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ABSTRACT

An attempt to evaluate the antibacterial activity of reduced graphene
oxide supported ternary nanocomposite (MoOs/Fe,Os/RGO), which
was studied its structural and morphological studies by X-ray
diffraction (XRD), Fourier transform infrared (FTIR), Scanning
electron microscopy (FESEM-EDX), N, adsorption-desorption
isotherm (BET) and UV-Visible spectrophotometer. This ternary
nanocomposite, has a good potent for antibacterial activity against on
both Gram positive bacteria (Bacillus subtilis and Escherichia coli)
and Gram negative bacteria (Staphylococcus aureus and Pseudomonas

aeruginosa).

KEYWORDS: Mo0Os/Fe,03/RGO, Bacillus subtilis and Escherichia coli, Staphylococcus

aureus and Pseudomonas aeruginosa.

1. INTRODUCTION

Due to increase the large population, industrialization, urbanization and some traditional

chemical disinfectants (free chlorine, chloramines and ozone) pollutes the water. Besides, the

conflict of microorganisms to the common chemical disinfectants are increasing,

consequently greater alternatives are necessary. The removal of bacteria from water is an

extremely important process for drinking and sanitation systems especially against concerns
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on growing outbreaks of water borne diseases.*? Current advances in the field of
nanobiotechnology, particularly inorganic materials with a high antimicrobial efficiency are
important tools to prevent the growth, spread and transfer of harmful and noxious
microorganisms. They actively disable pathologically relevant bacteria in order to reduce the

transmission of infection in public and health care environments.

Controlled syntheses of metal oxide nanoparticles are essential for several applications and
solution phase method provides a large degree of control over the synthesis products’™ which
are found to be a good inhibitor of different bacterial strains.® Molybdenum trioxide and its
hydrated components exhibit several stable and metastable crystalline polymorphs including
orthorhombic, monoclinic and hexagonal phases.!"® Molybdenum trioxide crystals have a
wide range of applications as industrial catalysts® electro-photochromic materials.**? The
antimicrobial activity of molybdenum trioxide and related materials has only been reported
recently.!** "1 Extensive studies are available, which suggests that highly active metal, metal
oxide, metal oxide composite nanoparticles exhibit excellent antimicrobial properties.[*®*]
But there are several disadvantages of these materials such as high cost for their preparation,
low-active surface area and high cytotoxicity are major constraints limiting their
application'®*?! Therefore, recent research work focuses metal oxides, metal composites and
metal oxides mixed with suitable support to increases their antibacterial agent properties.

Recently, many reports have been reported on graphene-based materials for promising
antibacterial materials.?®>" The auspicious blend of physical structure and chemical
functionality was determined by of GO and RGO antibacterial activity.*] Reduced graphene
oxide (graphene) is a single layer of carbon densely packed in a honeycomb crystal lattice
structure and as the presence of a perfect 2-D single layer of sp? hybridized carbon atom. Its
remarkable properties are large surface area (2630 m%g), zero band-gap, high transmittance
rate of visible and UV lights, high thermal conductivity, good chemical stability and
corrosion resistance imply that it can be used as an excellent adsorbent.*>*! Upon contact
with such a nanostructure, membrane stress induced by the sharp edges of graphene
nanosheets has been appeared to make huge physical damage to cell membrane, and resulting

loss of bacterial membrane reliability and leakage of intracellular material.*®

Hence considering above issues, we have attempted to prepare a cost-effective, RGO
supported ternary nanocomposite via hydrothermal process in order to get synergistic effect
towards the enhancive antibacterial activity towards various Gram positive bacteria (Bacillus
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subtilis and Escherichia coli) and Gram negative bacteria (Staphylococcus aureus and

Pseudomonas aeruginosa).

2. MATERIALS AND METHODS

2.1. Materials

Pure and analytical grade chemicals were used in all experiments including synthesis of
nanoparticles and media preparation for growth of bacterial cells. Graphite powder,
Hydrogen peroxide (H202) (30%), Hydrochloric acid (HCI) (36.5%), Sulfuric acid (H,SO,)
(98%), Potassium permanganate (KMnQ,), Sodium nitrite (NaNO3), Nitric acid (HNO3)
(69%) and Sodium hydroxide (NaOH) were purchased from Merck Chemicals Pvt. Ltd,
India. Ammonium heptamolybdate tetrahydrate ((NH4)sM07024.4H,0) was obtained from
Sigma Aldrich Chemicals Pvt. Ltd, India. Triton®X-100 (TX-100) were procured from
Rankem Chemicals Pvt. Ltd, India. Nutrient Agar, Peptone, Beef extract, Agar-agar, Nutrient
broth, Ethanol, Dimethylsulphoxide (DMSO), Neomycin (Broad spectrum antibiotic) were
purchased from Himedia, Mumbai, India. The microbial strains, Bacillus subtilis, Escherichia
coli, Staphylococcus aureus and Pseudomonas aeruginosa were collected from Microbial

Type Culture Collection, Institute of Microbial Technology and Chandigarh.

2.2 Synthesis of MoOs/Fe,O3/RGO ternary nanocomposite

Synthesis of a-MoOj3 nanobelts

In a typical synthesis, 15 g of ammonium heptamolybdate tetrahydrate
((NH4)6M07024.4H,0) was dissolved in 39 mL of distilled water under magnetic stirring.
Then, 21 mL of 3 mol L™ HNO; was added to the above solution, stirring for 5 min and then
100 pL TX-100 was slowly added dropwise to the above solution. The obtained transparent
solution was transferred and sealed in a Teflon-lined stainless autoclave with a capacity of

100 mL. The autoclave was heated to 180°C for 20 h in an oven. After completion of 20 h
reaction, the autoclave was allowed to cool, to attain room temperature. The obtained

precipitate was washed several times with absolute ethanol and double distilled water and

then dried at 60°C for overnight.

Synthesis of MoO3/Fe,O3 binary nanocomposite
For the formation of MoOs/Fe,03 binary nanocomposite 0.5 g of MoO3 nanobelts powder
was added to 50 mL of 0.01 mol L™ Fe(NO3)3.9H,0 of ethanol solution. After 2 h stirring,

the mixture was transferred and sealed in a Teflon-lined stainless autoclave with a capacity of
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100 mL and autoclave was kept at 180°C for 24 h in temperature controlled oven. After 20 h

reaction, the autoclave was allowed to cool till room temperature; finally the obtained product

was washed with 2D water and dried at 60°C for overnight.

Synthesis of MoO3/Fe,O3/RGO ternary nanocomposite

Graphene oxide (GO) was synthesized by a modified Hummer’s method.B” For the synthesis
of MoOs/Fe,03/RGO ternary nanocomposite, the prepared calculated amount (5 Wt%) of GO
was sonicated in 50 mL 2D water for 1 h to generate a clear brown dispersion and then, 0.5 g
of MoOs/Fe,03 binary nanocomposite powder was added. The mixture was vigorously stirred

for 2 h to obtained homogeneous solution. The obtained resulting solution was transferred

into a Teflon-lined stainless 100 mL capacity of autoclave and maintained at 180°C for 24 h

in temperature controlled oven. After 24 h reaction, the autoclave was allowed to cool till

room temperature; finally the obtained product was washed and then dried at 60°C for

overnight.

2.3. Instrumentation

The prepared samples were characterized using Powder X-ray diffraction (XRD) (D8-Focus,
Bruker instrument, Germany) with Cu Ka radiation (A=1.5406 Ao), 20 ranges from 10 to 90°
with scanning speed of 0.02°S to identify the crystalline phase of samples. FTIR (IFS-66/S,

Bruker instrument, Germany) were performed in the transmittance mode, 400-4000 cm™
spectral range with a resolution greater than 0.1 cm™. Surface morphology and elemental
analysis was performed using a Quanta FEG 450 scanning electron microscopy (FESEM) and
energy dispersive X-ray (EDX) spectrophotometer. The band gap was calculated using UV-
Visible absorption spectra from UV-DRS spectrophotometer (UV-2600R, Shimadzu, Japan).
Brunauer-Emmett-Teller (BET) (Quantachrome Nova 2200 E) surface area was determined

from the N, adsorption-desorption isotherm at 77.3 K.

2.4. Investigation of antibacterial activity

Preparation of media (Nutrient agar) for bacteria

The ingredients (Peptone, Yeast extract, NaCl and Agar-agar) were mixed and dissolved by
heating and pH was adjusted to 7.5 £ 0.1. The broth was solidified by adding agar and
sterilized by autoclaving at 121°C for 15 min and poured into sterile petri dishes and the

media was preserved in refrigerator for further use.
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Determination of antibacterial activity of prepared nanocomposite

Active cultures were generated by inoculating a loopful of culture in separate 100 mL

nutrient/potato dextrose broths and incubating on a shaker at 37°C on overnight. The cells
were harvested by centrifuging at 4000 rpm for 5 min, washed with normal saline, spun at

4000 rpm for 5 min again and diluted in normal saline to obtain 5x10° CFU/mL.

Synthesized nanocatalysts were subjected to antibacterial assay using the agar well diffusion
method.!®3*% Nutrient agar (20 mL) was dispensed into sterile universal bottles, these were
then inoculated with 0.2 mL of cultures, mixed gently and poured into sterile petri dishes.
After setting, a number 3-cup borer (6 mm) diameter was properly sterilized by flaming and
used to make four uniform wells in each petri dish. The wells were filled with DMSO
containing catalyst (1 mg/mL) and allowed for diffusion for 45 min. The plates were
incubated at 37 °C for 24 h for bacteria. Neomycin was included in the positive control and
DMSO as negative control. The inhibition zones were measured with antibiotic zone scale in

mm and the experiment was carried out in triplicates.

Minimum inhibitory concentration (MIC) assays

Minimum inhibitory concentrations (MIC) of nanocatalysts were determined according to the
method.[*? A series of two fold dilution of nanocatalysts, ranging from 100-2000 pg/mL,
were prepared. After sterilization, the medium was inoculated with the aliquots of culture
containing approximately 5x10° CFU/mL of each organism of 24 h slant culture in aseptic
condition and transferred into sterile 6 inch diameter petri dishes and allowed to set at room
temperature for about 10 min and then kept in a refrigerator for 30 min. After the media was
solidified, wells were made and different concentrations of compounds ranging from 100-
2000 pg/mL were added to the wells of each petri dish. The blank plates were carried without
nanocatalysts. Inhibition of the growth of the organism in the plates containing nanocatalysts
was judged by comparison with the growth in the control plates. The MICs were determined
as the lowest concentration of the nanocatalyst inhibiting visible growth of each organism on

the agar plate.

3. RESULTS AND DISCUSSION
The X-ray power diffraction pattern of the prepared catalysts, MoOs;, MoOs/Fe,O3; and
MoOs/Fe,O3 nanocomposites with content of RGO (Fig.3.1.A). Fig.3.1.A. (a) shows the

diffraction peaks at 20 = 11° and 43°, attributes to (002) and (100) reflections respectively,

WWW.W]pr.net Vol 7, Issue 03, 2018. 1264




Anjaneyulu et al. World Journal of Pharmaceutical Research

resultant phase of GO."Y Fig.3.1.A. (b) shows the XRD patterns of prepared MoOs
nanobelts, indicating the presence of sharp diffraction peaks found at 26 = 12.81°, 23.47°,

25.80°, 27.36°, 29.54°, 33.73°, 35.61°, 39.06°, 46.30° and 49.34° were assigned to the (020),
(110), (040), (021), (130), (111), (041), (060), (200) and (002) reflection lines respectively,
which are closely matched with the reflection lines of a-MoQO3, compared with Standard
JCPDS (File No. 05-0508).1?! This result shows that there is no impurity peaks any in the
XRD pattern, leads to formation of high pure orthorhombic a-MoO3; using hydrothermal
approach. All the peaks related to a-MoOj3 crystal phase remain prominently appeared after
coupling with Fe,O3 (Fig.3.1.A. (c)), but Fe,O3 diffraction peaks (standard JPCDS File No.
33-0664) has been appear with very low intensity due to relatively small amount of Fe;O3
presented in MoQOs/Fe,O3 binary nanocomposite, which indicates the formation of a two-
phase MoOs/Fe,O; binary nanocomposite. Further, the diffraction peaks of ternary
nanocomposite shift slightly towards lower angles on RGO addition, as shown in Fig.3.1.A.
(d). Moreover, the intensity of diffraction peaks decrease and the peaks width broadens as the
amount of RGO increases, indicating the interactions of RGO in the ternary nanocomposite.
No other diffraction peaks were observed in this pattern, indicating that pure phase occurred
during the synthesis process. The average crystallite size was calculated using Debye
Scherrer equation. While compare with the binary nanocomposite (31.8 nm) and MoOj;
(44.67 nm), the size of ternary nanocomposite to be low (22.3 nm), due to incorporation of

RGO to the formation of ternary nanohybrid by hydrothermal assisted synthesis.

FTIR spectroscopy was used to investigation of existence of oxygen containing
functionalities and changes after impregnation. Fig.3.1.B shows the FTIR spectra of GO,
MoO3, MoOs/Fe,03 and MoO3/Fe,Os/RGO ternary nanocomposite. In Fig.3.1.B. (a) shows
GO FTIR spectrum, the observed peaks at 1717.5 cm™ and 1586 cm™ could be attributed to
C=0 group and aromatic C=C group of GO. The hydroxyl (-OH) group exhibit broad band
centered around 3235.5 cm™.13* Carboxy (C-O), epoxy (C-O) and alkoxy (C-O) group
peaks were at 1385.3 cm™, 1219.5 cm™ and 1038.7 cm™ respectively. The Fig.3.1.B. (b-d)
shows MoOs3, MoOs/Fe,03 and MoOs/Fe,03/RGO ternary nanocomposite. FTIR spectra, all
are having metal oxide stretching bands peaks between 1000 to 400 cm™. The FTIR spectrum
of MoO3/Fe,O3/RGO ternary nanocomposite reveals that the C=0 and O-H group intensities
decrease, which indicates the removal of oxygen containing groups through the employed
synthesis method and high intensity peak observed at 1555.6 cm™ for C=C bond, this results
indicating that GO has been reduced to RGO via hydrothermal process.
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Fig.3.1.A. XRD Spectra of (a) Graphene oxide, (b) MoO3, (c) MoOs/Fe,O3; and (d)
MOOg/FGzO3/RGO.

B. FT-IR spectra of (a) GO, (b) MoO3, (c) MoO3/Fe,03 and (d) MoO3/Fe,O3/RGO.

The morphological study of nanocomposite using FESEM and TEM (Fig.3.2). It can be
obviously seen from Fig.3.2. (a) reveals a regularly uniform belt type structure of MoO3 with
relatively smooth surface. Fig.3.2. (b) shows FESEM images of MoOs/Fe,O3; binary
nanocomposite and the MoOj3 nanobelt particles were covered by large quantity of composite,
it is evident that MoO3; nanobelt type particles are embedded by Fe,Os; and form new
MoO3/Fe,03 binary nanocomposite as explained in XRD results (Fig.3.1.A. (c)). Fig.3.2. (c)
shows the surface morphology of ternary nanocomposite. The elemental composition of the
ternary nanocomposite was determined using energy-dispersive X-ray spectroscopy (EDX)
(Fig.3.2 (d)), which indicates the presence of Mo, Fe, O and C without impurities, evident
that the formation of pure phase ternary nanocomposite, were in support of the XRD results

which confirm the purity of ternary nanocomposite structure.

Fig.3.2. FESEM images of (a) MoOs, (b) MoOs/Fe,O3, (c) MoO3/Fe,O3s/RGO and (d)
EDX image of MoOs3/Fe;O3/RGO.
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The light- absorbance properties of as prepared catalysts were measured using UV-Vis
diffuse reflectance spectroscopy (UV-DRS), which interprets the band gap energies of
nanocomposite can be calculated using the following formula.[**!
1240
E; (eV) = —
A
Where, Eq is band gap energy, A is wavelength (nm) corresponding to the absorption edge.

The band gap energies (E;) of pure MoOs; MoOs/Fe;O3 nanocomposite and
MoO3/Fe;O3/RGO ternary nanocomposite were calculated to be 2.88 (430 nm), 1.76 (704
nm) and 1.65 (751) eV respectively (Fig 3.3). On the other hand, the absorption edge of the
binary nanocomposite (MoOs/Fe,03), as shown in Fig.3.3 (b), shifts to the more visible range
and has higher absorption intensity than pure MoO; (Fig.3.3 (a)), indicating the effective
surface hybridization between these components.®64”] For the ternary nanocomposite (Fig.3.3
(c)), with rGO loading, reaches a maximum absorption edge (751 nm). This evident that there
exists an interaction of Mo-O-C and Fe-O-C in the ternary nanocomposite. Similar
observation was reported earlier for semiconductors coupled with GO.134%1 Thus, it can be
confirmed that composite transition metal oxides and synergizing with rGO were efficient for

visible-light response.
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Fig.3.3.UV-Vis DRS spectra of (a) MoOj3, (b) MoO3/Fe,O3 and (c) MoO3/Fe,O3/RGO.

The specific surface area of as prepared catalysts were evaluated using N, adsorption—
desorption analysis. The large surface area of nanocomposite can enhance the catalytic
activity due to more active sites on the surface for the adsorption of reactant molecules.
Table.3.1 shows the typical N, adsorption-desorption isotherms for MoO3;, MoO3/Fe,O3 and
MoO3/Fe;,O3/RGO having RGO containing ternary nanocomposite. Based on these results,
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the specific surface areas of pure MoOjs, binary nanocomposite (MoO3/Fe,0O3) and the ternary
nanocomposite (MoOs/Fe,0s/RGO) are 9.0 m?g, 18.1m%*g and 26.4 m?(g. The higher
specific surface area containing ternary nanocomposite (MoOs/Fe,O3/RGO) is more active
catalyst due to reactant molecule spend more time at surface of the catalyst and more number

of molecules reacts with photoactive radicals in presence of visible light.

Table.3.1. The specific surface area of as prepared catalysts.

S.No | Catalyst Specific surface area ( m“/g)
1 | MoO; 9.0
2 MoOs/Fe,03 18.1
3 MOO3/F8203/RGO 26.4

4. Investigation of wastewater disinfection

Antibacterial activity of MoO3 nanobelts

The antibacterial properties of the MoO3; nanobelts was evaluated against two Gram positive
and two Gram negative bacterial strains using agar well diffusion method (Fig.3.4). Table.3.2
implies the inhibition zone and MIC of MoO3 nanobelts on the growth of both Gram positive
and Gram negative bacteria. Of the bacterial strains tested at the concentration of 25 pg and
50 pg, MoO3; moderately inhibited the growth of Gram negative bacteria - Escherichia coli
(18 mm) and Pseudomonas aeruginosa (23 mm) than Gram positive bacteria (strongly
inhibited) - Bacillus subtilis (16 mm) and Staphylococcus aureus (14 mm) at a concentration
of 50 ug and the MIC of MoOjs for Bacillus subtilis, Staphylococcus aureus, Escherichia coli
and Pseudomonas aeruginosa were intended, 0.70 mg/mL, 0.80 mg/mL, 0.80 mg/mL and
0.85 mg/mL respectively. MoO3; showed a significant antibacterial activity on Gram positive

and Gram negative bacterial strains.

Table.3.2. Shows the zone of inhibition and MIC of MoO3; nanobelts on the growth of

bacteria.
Diameter of zone of inhibition (mm) Minimum
Name of the bacterial MoO; Neomycin inhibitory
strain nanobelts (20 11g) concentration
25 ug | 50 ug Hd (MIC)
Gram positive
Bacillus subtilis 9 16 28 0.70 mg/mL
Staphylococcus aureus 8 14 27 0.80 mg/mL
Gram negative
Escherichia coli 11 18 28 0.80 mg/mL
Pseudomonas aeruginosa | 11 23 28 0.85 mg/mL
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Escherichia coli Pseudomonas aeruginosa

Fig.3.4. Antibacterial activity of MoOj3 nanobelts.

Antibacterial activity of MoOs/Fe,O3; nanocomposite

Fig.3.5 shows the antibacterial properties of MoOs/Fe,O3 nanocomposite was evaluated
against two Gram positive and two Gram negative bacterial strains using agar well diffusion
method. Table.3.3 shows the inhibition zone and MIC of MoO3/Fe,O3 nanocomposite on the
growth of both Gram positive and Gram negative bacteria. These results suggested that
MoO3/Fe,03 showed significant antibacterial activity on Gram positive and Gram negative
bacterial strains. Of the bacterial strains tested at two different concentrations 25 pg and 50
Mg, MoOs/Fe,O3 strongly inhibited the growth of Gram positive bacteria - Bacillus subtilis
(18 mm) and Staphylococcus aureus (16 mm) at a concentration of 50 pg. On the other hand,
MoOs/Fe,O3 moderately inhibited the growth of Gram negative bacteria - Escherichia coli
(19 mm) and Pseudomonas aeruginosa (24 mm) at a concentration of 50 pg tested. The MIC
of MoOs/Fe,O3 for Bacillus subtilis, Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa were found to be 0.65 mg/mL, 0.75 mg/mL, 0.80 mg/mL and 0.80

mg/mL respectively.
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Table.3.3: Shows the zone of inhibition and MIC of MoO3/Fe,O3; nanocomposite on the

growth of bacteria.

Diameter of zone of inhibition

Name of the bacterial (mm) Minimum inhibitory
strain MoOs/Fe;0q Neomycin (20 | concentration (MIC)

nanocomposite

25pg [ 50pg | MO
Gram positive
Bacillus subtilis 10 18 28 0.65 mg/mL
Staphylococcus aureus 9 16 27 0.75 mg/mL
Gram negative
Escherichia coli 10 19 28 0.80 mg/mL
Pseudomonas aerugunosa 12 24 26 0.80 mg/mL

Escherichia celi Pseudomonas aeruginesa

Fig.3.5. Antibacterial activity of MoO3/Fe,O3; nanocomposite.

Antibacterial activity of MoO3/Fe,O3/RGO nanocomposite

The antibacterial properties of MoO3s/Fe,O3/RGO ternary nanocomposite was evaluated
against two Gram positive and two Gram negative bacterial strains using agar well diffusion
method (Fig.3.6). Table.3.4 presents the zone of inhibition and MIC of MoOs/Fe,03s/RGO
nanocomposite on the growth of both Gram positive and Gram negative bacteria. Of the
bacterial strains tested at concentrations of 25 pg and 50 pg, MoOs/Fe,O3/RGO strongly
inhibited the growth of Gram positive bacteria - Bacillus subtilis (25 mm) and
Staphylococcus aureus (24 mm) at a concentration of 50 pg tested with similar to Gram
negative bacteria - Escherichia coli (26 mm) and Pseudomonas aeruginosa (25 mm) at a

concentration of 50 pg tested and the minimum inhibitory concentration (MIC) of
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MoO3/Fe;O3/RGO for Bacillus subtilis, Staphylococcus aureus, Escherichia coli and

Pseudomonas aeruginosa were measured 0.60 mg/mL, 0.70 mg/mL, 0.65 mg/mL and 0.70

mg/mL respectively. Hence, these results declared that MoO3/Fe,O3/RGO showed a potent

antibacterial activity on both Gram positive and Gram negative bacterial strains.

Table.3.4. Shows the zone of inhibition and MIC of MoO3/Fe;O3/RGO nanocomposite

on the growth of bacteria.

Diameter of zone of inhibition(mm) | Minimum
Name of the MoO3/Fe;,03/RGO . inhibitory
bacterial strain nanocomposite Neomycin concentratio

(20 ug)

25 g 50 ug n (MIC)
Gram positive
Bacillus subtilis 12 25 28 0.60 mg/mL
Staphylococcus aureus 12 24 28 0.70 mg/mL
Gram negative
Escherichia coli 13 26 27 0.65 mg/mL
Pseudomonas aerugunosa 12 25 28 0.70 mg/mL

Escherichia colil

Pseudomonas aeruginosa

Fig.3.6. Antibacterial activity of MoO3/Fe,O3/RGO nanocomposite.

Observed the antibacterial activity of MoO3; nanobelts, MoO3/Fe,O3; and MoO3/Fe;0s/RGO

ternary nanocomposite results (Fig.3.7), MoOs/Fe,03/RGO nanocomposite strongly inhibited

the growth of Gram positive and Gram negative bacterial strains tested compared to

MoOs/Fe,O3 nanocomposite and MoOj3 nanobelts.
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Fig.3.7. Diameter of zone of inhibition of MoO3; MoOs/Fe,O3 and MoO3/Fe,O3/RGO on
growth of Gram positive and Gram negative bacterial strain.

B.S: Bacillus subtilis, S.A: Staphylococcus aureus,

E.C: Escherichia coli, P.A: Pseudomonas aeruginosa.

5. Antibacterial mechanism of MoO3/Fe,O3/RGO nanocomposite

The fabrication of reactive oxygen species (ROS) against microorganisms resulted in an
antibacterial effect of metal oxide. This reaction occurs when particles are illuminated by
light with energy higher than its band gap. In metal oxide, electrons obstacle from valence
band to conduction band and formed negative charges (e”) with positive electric-hole (h™)
pairs on catalyst surface. The positive electric-holes (h*), forming hydroxyl free radicals, with
a high oxidation power via absorbed water molecules are oxidized.™ Likewise, negative
charges react with the oxygen in water, producing superoxide radicals, ion homeostasis
deregulation, coenzyme-independent respiration and cell wall structure disruption leading to
cell death.**? MoO4/Fe,03 nanocomposite onto graphene-based materials has in addition
been considered. RGO layer decorated with MoOs/Fe,O3 possess high antibacterial activity.
As the interaction of bacteria with RGO is in addition dependent on the orientation of surface
relative to the bacteria, the way RGO is deposited onto surfaces can influence the
antimicrobial character significantly. The antibacterial mode of action of graphene such as
production of reactive oxygen speciest®®, oxidative stress or vigorous extraction of large
amounts of phospholipids from the membrane of the bacteria under consideration. And the
bacterial cell death is caused by the leakage of sugars and proteins from the cell membrane

once in contact with the MoO4/Fe,O3/RGO ternary nanocomposite.*”
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6. CONCLUSION

In this paper MoOs/Fe,O3 nanocomposite decorated on RGO lauyer was synthesized via
hydrothermal process. The MoO3/Fe,03/RGO ternary nanocomposite was characterized by
XRD, FTIR, SEM, EDX, TEM, Raman, UV-DRS and BET. The resulting ternary
nanocomposite shows enhancive antibacterial activity when compared to binary
nanocomposite and pure metal oxide against Bacillus subtilis, Staphylococcus aureus,
Escherichia coli and Pseudomonas aeruginosa. Hence, considering above results theses

ternary nanocomposite more useful in medical research and water purification process.
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