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Abstract

Heterostructured ternary nanocomposites of silver doped magnetites with ZnO (Z), namely Ag/ZnO (AZ), Ag/Fe;O, (AF),
ZnO/Fe;0, (ZF) and Ag/ZnO/Fe;0, (AZF) were synthesized. X-ray diffraction studies indicated the formation of wurtzite
hexagonal phase for ZnO, cubic structure for Fe;O, and FCC structure for silver nanocomposites. Field emission scanning
electron microscopy revealed the uniform distribution of granules of AZF. Fourier transform infrared spectroscopic studies
confirmed the presence of M—O bonds. The ultra violet-visible diffuse reflectance spectroscopy and photoluminescence stud-
ies indicated the higher photo degradation activity of silver doped nanocomposites. Thermogravimetric analysis point towards
the enhanced thermal stability of doped and coupled nanocomposites. Hydrogenation of 4-nitrophenol to 4-aminophenol
showed that AZ, AF & AZF completed the reaction within 3, 4 & 2 min respectively while Z and ZF are ineffective. The photo
catalytic activity of the nano composites was investigated by studying the degradation of malachite green (MG) & methylene
blue (MB) under UV irradiation. Hetero structured and Ag doped nano composites exhibited better degradation efficiency
of MG & MB. Using well diffusion method antibacterial activity of the as-prepared nanoparticles was tested against gram-
positive bacteria Staphylococus aureus and gram negative bacteria Escherichia coli. AF & AZF nanocomposites exhibited
strong antibacterial activity with greater inhibition zones due to the synergistic effect of silver and magnetite nanoparticles.
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1 Introduction

Heterogeneous nanocomposites are attractive since they
possess multifunctional properties for magnetic, elec-
tronic, optical, catalytic and photocatalytic applications
[1-3]. Metal oxides immobilized on solid matrix have
weaker photocatalytic activity owing to the significant
decrease of the solid to liquid contact areas. To overcome
this problem, magnetic components can be incorporated
suitably into semiconductor metal oxide which can be
retrieved effectively by simply applying suitable magnetic
fields. The synergistic interactions between metal nanopar-
ticles and semiconductor/magnetic metal oxide supports
contribute to the enhanced properties [4].The high band
gap energy of ZnO necessitates the irradiation of UV for
photocatalysis and also high electron—hole recombination
rate reduces its catalytic efficiency [5, 6]. Noble metals,
such as Ag, Au, Pt when used as dopants have proved to
increase the photocatalytic efficiency of semiconductors
[7]. It has been reported that ZnO-based ternary nanocom-
posites have superiority over binary composites. Combin-
ing the advantages of magnetic materials and noble metal
to fabricate a promising catalyst opens new possibilities
for the achievement of desirable catalytic activity and
effective magnetic separability.

Fe;0, nanoparticles possess better optical, electrical,
magnetic, and thermal properties and are widely used in
catalysis, ferrofluids, biomedical and data storage [8].
Their insolubility, super paramagnetism and efficient
magnetic response in an external magnetic field enable
the isolation of catalysts from reaction mixture. It would
be beneficial to fabricate Fe;O0, nanoclusters as core in
semiconductor embedded nanocomposites which shields
Fe;0, from exposure to air, moisture and the pollutants
[9]. ZnO can be an appropriate shell material with large
surface area and pore volumes for absorption of pollutant
molecules which can protect Fe;O, core from the exciting
radiation [10].

Organic pollutants are becoming a major cause of eco-
logical contamination as industrial effluents which include
hazardous organic dyes and phenolic compounds [11, 12].
Different methods for waste water treatment include oxida-
tion, filtration, coagulation, adsorption etc. The “Advanced
Oxidation Processes (AOPs)” is an innovative field for
the effluent treatment. The organic compounds and water
pathogens are degraded into CO, and water by the highly
reactive free radicals OH', O; etc. Metal oxide semicon-
ductor materials are efficient heterogeneous photocatalysts
and act as AOPs which could mineralize the organic waste
without any harmful byproducts [13].
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Nitrophenol is a major pollutant in industrial effluents
and agricultural wastewater [14]. It can be removed by any
of the following techniques such as adsorption [15], pho-
tocatalysis, chemical oxidation [16] and electrochemical
method [17].The reduction of 4-nitrophenol (4-NP) using
heterogeneous nanocatalysts in the presence of NaBH,
yields 4-AP. 4-Aminophenol is a useful intermediate in
the manufacture of analgesic and antipyretic drugs [18].
4-AP has been extensively used as anticorrosion agent.
It finds applications in photographic developer and hair-
dyeing agent [19]. This catalytic reduction offers to be an
effective green chemistry technique without causing any
secondary pollutants.

Nanosized heterogeneous metal oxides have proved to
be effective antibacterial materials due to their large sur-
face area and unique physico—chemical properties [20].
It has been reported that TiO,, ZnO, CuO, MgO as well
as silver possess antimicrobial properties. Since silver and
its compounds have powerful antimicrobial activity over a
wide spectrum of pathogens, different medical devices such
as urinary catheters, suture rings and packaging material
have nanoparticles of silver as an antiseptic agent [21-24].
However, chronic exposure to silver possesses adverse health
effects and cause argyrosis and argyria. It has been reported
that nanoparticles of silver embedded on magnetic micro-
spheres could be delivered specifically to the infected area
by using magnetic fields.

In this work, the mixed metal oxide nanocomposites were
prepared by co-precipitation method. To prevent the agglom-
eration of nanoparticles poly vinyl pyrrolidone (PVP) was
used as surfactant. The photocatalytic activity of Ag/Fe;0,/
ZnO was investigated in comparison with ZnO, Ag/ZnO,
Ag/Fe;O, & ZnO/Fe;0, in the presence of photo-Fenton
catalytic reagent (H,0,) against MG and MB. The antimi-
crobial ability of the heterostructured nanocomposites were
studied against Escherichia coli (E. coli) and Staphylococ-
cus aureus (S. aureus) by well diffusion assay. The catalytic
efficiency of the nanocomposites for the reduction of 4-nitro-
phenol to 4-aminophenol was studied in presence of NaBH,,.

2 Materials and Methods

Zinc nitrate, silver nitrate, ferrous sulphate, ethanol, oxalic
acid, PVP, 4-nitro phenol, sodium borohydride, methylene
blue and malachite green dye were purchased from Merck
Chemical Reagent Co. Ltd. India. The bacterial strains used
for screening were Gram negative E. coli (MTCC 2842)
and Gram positive S. aureus (MTCC 3160), Stock solutions
of MG & MB were prepared by dissolving 400 mg of dye
in one liter of water. Millipore water was used for all the
experiments.

@ Springer

2.1 Synthesis of ZnO and Ag/Zn0

Zn(NO3),-6H,0 (2.5 mmol) was dissolved in water by the
addition of PVP and stirred homogenously for half an hour.
Reaction temperature was maintained at 60 °C. An aqueous
solution of NaOH was added to the above solution at a pH
of 11-12. The resulting precipitate was collected, filtered,
washed and dried at 80 °C for 24 h. The precipitate was
calcined at 600 °C for 2 h. Silver doped nanoparticles were
also prepared by the above co- precipitation method using
nitrates of zinc and silver as precursors.

2.2 Synthesis of Ag/Fe;0,

For the preparation of Ag/Fe;O, nanocomposite 0.7 g
(2.5 mmol) of FeSO,.7H,0 and 0.07 g (0.25 mmol) of
Ag(NO;), were dissolved in water with vigorous stirring to
form solution A. 0.63 g of oxalic acid and 0.5 g PVP were
dissolved in ethanol with vigorous stirring to form solution
B. Solution A was added drop by drop to solution B with
continuous stirring. After addition, the stirring was contin-
ued for another 5 h and the precipitate obtained was centri-
fuged, washed thoroughly by ethanol & water and dried at
80 °C for 2 h. The obtained nanocomposite was calcined at
500 °C for 2 h to form Ag/Fe;0,.

2.3 Synthesis of ZnO/Fe;0, and Ag/ZnO/Fe;0,

Fe;0,/ZnO nanocomposite was synthesized by sim-
ple co-precipitation method using FeSO,-7H,O and Zn
(NO3),-6H,0 as salt precursors. PVP was used as structure
directing agent. For the preparation of ZnO/Fe;0, nano-
composites, 0.7 g (2.5 mmol) of FeSO,-7H,0 and 0.43 g
(2.5 mmol) of Zn(NOy),-6H,0 were dissolved in water with
vigorous stirring to form solution A. 0.63 g of oxalic acid
and 0.5 g PVP were dissolved in ethanol with stirring to
form solution B. Then solution A was added drop wise to
solution B with continuous stirring to form yellowish green
precipitate. The stirring was continued for another 5 h and
then the precipitate obtained was centrifuged, washed with
ethanol & water and dried at 80 °C for 2 h. The obtained
nanocomposite was calcined at 500 °C for 2 h to form ZnO/
Fe;0,. Silver doped nanocomposites were also prepared by
the above co- precipitation method using nitrates of silver
as precursor.

2.4 Characterization

The powder X-ray diffraction (XRD) was studied in a 26
range of 20°-80° using a Rigaku Miniflex-600 with Cu K«
rays at 1.5406 A with a tube current of 20 mA at 40 kV.
A Jasco-v-550 UV/Visible spectrophotometer was used
to analysis the UV-Vis diffuse reflectance spectra (DRS).
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Thermogravimetric analysis (TGA) was monitored with
Netzsch-STA 449-F5 machine, in the temperature range
30-800 °C with heating rate of 10 °C/min under N, envi-
ronment. A Raman spectrum was studied using WITec
alpha300RA (WITec GmbH, Ulm, Germany) with the exci-
tation Nd:YAG laser at 532 nm. The FTIR spectra were
obtained by FTIR-Spectroscopy (Agilent-Technologies-
Cary 630 —ATR). The photoluminescence (PL) spectra were
recorded via Fluorescence spectrophotometer (Agilent, Cary
Eclipse). The surface morphology was analysed by FESEM
taken on a FEI Nova NanoSem 450 electron microscope.
The corresponding absorbance measurement of reduction of
4-nitrophenol and UV-Visible absorbance of dye solutions
were recorded by using an Intech UV—Visible Spectropho-
tometer-Double beam-2800.

2.5 Photocatalytic Degradation

The photocatalytic efficiency of the nanocomposites was
studied using a homemade photoreactor for the degrada-
tion of MB & MG (10 mg/L). The aqueous dye solution
(100 ml) containing 250 mg photocatalyst was kept in dark
to attain adsorption—desorption equilibrium and stirred for
30 min, followed by the addition of 0.1 ml of H,0,. UV
light source (150 W) was used for irradiation. Aliquots of
sample solution were withdrawn at regular intervals of time
(5 min) and the absorbance of the supernatant was detected
spectrophotometrically. The photodegradation efficiency was
calculated as

C,-C
Degradation efficiency(%) = OC L % 100 (1)

0
where, C, and C, are the dye concentrations (mg/L) initially
and after time t (in minutes).

2.6 Catalytic Reduction of 4-Nitrophenol

The catalytic efficiency of the nanocomposites was evalu-
ated for the conversion of 4-nitrophenol (4-NP) into 4-ami-
nophenol (4-AP). The aqueous solution of 4-NP (20 mL) and
5.0 mg catalyst were mixed with 250 mM freshly prepared
NaBH, and kept for stirring. Withdrawing aliquots of the
reaction mixture at regular time intervals and quenching
it by adding 5 mL of 2 M HCI, the reaction progress was
monitored spectrophotometrically. The yellow colour of the
4-NP solution disappeared which indicated the formation
of 4-AP at 268 nm.

2.7 Antibacterial Assay

The agar well diffusion technique was used to study the anti-
bacterial activity of nanocomposites against gram-positive

(S. aureus) and gram-negative (E. coli,) bacteria. Nutrient
agar medium was prepared by adding peptone (5.0 g), yeast
extract (2.0 g), NaCl (5.0 g) and agar (20 g) in 1 L water.
It was sterilized at 130 °C for 40 min in an autoclave under
neutral conditions. The nutrient medium was poured into the
Muller Hinton agar plate and bacterial lawn was cultured
on this. To this, 250 mg of the as prepared nanocomposites
were added and incubated at 37 °C for 24 h. The inhibition
zone of bacterial growth was measured in mm [25].

3 Results and Discussion
3.1 X-Ray Diffraction Analysis

Figure 1 shows XRD pattern of crystalline phases of as- pre-
pared nanomaterials. It can be inferred that Fe;O,, ZnO and
Ag nanoparticles have simple cubic, hexagonal wurtzite and
face centered cubic crystalline structures with space groups
Fd3m, P63mc & Fm3m respectively. The peaks observed
at 20=34.50(002),36.22 (1 0 1), 47.46 (1 0 2), 56.54 (1
10), 62.96 (1 03), 66.44 (200), 68.08 (1 12),69.16 (20
1), 72.12 (0 0 4) and 77.00 (2 0 2) are due to ZnO (JCPDS
01-079- 0207). Diffraction peaks at 20=38.06 (1 1 1), 44.32
(200) and 64.46 (2 2 0) matches well with fcc crystal struc-
ture of silver (JCPDS 01-087-0720). The diffraction peaks
at20=31.82(200),35.16 (31 1),42.94 (4 00), 53.01 (42
2),56.74 (511),62.10 (44 0) and 75.73 (6 2 2) corresponds
to characteristic peaks of the Fe;O, (JCPDS 75-0033). The
diffraction results confirm the presence of nanosized Fe;0,,
Zn0O and Ag in Z, AZ, FZ, AF and AZF nanocomposites.
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Fig. 1 XRD patterns of Z, AZ, AF, ZF & AZF nanomaterials
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By applying Scherrer’s formula, the crystallite sizes of the
samples were calculated
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Fig.2 FTIR spectra of Z, AZ, AF, ZF & AZF nanomaterials
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where k=0.94 is the shape factor, d=average particle size,
is full width at half maxima (FWHM), O is the Bragg angle,
A=1.541 A is the wavelength of Cu-K radiation. The aver-
age size of Z, AZ, ZF, AF and AZF metal oxides were found
to be 30.67, 30.31, 75.90, 36.12 and 34.99 nm respectively.

3.2 Fourier Transform Infrared Spectroscopy

The FTIR spectra of the nanomaterials are shown in Fig. 2.
IR bands in the region 400-1000 cm™! might be due to the
M-0O and O-M-O bonds. The broad absorption band at
3000-3500 cm™ is ascribed to the O—H stretching vibration
of the hydroxyl group of water present at the surface of the
nanoparticles [26, 27]. The peak at 1625 cm™! is attributed
to H-O—H bending vibration of water [28]. The peak located
at 2345 cm™~! and 1384 cm™! might be due to CO, [29]. The
other peaks may be due to intramolecular hydrogen bonds
[30].

3.3 UV-Visible Diffuse Reflectance Spectroscopy

The UV-Visible diffuse reflectance spectra of Z, AZ, ZF, AF
and AZF nanocomposites are given in Fig. 3a—e. Z absorb
only in the UV region where as the absorption edge of AZ,
AF, ZF and AZF are more extended to visible region. The
absorption of AZF, AZ, ZF & AF nanocomposites are higher
than that of pristine ZnO as Ag can accept the electrons
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Fig.3 UV-Visible DRS spectrum (inset: Tauc plot) of a Z, b AZ, ¢ AF, d ZF e AZF and f PL spectra
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readily from the radiation. The surface plasmon band of Ag
nanoparticles is observed as a new symmetric peak in the
wavelength region of 430-470 nm [31, 32]. This accounts
for the excellent photo activity of silver doped nanocompos-
ites than ZnO. In the case of AZF, the synergistic affect of
ternary composite shifts the absorption band up to 700 nm
which is much wider than others. The photocatalytic effi-
ciency of silver doped nanocomposites depends on the sur-
face plasmon resonance of Ag particles. The electron tran-
sition from valence band to the conduction band of ZnO
causes its intrinsic band-gap (~ 3.1 eV) absorption which is
responsible for the electronic band-edge position at 370 nm
in ZnO coupled nanocomposites.

The band gap energy (Eg) of ternary nanocomposites can
be estimated from tau plot (inset in Fig. 2) of (athv)? versus
photo energy (hv), using the following equation [33]:

ahv = A(hv — Eg)'/? 3)
where o, v, Eg, and A are the absorption coefficient, light
frequency, band gap, and a constant, respectively. The band
gap energy of Z, AZ, ZF AF and AZF are 3.1 eV, 3.0 €V,
1.9eV, 1.7eV & 1.3 eV respectively.

3.4 Photoluminescence Spectroscopy

The charge separation ability of the nanocomposites was
determined by using emission spectra [Fig. 3f]. The emis-
sion spectrum of AZF shows peaks at 355-385 nm, 396 nm,
423 nm and 517 nm which indicate the electron transition of
ZnO nanoparticles present in the composite. The near band
edge emission (NBE) of ZnO can be seen at 355-385 nm
caused by excitation annihilations which is an indicator of
nanosized particles [34]. The peak at 396 nm is due to elec-
tron transition from zinc interstitial (Zni) sites to the valence
band [35]. The transition of electrons from conduction band
to the oxygen interstitial (Oi) sites results in a peak around
423 nm [31]. The weak green emission at around 517 nm,
can be due to the charge transfer at the surface defects. Thus
the ZnO nanoparticles may have surface defects such as

oxygen vacancies, zinc vacancies, zinc interstitials or oxygen
interstitials in the composites [34, 36, 37]. Ag nanoparticles
present in the nanocomposite retard the recombination of
electrons and holes. The electron trapping occurs from the
Fermi energy level of ZnO nanoparticles to that of Ag pre-
sent in the composite. The degradation efficiency increases
by the surface plasma resonance (SPR) also. At the interface
of ZnO and Fe;0,, another mode of electron trapping can
happen [38]. The reduction of Fe** ions to Fe?* ions utilize
the electrons from the Fermi energy level of ZnO and thus
decrease the rate of electron—hole recombination. The pho-
tocatalytic efficiency of the ternary nanocomposite enhances
by these electron trapping mechanisms.

3.5 Raman Spectroscopy

Figure 4a shows the Raman spectra of the nano metal oxides.
The symmetric stretch of oxygen atoms of the Fe—O bonds
present in Fe;0, microspheres gives rise to an intense peak
around 680 cm™! [39]. The peak at 302 cm™! is characteristic
of magnetite. The two weak peaks at 332 and 1095 cm™!
can be attributed to the presence of ZnO nanoparticles in
the composites [40].

3.6 Thermogravimetric Analysis

The thermograms of the nanoparticles are presented in
Fig. 4b. The comparative evaluation of the thermal stabil-
ity of silver doped ferrites and ZnO nano materials showed
that initial weight loss near 150 °C is due to the removal of
surface water. The significant weight loss begins at 300 °C
with char yields of 98%, 96.5%, 96.4, 96% and 95.5% for AF,
ZF, AZF, Z and AZ respectively.

3.7 FESEM
Figure 5 shows the FESEM images of Z, AZ, ZF, AF &

AZF. The surface morphology was analysed and mainly
sphere-like shape could be detected from the images.

Fig.4 a Raman spectra and b
TGA of Z, AZ, AF, ZF & AZF
nanomaterials

—~_~
£
~

— AF
— AZF|

— AZ

—AZ

Intensity (a.u.)

400 600 800 1000
Raman shift (cm'1)

1200 1400

100 200 300 400 500 600 700 800
Temperature (°C)

@ Springer



1950 Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:1944-1955

Fig.5 FESEM micrographs of aZ, b AZ, ¢ AF, d ZF and e AZF

Figure 5a shows nano beads of ZnO and Fig. 5b displays
Ag sheets embedded in spheres of ZnO. Granules of AZF
are seen in Fig. Sc with uniform distribution of coupled nano
metal oxides. Nano cubes and tubular structures of AF are
shown in Fig. 5d. Agglomerated spheres of ZF are presented
in Fig. Se.

3.8 Reduction of 4-Nitrophenol

The catalytic efficiency of nano metal oxides was tested
for the reduction of 4-nitrophenol (4-NP) to 4-aminphenol
(4-AP). It can be seen that NaBH,, when added as the reduc-
ing agent took many hours for the completion of the reac-
tion where as in presence of the nano metal oxide catalyst
the reduction reaction was instantaneous. The reaction was
followed by withdrawing samples at regular intervals of
time and the reaction was quenched by the addition of HCI.
Figure 6a—d shows the UV—Vis spectra for the reduction
reaction. The colour of the solution was changed from yel-
low to yellowish green due to the formation of 4-nitrophe-
nolate ions and the absorption maximum shifted from 317
to 401 nm. The expected peak of 4-AP at 300 nm showed a
blue shift to 268 nm due to the formation of 4-aminophenol
hydrochloride. From figures, it can be seen that only silver
doped nanocomposites (AZ, AF & AZF) exhibit reduction
capacity for the conversion 4-NP to 4-AP when used as
hydrogenation catalysts.

@ Springer

The mechanism of the reduction reaction involves the
transfer of electron from donor BH,™ ion to 4-nitrophenol.
In presence of silver doped nanocomposites, BH,™ ion gets
adsorbed on the metal surface and electrons discharged from
BH,™ ion through metal oxide to 4-nitrophenol. The hydro-
genation is completed by transferring H* ions from aqueous
medium. In the final step 4-aminophenol is desorbed from
the metal surface.

3.9 Photocatalytic Activity

The photocatalytic activities of the as prepared nanocompos-
ites were studied for the degradation of MB and MG dyes.
Degradation efficiency of AZ, Z, AZF, ZF & AF for MB and
MG was plotted against time and is shown in [Fig. 7a, b].
The degradation efficiency versus time plot shows the rela-
tively higher photocatalytic degradation efficiency of Fe;0,/
ZnO/Ag, Ag/ZnO, Ag/Fe;O, nanocomposites than Fe;0,/
ZnO and ZnO. It can be seen that the degradation percentage
increases with time of exposure and silver doped nanocom-
posites exhibits higher photodegradation efficiency than the
undoped one. The greater photocatalytic degradation after
Ag incorporation is due to the involvement of visible light
energy and charge transfer. It can be seen that Z and ZF do
not show degradation capacity for MB even after 180 min
where as AZF degrades MB within 60 min. The greater
photocatalytic capacity of the AZF might be attributed to
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the prevention of recombination of electron—hole pairs. This
can be also due to the surface plasmon resonance effect of
silver. The degradation studies of MG indicated the superior
catalytic activity of Fe;O, microspheres and its composites.
The discoloration has been found to be instantaneous for
these iron oxide nanocomposites. It has been reported that
magnetite not only absorbs light well but also modify the
band gap of any material in the nanocomposites thereby
enhancing its activity in the visible region [41].

3.10 Photodegradation Mechanism

When the energy from visible light radiation becomes greater
than the band gap of the semiconductor photocatalyst,

0 20 40 60 80 100120140160180200
Time (minutes)

electrons get excited to the conduction band (CB) to produce
holes in the valence band (Egs. 5, 6) [42]. The adsorbed O,
molecules at catalyst surface combines with the electrons to
generate superoxide radical anions (Eq. 7) [43] [Scheme 1].
H,O, present in the medium combines with superoxide radical
anions to produce more (OHe) radicals (Eq. 4).

*0; <« H,0, >« OH™ <« «OH J« O, 4)

These free radicals react with the dye molecule and degrade
it to CO, and H,0.
The degradation mechanism involves:

ZnO + ho — ZnO(eg, ... hiy) 5)

ZnO(ezy) + Fe;0, — ZnO + Fe,0, (e,) (6)
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Scheme 1 Photodegradation
process employing Ag/ZnO/
Fe;0, nanocomposite

Fe;0,4(egz) + 0, — O @)
07" + H,0 — HO, + OH™ (8)
HO; + H,0 —» OH" + H,0, C)]
H,0, — 20H" (10)
OH™ + dye — H,0 + CO, (11)
ZnO0 (h+y) + dye — Degraded products (12)

As discussed in section of 3.4 the electrons would have
trapped to Fe>* ions and these electrons reduce Fe** to Fe’*
ions. Due to the lower stability of Fe>* ions, they get oxi-
dized immediately by oxygen molecules [32, 38, 44]. The
electrons released during this oxidation reaction are used to
form O™ and the holes generated at the silver nanoparticles
form the OH".

Fe*t + ¢ — Fe’* (13)
Fe’* + 0, - Fe’* + 05" (14)
3.11 Antibacterial Activity

The antibacterial activity of the samples Z, AZ, ZF, AF
and AZF were tested against E. coli (Gram-negative) and
S. aureus (Gram-positive) by agar well diffusion method

@ Springer

N _
N Cl
0, 0, + H C\N N \;J/(Ha
l |
O, s CH,
Ag
,0+CO,
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[Fig. 8a—d]. The synergistic effect of antimicrobial perfor-
mance of silver doped ferrites is indicated from the greater
inhibition zones for both E. coli and S. aureus and shown
in Table 1. The gram-negative bacteria are more sensitive
than gram-positive bacteria.

The mechanistic pathway of the antibacterial proper-
ties involves the attraction between the positively charged
metal nanoparticles and the negatively charged microbes
attract each other. Thus the microbes get oxidized and are
killed. One way of cell cleavage occur due to the reaction
between metal ions and the thiol groups present on the
bacterial cell surface [45]. Another mechanism of damag-
ing the proteins and DNA in the bacteria might be due
to the reactive oxygen species (ROS) generated such as
superoxide anion radicals (O3 "), hydroxyl radicals (TOH")
and hydrogen peroxide (H,0,) [46]. Kim et al. showed
that in ferrites, hydrogen peroxide was generated when
Fe”" reacted with oxygen [47]. Subsequently the hydroxyl
radicals are produced in the medium which damage the
pathogenic bacteria like S. aureus & E. coli. [48]. In the
case of ZnO based nanocomposites, the nanoparticles get
accumulated in the outer membrane or cytoplasm of bacte-
rial cells. This activates the release of Zn>* ions followed
by cell membrane damage resulting in the death of bacte-
rial cells [49-51].
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Fig.8 Antibacterial activity
of synthesized nanomaterials
against a, b Escherichia coli
and ¢, d Staphylococus aureus
[AB- Streptomycin, A-AF, B-
AZF, C-ZF, D-Z & E-AZ]

4 Conclusion

Heterostructured nanocomposites of Ag/ZnO/Fe;0, were
synthesized by co-precipitation method. The comparative
evaluation of coupled nanocomposites for antibacterial
activity, photo degradation efficiency and hydrogenation
of aromatics was studied. XRD results showed that the
nanocomposite was composed of simple cubic, hexagonal
wurtzite and FCC structured Fe;O,, ZnO and Ag nanoma-
terials, respectively. The surface morphology was analysed
by FESEM and the nanoparticles were found to have nano

Table 1 Zone of inhibition of synthesized nanomaterials against E.
coli & S. aureus

Samples Zone of inhibition (mm)
E. coli S. aureus
Zn0 (Z) 17 16
Ag/ZnO (AZ) 20 17
AgllFe;0, (AF) 21 12
ZnO/Fe;0, (ZF) 14 10
Ag/ZnO/Fe;0, (AZF) 19 11
Streptomycin (control) 26 25

beads, nano cubes and agglomerated structures. Fourier
transform infrared spectroscopic studies confirmed the
presence of Zn—O and Fe—O bonds below 1000 cm™!. The
lower band gap energy and weak PL peaks indicated that the
silver doped nanocomposites have higher photo degradation
activity. This might be due to defects in the crystal system
which can be oxygen vacancies or crystal defects. The oxy-
gen vacancies may trap photo induced charge carriers and
suppress their recombination rate. Hydrogenation of 4-nitro-
phenol showed the instantaneous reduction capacity of silver
doped nanocomposites. Coupled nanocomposites contain-
ing Fe;0, and Ag exhibited better degradation efficiency of
MG & MB. The kinetics of photocatalysis data fit well with
pseudo first order model. Thus semiconductor photocatalysis
becomes a “green chemistry” approach for degradation of
contaminants due to its high mineralization capacity and low
toxicity. The antibacterial activityQ of the as-prepared nano-
particles was tested against gram-positive bacteria S. aureus
and gram negative bacteria E. coli. It was found that coupled
nanocomposites of silver doped and magnetite nanoparticles
were effective against pathogenic bacteria and possess good
catalytic activity for the reduction of 4-nitrophenol.
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