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Antibacterial decorated NiO nanocomposites (S,N-GQDs/NiO) are prepared via a
Disk diffusion simple hydrothermal method. Structural and morphological properties

of products are determined via XRD, SEM, UV-Vis, and FTIR analysis.
The prepared products are applied for the investigation of antibacterial
activity against Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus, and methicillin resistant Staphylococcus aureus (MRSA). The
results showed that prepared S,N-GQDs/NiO nanocomposites have high
antibacterial activity against Staphylococcus aureus among a wide range
of microorganisms. For S,N-GQDs/NiO nanocomposites nanoparticles,
the disk diffusion test proved that the highest growth inhibition zone
was related to Staphylococcus aureus (17 mm). The presence of graphene
quantum dots in S,N-GQDs/NiO nanocomposites facilitates reactive
oxygen species (ROS) mechanism which lead to bet antibacterial activity.
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INTRODUCTION
Bacterial infections, which is one of the great death annually in the world [1-3]. So far, many
human problems it has faced, causes 16 million efforts have been done for solving this issue, for

example, the use of antibiotics, which become
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very common in 21st century. But the problem
is that by taking too many antibiotics, resistance
to these antibiotics is has been created [4-6].
So, resistance is a major issue in overcoming the
bacterial infections. This requires the provision
of new solutions that can be affordable and no
destructive environmental and health effects. In
recent years, with the advent of nanoscience and
nanotechnology, various nanomaterials for the
use of antibacterial application have been used
[7-10]. Nanomaterials have been considered by
various researchers due to their unique physical
and chemical characteristics. One of the attractive
features of nanomaterials is that their properties
are intensively dependent on size and morphology
[11-13]. Therefore, the desired properties can
be achieved by controlling the shape and their
size. Metal oxide nanoparticles have found many
applications in different fields in recent years
[14, 15]. Nickel oxide nanoparticles, as a metal
oxide nanoparticle, have attractive properties
such as chemical stability, thermal stability,
biocompatibility, and interesting optical properties.
To improve the properties of nanomaterials
based on nickel oxide, various methods have
been adopted. These methods include doping,
composite formation with other nanomaterials,
as well as control and size control. The purpose of
the formation of nanocomposite is to improve the
properties of nickel oxide nanoparticles for better
antibacterial activity [16-20].

In recent vyears, graphene quantum dots
(GQDs) have attracted much attention as a
new member of carbon nanostructures. GQDs
have been identified as new kinds of quantum
dots with sizes less than 10 nm. GQDs are zero-
dimensional (0D) nanostructures with carbon
atoms arranged in an sp? hybridization pattern. It
should be noted that the great advantage of GQDs
is the environmentally friendly, which makes it an
attractive option in different applications due to its
non-toxic properties [21, 22].

K. Karthik et al. prepared CdO-NiO-ZnO
mixed metal oxide nanocomposite via a simple
microwave method. They investigated the
structural properties of products via SEM, XRD,
and EDS analysis. They measured nanosheet size
139 nm via TEM analysis. Antibacterial activity
of CdO-NiO—ZnO nanocomposite at different
concentrations was performed in-vitro against
gram negative i.e. Escherichia coli, Pseudomonas
aeruginosa,  proteus  mirablis,  Aeromonas
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hydrophila, Salmonella typhi and Vibrio cholerae;
gram positive bacteria (G + Ve): Staphylococcus
aureus, Rhodococcus rhodochrous and Bacillus
subtilis. Confocal laser scanning microscopy
confirms the rupture of the bacterial cell wall [23].

In another work, nickel oxide-copper oxide-
reduced graphene oxide (NiO-CuO-RGO) with
different amounts of GO, was synthesized via
Gonamanda Satya Sree et al. The prepared
products were characterized via XRD, FTIR, Raman
spectroscopy, and FESEM analysis. They applied
prepared nanocomposites for the investigation
of photocatalytic and antibacterial activity. The
results showed that NiO-CuO-10%RGO candegrade
91% Brilliant green after 60 min under visible light
irradiation. Also, the prepared NiO-CuO-10%RGO
nanocomposites show high antibacterial activity
against tested microorganisms [24].

The preparation and application of NiO-based
nanomaterials have been faced with substantial
issues. In the present work, green and simple
methods were applied for the preparation of
NiO/GQDs nanocomposites. The structural and
morphological properties of products were
characterized via FESEM, XRD, FTIR, and EDS
analysis. Then, the inhibitory and bactericidal
properties of synthesized samples were studied
toward various Gram-positive and Gram-negative
bacteria comprehensively.

MATERIALS AND METHODS
Apparatus and chemicals

The crystallinity and crystal phases of the
prepared samples were characterized by X-ray
diffraction (XRD; Philips-X'pertpro) Ni-filtered Cu
Ka radiation. The functional group of prepared
products were analyzed via recording Fourier
transform infrared (FT-IR):Nicolet Magna-550
spectrometer in KBr pellets. The size and shape of
as-preparedsampleswereinvestigatedviascanning
electron microscopy (SEM:LEO-1455VP equipped
with an energy dispersive X-ray spectroscopy). The
entire chemicals used in this investigation were
of analytical grade: Ni(COOCH,),.4H,0 (99.5%),
ammonium hydroxide, citric acid (99.5%), thiourea
(TU)(99%), from Merck.

Synthesis of S,N- GQDs

S,N-GQDs was synthesized based on the
previously reported paper [25]. Briefly, 0.42g
of citric acid was dissolved in 30 ml deionized
water and 0.45g thiourea was dissolved in 40 ml
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deionized water separately. The thiourea-based
solution was added to the solution of citric acid
under vigorous stirring. The prepared transparent
solution was transferred into Teflon-lined stainless
autoclave and heated to 160 °C for 5 hours. The
prepared solution was centrifuged under 12000
rom for 10 min. The prepared S,N-GQDs was
stored at 4 °C for further experiments.
Synthesis of NiO NPs

The 0.6g Ni(COOCH,),.4H,0 was dissolved
in 30 ml deionized water under stirring. The
ammonium hydroxide solution was added to the
Ni(COOCH,),.4H,0 solution drop by drop. After 60
min, the obtained suspension was transferred to
into Teflon lined stainless autoclave and heated to
130 °C for 12 hours. The prepared dark solid was
centrifuged and collected. The solid was washed
with ethanol and water several times and dried at
50 °C for 30 h.

Synthesis of NiO/S,N-GQDs Nanocomposites

The 0.6g Ni(COOCH,),.4H,0 was dissolved in 20
ml as-prepared S,N-GQDs solution under stirring
and ambient conditions. In another container, the
ammonium hydroxide was dissolved in deionized
water to raise pH to 11. The ammonium hydroxide
solution was added to Ni-containing solution drop-
wise. After 60 min, the as-obtained suspension was
transferred into Teflon-lined stainless autoclave
and heated to 130 °C for 12 hours. The obtained
black solid was centrifuged under 6000 rpm for 10
min and dried at 50 °C for 30 h.

Determination of the minimum inhibitory
concentration (MIC)
The minimum inhibitory concentration

of nanomaterials was measured through the
broth microdilution method according to the
Clinical and Laboratory Standards Institute (CLSI)
guidelines. Mueller Hinton Mueller-Hinton agar
plates of NiO and NiO/S,N-GQDs were added to
each well. The tests were used 0.5 McFarland
standard bacterial suspension of Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus
aureus, and methicillin resistant Staphylococcus
aureus (MRSA). The plates were incubated at 37
°C for 18-20 hours. The lowest concentration of
NiO and NiO/S,N-GQDs that inhibited the growth
of bacteria was provided as minimum inhibitory
concentration (MIC).

Determination of the Minimum Bactericidal
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Concentration (MBC)

The minimum bactericidal concentration (MBC)
was determined via the CLSI guidelines (Wayne,
2004). After performing of the MIC test, 10 uL
from each clear well-containing nanomaterials
was subcultured to Mueller Hinton agar (Becton
Dickinson, USA). The plates were incubated in
ambient air for 24 hours at 37°C. Visually, the
colony-forming units (CFU) were calculated.
The MBC was described as the concentration at
which bacterial growth was reduced by three logs
(>99.9%) when compared to the initial inoculum.

Agar disk-diffusion method

Commercial blank discs impregnated with
NiO and NiO/S,N-GQDs were mounted on Muller
Hinton agar plates and incubated for 20 hours
at 37 °C. The clear zone of inhibition was then
measured to the nearest millimeter to assess
antibacterial activity.

Time-kill curve

A time-kill curve was developed to investigate
the rate and degree of bacterial reduction when
treated with a NiO and NiO/S,N-GQDs. The
inoculums of bacteria were modified to 10° CFU/
mL. The NiO and NiO/S,N-GQDs were tested
against MRSA at 0.25 MIC, 0.5MIC, 1MIC, and
2MIC. At 0, 6, 12, 18, and 24 hours, samples were
collected and aliquoted onto BHI agar plates. After
a 24-hour incubation period at 37°C, the number
of colonies on the BHI plates was measured in
CFU/mL.

RESULTS AND DISCUSSION

XRD analysis was applied for the investigation
crystalline structure of prepared nanomaterials.
As well as shown in Fig. 1a, NiO nanoparticles
was formed in rhombohedra phase (JCPDS: 22-
1189) with space group of R-3m and cell constants
a =29540 A, b = 2.9540 A, and ¢ = 7.2360 A.
XRD analysis confirmed the formation of NiO
nanoparticles with any impurity. Scherrer equation
was utilized to determine crystalline,
Dc = KA/BCos6

where B is the width of the observed diffraction
peak at its half maximum intensity (FWHM), K
is the shape factor, which takes a value of about
0.9, and A is the X-ray wavelength (CuKa radiation,
equals to 0.154 nm). The crystalline size was
calculated 41 nm for NiO nanoparticles. The XRD
pattern of prepared S,N-GQDs was presented in

183



184

S. Ghazi Al-Shawi et al. /NiO and NiO/S,N-GQDs for Antibacterial Application

*
b *
*
) *
£l
<
:; *NiO
% n ® S,N-GQDs
=
*
*
a *
T T T T T T T
0 10 20 30 40 50 60 70 80
2 Theta (deg)

Fig. 1. XRD pattern of as-prepared a) NiO nanoparticles and b) S,N-GQDs/NiO nanocomposites
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Fig. 2. FTIR spectrum of synthesized NiO nanoparticles and S,N-GQDs/NiO nanocomposites
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Fig. 3. a) UV-Vis spectrum of NiO nanoparticles and S,N-GQDs/NiO nanocomposites b) band gap (Eg) of NiO nanoparticles

Fig. 2b. The broad peak at 24° relates to GQDs.
XRD pattern of prepared S,N-GQDs is in good
agreement with previously reported work [26].
Fig.1c shows the XRD pattern of prepared S,N-
GQDs/NiO nanocomposites. XRD pattern reveals
the formation of NiO nanoparticles and S,N-
GQDs together. In comparison with XRD pattern
of NiO nanoparticles, it is found that the width of
peaks has been slightly changed in S,N-GQDs/NiO
nanocomposites.

FTIR analysis was applied for investigation
functional group of samples. Since the surface of
GQDs contains different functional groups, so FTIR
analysis can be helpful for the analysis of products.
As well as shown, the broad peak at 3000 to 3550
cm™ related to the stretching vibration of the
hydrogen bonded OH groups of the adsorbed
water, and the peak at 480 cm? is attributed
to Ni-O stretching mode. In the S,N-GQDs/NiO
nanocomposites some peaks are observed in 1000-
1400 cm™ which is attributed to GQDs-related
functional group. The FTIR analysis confirms the
linking of S,N-GQDs into NiO nanoparticles clearly.

FESEM analysis was applied for morphological
investigation of products. Fig. 3a, and Fig.
3b presents SEM images of as-prepared NiO
nanoparticles at two different magnifications. It
can be concluded that homogenous 75nm NiO
nanoparticles are synthesized via the applied
procedure. Fig. 3c, and Fig. 3d shows SEM
images of S,N-GQDs/NiO nanocomposites at two
magnifications. The images confirm the formation
of very tiny GQDs alongside NiO nanoparticles.
It is found that the size of NiO nanoparticles in

J Nanostruct 11(1): 181-188, Winter 2020
@)y |

pure NiO and S,N-GQDs/NiO nanocomposites are
different significantly. It can be attributed to the
applied synthesis procedure of S,N-GQDs/NiO
nanocomposites which use S,N-GQDs solution
instead of water. The S,N-GQDs and water provide
different pH that can be lead to different sizes.
Also S,N-GQDs act as a capping agent and prevent
the agglomeration of NiO nanoparticles.

The optical properties of NiO nanoparticles
and S,N-GQDs/NiO nanocomposites were studied
via UV-Vis analysis. Fig. 4 displays UV-Vis spectrum
of prepared NiO nanoparticles and S,N-GQDs/NiO
nanocomposites. As well as shown in Fig. 4a, the
optical absorption was centered at 314 nm for NiO
nanoparticles. Fig. 4a shows UV-Vis absorption
of S,N-GQDs/NiO nanocomposites. As well as
known, the band gap of S,N-GQDs is lower than
NiO nanoparticles. This leads to absorption and
excitement of S,N-GQDs/NiO via visible light. It
can be concluded that absorption extends to the
visible region via S,N-GQDs in the S,N-GQDs/NiO
nanocomposites.

The optical direct band gap of NiO nanoparticles
was measured 3.16 eV via Tauc’s relation (Fig. 4b):

(ahu)?= ao(hu-Eg)

Where hu, o, and E, are photon energy, a
constant, and optical band gap respectively.

The results of the broth microdilution
procedure were used to determine the MIC and
MBC, as shown in Table 1. As well as concluded
from Table 1, Staphylococcus aureus shows the
highest sensitivity since the lowest concentration
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Fig. 4. SEM images of prepared a,b) NiO nanoparticles, b) S,N-GQDs/NiO nanocomposites

Table 1. MIC and MBC value of NiO nanoparticles and S,N-GQDs/NiO nanocomposites against microorganisms

NiO nanoparticles

NiO/S,N-GQDs

Microorganism

MIC(mg/ml) MBC(mg/ml) MIC(mg/ml) MBC(mg/ml)
Staphylococcus aureus 0.4 0.8 0.2 0.4
MRSA 0.8 1.6 0.4 0.8
Pseudomonas aeruginosa 0.4 1.6 0.2 1.6
Escherichia coli 0.8 1.6 0.8 1.6

Table 2. Zone of inhibition provided NiO nanoparticles and S,N-GQDs/NiO nanocomposites

Microrganism

Inhibition zones (mm)

NiO S,N-GQDs/NiO
Staphylococcus aureus 16 19
MRSA 11 14
Pseudomonas aeruginosa 8 10
Escherichia coli 10 16

of S,N-GQDs/NiO nanocomposites was applied
via MIC and MBC value 0.2 and 0.4 mg/ml. It is
clear that inhibition and bactericidal effect of
S,N-GQDs/NiO is better than NiO nanoparticles.
It can be attributed to the excellent optical
properties of S,N-GQDs/NiO. It is well known
that reactive oxygen species (ROS) is one of the
major responsible for antibacterial mechanism.
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The optical properties of S,N-GQDs/NiO facilities
ROS mechanism. The antibacterial activity of
nanomaterials against a range of microorganisms
varied considerably. The zone of inhibition was
measured Pseudomonas aeruginosa (10 mm),
Escherichia coli (16 mm), Staphylococcus aureus
(19 mm), and MRSA (14 mm) for the S,N-GQDs/
NiO nanocomposites (Table 2). The results in Table
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Fig. 5. Time-kill curve for MRSA strain by NiO nanoparticles and S,N-GQDs/NiO nanocomposites

2 confirms better antibacterial activity of S,N-
GQDs/NiO nanocomposites in comparison with
NiO nanoparticles. Time-kill Curve was applied
for in-depth investigation of antibacterial activity
at different times. Fig. 5 presents the time-kill
Curve of NiO nanoparticles and S,N-GQDs/NiO
nanocomposites against MRSA. First, it is obvious
that antibacterial activity was increased with
increasing the concentration of nanomaterials.
Second, the antibacterial activity of S,N-GQDs/NiO
nanocomposites is higher than NiO nanoparticles
within 24 hours.

CONCLUSION

In conclusion, NiO nanoparticles and S,N-
GQDs/NiO nanocomposites were prepared via
a simple hydrothermal method. The structural
and morphological properties of samples were
analyzed via XRD, FTIE, UV-Vis, and FESEM
analysis. Results confirmed the formation of NiO
nanoparticles and S,N-GQDs/NiO nanocomposites
with high purity. The optical properties of
prepared S,N-GQDs/NiO nanocomposites lead to
antibacterial application. So, the inhibition and
bactericidal effects of NiO nanoparticles and S,N-
GQDs/NiO nanocomposites were tested. Results
revealed that Staphylococcus aureus showed the
highest sensitivity since the lowest concentration
of S,N-GQDs/NiO nanocomposites was applied
via MIC and MBC value 0.4 and 0.8 mg/ml. The
zone of inhibition was measured Pseudomonas
aeruginosa (10 mm), Escherichia coli (16 mm),
Staphylococcus aureus (19 mm), and MRSA (14
mm).
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