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Abstract:  A simple and convenient method for the preparation of needle-shape nanoparticles of β-Ni(OH)2 has been developed. Results show 
that a needle-shaped β-Ni(OH)2 can be easily obtained in the presence of ethylenediamine and sodium dodecylbenzene sulfonate 
within a size from 100 to 200 nm. The shape and structure of the product were characterized by XRD, TEM and FT-IR. It is noteworthy 
that the formation of needle-shape β-Ni(OH)2 benefits from the addition of sodium dodecylbenzene sulfonate. The optimum preparation 
conditions and the possible mechanism are also discussed.
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1. Introduction
β-Ni(OH)2 with low particle size is being used widely 
in high energy batteries owing to its characteristics of 
high power density, excellent charge–discharge cyclic 
characteristics, high specific energy and low toxicity [1]. 
Extensive studies deal with the synthesis and the shape 
control to find a simple and convenient method to prepare 
β-Ni(OH)2 with low dimension.The shape strongly affects 
the properties in the application of nickel batteries. So far, 
many methods based on various strategies have been 
designed such as coordination-precipitation, precipitation 
transformation, microemulsion, solid reaction etc. [2-5] In 
the present paper, we report an improved, low cost and 
simple technique of coordination-precipitation method to 
prepare the β-Ni(OH)2 with low dimension.

2. Experimental 
All reagents used were of analytical purity such as 
Ni(NO3)2·6H2O, NaOH, ethylenediamine (EN) and 
sodium dodecylbenzene sulfonate (SDBS), and were 

used as received. Distilled water was used throughout. 
A Rigaku D/Max- 2400 X-ray diffractometer (Japan) 

was used for structure analysis with the operating 
conditions of CuKα source, λ= 1.5418 Ǻ, 40 kV and 30 
mA. A Hatach- 600 transmission electron microscope 
image was used to observe the product shape. The FT-
IR spectra 4000 to 400 cm-1 were recorded as KBr pellet 
using a Nicolet Avatar 360 spectrophotometer.

Preparation of needle-shape nanoparticle β-Ni(OH)2: 
100 ml of 0.50 mol L-1 of Ni(NO3)2 solution was first placed 
in a 500 ml three-neck flask, and then, a desired  amount 
of ethylenediamine (EN) and sodium dodecylbenzene 
sulfonate (SDBS) solution was simultaneously added 
into the flask with strong stirring over a period of 20 min. 
After completion of the complexation, a certain amount 
of 0.35 mol L-1 NaOH solution (that is n(Ni2+) : n(OH-) = 1:2) 
was added dropwise over a period of 60 min. After an 
additional 60 min of stirring, the product was isolated 
by filtration under reduced pressure. β-Ni(OH)2 was 
washed with distilled water three times to remove some 
inorganic ions, then washed with acetone, and finally 
dried at 80°C for 8 h. A needle-shape nanoparticle 
β-Ni(OH)2 was obtained.
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3. Results and discussion
It is not difficult to analyze the X-ray patterns of Ni(OH)2 
based on the standard JCPDS card references viz. 
No:14-0117 for β-Ni(OH)2 and No:22-444 for α-Ni(OH)2.   

Fig. 1 shows the XRD-patterns of Ni(OH)2 obtained 
under different conditions, namely (a) using NaOH solution 
to precipitate directly, (b) precipitated by NaOH solution 
in the presence of surfactant SDBS; (c) precipitated by 
NaOH solution in the presence of ethylenediamine (EN); 
(d) precipitation done in the presence of both EN and 
SDBS. It can be seen that (a) and (b) do not lead to  good 

crystallization although three peaks reflecting in (100), 
(101) and (110) for β-Ni(OH)2 were observed. It means 
that surfactant is unable to improve the precipitation of 
β-Ni(OH)2. Fig. 1(c) indicates that in the shape control of 
β-Ni(OH)2 , ethylenediamine (EN) plays a key role due 
in the complexation. Generally, ethylenediamine can be 
considered as a strong coordination agent and can react 
first with Ni2+ ion to form a more stable complex preventing 
the local precipitation. Comparing  Fig. 1 (c) with (d), it 
is worth noting that surfactant may be considered as an 
auxiliary to help ethylenediamine control the shape of 
precipitated β-Ni(OH)2 . In Fig. 1(c), the strongest peak 
appeared at 2θ=33 (100); however, this peak would 
be decreased by adding surfactant SDBS shown in 
Fig. 1(d). The change of intensity of peak (100) reflects 
the change of crystal shape. We will discuss it again in 
the next section (TEM).  

Fig. 2 is a FTIR spectrum of Ni(OH)2. The 
characteristic absorption of β-Ni(OH)2 appears at 3640 
cm-1 corresponding to the νO-H stretching of OH groups. 
The absorption intensity at 3640 cm-1 increases during 
crystallization, implying that the crystal is transformed 
from amorphous to needle-shape nanoparticle. 
Moreover, peaks appearing in the range of 1600-1300 
cm-1 are decreased or disappeared, also indicating 
that the needle-shape nanoparticles are formed.  No 

Figure 1.  XRD patterns of Ni(OH)2 obtained at different conditions: 
(a) NaOH solution only; (b) NaOH solution+ SDBS 
(1.1×10-4 mol); (c) NaOH solution+EN (4 mL); (d) 
NaOH solution+ SDBS (1.0×10-5 mol) + EN (2 mL).

Figure 2.  FTIR spectra of Ni(OH)2 obtained at different condi-
tions: (a) NaOH solution only; (b) NaOH solution+ 
SDBS (1.1×10-4 mol); (c) NaOH solution+EN (4 mL); 
(d) NaOH solution+SDBS (1.0×10-5 mol)+ EN (2 mL).

Figure 3.  TEM morphologies of β-Ni(OH)2 obtained at different 
conditions: (a) NaOH solution only; (b) NaOH solution 
+ SDBS (1.1×10-4 mol); (c) NaOH solution+EN (4 mL); 
(d) NaOH solution+ SDBS (1.0×10-5 mol)+ EN (2 mL).
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absorption for α-Ni(OH)2 is recorded, proving formation 
of a pure β-Ni(OH)2 . All of the results are in good 
agreement with the data reported previously [6,7].

The TEM morphology of β-Ni(OH)2 is shown in 
Fig. 3. Due to the smaller solubility (Ksp[Ni(OH)2]= 
5.5x10-16), direct precipitation using only NaOH solution 
resulted in conglomeration and did not give good crystals 
(see Fig. 3a). The use of surfactant SDBS can avoid 
the formation of conglomeration because the presence 
of colloidal-sheaf increases the solubility. However, 
a good crystal was still not obtained (see Fig. 3b). 
Fig. 3c demonstrates the role of ethylenediamine in the 
precipitation of β-Ni(OH)2, small particles in the TEM 
picture along with XRD and FTIR data indicate that 
only ethylenediamine can control the shape formation 
of β-Ni(OH)2, but conglomeration can’t be avoided. So 
with the combination of ethylenediamine and surfactant 
SDBS, the needle-shape crystal of β-Ni(OH)2 can be 
obtained.   

From the above discussion, a useful conclusion can 
be drawn that the combination of ethylenediamine with 
surfactant SDBS can control the shape of β-Ni(OH)2, 
in which the ethylenediamine plays a key role. At first, 
ethylenediamine reacts with Ni2+ ion to form a stable 
complex with larger solubility to prevent the local 
precipitation. Then, the surfactant SDBS plays an 
assisting role to solve the problem of conglomeration for 
improving the growth conditions of β-Ni(OH)2. 

In addition, the major characteristics of the proposed 
method are simple, economic and useful for preparing 
the needle-shape crystal of β-Ni(OH)2. 
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