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Abstract

Currently, nanomaterials with exceptional antibacterial activity have become an emerging domain in
research. The optimization of nanomaterials against infection causing agents is the next step in dealing
with the present-day problem of antibiotics. In this research work, Ag,0, CoFe,0,, and Ag,0/CoFe,0,/rGO
are prepared by chemical methods. The structural and morphological properties were studied by UV-Vis
spectroscopy, X-ray diffraction spectroscopy (XRD), scanning electron microscopy (SEM), energy
dispersive X-ray spectroscopy (EDX), and Fourier-transform infrared (FTIR) spectroscopy. The synthesized
Ag,0, CoFe,0,4, and Ag,0/CoFe,0,/rGO nanomaterials were used for antibacterial activities. The
nanomaterials were investigated for antibacterial properties, and results showed that all these materials
exhibit superior antibacterial efficacy against gram-positive strains like Staphylococcus aureus (S.
aureus) and gram-negative bacterial strains like Escherichia coli (E. coli). According to the antibacterial
results, the nanocomposite significantly reduced the reproduction rate of E. coliand S. aureus. Moreover,
the antibacterial activity of nanomaterials showed a gradual increment with an increase in the
concentration of the materials. These results demonstrate that all the nanomaterials, as a kind of
antibacterial material, have a great potential for application in a wide range of biomedical applications.

1. Introduction

According to the US Centers for Disease Control and Prevention (CDC), more than 33,000 deaths are
attributed to infections with antibiotic-resistant bacteria in the European Union alone. Tragically, the
human world is standing at the threshold of a “post-antibiotic era”, where the toll of death from bacterial
infection will be greater than that of cancer, as stated by the CDC. (Cassini et al. 2019). The unguided and
unchecked use of antibiotics is to be blamed for the pathetic situation we are facing today. The evolution
of antibacterial resistance and the appearance of genetically mutated resistant bacteria are the main
causes of new infections (Christaki et al. 2019). Due to the worldwide rise of drug-resistant bacterial
pathogens, the efficacy of conventional antibiotics is falling. Failure of antibiotics is an increasingly
urgent problem to humanity leading to lack of therapy for serious infections (Aslam et al. 2018). Even if a
new antibiotic is launched, the resistance of bacteria appears. Alternative strategies need to be found as
soon as possible. Since antibiotic-resistant bacteria have increased dramatically, there is a need for
alternate strategies and new antibacterial agents that can fight against these resistant bacterial strains
(Gupta et al. 2019).

Development of novel antibiotic agents has become an essential with the continuous emergence of
bacterial resistance. Nanomaterials cause lethal injuries to the pathogens by acquiring a number of
different mechanisms (Gao and Zhang 2020). A number of nanomaterial-based antimicrobials have been
reported. Among these agents, metallic NPs are very significant due to their strong antibacterial activity.
Metal nanoparticles are one of the most promising tools to combat pathogenic elements. They have
shown broad spectrum antibiotic activity against various fungal species, mycobacteria, and gram
positive and gram negative bacteria(Slavin et al. 2017). Various nanoparticles have been reported to
show antibacterial properties against different bacterial species. Silver (Ag), gold (Au), copper (Cu), cobalt
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(Co), zinc (Zn) and titanium (Ti) metals, as well as oxides and ferrites of different metals, have been
reported to exhibit an antimicrobial effect (Sdnchez-Lépez et al. 2020). Different types of nanoparticles
show different levels of antibiotic activity. Their unique physical and chemical properties can lead to fine-
tuned interactivity between them and bacteria. Graphene derivatives have also been reported to show
antibacterial activity, which suggests that they could hold a high place in the biomedical field (Kumar et
al. 2019)(Cao et al. 2021).

Stani¢ and Tanaskovi¢ reported that silver metal has the strongest antimicrobial effect among metals.
(Stani¢ and Tanaskovi¢ 2020). Silver oxide comes under metal oxide nanoparticles and is world-known
for having extensive applications in a number of fields such as: optical devices, cancer therapy,
biological, electrochemical, sensors, catalytic reduction and cosmetics (Tafida et al. 2020)(ur Rahman et
al. 2020)(Maheshwaran et al. 2020)(Rashmi et al. 2020)(Ahmed et al. 2020)(Igbal et al. 2020). Silver
oxide (Ag,0) nanoparticles is also known for its strength in decoloring dyes and for cleaning organic
pollution from water. (Rahnama et al. 2021)(Zhou et al. 2020). Cobalt ferrite (CoFe,0,4) NPs, with their
unique crystal lattice organization, offer prominent magnetic properties such as magnetic anisotropy,
saturation magnetization, coercivity, etc. Because of their enhanced magnetic properties, they can be
used in drug delivery, imaging and diagnostics, magnetic hyperthermia, magnetic extraction, separation,
and biosensors (Srinivasan et al. 2018)(Amira Alazmi et al. 2019)(Fayazzadeh et al. 2020)(Ghiasi and
Malekpour 2020)(Vajedi and Dehghani 2020). As it is rich in structural defects, rGO nanosheets show
more interaction with bacteria. In fighting with the bacteria, the mechanism of rGO is similar to that of
graphene and GO, i.e.,, by causing membrane oxidative stress and rupturing. Sharp nanosheets of GO and
rGO cause membrane stress, leading to high antibacterial activities and fragmentation of DNA due to an
increase in reactive oxygen species ROS (Shi et al. 2016).

To enhance the antibiotic power of nanoparticles combinational approach provides us a pathway where
bacteria find it hard to form resistance. Binary and ternary hetero-materials increases surface area and
thus improve the antibacterial efficiency in comparison to unary nanomaterials. The ternary
heterojunction can magnify the antimicrobial power, further more binary metal nanocomposites (Wang et
al. 2017). Recently there is a heightened interest in magnetic nanoparticles for biomedical applications.
magnetic nanoparticles with bactericidal effect have been studied (Ning et al. 2020)(Shatan et al. 2019).
Cobalt ferrite has been studied for its magneto-antibacterial properties (Meidanchi 2020).

In this paper, Ag,0 and CoFe,0,4 NPs were fabricated using facile chemical reduction and a modified
solvothermal technique, respectively. A modified Hummers’ method was employed for GO synthesis. A
novel ternary nanocomposite Ag,0/CoFe,0,/rGO is synthesized by a simple two-step process. The
synthesized materials were characterized using UV-Visible spectroscopy, X-ray diffraction (XRD)
technique, scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy, Fourier-
transform infrared (FTIR) spectroscopic technique, and energy-dispersive X-ray (EDX) spectroscopy. The
nanomaterials were investigated for their antimicrobial potential against Staphylococcus aureus and
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Escherichia coli. The union of magnetism, biocompatibility, and nano-knife effect of rGO would make the
Ag,0/Cofe,0,/rGO ternary nanocomposite a technically brilliant material in biomedical applications.

2. Methodology
2.1. Reagents

All chemicals were analytically pure and were used without further purification. Sodium borohydride
[NaBH,, Sigma-Aldrich]: Ethylene glycol [C,H¢O,, Analar]; Sodium hydroxide [NaOH, Sigma-Aldrich]; Iron
trichloride hexahydrate [FeCl;.6H,0, 98% BDH Analar]; Graphite powder [99%, Sigma-Aldrich]; Phosphoric
acid [H3PO,, Fischer Scientific]; Cobalt chloride hexahydrate [CoCl,.6H,0, 98% MERCK]; Sodium acetate
[Na(CH3COO, 99% Sigma-Aldrich]; Potassium permanganate [KMnO,, 97%, Sigma-Aldrich]; Silver nitrate
[AgNO,, Sigma-Aldrich]; Hydrogen peroxide [H,0,, 30 wt.% in H,0 Sigma-Aldrich]; Sulphuric acid [H,S0,,
95-98%, Fischer scientific]; Ethanol [C,Hs0H, Analar]; and Deionized (DI) water.

2.2. Synthesis of Silver Oxide Nanoparticles

Simple wet chemical approach was used to synthesize nanoparticles of silver oxide. In this method, firstly
a solution of silver nitrate was prepared. 150 mL of 10 mM solution of AgNO5; was heated up to 70°C and
0.056 g of sodium borohydride was added to this solution of silver salt slowly. The mixture was kept
stirring while the temperature being maintained at 70° C. After five minutes 10 mL of freshly prepared 0.2
M NaOH was added which lead to formation of, black-brown precipitates. The mixture was stirred for half
an hour. After 24 hours aging, the precipitates were washed using DI water till neutral pH was obtained
and then dried at 110°C.

2.3. Synthesis of Cobalt Ferrite Nanoparticles

A modified solvothermal technique was used to obtain cobalt ferrite nanoparticles. Ethylene glycol was
selected as the solvent. 0.405 g of FeCl;.6H,0 and 0.178 g of CoCl,.6H,0 were used to form a solution in
150 mL of ethylene glycol (EG) by sonicating the mixture for one hour. After sonication, the colour turned
bright orange. Then, 6.15 g of sodium acetate was put in the solution, and it was magnetically stirred for
another hour, and the mixture gave a reddish orange tint. The mixture was poured into a 200 mL Teflon
autoclave and placed in the oven for four hours at 180°C. Precipitates were collected, washed using DI
water, and then dried at 110°C.

2.4. Synthesis of Graphene Oxide

Graphite powder was used as a precursor for the synthesis of GO by utilizing the well-known modified
Hummer's method. Firstly, in an ice bath, 90 mL of H,SO, was mixed with 10 mL of 29 H3PO, (volume
ratio of 9:1) and mixed using a magnetic stirrer for some time at 10°C. In this mixture, 0.75 g of graphite
powder was introduced while being stirred and kept in an ice bath. When it was homogenized, 4.5 g of
KMnO, was added gradually. After the addition of KMnO,, it was kept stirring for six hours without
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disruption. This resulted in a dark green slurry. The dropwise addition of 0.75 mL of H,0, leads to the
removal of excess KMnO,. The mixture was stirred for another 10 minutes. As a result of the H,0,
addition, an exothermic reaction occurred, and an ice bath was used to cool it down. Upon cooling, 25 mL
of HCIl was added, followed by 75 mL of DI water. The resultant suspension was centrifuged and washed
at 12000 rpm till a neutral pH was obtained. The washed GO was dried in the oven for 24 hours at 60°C.
After this, the dried GO obtained was then ground to obtain a fine GO powder (Fig. 1).

2.5. Synthesis of Ag,0/CoFe,0,/rGO Nanocomposite

Ag,0/CoFe,0,/rGO nanocomposite was prepared by the two-step approach reaction of AgNO;,,
CoCl,-6H,0, FeCl;-6H,0 and GO. Firstly, in 100 mL of ethylene glycol, 100 mg of GO was dispersed by
ultrasonically treating the mixture for one hour. Next 8 mg of AgNO5 was put into the suspension and
then magnetically stirred so that homogeneous solution was obtained. Into this system, 100 mL of
NaBH,/EG (38 mg/mL) was dropped. Magnetic stirrer was used to stir the mixture. Few minutes later,
precipitates were obtained. After centrifugation, the precipitates of Ag,0/rGO nanocomposite were
washed and separated for further use. Subsequently, for the preparation of Ag,0/CoFe,0,/rGO ternary
nanocomposite, 8 mg of CoCl,-6H,0 and 20 mg of FeCl;-6H,0 were dispersed in 70 mL of EG. Next, 2.38
g of sodium acetate was added. After this, magnetic stirring was performed for half an hour. Then as
prepared Ag,0/rGO nanocomposite was added while vigorously stirring the solution. The mixture was
shifted to a stainless-steel based autoclave (Teflon-lined) and kept for 4 hours in oven at 180°C. Then
centrifuged and washed several times before drying in oven at 110°C.

2.6. Characterization

The synthesized nanomaterials were characterized using UV-Vis, XRD, SEM, EDX, DLS, and FT-IR
spectroscopic analysis. The synthesized nanomaterials were characterized by a UV-Vis
spectrophotometer (1601 Shimadzu). An X-ray diffractometer (JDX-3532 (JEOL), Japan), over the 26
range of 10-80°, was used to analyse phase structures with radiation at 40 kV and 20 mA. The SEM
model used was JSM 5910 (JEOL), Japan. On a double stick tape, first the samples were deposited and
then placed in an aluminium sample holder. Before analysis, they were also sputter-coated in gold in a
sputter coater model SPI-Module (USA) at 30 mA for 90 seconds. The instrument used for this technique
was an EDX microanalyzer model INCA 200 (UK).

2.7. Antibacterial Assay

Antibacterial activities were performed against the selected bacterial strains using the synthesized
nanomaterials. In this study, gram positive bacteria “Staphylococcus aureus” and gram-negative
“Escherichia coli” were selected for anti-bacterial activity. An agar well diffusion assay was used in order
to obtain a qualitative evaluation of the antibacterial effects of synthesized materials. Agar solution was
prepared and spread on the plates, and then bacterial cultures were placed on the plates using a cotton
swab. After that, three holes (3 mm in size) were punched in the plate by a sterilized cork borer.
Levofloxacin was used as a standard material. Each of the three holes received 10 pL of 500 g/mL Ag,0,
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1 mg/L Ag,0, and standard antibiotic. To avoid the spillage of the solution over the plate, extreme care
was taken. More plates were prepared in which CoFe,0, and Ag,0/CoFe,0,/rGO were added in the same

way. The plates were then placed in an incubator for incubation for 24 hours at 36°C. After that, the zone
of inhibition was measured and noted after a growth period of 24 hours.

3. Results And Discussion
3.1. Characterization

3.1.1. X- ray Diffraction Analysis

XRD results of synthesized material are presented in Fig. 2. For each of them, the particle size of
nanocomposite has been calculated by Scherrer formula:

D = 0.89\/BCos0 (1)

Where “6” shows Bragg angle, “B" is full width half maximum and “A” shows wavelength of X-rays used
during the diffraction process.

The 26 value observer for the synthesized silver oxide are 34.83°, 43.65°, 63.03°, 67.75° and 75.87°.
These diffraction peaks belong to the 111, 200, 220 and 311 crystal planes. The crystallite size calculated
using Scherrer equation is 14 nm approximately. Similar findings were reported by Sangappa et al.
(Sangappa and Thiagarajan 2015). The diffraction peaks observed are in perfect match with the JCPDS
card no. 76-1393. Cobalt ferrite showed diffraction peaks 18.0°, 29.6°, 35.4°, 43.0°, 53.0°, 56.6° and 62.2°
20 values. These peaks can be assigned to (111), (220), (311), (400), (422), (511) and (440) crystal
planes of CoFe,0,, respectively. The observed XRD peaks were indexed to a cubic crystal structure. The
results are found to be in consistence with the reported data (Wang et al. 2015). The crystallite size
calculated for the nanoparticles was found to be 5 nm approximately. The diffraction peaks observed are
in perfect match with the JCPDS card no. 22-1086. For GO, 10.15° 26 value is observed. The lattice
spacing for graphene oxide is found to be 0.87 nm. The results are found to be close to that reported by
Bahrami et al. where the peak was found to be at 10. 31°. However, there was another peak that showed
the partial reduction of GO into rGO. No such peak is observed in the XRD spectrum of GO (Bahrami et al.
2019). The 20 peaks observed in the synthesized ternary nanocomposite are 24.4° and 43.36°. The two
broad peaks correspond to the rGO. No peaks are visible for the other two components. The reason
mainly is the much smaller quantity of silver oxide and cobalt ferrite. The peaks are totally masked by the
two broad peaks of rGO or due to their very small intensity as compared to that of rGO peaks they are not
visible. The small content of these two components is also visible from the EDX of the material.

3.1.2. UV-Visible Spectroscopy

UV-Visible spectroscopy was performed for each nanomaterial synthesized (Fig. 3). The band gap energy
is also determined from these absorbance spectra by using Tauc method based on the assumption that
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energy-dependent absorption coefficient a can be expressed as:
(a-hv)'Y =B (hv - Eg) (ahv)/Y = B (hv - Ey) (2)

Here, his Planck constant, £, means band gap energy, v denotes photon’s frequency and Bis a constant.
In this equation y factor is dependent on nature of electron transition and its value is 1/2 for direct and 2
for indirect transition band gaps (Makuta et al. 2018). The UV-Vis spectroscopy was performed from 300
to 800 nm range. The maxima for silver oxide was found to be at 410 nm while it was reported 430 nm by
Shume and coworkers (Shume et al. 2020). For silver oxide, band gap was 1.83 eV. The band gap of Ag,0
can lie in a wide range of 1.2 to 3.4 eV (Makuta et al. 2018). For cobalt ferrite, the absorption maxima is
found to be at 348 nm (Nithiyanantham et al. 2021). The band gap was measured equal to 2.44 eV which
is near 2.273 eV found by Yuliantika (Yuliantika et al.). GO showed one absorption peak at 230 nm and
another shoulder at 270 nm. Gurunanthan and co-workers also reported an peak at 230 nm while the
shoulder was seen at almost 300 nm (Gurunathan et al. 2012). The band gap was found to be 4.3 eV. The
ternary nanocomposite showed absorption at 260, 340 and 385 nm. The peaks may be attributed to rGO,
cobalt ferrite and silver oxide. The band gap was found to be 2.05 eV.

3.1.3. Scanning Electron Microscopy

Figure 4 represents the SEM images of silver oxide, CoFe,0,4, GO and their ternary system. The scanning
electron micrograph of silver oxide suggests that the surface morphology of silver oxide, is quite uniform
and very well-defined. The nanoparticles of silver oxide are almost spherical in shape (Banua and Han
2020). The SEM images of CoFe,0, reflects the grown NPs are well developed, with uniform morphology.
The figure depicts the homogeneous size distribution of particles that makes sure its nano-crystalline
nature. Due to the magnetic interactions and high surface energy of CoFe,0, nanoparticles, aggregation
of NPs was seen (Ensafi et al. 2017). The micrograph of GO shows the surface morphology reveals that
GO consisted of many flakes having both crumpled and stacked ones. There were also closely associated
cavities present. It was observed that wrinkles were present across GO layer because of its crumpling
nature (Igbal et al. 2020). In the SEM image of the ternary nanocomposite, the sheets of the reduced
graphene oxide can be seen twisted and folded with a rough structure. Wrinkling on rGO was present
because of the rapid removal of oxygen-containing functional groups in GO. Due to their entrapment
inside the crumpled rGO sheets, the nanoparticles are not very visible.

3.1.4. Energy-dispersive X-ray spectroscopy

EDX was performed to determine the elemental composition of the prepared materials (Fig. 5). The EDX
spectrum of silver oxide showed a larger amount of silver and oxygen than expected, which indicates the
formation of Ag,0. No impurities on the surface of the nanoparticles were found, showing the purity of
the synthesized nanoparticles. In the EDX spectrum of cobalt ferrite, the major presence of Co, Fe, and
oxygen is obvious. Some other elements are seen present on the surface of the particles that might come
from the precursors used. From the elemental percentage, a high ratio of cobalt, iron, and oxygen can be
seen. The EDX spectrum of the synthesized ternary nanocomposite shows the presence of all constituent
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elements: carbon, oxygen, silver, cobalt, and iron. As impurities, a small amount of sodium and silicon are
also present. The intensity of metal peaks is small due to their smaller ratio, which is also clear from their
weight percentage.

3.1.5. FTIR Spectroscopy

The FTIR spectra (Fig. 6) clearly defines the absorption bands detected in the samples. Prominent bands
for silver oxide were seen at 3380 cm™' and 545 cm™'. Among these the bands at 3380 cm™ corresponds
to H-O-H stretching vibration of water molecules. FTIR spectrum of synthesized Ag,0 nanoparticles
displays the characteristic band due to lattice vibration of silver oxide at 545 cm™" (approx.) which shows
the successful synthesis of silver oxide. The band near 1380 cm™" may correspond to nitrate vibrations.
The metal-oxygen stretching frequencies are observable in the range of 500 to 600 cm™' (Ravichandran
et al. 2016)(Shume et al. 2020). The band at 545 cm™" is very close to one reported by Siddiqui et al. i.e.
550 cm™ (Siddiqui et al. 2013). This further verified the compounds as silver oxide particles in addition to
the XRD analysis conducted. The remaining bands are present due to silver nitrate (Yong et al.). In the
FTIR spectra of cobalt ferrite, bands at 3433, 1635, 619, and 447 cm™" were observed. The bands at 3433
cm™" and 1635 cm™’ represent the stretching and bending vibration mode of O-H bond by water molecule
absorbed by the surface of nanoparticles during the synthesis process.

The bands that appeared at 619 and 447 cm™" represent the characteristic bands of Fe-O and Co-O metal-
oxygen bonds which confirms the successful synthesis of CoFe,0, nanoparticles. The absorbance bands
exhibited the formation of cobalt ferrite phase with spinel structure. As reported by Yuliantika et al, Spinel
ferrite has face-centered cubic structure (Yuliantika et al.). The result is in agreement with the findings of
Shanmugavel et al. and Oliveira et al (Shanmugavel et al. 2014) (Oliveira et al. 2013). Following bands
are observed in the spectrum of GO; 3450, 1716, 1635, 163, 1216 and 1072 cm™". In this, the
characteristic band at 3450 cm™" was because of O-H stretching. At 1716 C=0 groups in carboxyl and
carbonyl moieties are present. C-C skeletal vibration bands of unoxidized graphitic domains or
contribution from the stretching deformation vibration of carboxyl group 1363 cm™, intercalated water at
1635 cm™’, epoxide C—0—C or phenolic C-0—-H stretching vibrations 1216 cm™', and C-0 stretching
vibrations in the epoxy or alkoxy groups are represented by the band at 1072 cm™. These bands confirm
the various functional groups like intercalated water, carboxyl group, epoxide, phenolic, and alkoxy groups
present on surface of graphene oxide. The results were found to be very close to that reported by Sim et
al. (Sim et al. 2014). For the ternary nanocomposite the peak formed at 1728 cm™' represents stretching
of C=0 of COOH present on the edges of sheet. The decrease in intensity was seen because of the
decomposition of the aforementioned groups by hydrothermal treatment. The band at 615 cm™' shows

1

Co-0 bond vibration. A very slight band can be seen at 511 cm™' which represents the metal oxygen

bond. At 418cm™" stretching vibrations of Fe-O can be seen. 70 The decreased intensities of oxygen
containing functional groups confirms conversion of GO into rGO. The metal oxygen bands between 400

to 650 cm™! represents the presence of Ag,0 and CoFe,0,. The results confirm the formation of the
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ternary nanocomposite showing metal-oxygen bonds and reduced graphene oxide. The results are found
to be close to that reported by Khan et al. and Igbal et al (Khan et al. 2020)(Igbal et al. 2020).

3.2. Antibacterial Activities

The Ag,0, CoFe,0,, and Ag,0/CoFe,0,/rGO synthesized were tested for antimicrobial efficacy via the
Agar well diffusion assay (Fig. 7). The antibacterial efficiency was identified through the appearance of
an inhibitory zone around the well. The antibacterial action was studied against gram positive
Staphylococcus aureus and gram-negative Escherichia coli using levofloxacin as a standard. The
inhibition against the used bacterial strains was visible after incubation for 24 hours. The figures show
the photographs of petri-dishes with different nanomaterials against both the pathogens under study.
From the pictures, it is obvious that all nanomaterials can give a good zone of clearance against all three
bacteria. S1 and S2 represent the two concentrations used for the antibacterial activity for these two
bacteria, i.e., 500 pg/mL and 1 mg/mL, respectively. The table shows the inhibitory zones in mm. The
antibacterial activity against S. aureus was found for silver oxide, which has a higher inhibitory power as
compared to that of cobalt ferrite and is proven by their zones of inhibition. At 500 pg/mL, Ag,0 shows a
zone of inhibition of 4 mm, while there is no zone of clearance seen for CoFe,0, at this concentration.
After increasing the concentration two times, a significant increase in the zone of clearance is seen. The
Z0lI for Ag,0 is 13 mm, while the ZOI for CoFe,0, is 11 mm, and the ternary nanocomposite
Ag,0/CoFe,0,/rGO has an inhibition zone of 5 and 14 mm. For E. coli, the inhibitory area is a bit reduced
due to the smaller susceptibility of these bacteria. The following order is found for the nanomaterials
under study against gram positive S. aureus, Ag,0/CoFe,0,/rGO > Ag,0 > CoFe,0,.

Table 1
Zone of inhibitions noticed against S. aureus and E. coli
Sr. No. Nanomaterials S. aureus (Z0Ol mm) E. coli (ZOl mm)

S1 S2 standard S1 S2 standard

1. Ag,0 04 13 16 05 12 15
2. CoFe,0, 00 11 16 04 12 15
3. Ag,0/CoFe,0,/rGO 05 14 16 06 13 15

4. Conclusion

In this study we synthesized nanoparticles by simple and facile methods. The ternary nanocomposite
was synthesized by two step synthetic route. The crystallite size of the synthesized nanomaterial was
found to be 14 nm, 5 nm, and 5 nm for Ag,0, CoFe,0,4, and Ag,0/CoFe,0,/rGO respectively with well
crystallized structure. UV-visible spectra showed significant changes in the band gap. XRD spectra
confirmed the phase purity. SEM showed the surface morphology at different resolutions. Different
nanomaterials showed the respective functional groups through FTIR spectroscopy. The nanomaterials
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showed effective antibacterial effects against the bacteria under study via agar well diffusion method.
The antibacterial effect of the nanomaterials was found to be concentration dependent. Ternary
nanocomposite Ag,0/CoFe,0,/rGO has high prospect as an antimicrobial agent to reduce the growth of
bacteria.
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Figures

Figure 1

(@) The process of GO synthesis (b) GO slurry after centrifugation (c), (d) GO after drying.

Figure 2

X-ray diffractograms of Ag,0, CoFe,0,, GO and Ag,0/CoFe,0,/rGO
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Figure 3

UV-VIS spectra of Ag,0 (pink), CoFe,0, (blue), GO (green) and Ag,0/CoFe,0,/rGO (red)
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Figure 4

SEM micrograph of (a) Ag,0 (b) CoFe,0, (c) GO and (d) Ag,0/CoFe,0,/rGO
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Figure 5

EDX spectra: a) Ag,0, b) CoFe,0, and c) Ag,0/CoFe,0,/rGO respectively
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Figure 6

FTIR spectra of Ag,0 (pink), CoFe,0, (blue), GO (green) and Ag,0/CoFe,0,/rGO (red)

Figure 7

Bacterial activity of (a) Ag,0, (b) CoFe,0, (c) Ag,0/CoFe,0,/rGO against S. aureus and (d) Ag,0, (e)
CoFe,0, (f) Ag,0/CoFe,0,/rGO against E.coli respectively
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