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ABSTRACT
Objective(s): In this study, a new copper precursor was prepared from the combination of Cu(CH3COO)2∙H2O 
(1 g in 5 ml of methanol) and benzoic acid (1 g in 5 ml of methanol) at room temperature. Following that, 
the copper precursor was calcined at the temperature of 500ºC and 600ºC for 1.5 hours to form CuO/Cu2O 
nanocomposites with the code numbers of CuO-1 and CuO-2, respectively. 
Materials and Methods: The prepared CuO/Cu2O nanocomposites were characterized by Fourier Transform 
infrared (FT-IR), UV-Vis, and photoluminescence (PL) spectroscopy, X-ray powder diffraction (XRD), and 
transmission electron microscopy (TEM). 
Results: The results of the FT-IR and XRD techniques confirmed the formation of the CuO/Cu2O 
nanocomposites. In the UV-Vis of CuO/Cu2O nanocomposites, two peaks were observed at approximately 
216 and 277 nanometers, which were assigned to the direct transition of electrons and surface plasmon 
resonance. In addition, the TEM images indicated that the CuO/Cu2O nanocomposites had diverse shapes 
with high agglomeration. The antibacterial results also showed that the inhibitory effects of the prepared 
CuO/Cu2O nanocomposites (CuO-1 and CuO-2) were more significant against the two gram negative 
strains compared to the two gram positive strains.
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INTRODUCTION
Recently, researchers have paid special 

attention to the preparation, characterization, 
and consideration of the physical, chemical, and 
antibacterial properties of various transition 
metal oxide nanostructures, such as Fe2O3 [1], 
NiO [2], Mn3O4 [5], CeO2 [4], Co3O4 [5], and CuO 
[6-8]. Among these nanostructures, copper oxides 
(CuO and Cu2O) are widely known as p-type 
semiconductors with narrow band gaps of 1.2 and 
2 eV, respectively [9]. Among the other beneficial 
properties of these elements are the excellent 
chemical stability, cost-efficiency, abundance 
and facile preparation [10, 11]. Therefore, they 

have gained importance for antibacterial [12], 
and optical applications [13], and dye removal 
adsorption [14]. The sensitivity of the activity 
of these elements is closely associated with the 
redox activation of copper ions. Several studies 
have been focused on the preparation of CuO/
Cu2O composite material [9, 15-17]. For instance, 
Zhang et al. fabricated a CuO/Cu2O composite 
microframe through top-down oxidation etching, 
and the composite showed more enhanced CO 
sensing performance compared to the pure Cu2O 
and CuO [9]. Moreover Lv et al. synthesized a novel 
thin film assembled by CuO/Cu2O nanosheets on a 
Cu foil, with the CuO/Cu2O nanosheets functioning 
as the active materials for the detection of glucose 
[15]. In another research, Sahu et al. reported 
the enhanced catalytic activity of CuO/Cu2O in 
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the reduction of 4-nitrophenol [16]. On the other 
hand, Yang et al. 

synthesized porous CuO/Cu2O composites 
based on their superior catalytic performance in 
CO oxidation [17].

In the present study, the optical and 
antibacterial activity of CuO/Cu2O nanocomposites 
prepared by the calcination of the combination of 
Cu(CH3COO)2∙H2O and benzoic acid (weight ration 
1:1) at the temperature of 500ºC and 600ºC were 
synthesized, characterized and evaluated..

MATERIALS AND METHODS
All the chemical reagents were purchased from 

Merck Company (Germany). and used without 
further purification. The Fourier-transform infrared 
(FT-IR) spectra were recorded as a KBr disk on an 
FT-IR Perkin–Elmer spectrophotometer. Optical 
absorption measurements were performed 
using a UV-Vis spectrophotometer within the 
wavelength range of 200-800 nanometers at room 
temperature. In addition, the photoluminescece 
(PL) emission spectra were performed using the 
Hitachi F4500 spectrofluorometer. The X-ray 
diffraction (XRD) patterns of the complexes were 
obtained on the Empyrean powder diffractometer 
of PANalytical in Bragg-Brentano configuration, 
which was equipped with a flat sample holder and 
PIXCel3D detector (Cu Kɑ radiation, λ = 1.5418 Å). 
The transmission electron microscopy (TEM) 
images of the nanoparticles were also recorded 
using a transmission electron microscope (model: 
Philips CM120) with a LaB6 cathode, operating 
at 120 kV and equipped with a CCD camera 
(Olympus Veleta).

Antibacterial activity
Antibacterial tests were carried out using two 

pure, gram-negative bacterial strains (E.coli and S. 
aureus) and two gram-positive strains (P. areuginosa 
and B. cereus). To estimate the antibacterial 
activity of the CuO/Cu2O nanocomposites, the 
well diffusion assay was performed based on the 
study by Sharmila et al. [18]. To this end, a uniform 
culture of the bacteria was prepared on the agar 
medium, and 0.05 gram of the CuO nanoparticles 
was dispersed in five mililiters of distilled water. 
The discs of the samples and antibiotics were 
placed on plates at appropriate distances and 
incubated at the temperature of 37ºC for 24 hours 
for the assessment of the growth inhibitory zone 
formation.

Preparation of the CuO/Cu2O nanocomposites
A solotion was prepared composed of one 

gram of Cu(CH3COO)2∙H2O in five milliliters of 
methanol, which was combind with another 
solution of containing one gram of benzoic acid in 
five milliliters of methanol, and the mixture was 
stirred for approximately 10 minutes. The solvent 
was evaporated, and the precipitates (copper 
precursor) were collected. Afterwards, one gram 
of the copper precursor was loaded on a quartz 
crucible and ground for five minutes. Finally, the 
copper precursor was placed inside a furnace. 
The temperature of the furnace increased by 
20ºC per minute, and the precursor was calcined 
at the temperature of 500ºC and 600ºC for three 
hours. The black product was washed with H2O/
CH3OH (1:1 v/v), dried at the temperature of 80ºC 
for three hours, and characterized using various 
techniques.

Fig 1. FT-IR spectra of a) Cu precursor, b) CuO-1 and, c) CuO-2

RESULTS AND DISCUSSION
FT-IR spectra

Fig 1 sjows the FT-IR spectra of the copper 
precursor and prepared CuO/Cu2O nanocomposites 
at the temperature of 500ºC (Cu-1) and 600ºC 
(CuO-2). Several sharp peaks were observed in the 
FT-IR spectrum of the Cu precursor (Fig 1-a) which 
corresponded to C-H, C=O, C=C, and other groups. 
For instance, the sharp peaks at approximately 
3,479, 3,374, 3,268 cm-1 were assigned to the COO 
of the OH vibrations of benzoic acid and acetate 
ion. Moreover, the peaks observed at 1,682 and 
1,602 cm-1 were assigned to the C=O and C=C 
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groups. The peaks at approximately 3,071, 2,989, 
2,885, and 2,835 cm-1 indicated the presence of 
C-H aliphatic and aromatic. 

After the calcination of copper precursor at the 
high temperature of 500ºC and 600ºC, the FT-IR 
spectra of the products were obtained (Figs 1-b, & 
1-c). Four peaks were observed at approximately 
635, 543, 497 and, 465 cm-1 in the FT-IR spectrum 
of CuO-1 (Fig 1-b), and two peaks were observed 
at approximately 639, and 509 cm-1 in the FT-IR 
spectrum of CuO-2 (Fig 1-c). Furthermore, the 
peaks appearing at 635 cm-1 (CuO-1) and 639 
cm-1 (CuO-2) indicated the presence of Cu2O 
[19], which was also confirmed by the by XRD 
patterns [9, 15-17]. These findings confirmed the 
preparation of the CuO/Cu2O nanocomposites, 
which is consistent with the previous studies in 
this regard [15-17].

UV-Vis spectra
The UV-Vis spectral analysis was applied as 

an important technique for the characterization 
of the electron transitions and surface plasmon 
resonance (SPR) property of the copper precursor 
and prepared CuO/Cu2O nanocomposites. Fig 2 
depicts the UV-Vis spectra of the copper precursor 
and prepared CuO/Cu2O nanocomposites. In the 
copper precursor (Fig 2-a), a peak was observed 
at approximately 270 nanometers corresponded 
to the intraligand for benzoic acid and an 
extremely broad peak at about 770 nanometers, 
which  corresponded to the d-d transition of the 
copper(II) ion. 

Fig 2. UV-Vis spectra of a) Cu precursor, b) CuO-1 and, c) CuO-2

The UV-Vis spectra of CuO-1 and CuO-2 (Figs 
2-b & 2-c) clearly represented the characteristic 
peak corresponding to the adsorption edge of 
approximately 216 and 227 nanometers for CuO-1 
and 216 nanometers for CuO-2 due to the direct 
transition of electrons [13]. Moreover, the peak 
appearing at approximately 277 nanometers 
clearly represented the SPR peak, which is in 
line with the previous findings regarding CuO 
nanoparticles [20].

PL spectra
Fig 3 shows the PL spectra of the CuO/Cu2O 

nanocomposites (CuO-1 and CuO-2). The PL 
spectrum of CuO-1 consisted of four major peaks at 
approximately 323, 350, 415, and 632 nanometers 
(Fig 3-a), while CuO-2 consisted of three peaks at 
322, 348, and 627 nm (Fig 3-b). 

Fig 3. PL spectra of a) CuO-1, and b) CuO-2

The strong emission peak observed at 
approximately 322 nanometers was assigned to 
the near-blue-edge emission of the CuO product, 
indicating a blue shift to this peak as reported for 
CuO nanoPlatelets [21,22]. In general, the peaks 
with high and low intensity in the PL spectra 
indicated the faster and slower recombination 
of the electron-hole pair, respectively [23]. The 
peaks (as shoulder) observed at approximately 
350 nanometers corresponded to the band-edge 
emission, and the broad peak at approximately 
415 nanometers was due to artifact [24]. 
Finally, the broad peak at approximately 630 
nanometers attributed to native defects [25]. 
These finding confirmed that the PL properties 
of the nanoparticles largely depended on the 
morphology and size of the nanoparticles [21].
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Fig 4. XRD patterns of a) CuO-1, and b) CuO-2

XRD patterns
Fig 4 depicts the XRD patterns of the prepared 

CuO/Cu2O nanocomposites (CuO-1 and CuO-2).
The plane reflections observed at the 2θ values of 
29.55 (101), 36.40 (111), 42.28 (002), 52.42 (112), 
61.34 (202), 73.47 (113), and 77.32 (222) were 
indexed to the cubic phase of Cu2O with the JCPDS 
card number of 77-0199 [16] while the plane 
reflections observed at 32.47 (110), 35.52 (-111), 
38.66 (111), 48.76 (-202), 53.38 (020), 58.19 
(202), 61.53 (-113), 65.71 (022), 66.23 (-311), 
72.30 (311), and 74.94 (004) were indexed to the 
monoclinic phase of CuO with the JCPDS card 
number of 89-5895 [16]. The structure was refined 
by the Rietveld fit in Jana2006 crystallographic 
program [27]. The fit could explain all the peaks, 
with the exception of two tiny peaks at 43.41 and 
50.55 Cu-1 sample. As for the CuO-2 sample, no 
unexplained peak was observed. The unit cell 
parameters in both samples were found as a = 
4.69 Å, b = 3.43 Å, c = 5.13 Å and β = 99.37º for 
monoclinic CuO and a = 4.27 Å for cubic Cu2O. By 
increasing the temperature from 500ºC to 600ºC, 
the phase fraction of CuO increased from 48.7% to 
60.2%, while the phase fraction of Cu2O decreased 

proportionally. The size of the crystallites was 
also calculated using the fundamental parameter 
approach [28] integrated in Jana2006, which 
eliminated the instrumental section of the 
diffraction pattern through the known geometry 
of the diffractometer. The mean crystallite size for 
the CuO nanoparticles prepared by the calcination 
of copper precursor at the temperature of 500ºC 
was 41 (CuO) and 99 nanometers (Cu2O). As for 
the nanoparticles prepared by calcinations at the 
temperature of 600ºC, the value was estimated at 
72 (CuO) and 124 nanometers (Cu2O).

Fig 5. TEM images of a, b) CuO-1, and c, d) CuO-2 at various 
magnifications

TEM images
Fig 5 depicts the TEM images of the prepared 

CuO/Cu2O nanocomposites (CuO-1 and CuO-
2). As can be seen, both products formed big 
clusters of particles with irregular shapes, which 
could not determine the size of the CuO and 
Cu2O crystallites. On the other hand, the clusters 
prepared by calcination at the temperature of 
600°C evidently contained larger particles than 
the clusters prepared at the temperature of 
500°C, which consistent with the results based on 
the XRD patterns.

Antibacterial activity
Fig 6 shows the antibacterial activity of the 

prepared CuO/Cu2O nanocomposites (CuO-1 
and CuO-2) against two gram-positive and two 
gram-negative bacterial strains. In the current 
research, the CuO/Cu2O nanocomposites with 
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gentamicin were prepared as discs with the 
diameter of five milimeter based on the study 
by Moniri Javadhesari [26]. As is depicted in 
Fig-6, the maximum diameter of the inhibition 
zone belonged to P. aeruginosa. Moreover, the 
antibacterial effects of the prepared CuO/Cu2O 
nanocomposites against E. coli and S. aureus were 
notable, while the diameter of the inhibition zone 
around B. cereus was exterimely low. According to 
our finding, the antibacterial activity sequence of 
the prepared CuO/Cu2O nanocomposites against 
the bacterial strains was as follows:
P. aeruginosa > E. coli > S. aureus > B. cerous

This finding is consistent with the antibacterial 
activity of CuO nanoparticles as reported by 
Moniri Javadhesari [26] and Nishino [29]. In the 
mentioned studies, the antibacterial activity of 
the CuO nanoparticles against S. aureus than E. 
coli was higher.

Fig 6. Inhibition zone of a) E. coli, b) P. aeruginosa, c) S. aureus, 
and d) B. cereus

CONCLUSION
In this study, we prepared two CuO/Cu2O 

nanocomposites through the facile thermal 
decomposition of a new copper precursor at the 
temperature of 500ºC and 600ºC for 1.5 hours, 
which were characterized using various techniques. 
The FT-IR, XRD, and TEM techniques confirmed 
the formation of CuO/Cu2O nanocomposites 
with diverse shapes and high agglomeration. In 
addition, the UV-Vis and PL techniques confirmed 
the peaks regarding the direct transition of 
electrons and SPR. The antibacterial finding also 
indicated that the inhibitory effects of the CuO/
Cu2O nanocomposites against two gram-negative 
bacterial strains were more significant compared 

to the two gram-positive strains.
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