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In the current work, we have reported the preparation of Fe3O4/ZnO
nanocomposite (NC) via co-precipitation. The prepared Fe3O4/ZnO nanocom-
posite were characterized by x-ray diffraction, Fourier transform infrared (FT-
IR) spectroscopy, scanning electron microscopy (SEM) equipped with energy
dispersive x-ray analysis (EDAX), transmission electron microscopy (TEM),
Brunauer–Emmett–Teller (BET) surface area analysis, ultraviolet-diffuse
reflectance spectroscopy (UV-DRS) and photoluminescence spectroscopy (PL).
From the x-ray diffraction pattern, the average crystallite size of Fe3O4/ZnO
NC was found to be 13 nm. UV-DRS showed an energy band gap of 2.3 eV for
the prepared sample. From the Brunauer–Emmett–Teller (BET) surface area
analysis, total pore volume (VP) and mean pore diameter (rp) were found to be
12.647 m2g�1, 0.024125 cm3g�1 and 7.6302 nm. The functional groups and
metal to oxygen bonding in Fe3O4/ZnO NC were observed in FT-IR. SEM and
TEM micrograph of Fe3O4/ZnO NC show flake- and grain-like structures, and
the luminescence spectrum shows blue emission. The photocatalytic activity of
Fe3O4/ZnO NC was examined using industrial effluent dyes such as Evans
blue (90% in 150 min) and Rhodamine B (RB) (99% in 150 min) under UV light
irradiation. Further, Fe3O4/ZnO NC also showed a superior zone of inhibition
against pathogenic bacterial strains such as Escherichia coli and Staphylo-
coccus aureus by agar well diffusion compared to Fe3O4 and ZnO nanoparti-
cles.

Key words: Fe3O4, ZnO nanocomposite, BET, photodegradation,
antibacterial activity

INTRODUCTION

In recent years, the development of industries has
increased pollution. Methylene blue, Evans blue,
remazol red, malachite green, methyl orange etc.,
are colored dyes used in textile industries which

leads to contamination of environmental resources
(global warming, ozone layer depletion, etc.), and it
also harms aquatic life and humans1 (skin diseases,
lung infections, etc.). Photocatalytic degradation is
one of the most effective strategies to reduce the
contamination from industrial waste.

Metal oxides such as TiO2, ZnO, ZrO2, SnO2 and
Fe3O4 are largely used in the degradation process.2

Among them, semiconductor ZnO is preferred as the
photocatalyst due to its high photocatalytic activity,(Received August 10, 2020; accepted February 12, 2021;
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wide band gap, high quantum efficiency, and low
cost.3 Magnetic core-shell nanoparticles have been
used to improve the photocatalytic degradation
property. Among several, Fe3O4 has important
magnetic properties, low cost, chemical stability,
mechanical hardness, easy separation, is non-toxic,
and in the octahedral site there is a shift of electrons
between Fe2+ and Fe3+ oxidation states. There are
many physical and chemical methods, such as
hydrothermal, co-precipitation, and sol-gel, for the
synthesis of magnetic nanoparticles but co-precipi-
tation is the most well-known synthesis route to
achieve good morphology and enhanced properties.4

Several NPs inhibit the growth of bacteria by
representing strong antibacterial properties which
act against Staphylococcus aureus and Escherichia
coli bacteria.5 Nowadays, metal oxide NC has shown
fascinating properties and enormous applications
within the fields of biology, medicine, sensors and
the environment. Jilla et al. prepared an agglomer-
ated Fe3O4/ZnO nanocomposite by free surface
sonication and its application in photocatalytic
degradation of dye.6 The visible light photocatalytic
application of Fe3O4@LPH@Ag/Ag3PO4 sub micro-
spheres was synthesized by Chao et al., where
Fe3O4@LDH was prepared by a hydrothermal
method and Fe3O4@LDH@PO4

3� by ion exchange.7

Sobia et al. prepared a microsphere Fe3O4@MIL-
100(Fe) core-shell for photocatalytic degradation by
a hydrothermal method.8 Jian et al. synthesized
Fe3O4@ZnO nanospheres by a chemical method for
photocatalytic and antibacterial activity.9 Agglom-
erated Fe3O4@MOR@CuO was prepared by
Rajablet al., who used a hydrothermal method for
a visible light driven photocatalyst.10 An
Fe3O4@ZnO core-shell was prepared by Jian Wang
et al. by co-precipitation for the photocatalytic
property.9

In this current work, Fe3O4/ZnO nanocomposites
have been synthesized by a simple co-precipitation
method and its structural, optical, morphological,
photocatalytic and antibacterial properties are
studied.

EXPERIMENTAL

Preparation of Fe3O4/ZnO Nanocomposite

Analytical grade reagents were purchased from
Fluka, Sigma-Aldrich and Acros and used as sup-
plied. The preparation of Fe3O4/ZnO NC involves
two steps.

Step I: Preparation of Fe3O4

FeCl3.6H2O (9.4 g) and FeCl2.4H2O (3.46 g) were
dissolved in 100 mL of double distilled water in a
round bottom flask at 70–80�C for 30 min. Then the
solution was heated in a pre-heated oil bath at 85�C
by stirring until the solution turned yellow. After 30
min, 20 mL NH4OH was added dropwise into the
solution. The reaction mixture was then left in the

heated oil bath for 30 min. Once the reaction was
completed, the reaction mixture was removed from
the oil bath and cooled. Then the prepared magnetic
nanoparticles were washed with double distilled
water until neutral pH was reached from basic
medium and further washed with methanol (30
mL). The obtained black powder of Fe3O4 NPs was
vacuum dried and stored.

Step II: Preparation of Fe3O4/ZnO Nanocomposite

The Fe3O4/ZnO NC was attained by later deposi-
tion of ZnO on the surface of iron nanoparticles
through thermal decomposition. Fifty milliliters of
ethyl alcohol was added to the mixture of 0.49 g of
Fe3O4 NPs and 3.93 g of Zn(CH3COO)2.4H2O. The
mixture was stirred at 70�C for 1 h. Dropwise
addition of 1.58 mL of diethanol amine and 5 mL of
ethyl alcohol was done under stirring until a dark
brown colour was obtained. Stirring was continued
for 2 h until the solution turned to a gel. Fe3O4/ZnO
NC was then collected by simple magnetic decanta-
tion and ultimately washed with water (40 mL) and
methanol (40 mL94) then dried under vacuum at
90�C for 24 h (Scheme 1).11

Characterization

Powder x-ray diffraction (XRD) of prepared
Fe3O4/ZnO NC was used to observe the crystalline
phases using a Rigaku Ultima-IV x-ray diffractome-
ter using Cu-Ka radiation (k = 1.5406 Å). FTIR
spectra were recorded by a Bruker spectrophotome-
ter using KBr pellets. TLC silica gel 60 F254 (Merck)
detected UV light (254 nm) and iodine vapors.
Scanning electron microscope (SEM) analysis was
done using a JEOL-JSM 7100F, and transmission
electron microscopy (TEM) was done by a JEOL-
JEM 2100. The surface area and pore size distribu-
tion was studied by Brunauer–Emmett–Teller
(BET) using a Belsorp Max instrument (Japan).
Photoluminescence studies (PL) were carried out
using an Agilent Technologies Cary-60 Eclipse
spectrophotometer.

Photocatalytic Setup

The photoreactor assembly includes a cylindrical
tube, the inside of which is made transparent to
irradiate the light. A tungsten vapour lamp (300 W)
of medium pressure was placed at the centre of the
system and cooling jacket was used for refrigera-
tion. Fans were afixed to the four corners of the
photoreactor in order to cool the reactor. As the
lamp produces heat, continuous circulation of cold
water through the cooling jacket is maintained. A
set of quartz tubes of 100 mL capacity were placed
around the lamp and filled with organic pollutants.
Using an air pump, bubbling of the solution was
maintained in order to distribute the catalyst
uniformly.
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Photocatalytic Activity

The photocatalytic property of the Fe3O4/ZnO NC
was examined by the photodegradation of Evans
blue (EB) and Rhodamine B (RB) dye aqueous
solution under UV light illumination. Fifty mil-
ligrams of the catalyst (Fe3O4, ZnO, Fe3O4/ZnO NC)
was added to different glass tubes containing 5 ppm
of two different dyes (three tubes for each dye).
After mixing, the solution was kept in the dark and
air bubbled for 30 min to obtain the adsorption/
desorption equilibrium between the photocatalyst
and dye before illumination. After attaining equi-
librium, UV light was focused on the solution with
the circulation water. At 30-min intervals, 4 mL of
the solution was taken out and used to test the
absorbance. An Agilent Technologies Cary-60 UV-
Visible spectrophotometer was used.

The percentage degradation of the dye was cal-
culated using the following relation.

g ¼ c0 � ctð Þ=c0½ � � 100% ð1Þ

where g is the percentage of degradation, the initial
concentration of the dye is given by c0 and the
concentration of the dye after irradiation is given by
ct.

12

Evaluation of Antibacterial Activity

ZnO, Fe3O4 and Fe3O4/ZnO NC were examined
for antibacterial activity by Agar well diffusion13,14

against gram negative bacteria—Escherichia coli
[NCIM-5051] and gram positive bacterial strains
Staphylococcus aureus [NCIM-5022] were sub-cul-
tured in sterile nutrient agar medium and poured
into sterile petri dishes for solidifying. Using a
sterilized L-shaped glass rod, matured broth culture
of individual pathogenic bacterial strains was
spread uniformly over the surface of agar plates
using a sterile cork borer. In each individual agar

plate about 6-mm wells were made. Different con-
centrations of ZnO, Fe3O4, Fe3O4/ZnO NC (150, 300
and 450 lg/well) were dispersed in sterile distilled
water and dispersed into the well using micropip-
ettes. For positive control, a standard antibiotic
(ciprofloxacin) was used. The zone of inhibition of

Scheme 1. Synthesis of Fe3O4/ZnO NC.

Fig. 1. XRD patterns of Fe3O4/ZnO NC.
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each well was measured once the plates were
incubated at 37�C for 24 h.

RESULT AND DISCUSSION

XRD Studies

The XRD patterns of ZnO, Fe3O4, and Fe3O4/ZnO
NC are shown in Fig. 1a, b, and c. Six characteristic
peaks for Fe3O4 NPs (2h = 30.16�, 35.48�, 43.13�,
53.49�, 56.91� and 62.71�) are marked by their
indices (220), (311), (400), (422), (511) and (440),
respectively. These peaks are well indexed to the
JCPDS card no. 01-076-0704. The eight peaks for
ZnO NPs (2h = 31.84�, 34.52�, 36.33�, 47.63�, 56.71�,
62.96�, 68.13�, 69.18�) are marked by their indices
(100), (002), (101), (102), (110), (103), (112) and (201)
with JCPDS card no. (01-088-0315). The XRD
pattern of Fe3O4/ZnO nanocomposite confirmed the
presence of Fe3O4 NPs and ZnO NPs combined
together which formed a composite. The marking of
peaks with * (ZnO) and # (Fe3O4) can be observed in
the Fe3O4/ZnO NC without any additional impuri-
ties. Hence, no extra peaks were absorbed which
confirmed that Fe3O4 nanoparticles were coated
with ZnO.9,14

FTIR Studies

The prepared Fe3O4/ZnO NC were characterized
by FTIR and are shown in Fig. 2. The strong

absorption band at 450 cm�1 is due to the different
stretching modes of the Zn-O bonding in zinc oxide.
The stretching vibrations of the Fe-O bonding fall
near to each other at 563 cm�1. Furthermore, the
peak at 1607 cm�1 shows the C-H bending vibration
and the C-O stretching vibration attributed to 1102
cm�1 and 1409 cm�1. This confirms that all the
characteristic peaks of Fe3O4 and ZnO are present
in Fe3O4/ZnO NC. Because of the increased concen-
tration of ZnO in the Fe3O4/ZnO NC system, a broad
band is observed between 450 (v1) and 557 (v2) cm�1

which is attributed to the Zn-O vibrations. This
increased concentration of ZnO makes resolution of
the v1 and v2 peaks difficult. However, a peak is
observed around 563 cm�1 which can be attributed
to the vibrations between oxygen and iron. The
strong absorption peak at 3425 cm�1 shows the O-H
stretching vibration. The absorption peaks at 2914
cm�1 are attributed to the C-H stretching vibrations
of the -CH2 functional group.15

Morphological Studies

Figure 3a and b shows the SEM images of Fe3O4

and ZnO. From analysis of SEM micrographs,
almost uniform-sized particles with flake- and
grain-like structure were observed and conjointly
marked tendency to make giant clusters. Further,
Fig. 3c and d indicates the composite structure of
ZnO and Fe3O4 magnetic nanoparticles. Figure 4
shows the EDAX of Fe3O4/ZnO NC. From EDAX,
iron, zinc and oxygen peaks (Pt is excluded as it
from platinised carbon tape) clearly confirm the
presence of Fe3O4 and ZnO in the prepared
nanocomposite.16

HRTEM with SAED Analysis

Figure 5a, b, c, and d clearly represents the TEM
images of Fe3O4/ZnO NC and the overall size and
structure of the prepared nanocomposite. We can
also identify the spherical and hexagonal nano-
flakes forming the clusters by combining each other
having low dispersion which tends to the magnetic
property of the synthesized nanocomposite.17,18

During electron irradiation there is difference in
electron scattering; hence, Fe3O4 appears darker
because of higher electron density when compared
to ZnO nanoparticles in Fig. 5c.19 HRTEM shown in
Fig. 5e gives a d spacing value of 0.19 nm (Fe3O4)
and 0.24 nm (ZnO) in the nanocomposite20 which
supports the XRD studies. SAED pattern of core
shell nanoparticles is represented in Fig. 5f with an
(hkl) value of (101) ZnO and (220) Fe3O4 which
corresponds to the JCPDS card number of the
XRD.21,22

BET Studies

For determining the surface properties, the N2

adsorption-desorption isotherm was analysed and
is shown in Fig. 6. Fe3O4/ZnO NC shows isotherm

Fig. 2. FTIR spectra of ZnO, Fe3O4, and Fe3O4/ZnO NC.
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hysteresis type (IV). BET surface area, total pore
volume and mean pore diameter were found to be
12.647 m2g�1, 0.024125 cm3g�1 and 7.6302 nm.23

Because of its high surface area, good pore volume
and pore diameter, surface active sites available
for the photocatalytic reactions also increases

Fig. 3. SEM images of (a) Fe3O4, (b) ZnO, (c, d) Fe3O4/ZnO NC.

Fig. 4. EDAX analysis of Fe3O4/ZnO NC.

Facile Synthesis of Fe3O4/ZnO Nanocomposite: Applications to Photocatalytic and
Antibacterial Activities

3561



which slows down the recombination rate of
electron hole pairs. In general, high surface area
will enhance the catalytic reactions.

UV-Visible DRS Studies

Figure 7a shows the UV-Visible diffused reflec-
tance spectra (DRS) of synthesized Fe3O4/ZnO NC.
It shows an absorption point at around 464 nm. The
Kubelka–Munk (K–M) theory was used to calculate
the band gap of Fe3O4/ZnO NC, given by the
following relation.

F R1ð Þ ¼ 1 �R1
2R1

ð2Þ

hm ¼ 1240

k
ð3Þ

where R1 is the reflection coefficient, k is the
absorption wavelength.

For synthesized Fe3O4/ZnO NC, the energy gap
was found to be around 2.3 eV, as shown in Fig. 7b.24

Radon et al. found that the optical energy band gap
of Fe3O4 nanoparticles synthesized by co-precipita-
tion was 3.01 eV. Devi et al. synthesized ZnO
nanoparticles by co-precipitation and obtained an
energy band gap of 3.30 eV. When compared to
these two values in the literature, Fe3O4/ZnO NC
prepared by co-precipitation in the present work
showed a narrow band gap. The obtained band gap
of 2.3 eV confirmed that Fe3O4/ZnO nanocomposite
is a visible active material.25,26

Photocatalytic Activity

Figure 8 shows the photocatalytic degradation of
Fe3O4/ZnO NC against RB and EB as a targeted
pollutant under UV light illumination. The decolo-
nization of RB and EB dyes over ZnO, Fe3O4 and
Fe3O4/ZnO NC was recorded by UV-Visible spec-
troscopy. Before irradiation, the solution mixture
was kept in the dark to obtain adsorption/desorption
equilibrium. Initially, there were no changes
observed for either dye, but after irradiation, it
shows that the dye undergoes degradation. The
comparison of Fe3O4, ZnO and Fe3O4/ZnO NC using
both RB and EB dyes was carried out. Fe3O4/ZnO
NC shows 9% degradation at 30 min and 99%
degradation at 150 min using RB as a dye, but in EB
at 30 min it shows 43% degradation and at 150 min
90% degradation was observed. In RB dye Fe3O4/
ZnO NC shows the maximum degradation but ZnO
has degraded well compared to Fe3O4 which is
shown in Fig. 8b. Comparison of degradation activ-
ity of Fe3O4, ZnO, Fe3O4/ZnO NC using EB dye is
Fe3O4/ZnO NC> Fe3O4> ZnO (Fig. 8d).9,21,23. The
comparative study of degradation of dyes in the
presence of ZnO, Fe3O4, Fe3O4/ZnO NC against RB
is shown in Table I.

Mechanism of Photocatalytic Degradation

Photocatalytic degradation of RB and EB dye
under UV light illumination using Fe3O4/ZnO NC is
represented in the following reaction mechanism.

Fig. 5. (a–d) TEM, (e) HRTEM, (f) SAED pattern of Fe3O4/ZnO NC.

Fig. 6. BET adsorption–desorption isotherm and pore size
distribution of Fe3O4/ZnO NC.
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Fig. 7. (a) Diffuse reflectance spectra and (b) direct band gap energy of Fe3O4/ZnO NC.

Fig. 8. (a, c) Degradation spectra RhB and EB (b, d) Control experiments over photocatalytic degradation of RhB and EB in the presence of ZnO,
Fe3O4 and Fe3O4/ZnO NC.
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Fe3O4=ZnO þ hv ! Fe3O4=ZnO hþ
vb þ e�cb

� �
ð4Þ

OH�
ads þ hþ

vb ! OH�
ads in basic mediumð Þ ð5Þ

EB=RB þ OH�
ads ! Dye degradation ð6Þ

The schematic representation of the photodegra-
dation of RB and EB using Fe3O4/ZnO NC under UV

light is shown in Scheme 2. The photodegradation
was initiated only when the Fe3O4/ZnO NC photo-
catalyst interacted with the UV light irradiation,
the arrangement of e� (electrons) in conduction
band CB and h+ (holes) in the valence band VB
takes place during photoexcitation. To generate
anionic superoxide radical (ÆO2

�) by reduction, the
photogenerated electron in the CB reacts with
molecular oxygen. e� gets attracted to the photo-
generated hole in VB from hydroxyl ions or water

Table I. Comparative studies of photocatalytic degradation of RB using ZnO, Fe3O4, Fe3O4/ZnO NC

Sample
no.

Synthesis
method

Name of the
organic dye

Light
source

Degradation
(%)

Irradiation
time (min) References

ZnO NPs
1 Solution phase approach Rhodamine-B UV 95 70 29
2 Reflux Rhodamine-B UV 100 300 30
3 Hydrothermal Rhodamine-B UV 77 50 31
4 Chemical precipitation Rhodamine-B UV 100 25 32
5 Co-precipitation Rhodamine-B UV 95 150 PW
Fe3O4 NPs
6 Co-precipitation Rhodamine-B Visible 98 120 33
7 Co-precipitation Rhodamine-B UV 91 150 PW
Fe3O4/ZnO NC
8 Solution combustion Rhodamine-B Visible 90 300 34
9 Reverse micelle Rhodamine-B Visible 99 40 35
10 Co precipitation Rhodamine-B Solar 60 150 36
11 Co-precipitation Rhodamine-B UV 99 150 PW

Scheme 2. Mechanism of dye degradation in the presence of Fe3O4/ZnO NC under UV light.
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molecule to yield the most reactive hydroxyl radical
(ÆOH) over oxidation. The H2O2 generated by react-
ing with superoxide anion radical with e�/h+ pairs.
On the surface of Fe3O4/ZnO NC, the organic
molecules are attacked by these reactive species
which act as strong oxidizing agents. Hence, these
organic dye molecules easily attacked by ions leads
to byproducts. This process is called a redox reaction
on the surface of the photocatalyst by the excitation
of the catalyst.

Photoluminescence Spectra

To observe the recombination efficiency of gener-
ated hole and electron pairs, photoluminescence
(PL) spectra was used and is shown in Fig. 9. As
depicted in Fig. 9, the intensity of peaks is different
which is due to the varying recombination behavior
of charge carriers for different materials. PL of
Fe3O4, Fe3O4/ZnO NC, and ZnO NPs were recorded
at room temperature. The excitation peak shown at
238 nm was observed at emission peaks of 284 and
392 nm.9,17,27,28 Photocatalytic activity of a semi-
conductor photocatalyst is majorly depending on
electron and hole. The effect of photocatalytic
activity reduces when both the electron and hole
recombine to emit a photon. Hence, the lower PL
intensity shows the higher photocatalytic activity.
The PL of Fe3O4/ZnO NC shows the lowest inten-
sity peak when compared to Fe3O4 and ZnO.
Therefore, photocatalytic performance of Fe3O4/
ZnO NC is higher than pure Fe3O4 and ZnO.
Figure 10 shows the X and Y colour coordinates
and is known as the CIE (Commission Interna-
tional De I’Eclairage) diagram. From the above
figure, the colour of the emitted light from the
Fe3O4/ZnO NC can be observed and was found to
be in the blue region.

Antibacterial Activity

Antibacterial activity of all the three materials
was examined against pathogenic bacterial strains
such as Escherichia coli and Staphylococcus aureus
by agar well diffusion. The zone of inhibition of
prepared NPs with varying concentration of ZnO,
Fe3O4, Fe3O4/ZnO NC (150, 300 and 450 lg/well)
with respect to the positive control (ciprofloxacin)
was recorded. The results with respect to zone of
inhibition were estimated with vernier calipers in
millimeters, and its values are shown in Table II
where we can observe that the bacterial activity of
Fe3O4/ZnO is greater when compared to Fe3O4 and
ZnO individually. This result also indicates that the
bacterial activity is completely concentration depen-
dent on the significant effect of nanoparticles
against pathogenic bacterial strains. The Fe3O4/
ZnO NC shows highly significant antibacterial
activity against pathogenic strains such as Escher-
ichia coli and Staphylococcus aureus strains as
shown in the Fig. 11. The mechanism for the
antibacterial activity of Fe3O4/ZnO NC is shown in

Scheme 3.37,38 The ROS (reactive oxygen species)
and release of heavy metal ions, i.e. iron and zinc,
were remarkably effective, where these two metals
are active sites releasing hydroxide and super oxide
radicles which act on the bacteria. Hence, this is the
major reason for effective role of Fe3O4/ZnO NC,
whereas in Fe3O4 and ZnO NPs individually have a
single metal and less reactive oxygen species when
compared to the composite39,40 where the light
irradiation leads to oxidative stress in the cell
membrane of the bacteria which finally leads to
the death of the bacterial cell. The bacterial death
due to the smaller particle size provides larger
surface for the interaction with the bacteria which
results in effective antibacterial activity. The oppo-
site charge of the prepared nanoparticles and the
cell membrane mutually attracts and the Fe3O4/
ZnO NC enters the bacterial cell membrane reacts
with thr thiol group (-SH) present on the surface of
the cell which finally leads to the death of the
bacterial cell. The comparative study of antibacte-
rial activity in the presence of ZnO, Fe3O4, Fe3O4/
ZnO NC against pathogenic strains is shown in the
Table III.

Fig. 9. Photoluminescence spectra of Fe3O4/ZnO NC.

Fig. 10. CIE diagram of synthesized Fe3O4/ZnO NC.
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CONCLUSION

Fe3O4@ZnO core-shell NPs were successfully pre-
pared by co-precipitation and were characterized by
XRD, FTIR, SEM with EDAX, TEM, BET and UV-
Visible spectroscopy. The XRD pattern confirms the

formation of Fe3O4/ZnO NC by comparing it with
Fe3O4 and ZnO patterns. Flake- and grain-like
morphology was observed in SEM and TEM micro-
graphs. The vibrational modes and M-O bonding
confirm the formation of Fe3O4/ZnO NC. BET

Table II. Antibacterial activity of different Nanoparticles against pathogenic bacterial strains

Sample
Treatment

(concentration)
Escherichia coli
(Mean ± SE)

Staphylococcus aureus
(Mean ± SE)

Ciprofloxacin (5 lg/lL) 7.70 ± 0.06 7.03 ± 0.03
ZnO NPs (a=150 lg/lL) 0.50 ± 0.00 0.50 ± 0.09

(b=300 lg/lL) 1.17 ± 0.03 1.40 ± 0.06
(c=450 lg/lL) 3.13 ± 0.09 2.53 ± 0.09

Fe3O4 (a=150 lg/lL) 1.13 ± 0.33 1.40 ± 0.06
(b=300 lg/lL) 2.17 ± 0.07 2.13 ± 0.33
(c=450 lg/lL) 3.17 ± 0.07 3.40 ± 0.06

Fe3O4/ZnO NC (a=150 lg/lL) – –
(b=300 lg/lL) 1.17 ± 0.07 1.13 ± 0.03
(c=450 lg/lL) 3.57 ± 0.07 3.97 ± 0.07

Values are the mean ± SE of the zone of inhibition in mm.

Fig. 11. Show the antibacterial activity of different nanoparticles against pathogenic bacterial strains such as Escherichia coli (E-A: ZnO NPs, E-
B-Fe3O4NPs, E-C= Fe3O4/ZnO NC and Staphylococcus aureus (S-A: ZnO NPs, S-B-Fe3O4 NPs, S-C= Fe3O4/ZnO NC).
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analysis shows the surface area of 12.6 m2g�1. The
bang gap was observed at 2.3 eV from UV DRS
which is visible active material. From the PL
spectra; Fe3O4/ZnO NC is useful for optoelectronic
applications. The prepared Fe3O4/ZnO NC shows
significant photocatalytic activity for the degrada-
tion of Evans blue and Rhodamine B dyes. The
antibacterial activity of Fe3O4/ZnO NC demon-
strated effective bactericidal activity against gram
positive and gram negative bacterial strains. These
results show that the prepared Fe3O4/ZnO NC
synthesis is a very simple, eco-friendly and cost-
effective material. It offers potential applications in

the field biomedical applications and Fe3O4/ZnO
nanocomposite is visible active material where
amount of visible rays in sun light is around 42%
hence Fe3O4/ZnO nanocomposite shows possible
application in waste water treatment.
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Scheme 3. Mechanism of antibacterial activity of Fe3O4/ZnO NC.

Table III. Comparative studies of antibacterial activity using ZnO, Fe3O4, Fe3O4/ZnO NC

Sample No. Synthesis method Bacterial strain tested Zone of Inhibition (mm) References

ZnO NPs
1 Biosynthesis Escherichia coli 1.2 ± 0.02 39

Staphylococcus aureus 2.4 ± 0.08
2 Co-precipitation Escherichia coli 3.13 ± 0.09 PW

Staphylococcus aureus 2.53 ± 0.09
Fe3O4 NPs
3 Combustion Escherichia coli 2.00 ± 0.02 40

Staphylococcus aureus 1.4 ± 0.06
4 Co-precipitation Escherichia coli 3.17 ± 0.07 PW

Staphylococcus aureus 3.40 ± 0.06
Fe3O4/ZnO NC
5 Refluxing Escherichia coli 1.22 41

Staphylococcus aureus
6 Co-precipitation Escherichia coli 3.57 ± 0.07 PW

Staphylococcus aureus 3.97 ± 0.07
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