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A B S T R A C T

Magnetic nanoparticles of zinc ferrite were synthesized through soft chemical route. The microstructural
properties of the synthesized nanoparticles were studied using XRD, TG-DTA, SEM, HR-TEM, UV-DRS,
VSM and surface area � porosity analyser. Photocatalytic activities of the pristine and calcined zinc ferrite
spinel were studied for decomposition of the azo dye, Acid Blue 113, in the presence of H2O2 under direct
and diffused sunlight. Synergistic effect of the zinc ferrite catalyst and H2O2 for decomposition of Acid
Blue 113 was examined. The catalyst retained its absolute efficiency even after eight cycles of dye
decomposition indicating a true Photocatalytic process. Antimicrobial activity of the synthesized zinc
ferrite nanoparticles was tested for two gram-positive and two gram-negative bacterial strains and
compared with that of the antibiotic streptomycin.

ã 2016 Published by Elsevier Ltd.

1. Introduction

Dyes/colorants are identified as most significant chemical
contaminants that cause water/wastewater pollution [1]. Large
quantities of dyes/colorants are discharged into the water by
various industries all over the world. Most of these dyes are
resistant to microbial degradation and hence their removal from
the waste streams is an environmental priority. Similarly,
biological contamination of water is a critical issue as it affects
human health [2]. More than 4 million people die of illnesses
generated by microorganisms, and most of them are caused via
contaminated water. Efficient removal of chemical and biological
contaminants from water/wastewater is a challenging task.

Homogeneous/heterogeneous photocatalytic processes have
been an area of active research during the last several years.
Wastewater decontamination is one of the main research areas in
photocatalysis where heterogeneous photocatalysts have been
used for complete decomposition of organic pollutants including
dyes/colorants in water/wastewater [3–5]. Numbers of photo-
catalysts viz. TiO2 and its composites, ZnO, Cu2O, WO3, iron oxides,
have been tried by researchers for environmental remediation

[6,7]. There has been growing research interests on photocatalytic
decomposition using magnetic nanoparticles for environmental
remediation due to the potential of these materials for large-scale
application and compatibility with modern technologies [8].
Magnetic ferrites as well as their spinel structure have a narrow
band gap (�1.9 eV) and hence they are capable of absorbing visible
light [9]. The spinel structure of zinc ferrite crystal provides
improved stability of the ferrite, and the extra catalytic sites
available by virtue of the crystal lattice results in enhanced
efficiency [10].

There are some reports on the photocatalytic decomposition of
organic contaminants in water using zinc ferrites [11–13].
However, very limited information is available on the antimicrobial
properties of zinc ferrite nanoparticles. The photocatalytic and
antibacterial activities of zinc ferrite and its spinels have gained
much interest [8,14] as a cleaner technology for environmental
remediation. Photocatalytic degradation of dyes/colorants in water
and wastewater using zinc ferrite and its spinel are highly
attractive as it is a zero waste process, and the catalysts can be
recycled and reused [7,12,13,15]. Besides, the catalyst offers the
advantage of easy magnetic separation from the reaction mixture,
which makes it a perfect candidate for large-scale applications.

The present communication reports synthesis of zinc ferrite (ZF)
nanoparticles by a simple co-precipitation method. The synthesized
zinc ferrite was characterized using different characterization
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techniques viz. X-ray diffraction (XRD), thermo gravimetry-
differential thermal analysis (TG-DTA), scanning electron
microscopy (SEM), transmission electron microscopy (TEM),
vibrating sample magnetometry (VSM), UV–vis diffuse reflectance
spectrometry, and surface area and porosity analysis. Photocatalytic
activity of the synthesized zinc ferrite nanoparticles and its calcined
product was studied for degradation of Acid Blue 113 (AB113), in the
presence of H2O2 and visible light. Synergistic effects of H2O2 and
direct/diffused sunlight have been studied. Furthermore, the
antibacterial activities of the synthesized zinc ferrite nanoparticles
were tested against two gram-positive (Staphylococcus aureus and
Bacillus subtilis) and two gram-negative (Pseudomonas aeruginosa
and Escherichia coli) bacterial strains and results were compared
against the standard antibiotic streptomycin.

2. Experimental

2.1. Materials and methods

Zinc ferrite nanoparticles were synthesized using AR Grade zinc
chloride, ferric chloride, and sodium hydroxide. Acid Blue 113, used
for the study was procured from Sigma Aldrich. All the standard
solutions were prepared in de-ionized water.

The microorganisms used for the biological evaluation, the
Gram-positive bacteria Staphylococcus aureus (MTCC 3160) and
Bacillus subtilus (MTCC 3159) and Gram-negative bacteria
Pseudomonas aeroginosa (MTCC 2582) and Escherichia coli (MTCC
1739) were obtained from the Microbial Type Culture Collection &
Gene Bank (MTCC), Chandigarh. The required quantities of the
bacterial strains were generated by the periodic sub-culturing
process.

Zinc ferrite (ZF) nanoparticles were synthesized by
co-precipitation from an aqueous solution containing a mixture
of zinc and ferric chlorides. An aqueous solution containing a
mixture of zinc chloride (0.25 M) and ferric chloride (0.75 M) was
slowly precipitated at 60 �C, under continuous stirring, by adding
2 M NaOH solution and maintaining the pH of the mixture constant
at 10 � 0.5. After complete precipitation, the suspension was aged
for 18 h under reaction conditions followed by washing with
de-ionized water to remove any excess alkali (the washing was
checked for pH neutrality). Finally, the solid precipitate was
separated by centrifuge and dried at 60 �C in an air oven till
constant weight was obtained. A portion of the ZF was calcined at
300 �C for 2 h, cooled to room temperature and preserved. The
powdered samples of ZF and its calcined product were
characterized and used for photocatalytic and antimicrobial
studies.

2.2. Characterization techniques

The mineralogical phases and crystallinity of the samples were
determined by X-ray diffraction studies using Cu-Ka radiation by
XPERT-PRO XRD from PANalytical Instruments. The chemical and
phase stability of the sample was studied by thermal analysis (in an
air atmosphere, heating rate: 10 �C/min) using TG-DTA analyzer
from Perkin Elmer, USA (Model: Diamond). SEM-EDAX images
were obtained using FEI Quanta 200 Environmental Scanning
Electron Microscope. Transmission electron microscopic images
and selected area electron diffraction (SAED) pattern were taken in
a JEOL 1200EX HRTEM. Suspension of the sample in iso-propyl
alcohol was mounted on carbon-coated copper grids, and the
images were captured by a CCD camera. BET surface area and pore
size analysis of the ZFs were carried out by nitrogen adsorption–
desorption technique at 77 K using surface area analyzer (model:
Autosorb-1) from Quantachrome Instruments, USA. Magnetic
behaviour of the pristine and calcined ZF samples was studied

using Lakeshore VSM 7410. Concentrations of zinc and iron in the
synthesized ZF sample were estimated using Prodigy XP
simultaneous ICP-OES from Teledyne Leeman Labs, USA. The
diffuse reflectance spectrum of the ZF was recorded in UV-Visible-
NIR spectrometer from Agilent Technologies Pvt. Ltd., USA (Model:
Cary 5000).

2.3. Photocatalytic experiments

Photocatalytic activities of pristine and calcined ZFs for the
decomposition of AB113 were studied under direct sunlight and
under diffused (normal day light and not under direct sunlight)
sunlight in the presence of H2O2. A set of 5 flasks containing 25 ml
of 0.1 mmol/l solutions of AB113 in each was contacted with 0.1 g of
the ZF catalyst and different amounts of the oxidant H2O2

(0–49 mmol), under the diffused (indirect) light. After 4 h, residual
dye concentrations were measured in a UV-visible spectropho-
tometer (Cary 100, Agilent Technologies Pvt. Ltd., USA) at a fixed
wavelength 566 nm. Catalyst dose was optimized by performing a
set of similar experiments with fixed amount of the oxidant and
varying amount of the catalyst (0–20 g/l). The residual dye
concentrations were determined after 4 h. Dye decomposition
percentage was calculated using the following equation:

Dye decompositionð%Þ ¼ C0 � C
C0

� �
� 100 ð1Þ

where, C0 is the initial dye concentration and C is the dye
concentration at time ‘t’.

Catalyst recycle/reuse experiments were carried out by
contacting a fixed amount of the catalyst with a fixed
concentration of AB113 solution for 4 h. The experiments were
performed under diffused (indirect) sunlight and in the
presence of H2O2. Sample of dye solution was withdrawn after
each hour and analysed for residual dye concentration. After
completion of each cycle, the used catalyst was separated,
washed with distilled water (two times) and dried at 60 �C
before reuse.

2.4. Antimicrobial assay

Stock cultures were stored at 4 �C on nutrient agar slants. Active
cultures for experiments were prepared by transferring a loop-full
of cells from the stock culture to Mueller-Hinton Broth (MHB) for
bacteria and were incubated for 24 h at 37 �C. Two 9.9 ml of MHB
cultures were inoculated and incubated till it reached the turbidity
equal to that of the standard 0.5 McFarland solution at 600 nm
which is equivalent to 106–108 CFU/ml.

Antibacterial assay was carried out by Agar well Disc Diffusion
(Kirby-Bauer) method [16]. In vitro antimicrobial activity was
studied using Mueller Hinton Agar (MHA) obtained from Himedia,
Mumbai, India. The MHA plates were prepared by pouring
18–20 ml of molten media into sterile petri plates. The plates
were allowed to solidify for 15 min and 100 ml inoculum
suspensions of organisms, to be tested, was swabbed uniformly
and allowed to diffuse for 5 min. In each petri plate, three wells
(5–6 mm diameter) were made in the solidified agar for the test
compound (80 ml of the dispersed zinc ferrite in 10% ethanol), for
the positive control (Streptomycin, 10 mg/disc) and for the negative
control (10% ethanol). The dispersion of zinc ferrite was prepared
by adding 3 mg zinc ferrite in 5 ml of 10% ethanol and sonicated for
20 min. After adding the test compound, positive control and the
negative control in the respective wells, the petri plates were
pre-incubated at 6 �C for 2–3 h to allow the test material to diffuse
into the agar and further incubated for 24 h at 37 �C. The incubated
plates were examined for the zone of clearance around the
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