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ABSTRACT

Firstly nickel ferrite nanoparticles were synthesized via a simple
precipitation method. Then mono-disperse platinum nanoparticles and
NiFe,0,@TiO,/Pt nanocomposites were synthesized by a facile sol-gel
procedure. The structure, phase and crystallite size of the magnetic and
photo-catalyst products were characterized by X-ray diffraction pattern
(XRD). The morphology and size of the nanostructures were surveyed
by scanning electron microscopy (SEM). The purity of the samples was
confirmed by Fourier transform infrared (FT-IR) spectroscopy. Vibrating
sample magnetometer (VSM) illustrated that nickel ferrite nanoparticles
have super paramagnetic behaviour. The photo catalytic behaviour of
NiFe,0,@TiO,/Pt nanocomposites was approved using the fast degradation
of two various azo dyes under visible and ultra violet light irradiation.
The results show that nanocomposites have feasible magnetic feature for
easy separation and effective photo catalytic properties for purification of
organic dye contaminants. The antibacterial behaviour of NiFe,O,@TiO,/

Pt nanocomposites was evaluated using degradation of E coli bacteria.
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INTRODUCTION

Nickel ferrite (NiFe,0,) is an inverse spinel
that the cubic unit cell is formed by 56 atoms,
32 oxygen anions dispersed in a cubic close
packed structure. It is a kind of soft magnetic
materials with many merits, such as abundant
source, low price, high electrical resistance,
chemical and mechanical stability and widely
used in high dense magnetic recording media,
magnetic fluids and high frequency equipment
[1-3]. Platinum nanoparticles can absorb visible
light due to their localized surface plasmon
resonance (LSPR). When the frequency of the light
satisfies the resonance conditions of the platinum
nanoparticles, the LSPR occurs with the associated
light absorption. Platinum nanoparticles can also

* Corresponding Author Email: g-nabiyouni@araku.ac.ir

work as an electron trap and active reaction sites.
It was explored the applicability of plasmonic
processes in the field of photocatalytic chemistry
for toxic organic decomposition. Simultaneous
of LSPs other effects such as optical near-field
enhancement, heat generation and excitation
of hot-electrons occur. The composites of
semiconductor nanoparticles and optically active
metallic nanostructures show suitable application
in comparison to conventional photocatalysts. The
main feature of these photocatalysts is that the
interaction between semiconductor and metallic
building blocks results in very efficient conversion
of incident photons into electron-hole pairs in the
semiconductor [4-12].

In this work NiFe,0, nanoparticles were
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synthesized by simple precipitation method.
Then NiFe,0,@TiO,/Pt nanocomposites were
synthesized by a facile sol-gel procedure. The
photo catalytic behaviour of NiFe,0,@TiO,/
Pt nanocomposites was evaluated using the
degradation of two azo dyes under ultraviolet light
irradiation. The results show that nanocomposites
have applicable super paramagnetic, antibacterial
and photo catalytic performance.

MATERIALS AND METHODS

Ni(NO,), Fe(NO,), 9H,0 , KPtCl, NaBH,
ammonia and de-ionized water were purchased
from Merck Company was prepared. Scanning
electron microscopy images were obtained using a
JEOL instrument model. All the chemicals were used
as received without further purifications. Before to
taking images, the samples were coated by a very
thin layer of Au (using a BAL-TEC SCD 005 sputter
coater) to make the sample surface conducting and
prevent charge accumulation, and obtaining a better
contrast. Amultiwave ultrasonicgenerator (Bandeline
MS 73), equipped with a converter/transducer
and titanium oscillator, operating at 20 kHz with a
maximum power output of 200 W was used for the
ultrasonic irradiation. X-ray diffraction patterns were
achieved by a Philips, X-ray diffractometer using Ni-
filtered CuKa radiation. Room temperature magnetic

properties were investigated using a vibrating
sample magnetometer (VSM) device, (Meghnatis
Kavir Kashan Co., Iran) in an applied magnetic field
sweeping between +10000 Oe.

Synthesis of NiFe O, nanoparticles

0.001 mol of NisO, and 0.002 mol of Fe(NO,),
9H,0 were dissolved in 200 ml of distilled water.
Then 10 ml of ammonia (10M) was added to
the solution (pH:10) and black precipitate was
prepared. After washing the magnetic precipitate
was dried at 50 C for 24 h.

Synthesis of NiFe,0,@TiO,/Pt nanocomposites

Firstly 0.1 g of synthesized nickel ferrite was
dispersed in 10 ml of methanol. It was mixed
on magnetic stirring for 15 min. Then 0.25g of
titanium tetra isopropoxide (TTIP) (Yield of TiO,:
0.1g) was added to the solution and was mixed for
10 min. After that 1ml of distilled water was added
and the solution was stirred for 10 min. HNO, was
slowly added to reaching pH of solution to 2. After
90 minutes stirring the gel was obtained. Then it
was dried in oven for 45min and was calcinated at
500°C for 2h. Finally for platinum layer Pt ions were
reduced on the surface by fresh NaBH, (0.05g was
dissolved in 10ml of water) as precipitating and
reducing agent (Fig. 1).
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Fig. 1. Schematic of nanocomposite preparation
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RESULTS AND DISCUSSION

SEM images of the as-synthesized NiFe,O,
nanoparticles prepared by precipitation method
are illustrated in Fig. 2. Nucleation stage
overcomes to growth stage the and nanoparticles
with average particle size less than 40 nm were
synthesized.

SEM images of the prepared NiFe,0,@TiO,
nanoparticles by sol-gel method at 500 °C for
2h are shown in Fig. 3. Results confirm average
diameter size less than 90 nm were prepared.

The particle size and morphology can be
manipulated by adjusting the super-saturation
during the nucleation and crystal growth in
precipitation, which in turn, it can strongly be
affected by solution chemistry conditions such as
reaction temperature depends on precursor, time
and temperature and pH of process environment.

Fig. 4 show SEM images of NiFe,0,@TiO,/Pt
nanocomposites by precipitation method with
10 ml of NaBH, as reducing agent at 180°C for 2h.
Images approve formation of nanostructures with
average particle size around 90 nm. The balance
between nucleation rate and growth rate which
determines final particle size and morphology.
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Fig. 5illustrates XRD pattern of NiFe,O, product.
It can be observed that cubic phase (JCPDS
No. 87-0722) with Fd-3m space group which is
consistent with iron was prepared. Fig. 6 shows
XRD pattern of titanium dioxide product. (Pure
anatase tetragonal phase with JCPDS: 04-0477
space groupl41/amd was prepared). Fig. 7 shows
XRD pattern of platinum product. A number of
strong Bragg reflection peaks can be seen which
correspond to the reflections of FCC platinum. The
platinum (standards JCPDS No.87-0644) and space
group of Fm-3m (space group number: 225) in the
pattern are reported. The calculated crystalline
sizes from Scherrer equation, were about 35 and
15 nm for titanium dioxide and Pt nanoparticles,
respectively.

Fig. 8 depicts the FT-IR spectrum of the
NiFe,0,@TiO,/Pt product. The absorption bands
at 350-650 cm™ are related to the stretching mode
of Fe-O and Ni-O bonds (metal-oxygen bonds).
The spectrum exhibits broad absorption a peak at
3400 cm™, corresponding to the stretching mode
of adsorbed hydroxyl group. There are no other
significant peaks related to precursors and other
impurities.
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Fig. 2. SEM images of NiFe,0, nanoparticles synthesized by precipitation method
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Fig. 4. SEM images of NiFeZOA@TiOZ/Pt nanocomposite
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Fig. 5. XRD pattern of NiFe,0, nanoparticles

Intensity

|
” || ||ﬂ| P |

T T
20 30

|3 \ Al A
. MHWN.JJ L LJ S MU

T
50 B0

Position [°2Theta]

Peak List

04-0477,Ti Oy

il

l 11 I i L

Fig. 6. XRD pattern of TiO, nanoparticles

Magnetic properties of samples were studied
using vibrating sample magnetometer system at
room temperature. Hysteresis loop of magnetic
NiFe,0, nanoparticles prepared by precipitation
method is shown in Fig. 9. As-synthesized
nanoparticles show super paramagnetic behaviour
and have a saturation magnetization of 40 emu/g
and a coercivity tending to zero Oe. It shows a
sufficient magnetization of these nanoparticles
for being recycled by a magnet, making them

412

appropriate for core of recyclable photo-catalyst.

Hysteresis loop of magnetic NiFe,0,@TiO,/Pt
nanoparticles is depicted in Fig. 10. The product
also illustrates super paramagnetic behaviour and
has a saturation magnetization of 29 emu/g and a
coercivity about zero Oe.

This magnetization indicatesthatNiFe204@TiOZ/
Pt nanocomposites inherit the magnetic property
from the NiFe, O,; however, the magnetization is
lower due to presence of platinum. This reduction
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Fig. 9. Room temperature hysteresis loop of NiFe,O, nanoparticles
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insaturation magnetizationisduetotheinterfacial
effect of the typical nanocomposite. The magnetic
property of the prepared nanocomposites is an
essential characteristic of a re-generable and
reusable magnetic heterogeneous catalyst.

The photo-catalytic activity of the NiFe,0,@
TiO,/Pt nanocomposite was evaluated by
monitoring the degradation of Methyl Orange
and Acid-Brown in an aqueous solution, under
irradiation with UV light. The photo-degradation
mechanism of TiO_-platinum under UV-visible
absorption is illustrated in Fig. 11. Maximum
wave length of Methyl Orange and Acid-Brown
were degraded about 45% and 65% in 90 min in

the presence of iron-platinum. Methyl Orange
depicted the fastest degradation at 90 min under
ultraviolet light and at presence of magnetic
photo-catalyst. Organic dyes decompose to
carbon dioxide, water and other less toxic or
nontoxic remaining and residuals [13-20]. Fig.
12 shows degradation of the three two dyes
after 90 min exposure to the NiFeZO4@TiOZ/Pt
nanocomposite. The as-prepared nanocomposite
has the potential to be applied to improve
environmental problems associated with organic
and toxic water pollutants. Antibacterial effect
of NiFe204@TiOZ/Pt nanocomposite on the
degradation of E Coli bacteria is shown in Fig 13.
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Fig. 10. Room temperature hysteresis loop of NiFe,0,@TiO,/Pt nanocomposite
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Fig. 11. Photo-catalyst mechanism of titanium dioxide- platinum in degradation of toxic dye
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(a)

(b)

Fig. 12. Photo degradation of (a) Methyl Orange (b) Acid Brown

Fig. 13. Antibacterial effect of NiFe204@TiOZ/Pt nanoparticles on E-Coli

As time increase; more bacteria are degraded on
the nanoparticles catalyst, until obvious circle
was observed around antibacterial NiFe,O,@
TiO,/Pt disk.

CONCLUSIONS

Firstly nickel ferrite nanoparticles were
synthesized via a large-scale precipitation method,
then platinum nanoparticles and NiFe204@Ti02/Pt
nanocomposites were prepared by precipitation
method. Effect of temperature, reaction time
and various concentration of NaBH, were
investigated on the morphology and particle size
of the products. Vibrating sample magnetometer

J Nanostruct 8(4): 408-416, Autumn 2018

confirmed that nanocomposites show super-
paramagnetic behaviours. The photocatalytic
behaviour of NiFe204@Ti02/Pt nanocomposite
was evaluated using the degradation of two azo
dyes under UV-visible light irradiation. The results
show that precipitation and sol-gel methods are
suitable method for preparation of NiFe,O,@
TiO,/Pt nanocomposites as a candidate for
photocatalytic applications.
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