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Abstract:

This study used the Co-precipitation approach to successfully manufacture an effective g-CsN,@Cu
nanocomposite. Copper nitrate was used as a source of copper, and melamine was used to create the
g-C3N4 nanosheet. The synthesized composite was then examined under a scanning electron
microscope (SEM), subjected to X-ray diffraction (XRD) studies, energy dispersive X-ray (EDX)
techniques, Fourier transforms infrared spectroscopy (FT-IR), and examined using ultraviolet and
visible (UV-Vis) spectroscopy by using UV-Visible absorption spectroscopy, the optical band gap of
the g-C3N4 nanosheet and g-C3N,@Cu nanocomposite were determined. In comparison to the g-
C3N,@Cu nanocomposite, the g-C3N4 nanosheet displayed a higher apparent absorption, and a
further red shift was seen for the g-C3Ns containing Cu. ¢g-C3N4@Cu nanocomposite was
respectively 3.2 eV and 2.7 n. For g-C3Ny4, FT-IR spectra indicated a prominent peak at 840 cm-1
Additionally, a broad peak with a range of 2500 cm-1 to 3500 cm-1 provides more proof that g-C3N4
was constructed. A face-centered cubic (fcc) structure is visible in the g-C3N4,@Cu Nanocomposite's

X-ray Diffraction pattern. The multilayer structure and certain rods with rough areas are seen in the
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SEM picture of the g-C3N,4 nanosheet. Additionally, the hollow sphere-like structure of the g-
C3N,@Cu Nanocomposite is visible in the SEM image. The findings demonstrated that adding g-
CsN4 nanosheets promotes the antibacterial properties of g-C3N4s@Cu nanocomposite, which were
created from its nucleation effect increasing the copper's surface area-to-volume ratio increasing
interfacial interaction and elevating established reactive oxidative species (ROS) killing bacteria. The
current study creates fresh possibilities for enhancing the antibacterial properties of biomedical
polymers.

Keywords: Biomedical polymers; bandgap; nanocomposite; g-C3N4; SEM.
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INTRODUCTION:

The bacterial illness threatens the health of people and all other living things, but it also
contaminates the land, water, and environment, killing off animals and plants in the process.
Antibacterial agents have thus received a lot of attention up to this point, leading to the development
of numerous of them.!! A severe public health issue has been created by the overuse of antibiotics,
which has caused bacteria to develop drug resistance.” Recently, metal-based composites and
semiconductor materials have drawn increased interest among them.B® Silver,["® gold, %
copper,**2 carrollite,**cadmium oxide ™ cadmium hydroxide, and zinc oxide **% are just a few
of the metals, metal oxides, and metal sulfide whose antibacterial characteristics have been studied
thus far. As a whole, Overall, metallic structures have revealed a strong antibacterial activity 72%
that is influenced by their size, shape, surface area to volume ratio, zeta potential, dispersion, and
morphology among other factors. By raising the specific surface area to volume ratio,’™ %! the
antibacterial property of nanoparticles is enhanced.'”According to earlier research, the antibacterial
function improves even at low concentrations as the aggregation of metal nanoparticles reduces.® It
should be emphasized that microbes have no resistance to metallic particles, which speaks volumes
about the value of metallic antibacterial agents. Due to its numerous uses in solar

cells,'®®!photocatalysis,®” sensors,”® and optical applications,® the g-CsN. semiconductor has
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recently attracted a lot of attention Antibacterial structures B%s another example. In addition, a

variety of g-CsN,@Cu nanoparticle morphologies, B

including nanotubes, nanorods, and
nanoribbons %34 have been reported.These morphologies were created utilizing the hydrothermal
and sonochemistry procedures.**)Cu nanoparticles have significant antibacterial action, which is
mostly produced by ROS.P® Additionally, the nucleation center function of g-CsN4 works as a
nucleation center for Cu nanoparticles, boosting their heterogeneous interfaces, which are desirable
for their antibacterial properties. This makes the combination of polymer and inorganic nanoparticles
appealing. It's interesting to note that putting nanoparticles into the polymer matrix changes their
surface.®” Due to its applicability in numerous sectors, including biomedical, energy, electronic, and
optical, g-C3N4s@Cu Nps has been selected as the polymeric medium in this work. The fact that this
is one of More significantly, g-CsN,@Cu Nps has been effectively synthesized for biomedical
applications with antibacterial activity against E. coli employing microwave irradiation in addition to
the antibacterial features. Additionally, g-CsN4s@Cu Nps antibacterial capabilities demonstrated
overt antibacterial action against the pathogens L. monocytogenes and E. coli. The photocatalytic
abilities and antibacterial activities of g-CsN4, which has a bandgap value of 2.7 eV, have made it
one of the most intriguing materials. Current studies have demonstrated that the correct antibacterial
activity of g-C3Ny4-based materials is correlated with the generation of a wide range of ROS and the
simple displacement of electrons in their conduction band. According to Ding et al., Cu/protonated
g-CsN, composite was created by electrostatically connecting protonated g-CsN4 and Cu The
outcomes produced are evident. Our study team published information about the g-microwave g-
CsN,@Cu absorbing properties. The antibacterial efficacy of g-CsNs, Cu, and g-C3N,@Cu
distributed in a practical matrix was examined in this study. Here, the antibacterial qualities of the Cu
nanoparticles painted onto g-C3N4 nanosheets were meticulously examined for the first time, offering
an unmatched opportunity to enhance the antibacterial properties of medicinal polymers. The
outcome showed that g-C3sN,@Cu Nps has strong antibacterial action against E. coli and S. aureus

derived from the ROS generated.

MATERIALS AND METHODS

Materials

Melamine (Sigma Aldrich 99.9% purity), Copper (I1) Nitrate trihydrate (Cu (NO3),.3 H,0), Sodium
borohydride, and ethanol were purchased from Himedia, India, and were used without extra
purification. All chemicals used in this examination were of analytical grade. The double distilled

(DD) water was utilized in this investigation.
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Fabrication of g-C3N4 nanomaterial

The pure g- C3N4 Nanoparticle was prepared by the Hydrothermal method. Melamine was thermally
treated with the muffle furnace and heated to 550°C for 4hr with a temp rate of 5°C/min.After that,
the muffle furnace cooled naturally to room temperature; the product was washed with water 3 to 4
times continuously, followed by Ethanol wash three times. Then the product was dried at 60°C for 8
hrs. to obtain the resulting product of g- C3N4 nanoparticle. The resulting product obtained was
yellow in color.

Synthesis of g-C3N,@Cu Nanoparticle

g-C3sN4 @Cu nanoparticles were prepared by precipitation method.0.5 g of g- C3N4 was mixed with
double distilled water, and 0.5mm of Cu(NO3),.3 H,O was added, and the reaction mass was kept
under stirring for 10 hrs. at room temperature. After 10 hrs., 1.5g of sodium borohydride was added
to the portion with constant stirring. The reaction temperature was elevated to 50°C, and then the
precipitate was obtained because of the continuous 10 hrs.stirring. The reaction was cooled to room
temperature. After cooling, the precipitate was obtained for centrifugation, followed by water and
ethanol washing, and then dried for calcination. Finally,a g- CsN4 @Cu nanoparticle was obtained.
RESULTS

UV-vis- DRS

Figure 1 shows the UV-visible absorption spectrum that was utilized to evaluate the optical
characteristics of the synthesized g-CsN4@Cu. The optical absorbance is influenced by the size and
shape of the particles, the distance between them in the media, and the surrounding environment. For
the g-CsN,@Cu nanoparticle, the room-temperature spectra showed string excitonic absorption

peaks at 245 nm. The Tauc plot of the g-C3N,@Cu nanocomposite is displayed in Figure 2.

g-C N,
g-C N @ Cu Nps

Absorbance

wavelength (nm)

Figure 1 UV-Visible spectra of g-C3N4@ Cu nanoparticle
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The optical band gapof thenanoparticlesis determinedby extrapolation of the linearproofs h plots

using the followingequation old equation

C (hU _ EgBulk)Z
hv

a =

Where a is the absorption coefficient, hv is the photo energy, Eq is the optical band gap energy and C
is the constant depending on the electron—hole mobility. Figure 2 shows the Tauc plot of the g-
CsN,@Cu nanocomposite. The band gap energy was estimated to be about2.69 eV for g-CsN,@Cu

nanocomposite respectively.

Where a is the absorption coefficient, hv is the photo energy, Eq is the optical band gap energy and C
is the constant depending on the electron—hole mobility. Figure.2 shows the band gap energy was

estimated to be about 2.69 eV for g-C3N,@Cu nanocomposite respectively.

Band gap » 2.60 aV

Figure2 Tauc plot g-C3sN4@ Cu nanoparticle

FT-IR

In the FT-IR spectrum g-C3Ny4 is shown in 3. The band that appeared at the frequency range of 400-
500 cm™ can be assigned to the stretching vibrational Cu band. The peaks appeared at 1383 cm™
corresponding to the stretching modes of the C-N stretching mode of g-C3N,4. Furthermore, FT-IR
spectra of g-CsN4@Cu shows in figure 3. The characteristic peaks appeared at 446.02, 470.56 cm™
corresponding to the stretching mode of Cu. Moreover, the peaks appeared at 1384, and 1468 cm-1
relevant to the stretching mode of C-N in g-CsN,. The peak at 3445.24 cm™ represents the N-H
stretching mode of g- C3N4. Thus, the formation of g-C3N, @Cu nanocomposite is confirmed by
FT-IR results.
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—gCN,
——g-C.N,@Cu Nps

% of Transmission

Wavenumber (cm )

Figure 3 FT-IR Spectra of g-C3N4 and g-C3N,@Cu nanoparticles
XRD

The X-ray diffraction patterns of g-C3N4 and g-C3N,@Cu were shown in Figure 4. The diffraction
peak of g-CsN,4 (Figure 8a) at 22.3°, 29.3° and 46.1° can be assigned to (100), (002), and (103) and
indexed to the hexagonal phase of g-C3N4. No impurity peaks were obtained in the XRD pattern of
g-C3Ny. Figuredb shows the XRD pattern of g-C3N,@Cu The diffraction peaks are correlated with
the Cu phase, moreover, the diffraction peak appeared at 27.5° corresponding to g-CsNj. This
confirms the g-CsN, exists on the Cu nanoparticle. Furthermore, the intensity of the XRD peaks *!is
increased while the addition of doping content. Thus, the formation of g-C3N,@Cu nanocomposite is

confirmed. The average crystallite size is determined by Scherrer’s formula given in below (equ. 1)

(b)

Intensity (a.u)

T T
P X N

T Y
@« ) LY

24 (Degroe)

Figure 4 g-C3N4 and g-C3N4 @Cu nanoparticle
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K2
_ﬂcosa (1)

Where D is the average crystallite size, f is the full-width half maximum (FWHM) of the 20
peak. K is the shape of a factor of the particles (it equals 0.89), 8 and A are the incident of angle and
wavelength of the X-rays. The crystallite sizes [22] were determined as 19.6 nm for g-C3N,4 and
35nm for g-C3N,@Cu respectively. This result reveals that there is a change in crystallite size. This

shows the doping effect of g- C3N4 on Cu nanoparticles.

Morphological study of g-C3Ny4, g-C3sN,@Cu Nps:
The surface morphological study of g-CsNjand g-CsN,@Cu Nps was investigated through
SEM analysis and shown in Figure 5. The SEM image of g-C3N4 shows the creation of a layered
assembly and some rods with arough area. Moreover, the SEM image of g-C3N4s@Cu Nps exhibits a
hollow sphere-like structure derived from the parent Cu Nps. This implies the g-C3N, doped on the

surface of Cu Nps.

] > _ ..b ) A
1131 SE 206V X10,000 il! 113188 0

Figure 5 SEM images for (a) g-C3Ny, (b) g-C3sN,@Cu Nps
HR-TEM

Figure 6 shows HR-TEM images of g-C3N,s@Cu Nps (a-c). HRTEM images depict the emergence of
nanorods. The HR-TEM images of g-C3N,@Cu confirmed the formation of nanorods and nanoflakes, as
shown in
(Figure 6 a-c), and have good dispersion within the g-C3N4 matrix array. The crystalline nature of the g-
C3N,@Cu Nps observed in the selected area diffraction pattern is shown in Figure 6d (SAED). Figure 6d
illustrates the particle size distribution of g-CsN,@Cu Nps, the particle size was found to be 80.3 nm, which

is closer to the XRD average crystallite size.
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Figure 6 HR-TEM images of g-C3sN,@Cu Nps
DISCUSSION

The antimicrobial properties of g-C3N4 at a concentration of 0.1mg of 1uL against (Enterococcus

faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus) have been
assessed in this study. The results revealed that the g-C3N, efficiently suppress pathogens’ growth
with variable potency. As stated in Table 1, the maximum zone of inhibition against Enterococcus
faecalis (was 20mm), After that g-C3N, had a zone of inhibition (16mm) against Both Klebsiella
pneumonia and Pseudomonas aeruginosa, and then the minimum Zone of inhibition (14mm) against
Staphylococcus aureus. The g-C3N4 exhibited an inhibitory effect against All four of the pathogenic
strains  (Enterococcus faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa, and

Staphylococcus aureus).
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Table 1 Antimicrobial activity of a) Klebsiella pneumoniae b) pseudomonas aeruginosa c)

Staphylococcus aureus d) Enterococcus faecalis

ZONE OF INHIBITION (mm)
S.NO Fi
ures BACTERIAL SP
control g-CsN4@Cu
1 Klebsiella pneumoniae 16
2 pseudomonas aeruginosa - 16
3 Staphylococcus aureus - 14
4 Enterococcus faecalis - 20
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ABBREVIATIONS

g- C3Ny4: Graphitic Carbon Nitride; Nps: Nanoparticles; Cu: Copper; pL:millionth of a liter;mg: Milli

gram;mm: millimeter;HRTEM: High-resolution transmission electron microscopy;SEM:scanning electron
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microscope; XRD:X-Ray diffraction analysis; UV-Vis:ultraviolet-visible; FT-IR: Fourier-transform

infrared spectroscopy; ROS: Reactive Oxidative Species
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