectric loss [55]. 

   Variation of dissipation factor or loss 

tangent (tan δ) with frequency at room 

temperature for different composition is 

shown in Figure 8(b). The peaking activity 

is shown by doped sample, which occurs 

when both the hopping frequency of metal 

ions and the frequency of the electric field 

become equal. It was seen that the peaking 

frequency moves towards higher frequency 

at 4% doping content. This indicates that 

the frequency of hopping related to metal 

ions (Cu+2, and Ni+2) increases with doping 

up to 4%. These observations correlate 

with the findings of ac conductivity well. 

 

3.3.2. AC Conductivity             
   AC conductivity of CuO nanoparticles 

follows the frequency dependence as given 

by the power law according to the relation: 

σ𝑎𝑐 =  A 𝑓𝜔𝑛                                          (6) 

Where A is a constant, ω is the angular 

frequency, and n is the temperature and 

frequency, dependent exponent. 

 

 
Figure 8. Variation of (a) dielectric 

constant, and (b) loss factor with 

frequency of pure and 4% Ni-doped CuO 

nanoparticles. 
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Figure 9. Variation of AC conductivity 

with frequency of pure and 4% Ni-doped 

CuO. 

 

   The overall conductivity of the material 

system is the contribution of both dc 

(frequency independent) and ac (frequency 

dependent) conductivities and can be 

represented as:   

σ𝑡𝑜𝑡𝑎𝑙 =  σ𝑑𝑐 +  σ𝑎𝑐                                (7) 

   To investigate the conduction 

mechanism involved a variation of 

exponent n with frequency and compo-

sition. The measurement of room tempera-

ture ac conductivity versus frequency was 

done and the plot for pure and 4% Ni-

doped CuO was taken as shown in Figure 

9. It's worth noting that the ac conductivity 

rises as the frequency increases for all the 

compositions. The enhancement in σ𝑎𝑐 

correlates nicely with tanδ where the metal 

charge carriers hopping rate was found to 

rise with doping content [52, 53]. 

 

4. CONCLUSION  

   Ni-doped CuO nanoparticles were 

successfully synthesized using co-

precipitation method without the need of 

any surfactant. XRD patterns confirmed 

the successful formation of pure and Ni-

doped single-phase CuO nanoparticles. 

The average crystallite size of pure CuO 

NPs is found to be 13.37 nm. By inclusion 

of Ni+2 content of wt. % 2 to 4 average 

crystallite size increases from 14.31 nm to 

17.07 nm. The calculated band gap energy 

for pure (0%) CuO is 4.64 eV and it was 

4.68 and 4.71 eV for 2% and 4%, 

respectively. The band gap of the doped 

samples has widened. The real component 

of the dielectric constant shows the general 

decreasing trend with the rise in frequency 

for both pure and doped samples. At low 

frequencies,  a strong frequency depend-

ence of 𝜀′ was noted but further increase in 

frequency making 𝜀′ approaches a constant 

value, which happens because of the 

hopping mechanism. On doping with Ni+2, 

the dielectric constant of CuO increased as 

compared to pure one which may be 

attributed to the enhanced electronegativity 

of Ni compared to Cu in the system. 

Dielectric loss curves show the peaking 

activity of all the samples, which occurs 

when both the metal ions hopping 

frequency and the frequency of the electric 

field become equal. It was seen that the 

peaking frequency moves towards higher 

frequency at 4% doping content. The ac 

conductivity rises with frequency for all 

the compositions. 

   Thus, the Ni doping in CuO improves the 

optical and electrical properties of the CuO 

nanoparticles. These results show that the 

synthesized Ni-doped CuO nanoparticles 

and nanostructures would be highly useful 

for optical and electrical material 

applications. 
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