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Abstract: 

 

Heterogeneous synthesis of monodisperse pure nickel nanoparticles in aqueous 

medium has been carried out using cetyltrimethylammonium bromide and a alower 

alkylammonium bromide mixture of tetraethylammonium bromide and 

tetrabutylammonium bromide.The presence of cetyltrimethylammonium bromide alone 

results in the formation of the mixture of nickel hydroxide and nickel nanoparticles. The 

particles are characterized using TEM,XRD,FTIR and DTG.The analysis showed that 

particles are spherical in shape ,monodisperse ,face-centered-cubic with average size 

about 15 nm and are stable in air up to 325 ○C. 
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Introduction: 

 

Synthesis of nanoparticles has been of current interest in recent years.The nanoscale 

metallic particles are used in the field of catalysis, microelectronics, biology and material 

science. To prepare nanoscale metallic particles, reducing agents such as hydrogen, 

hydrazine, and alcohols, LiAlH4 or NaBH4 have been used to reduce metals from their 

metal salts. Among the various kinds of metal nanoparticles,nickel nanoparticles are of 

importance because of their applications in catalysis, medical diagnostics and magnetic 

applications.Separation of Ni nanoparticles prepared in aqueous solution using CTAB 

and tetradodecylammonium bromide needs permanent magnet.In this study 

heterogeneous synthesis of monodisperse Ni nanoparticles from nickel salt in aqueous 

solution of CTAB and alkylammonium bromide in the presence of hydrazine hydrate as 

reducing agent is investigated .Nanoparticles are separated using centrifugation and 

precipitation. 
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Experimental: 

 

Materials and methods: 

 

Cetyltrimethylammonium bromide (CTAB), tetraethylammonium bromide (TBAB), 

tetrabutylammonium bromide (TEAB), nickel chloride (NiCl2.6H2o), acetone,  hydrazine 

hydrate (N2H4.H2O), chloroplatinic acid, NaOH and dionised water are needed. 

Nickel nanoparticles have been synthesized in aqueous solutions .Surfactants CTAB 

(0.025M); TEAB (0.5mg/ml) TBAB (1mg/ml) NiCl2.6H2O (1.25-10mM) and acetone 

(0.1ml/10ml of solution) were dissolved in 40 ml distilled water.after the reaction mixture 

was stirred for 5 min , N2H4.H2O (1.2M) and NaOH were added. The reaction mixture 

was then heated to 60○C /min in a water bath and then chloroplatinic acid solution was 

added. At an elevated temperature of 60○C, the solution turns black and after about 3 

hours Nickel nanoparticles are formed. During synthesis. No additional nitrogen 

atmosphere was used as hydrazine itself releases N2 gas on the decomposition 

.The reaction mixture was then allowed to cool to room temperature. Chloroform- 

methanol (1:1) solution was then added to the reaction mixture to precipitate 

nanoparticles .This solution was then centrifuged to separate the nanoparticles. At last 

these particles were dried at room temperature.These particles can be used in catalytic 

reduction of organic compounds with proper reduction potentials. 

 

 
Results and discussion: 

 

There are several parameters on which synthesis of pure Ni nanoparticles are dependent 

.pH of the reaction mixture must be in the range of 10-12 to prevent coagulation of the 

nanoparticles. Higher concentration of hydrazine hydrate is essential for reducing the 

nucleation period. Optimum temperature is 60○C.In lower temperatures no reaction takes 

place and in higher temperatures fast coagulation of nanoparticles is detected. 

XRD analysis shows characteristic peaks at 44.50○ , 51.80○ and 76.40○ correspond to 

Miller indices (1 1 1) ,(2 0 0) and (2 2 2) indicating the formation of pure nickel particles 

with face-centered-cubic (fcc) structure .In XRD patterns no characteristic peaks for 

crystalline Pt were found .This confirms that the amount of Pt used for initiation is 

negligible in the reaction mixture. It has been reported that heterogeneous nucleation 

creates a definite separation between nucleation and growth and in this study 

heterogeneous nucleation was achieved by adding chloroplatinic acid solution, which is 



 

 

readily reduced and forms tiny metallic Pt particles that act as foreign nuclei 

for the subsequent growth of Ni particles. The addition of chloroplatinic acid 

solution in the reaction medium lowers the reaction time and thus facilitates 

formation of Ni particles having better reproducibility. No bimetallic 

compound of Ni/Pt was found as there is no peak found in XRD patterns. 

 

 

 

 

 

 

 

 

 

 

 
 

XRD pattern of Ni nanoparticles synthesized in CTAB and lower alkylammonium bromide 
 

 

 

 

 

 

 

 

 

 

 

 

 

DTG pattern of Ni nanoparticles synthesized in CTAB and lower alkylammonium bromide 
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