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A B ST R AC T

The Ag/Co2O3/g-C3N4 as a novel nanocomposite was synthesized using a facile strategy by “one pot”
method. The as-prepared nanocomposite was applied to improve the antibacterial effect against
Escherichia coli and Staphylococcus aureus bacteria. The nanocomposite was characterized by Fourier
transform infrared spectroscopy, X-ray Diffraction, and Scanning Electron Microscopy techniques. The
strong interaction beetween the plans of graphitic carbon nitride (g-C3N4) and other particles can be
resulted to stable nanocomposite. The zone inhibition of nanocomposite was determined for Gram-positive
and Gram-negative bacteria. The findings showed the better activity of as-prepared nanocomposite
against Gram negative bacteria rather to Gram positive bacteria. The Ag/Co2O3/g-C3N4 was shown good
antibacterial effect compared to g-C3N4 and Ag patricles. Further, Colony Forming Unit was indicated the
antibacterial behavior of as-prepared composite. The present study can explain insight into the synthesis
of heterojunction composite for disinfection.
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1. Introduction
Nowadays, the improvement of human health
is a main subject throughout the world. In this
regard, one of the most important challenges
would be bacterial infections. The pathogenic
microorganisms are extensively dispersed in our
everyday life environments including water, dust,
door, toilet, lab, etc [1]. To address this problem,
the application of antibiotics is a common method.
However, there are several disadvantages including
water pollutants, the need for high amounts of drug,
and increasing antibiotic resistance. Escherichia
coli (E. coli, Gram-negative) and Staphylococcus
aureus (S. aureus, Gram-positive) are well-known
pathogenic bacteria, which can be harmful to
human health, causing infectious diseases [2].

In the past few years, different materials have
been used against bacterial activities; among
which, carbon-based compounds have exhibited
effective results on bacterial diseases. In recent
years, graphitic carbon nitride (g-C3N4) introduced
as a nitrogen-rich polymer with applications as
a semiconductor, adsorbent, and photocatalyst
[3,4]. Among synthesis methods of g-C3N4, the
thermal polycondensation were reported as
an efficient strategy, due to its simplicity and
low cost. Several methods can be applied for
modification of the bulk g-C3N4 properties such
as nanostructure formation, surface engineering,
and heterostructure construction [5]. According to
previous literatures, the adsorption properties and
photocatalyst performance of g-C3N4 were modified
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2.2. Preparation of g-C3N4
The direct pyrolysis of melamine was employed
to obtain bulk g-C3N4. The yellow powder was
prepared by placing 5 g of melamine in alumina
crucible, followed by heating at 580 °C for 2 h [17].

by the synthesis of g-C3N4-based heterostructure
composite [5]. Construction of g-C3N4-based
heterostructures by metal nanoparticles (NPs) can
be applied as a suitable method to improve g-C3N4
applications [6]. When an efficient semiconductor
is placed in contact with bulk g-C3N4, the spatial
separation of photogenerated electron–hole pairs
can be increased [7]. To improve the photocatalytic
activity of g-C3N4, the Z-scheme systems were
proposed. In this system, charge transfer between
two semiconductors can be accrued by the injection
of the photo-generated electrons in the conduction
band, valance band, and the hole of g-C3N4 [8]. On
the other hand, g-C3N4-based multicomponent
composite can exhibit improved properties.
The presence of some metals such as phosphorus
[9], sulphur [10], Zinc [11], and silver [12] can
modify particular features of g-C3N4-based
heterostructure compound. Cobalt oxide (Co2O3)
possesses unique properties including catalytic
activity, catalyzing oxygen evolution reaction
(OER), stability, and p-type semiconductivity [13].
Further, Ag nanoparticles are considered as one of
the important biocide agents, exhibiting a vast range
of antibacterial applications [14]. In recent years,
different types of composites were reported such as
MoS2 nanosheets loaded with Ag NPs [14], sulfurdoped carbon quantum dots (S-CQDs)/hollow
tubular g-C3N4 [15], and Ag-ZnO/g-C3N4 [16].
However, some of these compounds have shown
drawbacks, which limit their extensive applications,
such as complicated preparation procedure, high
cost, and instability. For these reasons, designing
and development of new composites would be
required. In the present research, a novel composite
was afforded to improve the biocompatibility of
g-C3N4 through the synthesis of heterostructure
composite, which can enhance the antibacterial
properties of the bulk g-C3N4. Ag NPs and cobalt
oxide are capable of enhancing the antibacterial
and photocatalytic activities of Ag/Co2O3/g-C3N4
nanocomposite. The as-prepared nanocomposite
can be introduced as an appropriate candidate for
water purification applications.

2.3. Synthesis of Ag/Co2O3/g-C3N4
First, 0.5 g of Co(NO3)3 was added to distilled
water (50 mL), then g-C3N4 was slowly dropped
into the Co(NO3)3 solution, and this mixture
was filtrated and dried at 80 °C. The solution was
stirred for 30 min, and 0.2 g AgNO3 was added to
the mixture. The ultraviolet light (300 W Xe lamp,
345 nm cut-off filter) was used to reduce Ag+ to Ag
nanoparticles. The value of Ag+ were determined
41.67 ppm by Inductively Coupled Plasma (ICP).
This synthesis strategy was studied using different
mass ratios of the components (1:3 and 1:4 of
Co(NO3)3:g-C3N4) to obtain the best results.
2.4. Antimicrobial activity
The agar cup-plate method was employed to
evaluate the antibacterial activity of Ag/Co2O3/gC3N4. This method was performed according to
CLSI standards [18]. Typically, plates containing
Müller-Hinton agar medium were prepared
by wells with a 0.6 mm diameter, then 0.1 μl of
bacterial suspensions with turbidity equivalent
to half McFarland were cultured under same
conditions. 10.0 μl of nanocomposite (0.300 μg
per well plate) was poured into the wells, the plates
were incubated at 37° C for 24 h. The antimicrobial
activity was determined for each microorganism by
measuring the growth inhibition zone.
Micro-well dilution assay method was applied
to evaluate minimum inhibitory concentration
(MIC) [19]. The 96-well plates were prepared by
dispensing well in 95 ml of H2O. The 5 μl bacterial
suspension, 0.5 dilution McFarland, and 100 μl
nanocomposite were added to each plate, and the
plate was heated in an incubator at 37 ° C for 24 h.
Antibacterial activity of Ag/Co2O3/g-C3N4
nanocomposite was investigated by colony forming
unit (CFU) reduction assay [20]. Microorganisms
(104-105 CFU/ml of E. coli or S. aureus) were
grown in flasks containing 10 ml of tryptic soy agar
(TSB) at 37 °C for 5 h. The 25 mg of nanocomposite
was dispersed in 25 ml of TSB at 37 °C under UV
light. The suspension was taken out test tube after
contact times (30, 60, 90, and 120 min). The diluted
solution was inoculated on nutrient agar plates and
incubated at 37 °C for 24 h. The count of bacterial

2. Experimental
2.1. Material and methods
Melamine, sulfuric acid (H2SO4), nitric acid
(HNO3), cobalt nitrate (Co(NO3)3), and silver
nitrate (AgNO3) were purchased from Merck
Company (Darmstadt, Germany), and all the
chemicals were used as received.
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colonies was counted on each plate. A similar
procedure was performed without Ag/Co2O3/gC3N4 nanocomposite as a control assay.

studied, and the 1:4 ratio of Co(NO3)3:g-C3N4 was
shown the best result.
FT-IR spectra of the g-C3N4 and Ag/Co2O3/gC3N4 are seen in Fig. 1. In the spectrum of g-C3N4,
the peak at 808.58 cm-1 is shown, that belongs to
the s-triazine ring [21]. The same peak at 808.52
cm-1 locates in the Ag/Co2O3/g-C3N4 composite.
In both of spectrum, the aromatic C=N stretching
frequency is observed at around 1220 and 1650 cm1
. The absorption peak at 3160 cm-1 is resulted from
stretching mode of -OH group in the spectrum
of g-C3N4, but this peak in the as-prepared
compared is board, due to interaction between the
components of composite. The peaks at 550-650
cm-1 are related to metal-oxygen bonds such as the
Co-O stretching frequency.
The XRD pattern was employed to obtain the
structures of the samples. As illustrated in Fig. 2,

2.5. Characterization
The Ag/Co2O3/S-doped graphitic carbon
nitride was characterized by various techniques
including Fourier transform infrared spectroscopy
(FT-IR, Unicam-Galaxy 5000 with KBr pellets),
X-ray Diffraction (XRD, Panalytical Xpertpro
diffractometer using Cu Kα radiation, λ= 1.54178
Å), and Field Emission Scanning Electron
Microscopy (FESEM, Tescan Mira3-Lmu).
Inductively coupled plasma (ICP) was performed
by Spectro Arcos, Germany.
3. Results and discussion
The different mass ratios of precursor were

Fig. 1- FT-IR spectra of g-C3N4 and Ag/Co2O3/g-C3N4 composite.

Fig. 2- XRD spectra of g-C3N4 and Ag/Co2O3/g-C3N4 composite.
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the main peaks of g-C3N4 and Ag/Co2O3/g-C3N4
XRD patterns are similar together. In the XRD
pattern of g-C3N4, the aromatic system can be
assigned by peaks at 27.6° (0 0 2) and 13.3° (1 0
0), which are corresponded to hexagonal graphitic
aromatic system (JCPDS: 87–1526). Further, these
peaks are seen in the XRD pattern of Ag/Co2O3/gC3N4 [21,22]. As shown in the XRD pattern of asprepared composite, the major peaks are appeared
at 38.7°, 44.7°, 63.01°, relevant to (1 1 1), (2 0 0), and
(2 2 0) of fcc phase. The structure of Ag/Co2O3/gC3N4 can be confirmed by (JCPDS: 01-079-0035),
and the high dispersion of Ag/Co2O3/g-C3N4
resulted to low diffraction peaks. Also, the size of
the crystalline particles was approximately 28 nm.
Fig. 3 depicts the morphologies of g-C3N4 and
Ag/Co2O3/g-C3N4 composite in FESEM images.
The smooth and sheet structure of g-C3N4 can be
observed in Fig. 3(a-b). These Figures show graphitelike and wrinkled structure. The agglomeration can
becaused to multilayer structure. As illustrated
in Fig. 3(c-d), the particles are visible on g-C3N4
sheets, due to the formation of based-g-C3N4

composite by Co and Ag interaction with C– N–, –
C=N– bonds. The average size of Ag/Co2O3/g-C3N4
nanocomposite are seen between 9.58-35.05 nm.
The antibacterial activity of Ag/Co2O3/g-C3N4
composite was studied using E. coli (ATCC 10536)
and S. aurous (ATCC 29737) bacteria. The agar
diffusion method was employed to investigate
antibacterial effects. The Table 1 demonstrates
the information of inhibition zones. The clear
area (ZOIs) obtained around the g-C3N4 showed
negligible antibacterial properties (Figure 4(a,b)).
The Ag/Co2O3/g-C3N4 nanocomposite was shown
better antibacterial activity compered to pure g-C3N4.
The small size of as-prepared nanocomposite can
be increased antibacterial activity, due to loading
Co and Ag in g-C3N4 by successful attachment. In
addition, the metal oxide has a positive charge, and it
can be attracted a negative charge of microorganism.
Further, the attachment of components can be
reduced recombination of electron-hole. According
to the results, higher antibacterial effect of Ag/
Co2O3/g-C3N4 was observed against Staphylococcus
aureus compared to Escherichia coli, and S. aureus

Table 1- The information data of antibacterial activity of Ag/Co2O3/g-C3N4

Fig. 3- FESEM images of g-C3N4 and Ag/Co2O3/g-C3N4.

Fig. 4- Inhibition zones for E. coli and S. aureus (a,b) g-C3N4
(c,d) Ag/Co2O3/g-C3N4
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bacteria could be killed at higher concentrations of
the test compounds (Table 1). Minimum inhibitory
concentration (MIC) and inhibition zone (Fig. 4)
explain the antibacterial activity of Ag/Co2O3/gC3N4 composite compared to Ag NPs. Results
indicated that the Ag/Co2O3/g-C3N4 nanocomposite
could prevent the bacterial activity, and loading of
Ag NPs on g-C3N4 resulted in better performance
of Ag NPs.
As shown in Fig. 5, SEM analyze is used to
investigate the cellular morphological changes
of S. aureus and E. coli. The S. aureus and E. coli
bacteria have shown sphere shaped and rodshaped morphologies with smooth surface before
treatment [20,22]. After the antibacterial behavior
of Ag/Co2O3/g-C3N4 nanocomposite, the cellular

membrane of bacteria damaged and showed
disruptions on cell well and resulted to cell death.
The antibacterial activity of Ag/Co2O3/g-C3N4
nanocomposite are shown in Fig. 6 (a,b). The results
show that the concentration of both E. coli and
S. aureus bacteria are decreased, and the growth
rate of bacterial were reduced in the presence of
nanocomposite after 120 min. Based on the results,
the nanocomposite can be acted against bacteria.
According to reactive oxygen species (ROS)
mechanism, the nanocompoite was absorbed
UV irradiation, and active species including e- ,
h+ (O2·−), hydroxyl radical (OH·−), and hydrogen
peroxide (H2O2) were generated [20-23]. Then the
bacteria were killed by entering H2O2 into the cell
wall, because of the cross-link reaction between the
thymine bases and the strand of DNA. This findings
can be explained the antibacterial activity of Ag/
Co2O3/g-C3N4 nanocomposite against pathogen.
4. Conclusions
In the present study, Ag/Co2O3/g-C3N4 was
synthesized via a simple method, and was
subsequently characterized using Fourier transform
infrared spectroscopy, X-ray diffraction, and
field emission scanning electron microscopy.
The antibacterial activity of Ag/Co2O3/g-C3N4
nanocomposite was demonstrated against Gram
negative (Escherichia coli) and Gram-positive
(Staphylococcus aureus) bacteria. The inhibition
zones were obtained 14 and 16 mm against E. coli
and S. aureus bacteria, respectively. According to
CFU assay, the amounts of bacteria were decreased
rather to control tests. The Ag/Co2O3/g-C3N4 can be
used as a heterostructure composite for antibacterial
activity and suitable choice for water purification.

Fig. 5- SEM images of (a,b) E. coli and (c,d) S. aureus treated
with Ag/Co2O3/g-C3N4 nanocomposite.

Fig. 6- CFU assay results of Ag/Co2O3/g-C3N4 nanocomposite under UV irradiation (a) S. aureus, (b) E. coli.
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