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Abstract: In the field of environmental science, metal
oxide nanocomposites have gained a great attention for
both theoretical and experimental aspects of their upgra-
dation because of their wide range of practical applica-
tions such as catalysts, sensors, hydrogen storages, and
optoelectronics. Among all nanocomposites, Copper
oxide-zinc oxide (CuO-ZnO) has attracted more research
due to their excellent tunable catalytic, electrical, optical,
and magnetic properties and environment-friendly nature.
Coupling of one metal oxide semiconductor with another
metal oxide semiconductor produces an enlarged surface
area, which provide more reactive sites, promotes mass
transfer, promotes electron transfer, and avoids photo-
corrosion of nanocomposites, which enhances its effi-
ciency. The CuO-ZnO nanocomposite has been prepared
by various methods such as co-precipitation, sol-gel, wet
impregnation, and thermal decomposition. Depending
on the preparation method and conditions used, differ-
ent types of CuO-ZnO nanocomposites like Cu-doped ZnO,
Cu supported/impregnated on ZnO, and CuO-ZnO mixed
oxides with different morphologies of CuO-ZnO nano-
composites have been obtained. This article reviews the
synthesis techniques of the CuO-ZnO nanocomposite and
its morphology. Various practical applications of the CuO-
Zn0 nanocomposites have also been discussed.
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1 Introduction

During the past decade, mixed metal oxide semiconduc-
tors have gained a great attention from researchers from
various fields such as physics, chemistry, and material
science due to their various practical applications such as
photocatalyst, sensor, microelectronic circuit fabrication,
piezoelectric devices, fuel cell, and solar cell [1-6]. Metal
oxide semiconductors have several interesting properties
such as natural p-n characteristics, broad light absorption,
fast dynamic response, and better sensitivity of change in
humidity. More importantly, tuning of band gap energy by
adding two different materials is a great advantage in the
field of nanotechnology. Further, production of nanocom-
posite with controllable shapes, sizes, and surface prop-
erties is important for different practical applications.
In this context, researchers have shown great interest in
copper oxide-zinc oxide (CuO-ZnO) mixed semiconduc-
tors among all other feasible p-n type mixed semicon-
ductors such as TiO,-NiO [2], CuO-SnO, [4], SnO,-NiO
[5], and CuO-TiO, [7 8]. Zn oxide (ZnO) and CuO are
n- and p-type semiconductors, respectively, with a band
gap of 3.37 eV and 1.2 eV. Their conductivities are in the
range 107-102 S/cm for ZnO and 10* S/cm for CuO [9-13].

Various researchers like Nakamura et al. [14], Ushio
et al. [15], Baek and Tuller [16], etc., have synthesized
Cu0-ZnO heterojunctions and shown their opportunity
in various environmental field. Further, several research-
ers have prepared CuO-ZnO nanocomposites using tech-
niques such as thermal decomposition [1], co-precipitation
[17], chemical vapor deposition [18], sol-gel and wet-
impregnation methods [19, 20], complex-directed hybridi-
zation, and heating brass in air [21]. Literature shows that
in comparison to its individual component (pure ZnO or
Cu0), CuO-ZnO nanocomposites exhibit better results in
various practical fields [1, 17, 22-25]. For example, Sara-
vanam et al. [1] and Li and Wang [17] showed a better
photocatalytic performance of CuO-ZnO nanocomposites
than its individual component (pure CuO or ZnO). Zhao
et al. [22] and Wang et al. [23] showed a better gas-sensing
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ability of Cu-doped ZnO nanocomposites than pure ZnO.
Karunakaran and Manikandan [24] showed the nanocom-
posite as a better supercapacitor than pure CuO.

In this context, there are reviews present in the lit-
erature in the field of nanocomposites [26-30], whereas
reviews on metal nanocomposites, specifically Cu dopant
Zn0 nanocomposites, have not been reported yet. The aim
of this article is to help researchers that are involved in
the field of metal nanocomposites by compiling the data
on various synthesis methods, morphology of CuO-ZnO
nanocomposites, and importantly its various applications
in the field of catalyst, solar cell, sensor, and optoelec-
tronics devices.

2 Synthesis of CuO-ZnO
nanocomposite

It is essential to differentiate between Cu-doped ZnO,
Cu supported/impregnated on ZnO, and CuO-ZnO mixed
oxides. In the literature, depending upon the size of the
catalysts, they are also referred to as CuO-ZnO nanocom-
posites. Cu-doped ZnO is the catalysts in which the atoms
of Cu get inserted to take the place of Zn in the crystal
lattice of the ZnO. In this type of catalyst, XRD analysis
only gives the peaks of ZnO; however, crystal parameters
get altered because of the Cu doping. EDX and other ele-
mental analysis techniques give the presence of Cu. It
may be noted that in the Cu-doped ZnO, atomic (at.) % of
Cu is very less. Zhao et al. [22] has reported that the Cu-
doped ZnO nanofibers prepared by electrospinning tech-
nology can have a maximum of 6 at.%. Tiwari et al. [31]
prepared Cu-doped 5 at.% ZnO (Zn,,,Cu, O) films grown
on c-plane sapphire substrates prepared by pulsed laser
deposition technique. Liu et al. [32] reported that a second
phase appears when the Cu-doping concentration in ZnO
is greater than 5 at.%. At higher Cu at.%, peaks corre-
sponding to Cu phases start to appear in the XRD spectra.
Similarly, in Raman spectroscopy of Cu-doped ZnO, the
intensity of the E; mode (related to oxygen vacancy and
Zn interstitial defects in ZnO) increases when compared
with the corresponding peak in pure ZnO [22, 33]. A broad
band at 540-670 cm™ in the Raman spectra of Cu-doped
ZnO indicates intrinsic lattice defects and often arises
by the doping [34]. Also, the E,, mode of Cu-doped ZnO
nanofibers gets shifted to a higher frequency because of
the distortion of the lattice and the defects due to doping
of Cu in the ZnO lattice [35, 36].

Cu supported/impregnated on ZnO has higher Cu
at.% and can be prepared by a number of methods such
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as impregnation, sol-gel, co-precipitation, deposition-pre-
cipitation, etc. In the “incipient wetness” or “dry” impreg-
nation method, ZnO suspension is treated with a solution
of Cu such that the pore volume of ZnO is greater than that
of the Cu precursor solution. In the “wet”, “soaking”, or
“diffusion” impregnation, an excess of Cu precursor solu-
tion with respect to the pore volume of the support is used.
In the sol-gel method, Cu supported on ZnO can be pre-
pared from a homogeneous solution of Zn salts in combi-
nation with Cu salts to precipitate the mixed hydroxide,
which can be subsequently calcined to obtain the cata-
lysts. After loading of Cu, the resulting material is acti-
vated by heating or in combination with other treatments
to convert Cu to a more active state. The XRD spectra in
the Cu-supported catalysts show presence of both CuO
and ZnO phases.

In the mixed oxide, the at.% of Cu and Zn are similar.
Again, the phases of both CuO and ZnO are observed in
the XRD analysis. In addition to CuO and ZnO, the mixed
oxides contain some compounds that have both Cu and Zn
elements. In the following section, recent progress in syn-
thesizing high-quality CuO-ZnO composites are discussed.

2.1 Co-precipitation method

Li and Wang [17] prepared hierarchical three-dimensional
(3D) morphology CuO-ZnO nanocomposites by a simple
one-step homogeneous co-precipitation method. A solu-
tion of Zn chloride (ZnCl)) and Cu sulfate (CuSO, - 5H,0)
was kept within a sealed bottle for 24 h at 80°C. The pre-
cipitate was centrifuged and dried to obtain a final powder
product. The nanocomposite was composed of flowerlike
ZnO microstructures adorned with leaf-like CuO nano-
patches. In a similar manner, Das and Srivastava [37] also
prepared hierarchical 3D morphology CuO-ZnO nano-
composites where Cu (II) chloride and Zn sulfate were
used as precursors, and other experimental conditions
were kept similar. The results showed the nanocompos-
ite as a mixture of flower-shaped ZnO (with a diameter of
about 1-2 um) and leaf-shaped CuO (Figure 1). Gajendiran
and Rajendran [13] fabricated aggregated spherical mor-
phology CuO-ZnO nanocomposites in the size range of
1035 nm using a co-precipitation method. Zn acetate
dehydrate and Cu acetate dehydrate were used as precur-
sors. Three different kinds of solvents such as water, water/
monohydric alcohol (ethanol), and water/dihydric alcohol
(ethane-1,2-diol) were used for experimental purposes. It
has been shown that using a different solvent, the system
viscosity and surface tension could be changed, which,
in turn, could control the nucleation, crystal orientation,
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Figure 1: SEM image of (A) CuO-ZnO nanocomposite, (B) Zn oxide nanoparticles, (C) Cu oxide nanoparticles. Copyrights reserved to the

Material Science Forum [37].

crystal size, and crystal growth. Bagabas et al. [38] synthe-
sized CuO-doped ZnO nanocomposites using cyclohexala-
mine by the co-precipitation method. For experimental
purposes a different percentage of CuO was loaded with
the ZnO nanoparticle. Liu et al. [39] prepared spherical
nanocomposites by coordination oxidation homogeneous
co-precipitation method where pure Cu metal and ZnO
were used as precursors.

2.2 Chemical vapor deposition

Simon et al. [18] fabricated 1D ~400-nm-long nanorod-
shaped CuO-ZnO nanocomposites on Si(100) substrates
in two steps. First, the plasma-enhanced chemical vapor
deposition (PE-CVD) method was used for the depositing
ZnO nanorod (NR) arrays on silicon substrate. Thereafter,
CuO was dispersed over ZnO followed by thermal treat-
ment in air. Experiments were carried out for various
CuO loadings (variation of RF power) on ZnO nanorods
to analyze the effect on the performance of hydrogen pro-
duction rate.
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2.3 Sol-gel method

Different researchers have prepared CuO-ZnO nanocom-
posites by the sol-gel technique using different precur-
sors. Vijayakumar et al. [19] prepared cylindrical CuO-ZnO
nanofibers with a diameter (d) ~50-100 nm by the sol-gel
method as shown in Figure 2. A clear viscous solution of
poly(vinyl alcohol)/Zn acetate/Cu acetate composite sol
was prepared by adding a precursor into deionized water.
Subsequently, the electrospinning method was used
to prepare the final CuO-ZnO nanocomposite using the
above-prepared composite sol solution. To obtain the final
product, the resultant PVA/Zn acetate/Cu acetate com-
posite fibers were calcined at 600°C in air. Haque et al.
[40] synthesized flower-shaped ~21-nm CuO-ZnO nano-
composites, where Zn acetate dehydrate and Cu acetate
were used as precursors. Gomez-Pozos et al. [41] prepared
a Cu-doped ZnO thin film using Zn acetate and two Cu
precursors such as Cu acetate and Cu chloride. Udayab-
haskar and Karthikeyan [42] synthesized agglomerated
flake-like morphology nanocomposites, where Zn nitrate
and Cu nitrate were used as precursors for experimental
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Figure 2: (A) Production of CuO-ZnO nanocomposite by sol-gel and electrospinning methods. (B) SEM image of CuO-ZnO nanocomposite.

Copyrights reserved to Elsevier [19].
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purposes. Liu et al. [43] also synthesized hexagonal
Cu0-ZnO nanorods using the same precursors of Cu nitrate
and Zn nitrate. Muzakki et al. [44] synthesized monoclinic
CuO-doped hexagonal wurtzite ZnO-shaped CuO-ZnO
nanocomposites, where Zn sulfate heptahydrate and Cu
sulfate pentahydrate were used as precursors for experi-
mental purposes.

2.4 Wet impregnation method

Sathishkumar et al. [20] synthesized CuO-ZnO nanofibers
by the wet impregnation method. ZnO nanoparticles were
mixed with an aqueous solution of Cu sulfate CuSO, - 5H,0
with stirring for 48 h for the incorporation of CuO on
Zn0. The mixture was heated at 100°C for 24 h to evapo-
rate the unwanted water and calcinated at 550°C for 5 h.
In the final product, the CuO nanoparticles (20-30 nm)
were attached to truncated octahedron or cuboctahedron-
shaped ZnO edges.

2.5 Thermal decomposition method

Saravanan et al. [1] synthesized CuO-ZnO nanocompos-
ites of different weight ratios by a simple cost-effective
thermal decomposition method. Ground Zn acetate dehy-
drate and Cu acetate mixture were annealed at 350°C for
3 h to obtain the CuO-ZnO nanocomposite. The percent-
ages of Cu acetate were varied to produce different wt%
CuO-loaded ZnO nanocomposites. CuO-ZnO was in a
rod-shaped morphology with a diameter of ~35 nm. The
lengths (L) of the nanorods varied from 50-500 nm by
varying the wt% of the CuO loading.

2.6 The complex-directed hybridization

Yang et al. [21] prepared CuO-ZnO hybrid nanostructures
by complex-directed hybridization and subsequent calci-
nation method. A solution of Zn acetate was mixed with
Cu nitrate solution under vigorous stirring at a particular
temperature and kept for 10 min. Further, the solution
was heated under reflux for another 50 min at the same
temperature. Finally, the dried products were annealed at
350°C for 2.5 h.

2.7 Directly heating brass in air

Zhu et al. [45] fabricated CuO-ZnO nanocomposites
(binary oxide) by direct heating of CuZn alloy (brass) on
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a hotplate for 2 days. The concentration of Zn was varied
within 5-40 wt% and the temperature within 350°C—
540°C in order to synthesize a different morphology such
as a nanowire (Zn 5 wt%) of length ~6-8 um, diameter of
~40-60 nm, nanoflakes (Zn 49 wt%) of length ~4 um with
a very sharp tip with a diameter of ~10-20 nm, etc.

2.8 Electrospinning

Zhou et al. [46] synthesized 3D porous CuO-ZnO hierarchi-
cal nanocomposites by the co-electrospinning process.
A solution of Zn acetate with two crystals of water was
prepared by adding a mixed solvent of N,N-dimethylfor-
mamide and ethanol. Finally, a sol solution was prepared
by adding poly(vinyl pyrrolidone) (PVP) with the above-
mentioned prepared solution under vigorous stirring for
5 h. Similarly, another solution of Cu acetate with one
crystal of water was prepared by adding a mixed solvent
of DMF, ethanol, and acetic acid under stirring. The final
sol solution was prepared by adding PVP to the above-
mentioned mixture under vigorous stirring for 12 h. A sol
solution of Zn acetate and Cu acetate were used as the
outer and inner solutions, respectively, during the experi-
ment. After carrying out the experiment in a co-electro-
spinner, the obtained precursor fibers were annealed
with a rising rate of 1°C/min to 500°C and kept for 3 h,
forming the CuO-ZnO HNCs. The obtained randomly
oriented Cu0O-ZnO nanocomposites were in a truncated
wire shape with a diameter of ~200 nm, which was also
composed of small CuO nanoparticles with a diameter of
~20 nm at the outer surface of the nanowires. Ang et al.
[47] synthesized CuO-ZnO nanocomposite film indium tin
oxide (ITO)-coated glass slides by the cathodic co-electro-
deposition route. Zn nitrate and Cu acetate were used as
the precursor solution. Experiments were carried out for
different Cu loadings. The results showed that depend-
ing on Cu loading, the flower-shaped ZnO changed to
flowerlike superstructures with assemblies of flakes and
grains. Zhao et al. [22] synthesized ~100-nm diameter of
Cu-doped ZnO nanofibers (length approximately several
millimeters) by electrospinning technology. The nanofiber
surfaces were composed of nanoparticles with diameters
around 20-50 nm. A sol solution of Cu chloride and Zn
acetate were prepared by adding an aqueous solution of
polyvinyl alcohol. Composite fibers were prepared using
the above-mentioned prepared sol solution with the help
of an electrospinning apparatus. Finally, the obtained
composite fibers were heated at 650°C for 3 h to synthe-
size the final product. Various amounts of CuO were used
to produce different % loadings of ZnO. Jeong et al. [48]
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also prepared ZnO - Cu,0 heterojunction films by consecu-
tive cathodic electrodeposition of ZnO and Cu,0 on glass
plates covered with a SnO,:F transparent conductive oxide
layer (Asahi glass). First, an aqueous solution of Zn nitrate
was used in fabricating the ZnO layer on the SnO, conduc-
tive glass substrates. Further, the Cu,0 layer was deposited
on the ZnO layer using an aqueous Cu sulfate solution.

2.9 Thermal oxidation

Zhao et al. [49] prepared CuO-ZnO nanocomposites by the
thermal oxidation method. Two pure Cu and Zn sheets
were closely packed together and kept in a resistively
heated furnace at 500°C for 4 h to obtain p-CuO and n-ZnO
nanowires on the surfaces of two sheets. The heterojunc-
tions were formed between the p-CuO and n-ZnO nanowire
interfaces (Figure 3). CuO nanowires and ZnO nanowires
were composed together like a compact sheet. Nanorods
with widths of 30-100 nm and average lengths of 5-20 um
were obtained. Kargar et al. [50] also prepared CuO-ZnO
heterojunction branched nanowires by thermal oxidation
and thermal growth method. Initially by the annealing
process, CuO nanowires were grown on Cu foils by keeping
Cu foils into an open furnace at different temperatures. The
obtained CuO nanowires were transferred into a sputtering
machine for producing ZnO nanowires on CuO nanowires.
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2.10 Microwave synthesis

Vijayalakshmi and Karthick [51] synthesized flower-
shaped agglomeration of CuO-ZnO nanocomposites by
the microwave synthesis technique. Aqueous NaOH solu-
tion was added dropwise to the mixture of an aqueous
solution of Zn acetate and Cu acetate, which was kept on
a magnetic hot plate at 70°C under stirring. The result-
ant solution was kept in a microwave at 450 W for 15 min.
The obtained white colored product was dried at room
temperature after washing several times with absolute
ethanol and distilled water. Finally, the product was cal-
cined at 800°C for 7 h. Aliyu et al. [52] also synthesized
rod-shaped CuO-ZnO nanocomposites (<70 nm) by the
microwave synthesis technique. Aqueous EDTA solution
was added dropwise within separately prepared aqueous
solution of Zn acetate dehydrate and Cu (II) nitrate under
stirring. Both solutions were kept within a Teflon reaction
vessel under a microwave oven for 10 min at 90°C and
240 W. Finally, the formed deep blue crystals were washed
with absolute ethanol and deionized water, after separat-
ing by microfiltration. Ashok et al. [53] also synthesized
~28- and ~34-nm Cu0-ZnO nanocomposites by the micro-
wave-assisted technique using ionic liquid. Zn acetate, Cu
acetate, 1-butyl-3-methyl imidazolium tetrafluoro borate,
and sodium hydroxide were used as the precursor materi-
als for CuO-ZnO nanocomposite preparation.

Figure 3: Production of Cu0-ZnO nanocomposite by thermal oxidation method. SEM micrograph of (A) p-CuO nanowires and (B) p-ZnO

nanowires. Copyrights reserved to Elsevier [49].
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2.11 Hydrothermal method

Choudhary et al. [54] synthesized CuO-ZnO nano-
composites on a porous 3D nickel substrate by the step-
wise hydrothermal method. The flower-shaped p-typed
CuO nanoflakes (in the form of a flower) were success-
fully grown on the tips of n-type ZnO hexagonal rods. Zn
acetate and Cu nitrate were used as precursor solutions
for the experiments. Chang et al. [55] prepared nanoplate-
shaped CuO-ZnO nanocomposites by the two-step hydro-
thermal method. Pure ZnO was prepared by autoclaving
Zn chloride solution at 120°C for 10 h within a Teflon-lined
autoclave. The prepared ZnO nanoplates were added with
Cu acetate solution, which was further hydrothermally
reacted at 120°C for 8 h to obtain the CuO-ZnO nanocom-
posites. Zainelabudin et al. [56] prepared CuO-ZnO nano-
corals using the low-temperature hydrothermal method.
Initially, the ZnO nanorods were grown on an indium
tin oxide substrate by immersing the ZnO nanoparticle
seed solution-coated tin oxide substrate into a Zn nitrate
precursor solution and kept in an oven at 50°C for 6-8 h.
The prepared ZnO nanorod substrates were immersed in
a Cu nitrate solution at 60°C for 1.5-4 h to grow the CuO
nanocoral on the ZnO nanorods. Kim et al. [57] fabricated
a CuO0-ZnO heterostructure nanorod. The ZnO nanorod was
prepared using the hydrothermal method, where a Zn chlo-
ride solution was hydrothermally treated in a Teflon auto-
clave at 150°C for 4 h. The obtained ZnO nanorod was mixed
with a Cu nitrate solution and UV-irradiated for 5 min to
~2 h to grow CuO on the ZnO nanorod. Various Cu ion con-
centration solutions have been used for experimental pur-
poses. Wang et al. [23] fabricated CuO-ZnO nanowires using
the modified hydrothermal method, where a solution of Zn
chloride and Cu chloride were kept within an autoclave
with a screwed small hole at 90°C for 8 h. Karunakaran
and Manikandan [24] prepared CuO-ZnO nanocomposites
using PVP as a templating agent. Haque et al. [40] pre-
pared nanoflower-structured CuO-ZnO nanocomposites.
CuO-ZnO nanocomposite seed was prepared using Zn
nitrate and Cu nitrate solution with tetraethylammonium
bromide (TEAB) as the surfactant. After further processing,
the samples were calcinated at 500°C for 2 h. Datta et al.
[58] fabricated a CuO-ZnO nanowire using ZnO nanopar-
ticles as the seed layer. The solution containing the ZnO
nanoparticle was spin coated on a Si substrate and then
hydrothermally treated for the growth of ZnO nanowires.
A thin layer of Cu was deposited on the above-mentioned
prepared substrate and thermally oxidized at 400°C for 1h
for the formation of CuO on ZnO nanowires. Zhang et al.
[59] hydrothermally prepared CuO-ZnO nanocomposite
hollow spheres (~20 nm diameter) using colloidal carbon
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spheres as templates. A solution of Zn acetate, Cu chloride,
and glucose was kept in a Teflon sealed autoclave at 180°C
for 24 h. Finally, precipitate was collected and calcined at
500°C for 4 h. Ang et al. [47] also prepared CuO-ZnO corn-
like nanocomposites by photochemical deposition of CuO
on hydrothermally prepared ZnO nanorod on a glass sub-
strate. Zn acetate, Zn chloride, and Cu nitrate were used as
precursors. Xu et al. [60] hydrothermally prepared CuO-ZnO
micro/nanoporous array films where various compositions
of Cu and Zn were varied for experimental purposes.

2.12 Other methods

There are several other techniques that have also been
reported in literature for the synthesis of CuO-ZnO nano-
composites. For example, Sheini et al. [61] prepared
Cu-ZnO nanocomposite films by the cathodic electro-
deposition method. Experiments were performed within
a conventional three-electrode electro-chemical cell using
Zn chloride, Cu chloride, and hydrogen peroxide solution
as an electrolyte. A polycrystalline Zn foil, a platinum
sheet, and a saturated calomel electrode were used as
working, counter, and reference electrodes, respectively.

Wang et al. [62] synthesized CuO (tetrapod)-ZnO
(whisker) nanocomposites using a simple photo-dep-
osition method. Using the equilibrium gas-controlling
method, ZnO nanoparticles were prepared where metallic
Zn was used as the main raw material. Prepared ZnO was
mixed with a solution of Cu nitrate and PEG water under
stirring. Subsequently, sodium hydroxide was added to the
solution and irradiated by UV light (254 nm) under stirring
at 50°C for 4 h. Precipitate was collected and dried under a
vacuum oven at 50°C for 8 h. Xia et al. [63] prepared clus-
ter-like nano/micro CuO-ZnO particles (~200-300 nm) on
a brass surface using a dielectric barrier discharge reactor.
Soejima et al. [64] synthesized CuO nanoflower/ZnO
nanorod composite arrays using a very easy alkaline vapor
oxidation method as shown in Figure 4. A brass plate was
immersed in an aqueous NH, solution for various time
durations in a drying oven at 80°C. Das and Srivastava
[65] prepared spherical CuO-ZnO nanocomposites by the
electrochemical method where aqueous succinic acid was
used as an electrolyte solution. Cu and Zn electrodes were
used as anodes, whereas only the Zn electrode was used
as a cathode. Several other researchers like Wang and Lin
[11], Buchholz and Chang [66], Jacob et al. [67], Minami
et al. [68], and Jiang et al. [69] also prepared CuO-ZnO
nanocomposites by a two-step solution process, pulsed-
laser ablation, solid state metathesis technique, and
electrodeposition method, respectively.
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Figure 4: Production of Cu0-ZnO nanocomposite by an alkaline vapor oxidation process. SEM images of brass plate at the non-immersed
portion (C) and the immersed portion (D) after the reaction. Copyrights reserved to Elsevier [64].

3 Influence of CuO introduction
in the ZnO nanostructures on
various properties

The final structure of the material greatly depends on the
synthesis methods. For the same composition of Cu and
Zn in the composite, the method of preparation has tre-
mendous effect on the structure as well as on the proper-
ties. The CuO-ZnO nanocomposites are of different shapes
such as spherical, cylindrical, rod shaped, nanowires,
flowerlike, nanofilms, nanoflakes, etc. The morphology,
structure, and properties of the CuO-ZnO nanocomposites
have been found to vary with the composition.

The ZnO particles generally possess a polycrystal-
line hexagonal wurtzite structure. The Cu-supported ZnO
nanoparticles show minor peaks assigned to the CuO mon-
oclinic phase. The XRD peaks shift slightly toward lower
values indicating that the Cu atoms have replaced the Zn
atoms in the Cu-doped ZnO. Literature shows that only
samples with Cu content lower than 15% are one-phase
wurtzite-like Cu Zn,_O, while those with higher Cu content
include a tenorite-like oxide (Zn Cu, O) phase [70, 71]. Cu
atoms replace Zn in the hexagonal lattice, and/or Cu seg-
regate to the noncrystalline region in the grain boundary
[72]. In the Cu-doped ZnO samples, the Fourier-transform

infrared spectroscopy (FTIR) shows the absorption band
near 620 cm™, which is related to the vibration of the Cu-0
bond [73]. Lighter metal (like Mg)-doped ZnO shows a shift
in the stretching bond position of Zn—0 toward the higher
wave numbers [74]. However, Zn and Cu have similar
masses (63.5 amu for Cu and 65.4 amu for Zn). Therefore,
this shift is not recognizable in Cu-doped particles [71].

The dopant (Cu) incorporation into ZnO decreases its
band gap. This is due to the fact that the 3d orbital of the
Cu atom is much shallow than the 3d orbital of Zn. There-
fore, strong coupling occurs between the d orbital of the
Cu atom and the p orbital of the O atom, which narrows
the direct band gap. Also, the Cu 3d orbital creates impu-
rity bands above the ZnO valance band, which further
helps in decreasing the band gap [71, 75]. Pure and doped
ZnO nanofluids showed good antibacterial activity, which
increases with Cu doping [71].

The Cu oxidative state plays an important role in dif-
ferent applications. Therefore, the determination of the
Cu valence in a CuO-ZnO composite is very important.
The possible ionic states of Cu as a dopant are Cu* and
Cu?, and their corresponding ionic radii are 96 pm and
72 pm, respectively [36, 76]. The ionic radius of Zn* in the
hexagonal wurtzite ZnO is 74 pm. During the synthesis
of Cu-doped ZnO, the dopant Cu has the possibilities of
substituting Zn ions in the lattice site or may occupy the
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interstitial position and form impurity phases [42]. The
shift in the (101) plane’s XRD peak to the higher angle side
usually arises by the substitution of the Zn ions with the
dopant ion of the lower ionic radius, i.e. by Cu*" instead of
Cu*. This shift is usually very low because of the similar
ionic radii values of Zn?* and Cu?* [77]. This substitution
also causes reduction in lattice parameters and shrinkage
in the unit [23, 42, 62, 78].

Surface doping of ZnO with Cu and the valence of
Cu in the CuO-ZnO nanocomposites can be studied using
X-ray photoelectron spectroscopy (XPS). The XPS spectra
of Cu-doped ZnO show peaks at ~930 and ~950 eV cor-
responding to the atomic term symbols 2P, and 2P, of
Cu?* [69]. The chemical shifts observed are consistent with
Cu-0 binding. If spectral shoulders are observed at ~940
and 960 eV, it means that Cu exists in a mixed valence
state [79]. Hence, on the ZnO surface, Cu exists as nonstoi-
chiometric cupric oxide (Cu**®) [67, 79, 80].

Experimental determination of the magnetic moment
can also help in determining the valence of Cu in the
Cu0-ZnO nanocomposite. An outer cell electronic configu-
ration of Cu atoms in the unionized state is 3d°4s'. Thus,
Cu* and Cu* ions have an electronic configuration of 3d*°
and 3d°, respectively. In the 3d'° configuration, all the d
electrons are paired, and hence, Cu* ions do not posses
any magnetic moment. For the Cu* ions, one unpaired
electron is available, which gives rise to a spin angular
momentum of V2. This results in a net magnetic moment
of M=[u, {S(S+1)}*; g=2, S=1/2] =1.73 y, [31, 81]. If the
experimentally determined magnetic moment is similar
to the theoretical magnetic moment value for Cu? ions,
it shows a presence of Cu ion in the predominant Cu*
state [31]. Thus, the experimentally determined magnetic
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moment of the CuO-ZnO nanocomposites gives an insight
into the possible valence of Cu ions in the material.

4 Various applications of CuO-ZnO
nanocomposites

4.1 Photocatalytic degradation of pollutant

Several researchers have utilized CuO-ZnO nanocompos-
ites for the photocatalytic degradation of different dyes,
for example, the methylene orange dye degradation effi-
ciency (n) of ~88-93% within 120 min of UV irradiation
[1, 61]. Ang et al. [47] reported a methyl orange degrada-
tion efficiency of ~90% after 90 min under UV irradiation
as shown in Table 1. Chang et al. [55] showed a 100% deg-
radation efficiency within 40 min under UV irradiation.
Liu et al. [32] reported a degradation efficiency of methyl
orange (~90%) with variation in the calcination temper-
ature of nanocomposites. Zhang et al. [59] showed that,
compared to commercially available TiO, or pure ZnO
nanoparticle, CuO-ZnO hollow spherical nanocomposites
display a better photocatalytic efficiency ~98% for meth-
ylene blue degradation within 60 min of UV irradiation.
Saravanan et al. [1], Muzakki et al. [44] and Das and Sriv-
astava [37] reported ~97%, 94%, and ~100% methylene
blue dye degradation efficiency at 120, 120, and 30 min
of UV irradiation, respectively. Sathishkumar et al. [20]
reported a photocatalytic activity of CuO-ZnO nanocom-
posites to be two times more than bare ZnO for acid red 88
degradation. Jung and Yong [82] showed an effective deg-
radation efficiency of CuO-ZnO nanocomposites formed

Table 1: Photocatalytic application of Cu0-ZnO nanocomposite for different toxic dyes.

Toxic dye 1 for Cu0-ZnO0 (%) M for ZnO (%) Light source and time (min) References

Methylene blue, methyl orange 97.2,87.7 0.9,3.1 UV, 120 min Saravanan et al. [1]
Methylene blue, methyl orange 100, 100 30, 35 UV, 25 min Chang etal. [55]
Methylene blue 90 55 UV, 90 min Zhang et al. [59]
Methylene blue 94 10 UV, 120 min Muzakki et al. [44]
Methylene blue 97 75 UV, 30 min Das and Srivastava [37]
Methyl orange 93 65 UV, 120 min Wang et al. [62]

Methyl orange 65,90 20, 20 UV and sunlight, 150 min Ang et al. [47]

Methyl orange 88 50 UV, 60 min Liuetal. [32]

Methyl orange 90 50 UV, 60 min Liu etal. [32]

Methyl orange 90 - UV, 120 min Zhang [10]

Acid red 88 100 20 UV, 60 min Sathishkumar et al. [20]
Acid orange 7 920 60 UV, 240 min Jung and Yong [82]
Rhodamine B 100 37 UV, 120 min Li and Wang [17]
Rhodamine B 100 40 UV, 60 min Liu et al. [83]
Rhodamine B 40 - UV, 325 min Yang et al. [21]
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Table 2: Photovoltaic properties of CuO-ZnO nanocomposite as solar cell.

Short-circuit photocurrent Open circuit voltage Fill factor (FF) Conversion efficiency References
density (),) mA/cm® (Vo) (V) ) (%)

1.6 2.8x10™* 0.25 1.1x10™* Kidowaki et al. [88]
2.69 316x107 48 0.41 Jeong et al. [48]
6.94 0.41 0.53 1.52 Minami et al. [69]
2.34 0.13 0.29 0.1 Hsueh et al. [89]

on a stainless steel substrate for the acid orange 7 dye. Li
and Wang [17] showed that a comparative results of pho-
tocatalytic degradation efficiency by pure ZnO, CuO, and
Cu0-ZnO nanocomposites were 37%, 56%, and ~100%,
respectively, for rhodamine B dye under simulated sun-
light at 2 h. Liu et al. [84] reported an ~90% photocalat-
ytic degradation efficiency of rhodamine B at 2 h under
UV irradiation. Yang et al. [21] reported an ~38% rhoda-
mine B degradation efficiency within 330 min under UV
irradiation. Jacob et al. [67] showed an improved photo-
catalytic degradation efficiency of both anodic dye and
cathodic dye using nanocomposites. Bagabas et al. [38]
revealed that the CuO-ZnO nanocomposite could photo-
catalytically degrade cyanide. The results show that with
an increase in CuO dopant from 1 to 4 wt%, the degrada-
tion efficiency increased from 56% to 97%.

Overall, the above-mentioned results illustrate a
better degradation efficiency of a nanocomposite than its
individual components. The probable reason behind the
enhanced photocatalytic activity of a nanocomposite is
because of the structural effects such as a large specific
surface area and a porous structure of ZnO, which enhance
the mass transfer and diffusivity of the dye molecules and
oxygen species. Furthermore, under photo irradiation, the
nanocomposite work as a p-n junction, which reduces the
recombination rate and aid in the split-up of electron hole
pairs, and consequently, active hydroxyl radicals get pro-
duced in higher quantities [28].

4.2 Gas sensor

Pure ZnO is a very good gas sensor device, but the working
temperature of ZnO is higher than other gas-sensing
materials such as SnO, [85-87]. The reactive surface of
a semiconductor material plays an important role in the
catalytic oxidation of a gas molecule, which indirectly
detects gases. Researchers have tried to solve the above-
mentioned problem by incorporating CuO within ZnO,
and it was shown that the CuO-ZnO nanocomposite could
be a very good gas sensor. For example, Yang et al. [21]
used the synthesized CuO-ZnO hybrids as a p-type sensor

in response to reducing gases such as acetone, ethanol,
and xylene. The response of the CuO-ZnO sensor was
maximum for acetone, ~2.8, and the response of other
gases such as ethanol, xylene, methanol, 4-cyclohexene,
4-toluene, benzene, and cyclohexane was 2.5, 2.4, 2.4, 2.1,
1.7, 1.3, and 1.3, respectively, for 200 ppm of the sample at
240°C. Wang et al. [23] analyzed the gas-sensing capability
of the nanocomposite for carbon monoxide gas, and the
response was found to be 7.6 at 300°C for 300 ppm CO. Kim
et al. [57] reported an enhanced H,S gas-sensing capabil-
ity of the nanocomposite at a sensing temperature <500°C
than the pure ZnO nanorod. The sensing response was 890
for 50 ppm H,S. Xu et al. [60] also showed the application
of the CuO-ZnO nanocomposite as a good H,S gas (10 ppm)
sensor. Furthermore, Xia et al. [63] showed the application
of the nanocomposite for cataluminescence sensing (CL
intensity counting ~400) of acetic acid. Gomez-Pozos et al.
[41] showed the nanocomposite application as a propane
gas sensor, for 500 ppm at 300°C working temperature.
Huang et al. [87] showed an improved gas-sensing capa-
bility of the nanocomposite than for pure ZnO for a vola-
tile organic compound. The response of ZnO (320°C) and
the CuO-ZnO (220°C) sensor for 100 ppm ethanol, formal-
dehyde, and hydrogen sulfide was found to be 25.5, 28.9,
and 25; and 22, 12, and 5, respectively. Overall, the results
show that the gas-sensing response of the nanocomposite
is much higher that of pure ZnO. The above result is due
to the 3D hierarchical morphology of the CuO-ZnO mor-
phology, which provides large active sites (large surface
to volume ratio) with higher porosity, which enhances the
catalytic reaction, gas diffusion, and mass transportation
in gas-sensing materials.

4.3 Solar cell

Few researchers showed the application of the CuO-ZnO
nanocomposite as a solar cell. Kidowaki et al. [88], Jeong
et al. [48], Minami et al. [68], and Hsueh et al. [89] showed
that the conversion efficiency of the nanocomposite solar
cell was 1.1x107%%, 0.41%, 1.52% and 0.1%, respectively.
All other photovoltaic properties are listed in Table 2.
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4.4 Hydrogen generation

Several researchers showed the application of CuO-ZnO
in the field of hydrogen (H,) gas generation. For example,
Liu et al. [83] showed the photocatalytic hydrogen produc-
tion by the nanocomposite in the mixture of methanol and
water. Hydrogen generation rate was 1700 umol/h per g of
CuO-ZnO catalyst, which is better than many other semi-
conductor oxide catalysts [90—93]. Simon et al. [18] showed
the application of CuO-ZnO for photocatalytic hydrogen
(production rate was 2 umol/h - cm? of the CuO-ZnO cata-
lyst). Kargar et al. [50] also investigated the applicability of
the nanocomposite for clean solar hydrogen generation at
a large scale. The possible reason of better hydrogen pro-
duction rate was due to the enlarged specific surface area,
which provides more reaction sites, promote mass trans-
fer, promote electron transfer from ZnO to CuO, reduce the
recombination of electrons and holes, avoids photocorro-
sion of ZnO, and good sedimentation ability.

4.5 Humidity sensor

Baek and Tuller [16] prepared a CuO-ZnO heterojunc-
tion plate for the humidity sensor, which is very expen-
sive. Further researchers have prepared several CuO-ZnO
humidity sensors: Zainelabdin et al. [56] showed a sensi-
tivity factor value of ~6045 for the CuO-ZnO nanocompos-
ite, which is higher than its individual component [94-97].
Also, it showed a response and recovery time of 6 s and
7 s, respectively. Ashok et al. [53] used the CuO-ZnO nano-
composite as a humidity sensor, and the result shows
better sensing properties with increasing temperature
from 500°C to 600°C. Yoo et al. [96] and Qi et al. [97] also
showed the application of the nanocomposite as a good
humidity sensor. Also, with increasing temperature, the
porosity of the nanocomposite increased, which enhanced
the sensitivity value. An increase in the sensitivity is asso-
ciated with a decrease in resistance or increases in electri-
cal conduction, which is due to the attachment of cations
of the heterojunction nanocomposite with the hydroxyl
group of the adsorbed water.

4.6 Optoelectronic and magnetic storage
devices

Vijayalakshmi and Karthick [51], Vijayakumar et al. [19],
Udayabhaskar and Karthikeyan [42], and Gajendiran and
Rajendran [13] showed that the CuO-ZnO nanocomposite
has excellent optical and PL emission properties, which
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reveals its usability for optoelectronic devices. Better PL
emission properties illustrated its better crystallinity and
lesser intrinsic defect properties, which are excellent
phenomena for optoelectronic devices. Optical transmit-
tance is another important phenomenon for optoelec-
tronic devices. Literature reveals that the transmittance
of a nanocomposite (~86%) is higher than its individual
component (~76%), which is due to the enhanced crystal-
linity and structural homogeneity of the nanocomposite.
Incorporation of CuO within ZnO diminishes the scatter-
ing effect and point defect within ZnO.

Gajendiran and Rajendran [13], Zaoui et al. [12], and
Buchholz and Chang [66], Chakrabarti et al. [98], and
Tiwari et al. [31] studied its magnetic behavior, and the
result revealed that the hysteresis loop exhibited room
temperature ferromagnetic behavior and homogeneous
distribution of the magnetic dopant. Intrinsically, non-
magnetic dopants were incorporated within the semicon-
ductor to avoid the problem of magnetic precipitate, as
the precipitate of these dopants do not precipitate in fer-
romagnetism. The literature shows that as Cu is a nonfer-
romagnetic metal, thus, the composite made of Cu would
show an intrinsic ferromagnetism property; although
it is a controversial topic, further detailed studies need
to be done for the magnetic device made of CuO-ZnO
nanocomoposites.

4.7 Other applications

A few other important environmental applications of
the CuO-ZnO nanocomposite has also been reported. For
example, Zhou et al. [46] prepared porous CuO-ZnO hier-
archical nanocomposite (HNC) nonenzymatic glucose
electrodes as a glucose sensor. Liu et al. [70] showed that
the nanocomposite had better antibacterial activity than
its individual component due to the synergic effect of the
nanocomposite.

All the CuO-ZnO nanocomposite synthesis techniques,
material used, morphology, and their various applications
are summarized and listed in Table 3.

5 Summary and outlook

Zn oxide, an n-type semiconductor with a band gap of
3.37 eV, has gained more attention in the field of nano-
science and technology because of its unique properties
and potential applications. ZnO has been synthesized and
modified by various techniques to improve its various
properties, and the nanocomposite was made by doping
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Table 3: Summary of Cu0-ZnO nanocomposite synthesis technique, morphology, and its various applications.

Fabrication technique

Precursors/materials

Morphology and size

Applications

References

Co-precipitation
Co-precipitation
Co-precipitation
Co-precipitation
Chemical vapor
deposition

Sol-gel method
Sol-gel, hydrothermal
method

Sol-gel method
Sol-gel method
Sol-gel method
Sol-gel method

Wet impregnation
method

Thermal decomposition
method
Complex-directed
hybridization

Directly heating

Electrospinning

Electrospinning
Electrospinning

Electrospinning
Thermal oxidation

Thermal oxidation
Microwave synthesis
Microwave synthesis
Microwave synthesis
Hydrothermal method
Hydrothermal method
Hydrothermal method
Hydrothermal method

Hydrothermal method
Hydrothermal method

Zn chloride, Cu sulfate
Cu(ll) chloride, Zn sulfate

Zn acetate dehydrate, Cu
acetate dehydrate

Cu metal, ZnO,
ammonium bicarbonate
Bis(ketoiminato) Zn(ll),
Cu target

Zn acetate, Cu acetate
Zn acetate dihydrate and
Cu acetate

Zn acetate dehydrate, Cu
acetate

Zn nitrate, Cu nitrate

Zn acetate dehydrate, Cu
acetate

Zn sulfate heptahydrate,
Cu sulfate pentahydrate
Zn0 nanoparticle, Cu
sulfate

Zn acetate dehydrate, Cu
acetate

Zn acetate, Cu nitrate

Brass
Zn acetate, Cu acetate

Zn nitrate and Cu acetate
Cu chloride, Zn acetate

Zn nitrate, Cu sulfate
Cu and Zn Sheet

Cu foil, ZnO target

Zn acetate, Cu acetate

Zn acetate dehydrate,
Cu(ll) nitrate

Zn acetate, Cu acetate

Zn acetate dehydrate, Cu
nitrate-3-hydrate

Zn chloride, Cu(ll) acetate
Zn nitrate, Cu nitrate

Zn chloride, Cu nitrate

Zn chloride, Cu chloride

Flowerlike ZnO adorned with
leaf-like CuO

Flower-shaped ZnO along
with leaf-shaped CuO
Spherical, 10-50 nm

Spherical, ~20 nm
L~400 nm

Cylindrical, d ~50-100 nm
Nanoflower, ~2 um

Spherical, 5-60 nm
Nanoflakes, ~100 nm

Flower shaped, ~21 nm

Truncated octahedron,
d~50-70 nm, L ~few 100 nm
Nanorod, d ~35 nm

3D micro-flowers 1-2 um

Nanowires, L ~4-8 um,
d~40-200 nm
Truncated, d ~ 200 nm

Nanorod, ~100 nm
Nanofibers, d ~100 nm,

L ~several millimeters
Nanofilm

Nanowire, d ~30-100 nm,
L~5-20 um

Nanowire, L ~4 um

Flower shaped, ~200—
300 nm
Nanorod d ~70 nm

Agglomerated porous
particle, ~34, ~46 nm
Nanoflakes on hexagonal
rods, d ~2 um
Nanoplates, 300-500 nm
Coral-like nanostructures
on nanorods L~1.5 um,
d~80-120 nm

Flower shaped, ~100-
200 nm

Nano film

Photocatalytic activity
Photocatalytic activity
Ferromagnetic
behavior
Photocatalytic activity

H, production

Optic studies
Gas sensor

Gas sensor

Optical study
Ammonia gas sensor
Photocatalytic activity
Photocatalytic activity
Photocatalytic activity

Gas sensor,
photocatalytic activity
Electronic devices

Non-enzymatic
glucose sensor
Photocatalytic activity
H,S sensing

Solar cell
Electronic application

Solar hydrogen
production
Optoelectronic
devices
Photocatalytic activity

Humidity sensor

Photoelectric
behavior
Photocatalytic activity
Humidity sensor

H,S gas sensor
Gas sensor

Electrochemical
supercapacitor

Li and Wang [17]

Das and Srivastava
[37]

Gajendiran and
Rajendran [13]

Liu et al. [39]

Simon et al. [18]

Vijayakumar et al. [19]
Haque et al. [40]

Gomez-Pozos et al.
[41]

Udayabhaskar and
Karthikeyan [42]
Liu et al. [32]
Muzakki et al. [44]
Sathishkumar et al.
[20]

Saravanan et al. [1]
Yang et al. [21]

Zhu et al. [45]

Zhou et al. [46]

Ang et al. [47]
Zhao et al. [22]

Jeong et al. [48]
Zhao et al. [41]

Kargar et al. [50]
Vijayalakshmi and
Karthick [51]

Aliyu et al. [52]
Ashok et al. [53]
Choudhary et al. [54]
Chang et al. [55]
Zainelabudin et al.
[56]

Kim et al. [57]
Wang et al. [23]

Karunakaran and
Manikandan [24]
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Table 3 (continued)
Fabrication technique Precursors/materials Morphology and size Applications References

Hydrothermal method

Hydrothermal method,
one-pot fabrication route
Hydrothermal method
Cathodic
electrodeposition
Photo-deposition method
Dielectric barrier
discharge reactor
Alkaline vapor oxidation
process

Electrochemical method

Two-step solution
process

Pulsed-laser ablation

Solid state metathesis
technique

Magnetron sputtering
Electrodeposition method
Solution-based process

Hydrothermal method

Chemical solution
method

Galvanostatic method
Deposition method

Hydrothermal and
photodeposition method

Zn acetate, Cu wire

Zn acetate, Cu chloride

Zn chloride, Cu chloride

Metallic Zn, Cu nitrate
Brass mesh, brass foil,
and Cu foil
Brass plate

Cu, Zn sheet, succinic
acid

Zn acetate dehydrate, Zn
nitrate hexahydrate, Cu(ll)
nitrate trihydrate

Zn target, Cu target

Zn chloride, Cu chloride

Cu sheets
Zn nitrate, Cu acetate
Zn acetate, Cu nitrate

Zn acetate dehydrate, Cu
sulfate pentahydrate

Zn nitrate

hexahydrate, Cu nitrate
trihydrate

Cu(ll) sulfate, Zn nitrate
Pure Cu

Zn acetate dehydrate, Cu
sulfate pentahydrate

Nanorod, d ~50-200 nm,
L~6-10um
Hollow sphere, ~400 nm

Nnaorod, 100-400 nm

2D hexagonal sheets,
thickness of ~0.5 mm

Thin film

Cluster shape, 200-300 nm

Nanorod, d ~90 nm, L ~3 um
Spherical, 90-150 nm

Nanorod, d ~60 nm,
L~800 nm

Thin film

Agglomerated nanoparticle,
~30 nm

Thin film

Nanorod, d ~200 nm L~1 pm
Nanorod, d ~50-100 nm,
L~3-4 mm

Nanorod, L~10-20 um,
d~1pm

Flower, ~10 um

Thin film

Nanowire with a Head, L
~2.1um, d~70-100 nm,
Corn-like stricture, d ~1-2
wmL~10-20 um

H,S sensing
Photocatalytic activity

Photocatalytic activity
Electronic application

Photocatalytic activity
Gas sensor

Glucose oxidation
Optoelectronic
devices
Optoelectronic
devices

Magnetic properties
Photocatalytic activity
Solar cells
Photocatalytic activity
Photocatalytic activity
Photocatalytic activity
Gas sensor

Solar cell

Solar cells

Hydrogen generation

Datta et al. [58]
Zhang et al. [59]

Ang et al. [47]
Sheini et al. [61]

Wang et al. [62]
Xia et al. [63]

Soejima et al. [64]
Das and Srivastava

[65]
Wang and Lin [11]

Buchholz and Chang
[66]

Jacob et al. [67]
Minami et al. [68]
Jiang et al. [69]

Jung and Yong [82]
Liu et al. [84]

Huang et al. [87]
Kidowaki et al. [88]

Hsueh et al. [89]

Liu et al. [83]

with various nanomaterials like noble metals, metal
oxide, and some complex oxides. Among all Cu-doped
Zn oxide, the nanocomposites attained more attention
because of its higher efficiency as a catalyst, sensor, solar
cell, and optoelectronic device.

This article gives an overview of the Cu-doped ZnO
nanocomposite synthesis and its various applications
in the different practical fields. Various applications of
the nanocomposite in the field of photocatalytic toxic
dye degradation, optoelectronic and magnetic storage
devices, gas sensor, solar cell, hydrogen generation,
glucose sensor, and humidity sensor were also demon-
strated. Taking advantage of the various facts such as an
enlarge surface area due to the heterogeneous structure,
which gives more reactive sites, promote mass transfer,
promote electron transfer from ZnO to CuO, and avoid

photocorrosion of nanocomposite shows its better perfor-
mance than its individual component.

The improved knowledge on surface chemistry,
methods of morphological modifications, and progress in
the colloidal synthesis has helped in the CuO-ZnO nano-
composite preparation. The cooperative effects between
CuO and ZnO have helped in exploring a variety of new
applications ranging from the water treatment to the
semiconductor applications. Despite the significant pro-
gress, challenges exist in the application on an indus-
trial scale. CuO-ZnO-based materials have been used for
various applications in the research stage; however, more
research is required to extend their application range from
a commercial point of view. Practical applications of the
Cu0-ZnO nanocomposites are limited and are considered
as a future perspective only. High-end applications of
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these nanocomposites will still require a lot of research
to understand the interaction between the two oxides
for applications in various fields: sensor, photocatalysis,
semiconductor, and so on. Homogenous dispersion of one
material into another requires a lot of further research.
The properties of the CuO-ZnO nanocomposites are highly
structure/size and ratio dependent. Still, further studies
are required to provide better insights of the CuO-ZnO
structure-property relationship. The important issues
that need more attention are dispersion, size, porosity,
rate of synthesis, and cost effectiveness. Overall, the pro-
cessing-structure-property maps need to be developed.
The engineering aspects of the CuO-ZnO nanocomposite
manufacturing also need to be studied in detail. Also,
performance indices may be developed vis-a-vis speci-
fied applications for composites made using different
methods. Mass fabrication of the well-defined morphol-
ogy of the CuO-ZnO nanocomposite with tunable function
still remains to be a challenge for industrial purposes.
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