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Nickel(II) hydroxide nanocomposites were synthesized by a reaction of nickel(Il) acetate tetrahydrate [Ni(CH;COO),-4H,O] and sodium
hydroxide in ethanol under microwave irradiation for 5 min. The NiO/Ni nanocomposites were then prepared by calcining the Ni(OH),
nanocomposites in an electric furnace at 700 °C for 2 h. The resulting heated products were examined by X-ray diffraction, scanning

INTRODUCTION

Development of nanotechnology presents many new
chemical subjects and provides new opportunities'. The syn-
thesis of nanocomposites has been studied extensively over
the last three decades. Nano-sized composites exhibit novel
mechanical, magnetic, electronic and optical properties com-
pared to their bulk counterparts™®. Metal-metal oxide nano-
particles, such as Cu/Cu,Q’, Zn/ZnO® and Sn/SnO,”'°, have
potential in magnetic materials, gas sensors and catalysis''.
Because of the easy reduction of cationic copper, zinc and tin
species, the first preparation of the metallic nanocomposites
is normally to reduce the corresponding metal cations with
reducing agents under mild conditions, followed by the cont-
rolled oxidation of the outer layer with air or oxygen to form
the metal/metal oxide nanocomposites”*''. The NiO/Ni nano-
composites are of great technical importance because nickel
is used as a major component in numerous alloys for high
temperature applications'>". NiO, a semiconductor metal
oxide with a band gap of 3.6-4.0 eV, has potential applications,
such as battery cathode'>'®, catalyst'’, gas sensors'®, magnetic
materials'”* and electrochromic films®'. A range of methods
have been developed for the synthesis of NiO nanocomposites,
such as sol-gel, hydrothermal, precipitation, emulsion, electro-
deposition and sputtering” . In this study, the Ni(OH), nano-
composites were prepared by nickel(I) acetate tetrahydrate
and sodium hydroxide in a liquid phase environment and the
resulting Ni(OH), was calcined to prepare the NiO/Ni nano-
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composites. The NiO/Ni nanocomposites were characterized
by X-ray diffraction (XRD), scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). The
reduction of 4-nitrophenol with NiO/Ni nanocomposites as a
catalyst in the presence of sodium borohydride was examined
by UV-visible spectrophotometer.

EXPERIMENTAL

Ni(CH;C0OO0),-4H,0, NaOH and C,HsOH were obtained
from Samchun Chemicals. 4-Nitrophenol was supplied
by Sigma-Aldrich Co., Inc. NaBH4 was purchased by Kanto
Chemical Co., Inc. The structures of nanomaterials were
examined by XRD (Bruker, D8 Advance). The surfaces of NiO/
Ni nanocomposites were observed by SEM (JEOL Ltd, JSM-
6510) at an accelerating voltage of 0.5 to 30 kV. The morpho-
logy and crystallite size of samples were examined by TEM
(JEOL Ltd, JEM-2010) at an acceleration voltage of 200 kV.
UV-visible spectroscopy of samples was performed using a
UV-visible spectrometer (Shimazu UV-1691PC).

Synthesis of the NiO/Ni nanocomposites and catalytic
reduction of 4-nitrophenol: The NiO/Ni nanocomposites
were prepared by a reaction of 50 mM nickel(II) acetate tetra-
hydrate [Ni(CH3COO),-4H,0] and 10 mM sodium hydroxide.
The chemicals were dissolved in the 25 mL ethanol as a liquid
phase environment at room temperature (the mole ratio of
nickel(Il) acetate tetrahydrate: sodium hydroxide was 1:2).
The mixture was stirred using magnetic stirrer for 4 h at room
temperature. After stirring, the mixture in the beaker was placed
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in a water bath and irradiated with microwave at room tempe-
rature for 5 min (15 s, 20 times). A green precipitate formed
as aresult. The precipitates were washed 5 times with an ethanol
solution (the volume ratio of ethanol: water = 1:1) to remove
the impurities. The green powders were dried for 6 h at 80 °C
in an electric oven, followed by calcination in an electric
furnace at 700 °C for 2 h. In the catalysis experiment, 0.025
mM 4-nitrophenol was added to 15 mL of distilled water.
Subsequently, NaBH, and the NiO/Ni nanocomposites were
added to a 4-nitrophenol solution. The catalytic effect was
observed by UV-visible spectroscopy.

RESULTS AND DISCUSSION

The purity and phase of NiO/Ni nanocomposites were
analyzed by XRD (Fig. 1). Cubic phase, bunsenite-nano-
structured, NiO/Ni nanocomposites with high purity were
obtained by calcining the as-prepared sample at 700 °C for
2 hin an electric furnace®. Five obvious XRD peaks located
at 37.2°, 43.3°, 62.8°, 75.4° and 79.3° 20, were assigned to
the (101), (012), (110), (113) and (202) peaks, respectively,
for cubic NiO (JCPDS44-1159). The three plane indices of
Ni, (111), (200) and (220), were also observed at 44.5°, 51.9°
and 76.4° 20, respectively (JCPDS4-850). Overall, XRD
confirmed the synthesis of the NiO/Ni nanocomposites with
crystallinity”’.
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Fig. 1. XRD pattern of the synthesized NiO/Ni nanocomposites; * denotes
NiO nanoparticles, A denotes Ni nanoparticles

SEM and TEM: Fig. 2 presents a typical SEM image of
the NiO/Ni nanocomposites. The image revealed a small rock
salt-like morphology®. In addition, the product revealed homo-
geneous spherical shaped particles®™. The formation of these
homogeneous particles was examined by microwave irradia-
tion. TEM image showed that the NiO/Ni nanocomposites were
spherical and cubic shape with a mean diameter of 20-60 nm
(Fig. 3). The particle sizes measured from TEM were in good
agreement with those estimated from the XRD patterns which
had calculated by Scherrer's equation®.
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Fig. 2. SEM image of the synthesized NiO/Ni nanocomposites
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Fig. 3. TEM image of the synthesized NiO/Ni nanocomposites

UV-visible spectroscopy: UV-visible spectroscopy is an
important method for revealing the optical properties of semi-
conductor nanocrystals™. In the present study, the UV-visible
spectra were used to examine the reduction of 4-nitrophenol
to 4-aminophenol. In this reaction, NaBH, was used as a
reducing agent for 4-nitrophenol to change 4-aminophenol at
the catalytic reaction of NiO/Ni nanocomposites. The change
of peak from 320 to 400 nm was observed after adding the
NaBHy,, this was attributed to the formation of 4-nitrophenolate
ion under alkaline condition®'. Because of conversion from 4-
nitrophenol to 4-aminophenol, the color of the solution also
turned from yellow to colorless. As the reaction proceeded,
the absorbance peak at 400 nm lessened gradually and
eventually disappeared. At the same time, a new peak at 300
nm appeared and increased due to the production of 4-amino-
phenol. Fig. 4 shows the reduction of 4-nitrophenol to 4-amino-
phenol with NaBH, using the NiO/Ni nanocomposites as a
catalyst.
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Fig. 4. UV-visible spectrum of 4-nitrophenol reduction in the presence of
NaBH, with heated NiO/Ni nanocomposites

Conclusion

NiO/Ni nanocomposites were synthesized by a reaction
with nickel (II) acetate tetrahydrate and sodium hydroxide
under microwave irradiation followed by calcination in an
electric furnace at 700 °C for 2 h. XRD confirmed that the
prepared products were NiO/Ni nanocomposites. SEM and
TEM showed that the NiO/Ni nanocomposites had a homo-
geneous spherical and cubic shape with a mean size of 20-
60 nm. In addition, the NiO/Ni nanocomposites, as a catalyst,
promoted the reaction of 4-nitrophenol to 4-aminophenol in
the presence of sodium borohydride.
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