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Abstract
This paper reports the preparation of composite CuO/ZnO nanoparticles by facile precipitation route and their photocatalytic 
activity against organic dyes. The red shift caused in the UV–Vis absorption spectrum suggests the enhancement of visible 
light photocatalytic activity of the material. The collective vibrations of Cu–O and Zn–O in FTIR spectrum clearly illustrate 
the formation of composite CuO/ZnO nanoparticles. Powder XRD profile suggests the formation of highly crystalline mate-
rial and the chemical states of the elements is investigated by XPS analysis. A slightly agglomerated cluster-like structure 
of the particles is visualized by SEM analysis and EDS mapping illustrates the homogeneous distribution of the sample, 
which is most favorable for the photocatalysis analysis. The photocatalytic activity of material is studied against degradation 
of Rhodamine B and Methylene blue dyes using simulated solar light irradiation. The dielectric analysis of the composite 
CuO/ZnO nanoparticles demonstrates the enhanced dielectric permittivity and low loss factor in comparison with pure CuO 
and ZnO nanoparticles.

1  Introduction

Nowadays, realizing high photocatalytic activity against 
organic dyes and high degradation of industrial waste water 
pollutants by semiconductor based nanomaterials as cata-
lyst remains a highly prioritized area of research across the 
world. Interestingly, simple metal oxide nanomaterials such 
as TiO2 are predominately used for the photocatalytic activ-
ity owing to their environmental friendly feature, cost-effec-
tiveness, non-toxicity and high photosensitivity [1]. More 
recently, creation of composite nanomaterials by coupling 
two or more material has gained much interest among the 
scientific community due to its effective way for achiev-
ing improved physical and chemical properties than that 
of simple nanomaterials [2–8]. Among them, copper oxide 

nanoparticles (CuO NPs, p-type semiconductor having nar-
row energy gap of 1.2–2.4 eV) and Zinc oxide nanoparticles 
(ZnO NPs, n-type semiconductor having wide energy gap 
about 3.4 eV) have attracted attention among scientists and 
researchers due to their unusual and excellent properties 
[9–15]. Interestingly, the narrow energy gap of CuO NPs 
could instantly absorb visible light fascinating visible light 
photocatalytic activity though their unstable nature in aque-
ous solution hampers photocatalysis. Nevertheless, the wide 
energy gap of ZnO NPs could absorb the large portion of 
UV light and they have superior photocatalytic activity and 
stability against photocorrosion [16, 17]. Furthermore, CuO 
NPs and ZnO NPs have desirable band edge position (i.e. 
both conduction and valence band of CuO NPs lies over the 
ZnO NPs) which can thermodynamically favor the excited 
electrons and holes transfer among them [18]. The quantum 
chemical study, density functional theory and kinetic model 
also suggest the most favorable circumstances for the cou-
pling of these two elements [19–21]. Hence, coupling of 
these two materials into one is an effective way to enhance 
the photocatalytic efficiency in visible region.

Besides, both the CuO NPs and ZnO NPs are well known 
materials for not only in photocatalyst against organic dyes 
but also used in the wide range of applications including, 
solar cells, sensors, optoelectronic devices, antibacterial 
activity, photoelectrochemical water splitting, and so on 
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[9, 22]. In view of this, several synthesis protocols such as, 
reflux condensation technique [18], hydrothermal method 
[23], microwave assisted urea-nitrate combustion technique 
[24], gas controlled photo-deposition method [25], co-pre-
cipitation technique [26] and chemical vapour deposition 
technique [27] were developed to synthesis composite CuO/
ZnO NPs, though these synthesis techniques have their own 
advantages as well as disadvantages.

In this perspective, composite CuO/ZnO NPs are pre-
pared by facile precipitation route and used as photocatalyst 
against organic dyes such as Rhodamine B and Methylene 
blue. The optical and functional properties of the material 
are investigated by UV–Vis spectroscopy and FTIR spec-
troscopy, respectively. The crystal structure and chemical 
composition of the material is analyzed by powder XRD 
analysis and XPS spectroscopy. The morphology and 
homogeneous distribution of the elements are examined by 
FESEM and elemental mapping analysis. The composite 
CuO/ZnO NPs was used for the photocatalytic degradation 
against organic dyes using simulated solar light irradiation 
and the maximum degradation efficiency of 98.07% and 
96.63% was achieved for Methylene Blue and Rhodamine 
B respectively at 150 min period of irradiation time. The die-
lectric behaviour of the sample was investigated by imped-
ance spectroscopy over the wide frequency (1 Hz–1 MHz) 
at various temperatures (30–300 °C). The composite CuO/
ZnO NPs exhibit quite high dielectric permittivity (εr = 127) 
and low dielectric loss (tanδ = 0.80) than the CuO and ZnO 
NPs at room temperature.

2 � Materials and methods

2.1 � Materials

The following reagents (Analytical grade) are used for the 
preparation of composite CuO/ZnO nanoparticles: Cop-
per (II) Sulfate Pentahydrate (CuSO4·5H2O), Zinc Nitrate 
Hexahydrate ((ZnNO3)2·6H2O), Sodium Hydroxide (NaOH). 
High purity deionized water was used for the preparation of 
all the aqueous solutions.

2.2 � Preparation of composite CuO/ZnO 
nanoparticles

Initially, bare CuO and ZnO NPs were prepared by sim-
ple precipitation method. In brief, 15 mL of 0.67 M NaOH 
aqueous solution is drop wise added into 15 mL of 0.067 M 
CuSO4·5H2O solution with continuous stirring at 80 °C for 
12 h. After the addition of NaOH, the colour of the solu-
tion is changed from blue into dark brown caused by the 
formation of CuO NPs. The solid product was harvested 
from the aqueous solution through the repeated washing 

process and then it was dried in oven at 120 °C for 10 h. In 
a very similar way ZnO NPs are prepared by adding 20 mL 
of 0.2 M NaOH aqueous solution drop wise into 20 mL of 
0.1 M (ZnNO3)2·6H2O solution with constant stirring for 
12 h. While stirring colour of the solution is turned from 
colourless into white and finally it turns into milky white 
in colour. After repetitive washing process, the harvested 
sample was dried in hot air oven at 120 °C for 10 h before it 
was calcinated at 500 °C for 3 h.

The composite CuO/ZnO NPs were prepared by the fol-
lowing synthesis route: 0.1 M (ZnNO3)2·6H2O salt is added 
into 20 mL (5 mg) of as prepared CuO NPs solution with 
ultrasonication of about 30 min. After the ultrasonication 
process, 20 mL of 0.2 M NaOH aqueous solution is gradu-
ally injected into the mixed solution under constant stir-
ring for 12 h. Subsequently, the sample is rinsed several 
times with both ethanol and water to remove the untreated 
NO3

− compounds and other impurities. In the end, the sam-
ple was dried in oven at 120 °C for 10 h before it was calci-
nated at 500 °C for 3 h.

2.3 � Characterization methods

The UV–Visible spectroscopy (Cary Varian-50 LS spec-
trometer) was used to examine the optical behaviour of the 
samples over the wavelength 200–800 nm. The energy gap 
(Eg) of the sample was estimated according to the Tauc’s 
equation: (�h�)2 = A(h� − Eg)

n , where, α, h, ʋ, A, and Eg are 
the absorption coefficient, Planck’s constant, frequency, pho-
ton energy independent constant, energy gap and n is taken 
as ½ for direct band gap material and 2 for indirect band gap 
material. Fourier transform infrared spectroscopy (Cary-60 
FTIR Spectrometer) was employed to investigate the coor-
dination environment and the presence of functional groups 
in the samples over the wavenumber 400–4000 cm−1. Pow-
der XRD analysis (Rigaku ultima III XRD diffractometer) 
was used to study the crystallinity and composition of the 
samples over the wide angle 20°–70°. The average crystal-
lite size of the samples was obtained by Scherrer’s formula: 
D = K�∕� cos � , where, D, K, λ, β and θ are the crystallite 
size, shape factor (0.9), wavelength of the source, Full width 
at half maximum and diffraction angle, respectively. X-ray 
photoelectron spectroscopy (PHI 5000 Versa probe scan-
ning esca microprobe, USA with Al k-alpha radiation) was 
used to elucidate the core level electronic states of the ele-
ments and composition of the sample. High-resolution scan-
ning electron microscope with an energy dispersive X-ray 
spectrometer (EDS) (FEI QUANTA FEG-200) was used to 
visualize the particles size, morphology and corresponding 
elemental mapping of the samples. The photocatalytic activ-
ity of the material was investigated against Rhodamine B 
and Methylene blue dyes using simulated solar light irradia-
tion which is monitored by UV–Vis spectrometer (Cary-60 
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FTIR Spectrometer). A Halogen lamp of 500 W is used as a 
source of visible light irradiation which is suspended above 
the stirring solution about 30 cm in distance. To facilitate 
the adsorption/desorption equilibrium condition, the solu-
tions were constantly stirred in dark about 30 min before 
exposure to the irradiation. The rate of decolorization 
percentage was calculated using Beer–Lambert relation: 
D(%) = [(C0 − Ct)∕C0] × 100% , where, C0 and Ct are the 
concentration of the dyes at different time intervals. Imped-
ance analyzer (PSM 1735 LCR meter at an oscillation volt-
age of 2 V) was used to investigate the dielectric properties 
of the sample over the broad frequency range (1 Hz–1 MHz) 
at a range of temperatures (30–300 °C).

3 � Results and discussion

Figure 1a–c represents the UV–Vis absorption spectra and 
inset gives Tauc plot of CuO NPs, ZnO NPs and compos-
ite CuO/ZnO NPs. The typical characteristic absorption 
peaks centered at 293 nm, 380 nm and 389 nm correspond 
to the CuO NPs, ZnO NPs and composite CuO/ZnO NPs, 

respectively. The absorption peaks of CuO NPs and ZnO 
NPs are in very good agreement with the previous literature 
reports [17, 28]. The inclusion of ZnO NPs into CuO NPs 
caused significant red shift in the absorption spectrum while 
the absorption peak of CuO is completely vanished, which 
may be due to the creation of core–shell structured compos-
ite CuO/ZnO NPs. The red shift in absorption spectrum is 
advantage to the enhancement of visible light photocatalytic 
activity [29]. The energy gap (Eg) of CuO NPs, ZnO NPs 
and composite CuO/ZnO NPs estimated from the absorp-
tion spectra using Tauc’s equation are 1.94 eV, 2.62 eV and 
2.12 eV, respectively [30]. The lower energy gap and near 
visible region absorption of the composite CuO/ZnO NPs 
suggest that it could be a useful material for visible light 
driven photocatalyst. Figure 1d shows the FTIR spectra of 
CuO NPs, ZnO NPs and composite CuO/ZnO NPs, respec-
tively. The absorption peaks emerged at the wavenumber 
region from 400 to 700 cm−1 corresponds to the presence 
of various metal-oxides vibrations. The peaks appeared in 
the FTIR spectrum of CuO NPs at 492 and 613 cm−1 are 
ascribed to the Cu–O vibrations, while the peaks appeared 
in the FTIR spectrum of ZnO NPs at 414 and 659 cm−1 are 

Fig. 1   a–d UV–Vis (inset- corresponding Tauc plot) and FTIR spectra of CuO NPs, ZnO NPs and composite CuO/ZnO NPs
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attributed to the Zn–O vibrations, which indicates the forma-
tion of CuO and ZnO NPs, The absorption peak emerged in 
the FTIR spectrum of composite CuO/ZnO NPs at 418 and 
497 cm−1 are assigned to the collective vibrations of Zn–O 
and Cu–O, which indicates the formation of composite CuO/
ZnO NPs [17]. Besides, it is observed from all the three 
spectra that there are no traces of adsorbed water molecules 
being in the product at the wavenumber range of 3000 to 
3500 cm−1, which suggest the high purity of the products 
[17, 31].

Figure 2a illustrates the powder XRD profile of CuO NPs, 
ZnO NPs and composite CuO/ZnO NPs, respectively. It is 
clear from the CuO NPs profile, the diffraction peaks cen-
tered at the Bragg’s angles 35.59°, 38.85°, 49.10°, 61.56°, 
66.28° and 75.18° correspond to (002), (111), (20-2), (11-3), 
(310) and (22-2) crystalline planes affirmed the monoclinic 
structure of Copper oxide (JCPDS# 48-1548). Besides, the 
XRD profile of the ZnO NPs shows strong diffraction peaks 
at 31.90°, 34.44°, 36.31°, 47.75°, 56.80°, 63.03°, 68.10° cor-
respond to (100), (002), (101), (102), (110), (103) and (112) 
crystalline planes which confirmed the hexagonal wurtzite 

structure of Zinc Oxide (JCPDS# 36-1451). Interestingly, 
the powder XRD profile of composite CuO/ZnO NPs exhib-
its only one set of reflection peaks associated with ZnO posi-
tions with no traces of reflection peaks corresponds to the 
CuO, which may be due to the formation of core–shell struc-
tured composite CuO/ZnO NPs. Furthermore, no additional 
reflection peaks are observed in all the three diffraction pat-
terns which suggest the formation of pure phase of CuO 
NPs, ZnO NPs and composite CuO/ZnO NPs. Moreover, 
the average crystallite size of the sample is estimated from 
the Scherrer’s formula is found to be 10 nm, 21 nm and 
16 nm for CuO NPs, ZnO NPs and composite CuO/ZnO 
NPs, respectively. Figure 2b–d represents the wide angle and 
high-resolution XPS spectra of composite CuO/ZnO NPs. 
The wide scan XPS spectrum (Fig. 2b) shows that the peaks 
centered at 12 eV, 90.4 eV, 141.6 eV, 1023.2 eV, 1045.6 eV 
and 532 eV corresponds to Zn 3d, Zn 3p, Zn 3s, Zn 2p3/2, Zn 
2p1/2 and O 1s states respectively which suggest the compos-
ite CuO/ZnO NPs mainly exist in the form of ZnO, which 
substantiates the core–shell structure of the product. Since, 
when the thickness of shell material produced is relatively 
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Fig. 2   a powder XRD pattern of CuO NPs, ZnO NPs and composite CuO/ZnO NPs; b–d XPS spectra of composite CuO/ZnO NPs
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higher than the core, XPS spectra may not give the pro-
file of core material due to the detection limit of the probe. 
Figure 2c shows the high-resolution XPS spectrum of Zn 
2p3/2 state; the two deconvoluted Gaussian peaks located 
at the binding energy of 1022.9 eV and 1023.4 eV is due to 
associated Zn–O and Zn-(OH)2 species, respectively [32]. 
Figure 2d gives the high-resolution spectrum of O 1 s state 
which shows two deconvoluted peaks centered at 531.8 eV, 
532.9 eV due to lattice oxygen and oxygen vacancies in 
metal oxide (ZnO) [33]. This XPS result confirms the crea-
tion core–shell structured composite CuO/ZnO NPs, which 
is in good harmony with the powder XRD results.

Figure 3a–d shows the HRSEM images of CuO NPs, ZnO 
NPs and composite CuO/ZnO NPs, respectively. The mor-
phology of the CuO NPs exhibits a dart-like structure rather 
than the typical spherical structure (Fig. 3a) whereas the 
ZnO NPs exhibits a typical spherical morphology (Fig. 3b). 
The addition of ZnO NPs into the CuO NPs caused sig-
nificant change in morphology of the composite CuO/ZnO 
NPs such that the ZnO particles are fairly tethered on the 
dart-like CuO structure and exhibits slightly agglomerated 
cluster-like structure (Fig. 3c, d). In order to elucidate the 
elemental composition and surface homogeneity of the ele-
ments in the composite CuO/ZnO NPs, EDS elemental map-
ping was recored (Fig. 4a–f). The overlay image gives the 

homogeneous distribution of composite CuO/ZnO NPs over 
large areas such as, Cu, Zn and O elements. The quantity of 
distributed Zn element is typically larger compared to the 
Cu element which suggest that the surface of the product 
is mostly tethered by ZnO NPs rather than CuO NPs. The 
homogeneous distribution of the product is most favorable 
for the photocatalytic activity. Furthermore, as can be seen 
from the EDS spectrum, no other noticeable chemical spe-
cies are detected other than Cu, Zn and O elements and the 
atomic percentages of CuO NPs (2.69%) is extremely lower 
than that of ZnO NPs (63.60%) (Fig. 4f).

Figure 5a, b gives the variation in absorption spectra of 
Rhodamine B and Methylene blue dyes by composite CuO/
ZnO NPs under simulated solar light irradiation for various 
exposure times. The 0.10 g of catalyst was added into the 
50 mL of each dye solutions, wherein the concentration of 
the dyes are taken as 10 ppm. Before irradiation of light, 
the high intensity absorption peak of Methylene Blue and 
Rhodamine B are positioned at 664 nm and 553 nm, while 
during the regular increment of irradiation time; the peak 
intensity is gradually decreased and completely vanished 
after 150 min period of irradiation time. Consequently, the 
colour of the solution changed from blue to pink into color-
less due to the degradation of Methylene Blue and Rhoda-
mine B dyes by composite CuO/ZnO NPs. The minor extent 

Fig. 3   a, b HRSEM images of 
CuO NPs and ZnO NPs; c, d 
composite CuO/ZnO NPs
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of degradation obtained 40% at 30 min irradiation time may 
be due to the RhB molecules adsorbed on the surface of the 
composite CuO/ZnO active sites which hardly react with 
the hydroxyl radicals produced on the catalyst surface when 
compared to higher irradiation time (98% at 150 min irra-
diation time). Furthermore, the synergistic effect of CuO/
ZnO composite is predominant at higher irradiation time 
due to the efficient charge separation generation to perceive 
the high degradation efficiency [22].

Moreover, the decolorization percentage was calculated for 
both organic dyes and the maximum degradation efficiency 
of 98.07% and 96.63% was achieved for Methylene Blue and 
Rhodamine B at 150 min period of irradiation time. The pos-
sible photocatalytic mechanism is described based on the 
previous literature reports [9, 29]. When the simulated solar 

light is irradiated to the sample, the electron transfer may take 
place from the valence band of CuO to valence band ZnO, 
conversely the hole transfer may take place from the valence 
band of ZnO to valence band of CuO. This heterojunction 
creation of the composite material may possibly enhance the 
photocatalytic degradation against organic dyes. The conduc-
tion band (Ecb) and valence band (Evb) potentials of the CuO 
NPs, ZnO NPs and composite CuO/ZnO NPs at the point zero 
charge can be calculated by the following formula [29, 34]:

where, Evb and Ecb are the valence band and conduc-
tion band potentials respectively. Furthermore, X is the 

(1)Evb = X − Ec + 0.5Eg

(2)Ecb = Evb + Eg

Fig. 4   a–f EDS elemental 
mapping of composite CuO/
ZnO NPs
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electronegativity of the semiconductor (X for CuO and ZnO 
are 5.81 eV and 5.71 eV respectively), Ec is the energy of 
the free electrons on the hydrogen scale (4.5 eV) and Eg is 
energy gap of the material. The calculated Evb values are 
− 0.320 eV, − 0.020 eV and − 0.230 eV and the calculated 
Ecb values are 1.62 eV, 2.6 eV and 1.89 eV for CuO, ZnO 
and composite CuO/ZnO, respectively. The plausible pho-
tocatalyst mechanism is explained based on the following 
equations and the graphical representation (Fig. 6) clearly 
illustrates the different mechanism involved for degradation 
of organic dyes:

(3)
CuO(h+ + e−)∕ZnO(h+ + e−) + h� = CuO(h+ + h+)∕ZnO(e− + e−)

(4)CuO(h+) + H2O → OH0 + H+

(5)ZnO(e−) + O2 → O0−
2

(6)
OH0 + Organic dyes → Intermediates → Degraded products

The dielectric permittivity and loss factor of CuO NPs, 
ZnO NPs and composite CuO/ZnO NPs is represented in 
Fig. 7a. Interestingly, the dielectric permittivity of the com-
posite CuO/ZnO NPs shows relatively high value and in 
contrast loss factor gives very low value at lower frequen-
cies than that of CuO and ZnO NPs. The analogous Nyquist 
plot affirms the change in permittivity in terms of increase 
in conduction of the material (Fig. 7a). The radius of the 
semicircular arc is extremely decreased, which indicates 
an increase in conduction with corresponding decrease in 
charge transfer resistance of the composite CuO/ZnO NPs in 
comparison with CuO NPs and ZnO NPs [35]. This variation 
in dielectric property of the material is mainly associated 
with the addition of ZnO NPs into CuO NPs. The change 
in dielectric parameters at 100 Hz and 30 °C is given in 
Table 1. In order to further understand the electrical behav-
iour of the composite CuO/ZnO NPs which is subjected to 
varying temperature ranging from 30–300 °C.

Figure 8a, b demonstrates the temperature dependence 
of the dielectric permittivity and loss spectra of the com-
posite CuO/ZnO NPs. The dielectric permittivity is found 

Fig. 5   a, b Photodegradation of Methylene Blue and Rhodamine B dyes by composite CuO/ZnO NPs for various time intervals c Decolorization 
rate of dyes



13715Journal of Materials Science: Materials in Electronics (2019) 30:13708–13718	

1 3

to increase as the temperature is increased at low frequency 
regime, whereas it remains nearly constant at high frequency 
regime caused by the space charge polarization. The increase 
in rate of hopping and mobility of charge carriers greatly 
increase the dielectric polarization resulting in high permit-
tivity. The emergence of peaks at higher temperatures in the 

loss spectra is attributed to the relaxation from the compos-
ite CuO/ZnO NPs. Besides, the electrical relaxation in the 
material might be associated with the freezing of electrons 
or activation process, which also suggests the Debye-like 
relaxation behaviour [36]. This indicates both the tempera-
ture and frequency dependent electrical behaviour of the 
material.

Figure 9a, b gives the change in real (Z′) and imagi-
nary part (Z″) of impedance at varying temperatures. The 
magnitude of Z′ gradually decreases with increase in tem-
perature at low frequency regime and remains unchanged 
at high frequency regime, which suggests an increase in 
electrical conduction of the material. This typical trend is 
attributed to the possible release of space charge and let-
ting down barrier properties of the material [37]. On the 

Fig. 6   Schematic representation 
of different mechanism involved 
for degradation of organic dyes 
using composite CuO/ZnO NPs

Fig. 7   a, b Dielectric permitivity (inset- loss factor) and Nyquist plots of CuO NPs, ZnO NPs and composite CuO/ZnO NPs

Table 1   Dielectric parameters of CuO NPs, ZnO NPs and composite 
CuO/ZnO NPs at 100 Hz and 30 °C

Sample Dielectric permittivity Loss factor

CuO NPs 20 0.48
ZnO NPs 116 3.82
CuO/ZnO NPs 127 0.80
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other hand, the magnitude of Z″ is found to be maximum 
at low temperatures and gradual decrease is observed with 
increase in temperature. The asymmetric peak broadening 
and average position shift towards high frequency indicates 
the spread of relaxation time and presence of frequency 
dependent electrical relaxation in the material. Moreover, 
Fig. 9c, d demonstrate the complex impedance analysis and 
analogous equivalent circuit model of the composite CuO/
ZnO NPs. A single semicircle arc is observed for all the 
selective temperature corresponding to the grain boundary 

effect i.e., parallel combination of grain boundary capaci-
tance and resistance. The reasonable shift of semicircular 
arc from the zero intercept of the Z′ axis with increase in 
temperature demonstrates the occurrence of a non-Debye 
relaxation process. Furthermore, the decrease in the radius 
of the semicircle arc witnesses the negative temperature 
coefficient of the resistance type (NTCR) behavior [37]. 
The simplified equivalent circuit integrates parallel combi-
nation of geometric capacitance and layer resistance associ-
ated with three series RC elements. In general, the series 
resistance is related to the contribution from the electrode, 
whereas the parallel resistance and parallel capacitance are 
related to the layer resistance and geometric capacitance of 
the material [35].

4 � Conclusions

In summary, the composite CuO/ZnO NPs were prepared 
by facile precipitation technique. The lower energy gap and 
near visible region absorption of the composite CuO/ZnO 
NPs suggest that it could be useful material for visible light 
driven photocatalyst. The presence of functional groups 
in the material was identified by FTIR spectral analysis. 
Powder XRD profile gives only one set of reflection peaks 
associated with ZnO positions and no traces of reflection 
peaks corresponds to the CuO, which may be due to the 
formation of core–shell structured composite CuO/ZnO 
NPs which is further substantiated from the XPS profile. 
HRSEM result demonstrates the spherical ZnO NPs are 
fairly tethered on the dart-like CuO structure and composite 
CuO/ZnO NPs exhibits slightly agglomerated cluster-like 
structure. The homogeneous distribution of the product was 
clearly witnessed by EDS elemental mapping analysis. The 
photocatalytic activity of material illustrated enhancement of 
photocatalytic activity against degradation of Rhodamine B 
and Methylene blue dyes. The dielectric permittivity of the 
composite CuO/ZnO NPs gives relatively high value and in 
contrast loss factor gives very low value at lower frequen-
cies than that of CuO and ZnO NPs. This result suggests 
that the composite CuO/ZnO NPs could be a better applicant 
for both the photocatalytic activity against organic dyes and 
microelectronic device fabrications.

Fig. 8   a, b Dielectric permittivity and loss spectra of composite CuO/
ZnO NPs
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