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INTRODUCTION

Zinc oxide (ZnO) is an n-type semiconductor with a wide
band gap of 3.1-3.3 eV. For this material under room conditions,
an energy of 60 meV is required to excite an electron to the
conduction band [1]. Meanwhile, copper oxide is a p-type
semiconductor with a narrower band gap of only 1.2 eV [2].
Thanks to their optical and electrical original properties [3,4],
these metal oxides have been extensively studied for many
applications, such as photocatalysts [5], gas sensors, energy
storage materials [6,7], fuel cell [8], etc. To enhance semicon-
ducting, zinc oxide and copper oxide were synthesized in nano-
particles and mixed in properly propotions [9]. There are several
different methods for synthesizing hybrid nanocomposite
materials ZnO/CuO have been published: coprecipitation [10,
11], hydrothermal [1,10,11], sol-gel [12] and spray pyrolysis
method [13]. The common issues of these synthesis processes
are quite complicated, using expensive equipment and pure
chemicals which are not friendly to the environment.

Recently, green synthesis methods which used plant subst-
ances such as extraction of Rambutan peel [14], aloe vera [15],
etc. has attracted the attention of scientists [16,17]. Asadi et al.
[18] used Mentha longifolia leaf extract to synthesize ZnO/
CuO nanoparticles. The resulting product has the spherical
shape with a size of 30-80 nm and surface area of ZnO/CuO
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5% (26 m2/g), ZnO/CuO 10% (36 m2/g). Yulizar et al. [19]
synthesized ZnO/CuO nanoparticle using Theobroma cacao
pods as the reactants. The obtained nanoparticles have a size
of 20-50 nm and a band gap of 2.3 eV.

In present study, the ZnO/CuO nanocomposites by co-
precipitation-ultrasonication method using rambutan peel
extract (RPE). RPE containing alkaloids is used as a substitute
for NaOH in the preparation of the metal oxide nanoparticles.
The resulting ZnO/CuO nanocomposite which has a narrower
band gap acts as a photocatalyst in the visible light area.

EXPERIMENTAL

Zinc nitrate hexahydrate (Zn(NO3)2·6H2O), copper nitrate
trihydrate (Cu(NO3)2·3H2O) and ethanol were purchased form
Merck. Rambutan (Nephelium lappaceum L.) peel was collected
from Vietnam. Deionized water was used for the preparation
of all aqueous solutions.

Preparation of extracts: Rambutan peel was washed with
water, cut into small pieces and dried at 60 ºC until comp-
letely dry (or constant weight). The dried rambutan peels (30 g)
were extracted with 600 mL of mixture ethanol and deionized
water (1:2, v/v) for 30 min using a Soxhlet extractor. The extract
was then filtered through Whatman No. 1 paper and stored at
5-8 ºC for further experiments.
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Characterization: X-ray diffraction patterns were recorded
on a P′Pret Pro-PANalyticalX-ray diffractometer operated at
1.8 kW (40 mA/45KV) using CuKα (λ = 1.5406 Å) radiation.
FT-IR spectra were recorded on a Bruker FT-IR spectrometer
using KBr pellet method. The surface morphology and elements
content of sample was imaged by field emission scanning
electron microscopy (FESEM). FESEM-EDX was carried out
using a Hitachi S-4800 microscope. UV-Vis (UH4150) was used
to determine the band gap energy of ZnO/CuO nanocomposite.
Nitrogen adsorption/desorption data were obtained at 77 K
using Tristar 3000-Micromeritics equipment, USA. Samples
were degassed at 75 ºC and 10-6 Torr for a minimum of 12 h
prior to analysis. The specific surface area was calculated from
the linear part of the BET plot according to IUPAC recommen-
dation and the pore size was determined using the BJH (Barrett-
Joyner-Halenda) model.

Preparation CuO/ZnO nanocomposites: Zinc nitrate
hexahydrate and copper nitrate trihydrate was prepared in 100
mL deionized water and then 100 mL of rambutan peel extract
(RPE) were slowly added dropwise into the solution under
magnetic stirring at temperature room, and the solution was
sonicated for 1 h in an ultrasonic bath (500 W, 20 kHz) to obtain
a zinc-ellagate and copper-ellagte complex. The complex was
collected by centrifugation at 7000 rpm for 20 min. The solid
was washed with distilled water, dried in oven at 100 ºC for 2 h
and then calcinated in muffle furnace at 450 ºC to obtain ZnO/
CuO nanocomposites.

RESULTS AND DISCUSSION

The ZnO/CuO nanocomposites in different ratio of 90/10
and 80/20 w/w were synthesized using ramubutan peel extract
(RPE), which contains phenolic antioxidants. A metal-ellagte
complex was formed after 1 h sonication of solution containing
rambutan peel extract and zinc nitrate hexahydrate and copper
nitrate trihydrate. It was described due to the formation of
bonding between hydroxyl groups of phenolic compounds and
zinc metal as metal phenolate complex by the chelating effect
in which the ester oxygen atoms and phenolic hydroxyl groups

of phenolic compounds form π-track conjugation effect [14].
The decomposition of the metal-ellagate complex at 450 ºC to
form ZnO/CuO nanocomposites.

XRD studies: The XRD peak position and their relative
intensity in all XRD patterns were well-matched with the the
standard cards of CuO (ICSD code no.: 067850) and ZnO
(ICSD code no.: 065122). The characteristic peaks of hexagonal
ZnO structure could be observed at 2θ values of 31.76º, 34.28º,
36.12º, 47.30º, 56.37º and 68.77º [19] (Fig. 1a). The XRD
patterns of ZnO/CuO samples with different of CuO contents
also shows all these characteristic peaks of both CuO and ZnO
crystals. Interestingly, the XRD patterns exhibited broad
diffraction peaks at 2θ values of 31.67º, 32.57º, 35.45º, 36.13º,
38.70º, 47.40º, 56.41º, 62.65º, 68.93º, 72.30º and 76.01º,
corresponding with miller indices of ZnO and CuO were (100),
(002), (101), (102), (110), (103), (111), (112), (201), (202),
(311), (113) and (222) [9,20] (Fig. 1b-c).

FT-IR studies: Fig. 2 shows the FT-IR spectra of Rambutan
peel extract, ZnO and ZnO/CuO samples. The FT-IR spectra
of all samples showed adsorption peaks at around 3445-3300
cm-1 related to the OH groups and 3300-1630 cm-1 related to
the OH groups of materials. The FTIR spectra of ext (1) shows
some major peaks at 3440, 1569, 1320, 1037 and 822 cm-1.
The peak at 3440 cm-1 is attributed to O-H stretching of phenolic,
band at 1569 cm-1 corresponds to the -COOH stretching of
flavonoids and phenolic groups. The peak at 1320 cm-1 and
1037 cm-1 is due to the stretching of C-O bond in aromtic groups
and C-N stretching of aromatic, aliphatic amines,which are
main biological active compounds of RPE [19]. The absorption
peak of ZnO (curve 4) and ZnO/CuO nanocomposite (curves
2 and 3) at wavenumber 456 cm-1 (curve 4) and 547 cm-1, 571
cm-1 corresponds to the stretching vibration of Zn-O and Cu-O
bonds [5,18]. However, the FT-IR spectrum displays a low
intensity at 3440, 1320, 1037 cm-1, indicating the decrease of
functional group of RPE after calcinations.

Morphological studies: Fig. 3a shows that the ZnO surface
material has particle sizes in the range of 30-100 nm. Nano-
composites are less uniform and have a smooth surface. The
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Fig. 1. XRD patterns of (a) ZnO, (b) ZnO/CuO = 90/10 w/w; (c) ZnO/CuO=80/20 w/w
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Fig. 2. FT-IR spectra of (1) ext; (2) ZnO/CuO = 80/20; (3) ZnO/CuO=90/
10 w/w; (4): ZnO

images of the nanocomposite material at different magnifi-
cations show a distribution of CuO and ZnO nanoparticles with
dimensions less than 100 nm. The synthetic nanocomposite

therefore has a larger surface area than ZnO substrate material,
which is shown using measurements of the specific surface
area using the BET technique.

BET studies: The porosity characteristics of ZnO and
ZnO/CuO nanocomposite were studied using BET nitrogen
physisorption at -196.15 ºC. Fig. 4a-b shows the adsorption-
desorption isotherm for the ZnO nanoparticles and ZnO/CuO
nanocomposite. The adsorption-desorption isotherm is of type
IV, as typified by the H3 hysteresis loop, rod-shaped shaped
according to IUPAC classification [21]. This allows us to predict
that the synthetic nanocomposite materials contain both macro-
pores and mesopores, with large percentage of mesopores. The
isotherm has two inflection points due to nitrogen uptake. The
first is slow at a low relative pressure (< 0.1), and the second
is sharp at a relative pressure of about 0.95, with a hysteresis
loop at a relative pressure above 0.6-0.7. The higher nitrogen
uptake at low relative pressure is indicative of monolayer adsor-
ption, whereas the sharp uptake at a higher relative pressure
shows multilayer adsorption. The pore size distribution is
obtained from the BJH analysis. The BJH pore size distribution
curve shows narrow and intense peaks. The pores size distri-
bution curve shows that pores appear in the range 3 to 80 nm

ZnO substrate

Nanocomposite ZnO/CuO

Fig. 3. FESEM images of the ZnO/CuO nanocomposite
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Fig. 4. Nitrogen adsorption-desorption isotherms of (a) ZnO NPs and (b) ZnO/CuO

(ZnO nanoparticles) and 3 to 200 nm (ZnO/CuO nanocom-
posite). The specific surface area of ZnO/CuO surface material
is 25.05 m2 g-1, which is much smaller than that of nanocom-
posite material, which reaches 30.60 m2 g-1. The micropore
area of nanocomposite Smicro = SBET − SExternal = 30.60 − 19.18 =
11.42 m2 g-1, the pore diameter averages 19.2 nm and the total
pore volume is 0.14 cm3 g-1.

The value of energy gap (Eg) of ZnO compound as a bulk
is equal 3.31 eV but as thin film it depends on the manufact-
uring techniques [22,23]. The optical energy gap can be
estimated by calculating the absorption coefficient (α), which
depends on the film thickness (length of the absorption media)
and absorbance, as given in the following equation:

A
2.303

d
 α =  
 

where A is the absorbance and d is the thickness. The energy
gap was estimated by assuming a direct and indirect allowed
transition between valence and conduction bands using the
Tauc equation [22,23]:

αhν = B(hν – Eg)r

where B is constant, α is the absorption coefficient, hν is the
incident photon energy, and r is constant, for direct transition
r equals 1/2, and for indirect transition equals 2. Fig. 5 shows
the plot of (αhν)2 versus hν, Eg is determined by extrapolating
the straight-line portion of the spectrum to αhν = 0.

The band gap of nanocomposite Eg was determined by
extrapolating the linear section of the plot to the hν axis at
(αhν)2 = 0. The ZnO/CuO nanocomposite has a direct allowed
energy band gap of 2.37 eV. This band gap lies between that
of ZnO (3.32 eV) and CuO (1.20 eV), corresponding to
elements composition from EDX results showed that ZnO/
CuO nanocomposite contained were 74.90% Zn, 16.96% Cu
and 8.14% O (sample 1). Therefore, by tuning the volume
fractions of constituent oxides, the band gap can be engineered
to make the nanocomposite suitable for several applications
such as photovoltaics, solid oxide fuel cells, thermoelectrics
and photocatalysis. The current study related to this work about
synthesis ZnO/CuO nanocomposite by green synthesis can be
seen in Table-1.
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Conclusion

The ZnO/CuO nanocomposite materials was successfully
prepared through a ultrasound assisted green synthesis using
ramubutan peel extract (RPE). The FTIR characterization,
flavonoids and phenolic of RPE has a role as hydrolyzing agent
in ZnO/CuO nanocomposite formation. The UV-visible chara-
cterization showed that had the band gap energy of 2.37 eV,
when ZnO/CuO nanocomposite contained were 74.90% Zn,
16.96% Cu and 8.14% O. The FESEM results indicated that
the size of nanocomposite was 30-100 nm and the specific
surface area of ZnO/CuO surface material was 30.60 m2 g-1,
the micropore area of pore diameter averages 19.2 nm and the
total pore volume was 0.14 cm3 g-1.
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