
INTRODUCTION

Research on nanometer-sized metal/metal oxide nano-

particles has progressed rapidly over the past decade. Nickel

nanoparticles are gaining much interest due to their excellent

chemical properties like electrical conductivity, melting point,

and magnetic properties. They are ferromagnetic in nature1-10.

The above said interesting characteristics make them poten-

tially important in several fields such as catalysts, fuel cell

electrodes, gas sensors, high density recording media, base-

metal-electrode multilayer ceramic capacitor (BME-MLCC),

battery hybrids, magnetic sensors and memory devices to bio-

molecular separations11-17.

Several physical and chemical methods have been reported

for the synthesis of a variety of Ni nanostructures such as

pyrolysis18, sputtering19, reversed micelles20,21, aqueous and

nonaqueous chemical reduction22-24, sonochemical deposi-

tion25, polyol method26-31, laser-driven thermal methods32,

liquid-phase synthesis33 and an organometallic approach34,35

have been applied.

The thermal decomposition is a novel method to produce

nickel nanoparticles which is much faster, cleaner and econo-

mical as compared to the other conventional methods. In this

context, we present a simple and facile synthesis of nickel

nanoparticles from the thermal decomposition of an inorganic

precursor, nickel 2,4-dichlorophenyl acetate hydrazinate

hydrate.
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Nickel nanoparticles have been successfully prepared from nickel carboxylate hydrazinate hydrate as a precursor followed by thermal
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infrared spectra and thermal analysis. The precursor shows multistep decomposition to form metallic Ni. The structure and morphology

of as prepared Ni nanoparticles were characterized by powder X-ray diffraction, scanning electron microscope, high resolution transmission
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This simple and inexpensive synthetic procedure can also be employed to prepare other transition metal nanoparticles.
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EXPERIMENTAL

       Nickel(II) nitrate hexahydrate, hydrazine hydrate 2,4-

dichlorophenylacetic acid were obtained from E-Merck and

used as received.

The precursor complex was prepared by mixing aqueous

solution (50 mL) containing the nickel(II) nitrate hexahydrate

(0.001 mol) and an aqueous ligand solution (50 mL) containing

2,4-dichlorophenylacetic acid (0.003 mol) and hydrazine

hydrate ( 0.01mol) in situ with constant stirring. The mixture

was kept a side for precipitation. The complex thus precipitated

was filtered, washed with alcohol, diethyl-ether and air dried.

The precursor complex thus formed was taken in a clean

silica crucible and heated in a low flame gently at first and

then strongly during which the complex decomposes comp-

letely to give the nickel nanoparticles.

Hydrazine content of the complex was analyzed by titra-

tion using KIO3 as titrant36. The metal content was estimated

by the standard methods given by the Vogel36. The infrared

spectrum of the complex was recorded on a Perkin-Elmer

model 597 spectrophotometer using KBr pellets. The solid

state electronic absorption spectrum of the complex in Nujol

mull was recorded on a Shimadzu UV-visible 240 A spectro-

photometer. The simultaneous TG-DTA of the complex in

nitrogen atmosphere was carried out using a STA 1500 system.

The crystalline phase was characterized by using X-ray diffrac-

tometer with CuKα radiation. The morphology was obtained
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by a Scanning Electron Microscope (SEM). The size was

confirmed by a High Resolution Transmission Electron

Microscope (HRTEM).

RESULTS AND DISCUSSION

Formula determination of precursor Ni(2,4-di-Cl

PhAc)2(N2H4)1.5·H2O: The precursor complex obtained was

polycrystalline solid, which was stable in air and insensitive

to light. The analytical data of the precursor complex was

compatible with the proposed compositions.

The infra-red spectrum of the precursor complex shows a

broad band in the region of 3333 cm-1 due to  O-H stretching

of H2O molecule37. The bands in the region 3200-3149 cm-1

which are assigned to N-H stretching frequencies of the hydra-

zine moieties38. The separation of asymmetric and symmetric

(νasymm-νsym) carboxylate stretching of 245 cm-1 indicates the

unidentate coordination39 of carboxylate ions. The N-N stre-

tching frequency of hydrazine moieties was observed at 973

cm-1 indicating their bridging bidentate nature38.

The electronic spectrum of the precursor complex exhibit

a band at 28,980 cm-1 which is also attributed to 3A2g(F) →
3T1g(P) transition, characteristic of octahedral geometry.

The above given data reveals that the proposed

formula well suits for the precursor complex Ni(2,4-di-

ClPhAc)2(N2H4)1.5.H2O.

Thermal decomposition of precursor to nickel nano-

particles: The precursor complex undergoes three stages of

decomposition. The first stage corresponds to dehydration and

dehydrazination, which is seen as an exotherm at 229 and

200 °C, confirming the coordination of water molecule. In the

second stage, the metal carboxylate decomposes with DTA

peak at 495 and 378 °C to form respective metal carbonate. In

the final stage, the metal carbonates decompose exothermically

to form the respective metal as the residue. The TG - DTA pattern

of Ni(2,4 di-Cl PhAc)2(N2H4)1.5.H2O is given in Fig. 1.
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Fig.1. TG-DTA of the precursor

Characterization of Ni nanoparticles

XRD: The analysis of the crystal structure of the specimen

was carried out using XRD. Fig 2. displays the XRD pattern

of the obtained Ni nanoparticles. Major diffraction peaks were

seen at 44.33, 51.69 and 76.25, which can be assigned to

diffraction from (111), (200) and (220) planes, respectively,

according to the data base in JCPDS card No: 70-1849. This

revealed that the resultant nanoparticles were of pure nickel

with a cubic structure. The sharp peaks indicate that the Ni

nanoparticles possess good crystallinity. The average crystallite

size was calculated using Scherrer formula from the (111)

diffraction peak, which was found to be 28 nm.
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Fig. 2. XRD patterns of the as-synthesized Ni nanoparticles

SEM: The surface morphology of the as-prepared Ni

nanoparticles was examined by SEM measurements. Fig. 3

shows the presence of prism-shaped crystal Ni nanoparticles

with good separation.

 

 

Fig. 3. SEM images of the as-synthesized Ni nanoparticles (two different

magnifications)

2010  Sinduja et al. Asian J. Chem.



  HRTEM: The HRTEM images and the corresponding

SAED pattern are shown in Fig. 4 and 5. The HRTEM confirms

the results obtained from XRD about the phase of Ni nano-

particles. The particles appeared to be agglomerated. The

electron diffraction clearly shows the rings belonging to that

of nickel. The particle size calculated by HRTEM micrograph

was in the range of 27-29 nm.

 

Fig. 4. TEM image of Ni-nanoparticle

 

Fig. 5. SAED pattern of the as-synthesized Ni nanoparticles

Conclusion

In summary, nanosized Ni particles were synthesized from

Ni-2,4 dichlorophenylacetate hydrazinate by thermal decom-

position route because of its simplicity and easy scale up. The

results obtained from XRD and HRTEM confirm the nanocry-

stalline nature of the synthesized product. The SEM results

depict that a uniform surface morphology and fine nano-

particles are mostly prism shaped with a nanosize range  28 nm.

Some agglomeration is also observed. This facile and rapid

synthesis may provide a route and understanding for the

production of Ni nanoparticles as well as other nanostructures.
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