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Up to now, researchers have proposed several synthesis methods for 
the preparation of β-nickel(II) hydroxide nanostructures. Most of these 
approaches contain harsh synthetic conditions such as multi-step processes, 
high temperatures and long reaction time. In this work, a novel, facile and 
low cost method is introduced to produce of β-Ni(OH)2 nanostructures 
using the gas-solution precipitation from nickel(II) sulfate solution in the 
presence of anionic or cationic surfactant upon exposure to ammonia gas 
at room temperature. Herein, no other additive is needed and the method 
is suited for large-scale preparation. The structural characterizations 
were carefully investigated by the powder X-ray diffraction technique 
and Fourier transformation infrared spectroscopy. Further, the scanning 
electron microscopy results showed the important roles of the sodium 
dodecylsulfate and cetyltrimethylammonium bromide on the morphology 
and size of the products. The calcination process of hydroxide samples was 
also conducted to synthesize nickel(II) oxide nanostructures.

INTRODUCTION
Nickel(II) hydroxide and Nickel(II) oxide have 

been extensively studied due to theirs many 
significant applications. Ni(OH)2 presents two 
polymorphs, α-Ni(OH)2 and β-Ni(OH)2 and plays 
important roles as the active material in the 
positive electrode of many rechargeable alkaline 
battery systems [1-3], and as the most common 
precursor for nickel oxides [4-6] and nickel catalysts 
[7-9]. Nickel(II) oxide (NiO) is a very interesting 
semiconductor material which widely used in 
catalysis [10], gas sensors [11], battery cathodes 
[12], magnetic materials [13], electrochromic 
devices [14], optical materials [15], and dye-
sensitized solar cells [16].

The most common methods for preparing 
Ni(OH)2 involve either chemical precipitation from 
nickel(II) salts, microemulsion and hydrothermal 

synthesis. The chemical precipitation method is 
extensively used in the industry, in which nickel(II) 
hydroxide is usually prepared from NiSO4 solution, 
because the sulfate ions facilitate precipitation 
and decrease the absorbed impurities on the 
surface of Ni(OH)2 particles [3,17-20]. Also, many 
methods for the synthesis of nickel(II) oxide 
have been reported, such as precipitation [21], 
microemulsion [22] and sol-gel [23].

Nanostructured materials display more attractive 
physical and chemical properties than conventional 
bulk materials, due to their quantum size effect, large 
surface to volume ratio, and high surface energy 
[22]. Accordingly, many reports are concerned with 
the synthesis of Ni(OH)2 and NiO nanostructures 
with different morphologies, including nanoplates 
[24], nanoparticles [22,23,25], nanosheets [26-
28], nanorods [29], nanowires [30] and nanoflakes 
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[27,31]. The objective of this work was to present 
the new and simple surfactant-assisted method for 
the synthesis of nickel(II) hydroxide nanostructures 
and their thermal decomposition to nanosized NiO. 

MATERIALS AND METHODS
Nickel(II) sulfate hexahydrate, SDS, CTAB, 

ammonia solution (25%) and absolute ethanol 
were purchased from Merck company and used as 
received. The ammonia solution was standardized 
by acid-base titration before the preparation of 5 
M NH3 solution.

Synthesis of β-Ni(OH)2 and NiO nanostructures
For the synthesis of Ni(OH)2 nanostructures, a 

50 mL aqueous solution of NiSO4.6H2O (0.01 M) 
and surfactant (0.01 or 0.001 M) was stirred for 
15 min and then put into a sealed glass container 
which included 25 mL 5 M solution of NH3. The 
container had a capacity of about 1000 mL. The 
solution of Ni(II) salt and surfactant was kept 
under ammonia atmosphere for 30 min at room 
temperature and was stirred continuously all the 
while. The green precipitate was separated by 
centrifuge and rinsed with distilled water and 
ethanol several times, respectively, to remove the 
adsorbed ions, and then dried at 75 °C for 12 h. The 
as-made Ni(OH)2 samples, denoted as SDS-0.01, 
SDS-0.001, CTAB-0.01 and CTAB-0.001 according 
to the applied surfactant and its concentration, 
were calcined at 300 °C in air for 2 h to obtain 
black NiO nanostructures.

Characterization techniques
The powder X-ray diffraction (XRD) patterns 

were made on a Phillips X’Pert Pro X-ray 
diffractometer with a Cu Kα (λ = 1.5418 Å) source. 
Crystallite size was evaluated by applying Scherrer’s 
formula. Fourier transform infrared spectra (FT-
IR) were recorded with the KBr pellet technique 
in the range of 4000-400 cm-1 on a Nicolet Magna 
550 spectroscope. Morphological studies of the 
synthesized samples were carried out directly by 
a Hitachi S4160 field emission scanning electron 
microscope (15 kV). The particle size distribution 
of the products was measured by the diameter of 
about 100 particles on the magnified SEM images 
using Digimizer software.

RESULTS AND DISCUSSION
Noted, additive molecules such as surfactant 

could induce a template effect and lead to original 
and well-controlled morphologies. Herein, we used 

anionic and cationic surfactants for controlling 
size, shape, and crystallinity of the product. The 
comparison of typical XRD patterns (10° < 2θ 
< 80°) of the samples prepared using sodium 
dodecylsulfate and cetyltrimethylammonium 
bromide and their calcined products are shown 
in Figs. 1 and 2. The XRD patterns for the 
samples SDS-0.01 and SDS-0.001 (Figs. 1a and 
1b, respectively) are in good agreement with a 
hexagonal phase of β-nickel(II) hydroxide with the 
space group of P-3m1, JCPDS card no. 01-1047. 
The broad reflection peaks observed in these two 
plots indicate fine particle nature of the obtained 
nanostructures. These peaks can be indexed as 
(001), (100), (101), (102), (110), (111), (200) and 
(112) crystal planes in the order of increasing 2θ. 
No additional diffraction peaks arising from other 
crystalline phases of Ni(OH)2 were detected for 
these products. Further, from peak position (θ, in 
radian), full width at half maximum of the major 
diffraction peak (β), and the wavelength of the 
X-ray radiation (λ = 0.15418 nm), the crystallite 
size (D) of the products was calculated by Scherrer 
equation:

D = 0.9 λ
β cosθ                                                                                                                                        

                                                                                                     
 (1)                                                                                   

On this basis, the average crystallite size was 
estimated about 8 and 23 nm for SDS-0.01 and 
SDS-0.001, respectively. On the other hand, the 
X-ray diffraction pattern of SDS-0.01 sample after 
calcination in air at 300 °C for 2 h is presented 
in Fig. 1c. The reflections observed at about 2θ 
= 36.62, 43.18, and 62.22 were satisfactorily 
indexed to the (111), (200), and (220) crystal 
planes, respectively, from a cubic NiO with the 
space group Fm3m, according to JCPDS card no. 
04-0835. No characteristic peaks of β-Ni(OH)2 are 
detected, suggesting that the hydroxide precursor 
is completely converted to nickel oxide during 
calcination. From XRD data (Fig. 1c), the average 
crystallite diameter (D) of the as-prepared NiO was 
estimated to be 8 nm from the Scherrer equation.

Fig. 2a shows the X-ray diffraction pattern 
of the nickel(II) hydroxide derived from 0.01 
M NiSO4, 0.01 M CTAB, and 5 M NH3 at 30 min 
(CTAB-0.01). All of the diffraction lines matched 
with (001), (100), (101), (102), (110), (111), 
(200), (103), and (201) planes are assigned to 
the hexagonal β-Ni(OH)2 structure (JCPDS card 
no. 03-0177 with the space group P-3m1). The 
sharpness of the diffraction peaks is indicative of 
the high crystallinity of the synthesized Ni(OH)2. 
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The XRD pattern of the calcined product of CTAB-
0.01 is presented in Fig. 2b. The Bragg’s reflections 
observed at 2θ values 36.65, 42.74, and 62.09 
representing (111), (200), and (220) planes of 
cubic lattice of CuO, respectively, are in agreement 
with the literature value of JCPDS card No. 04-
0835 (space group: Fm3m). Based on the XRD 
data, the crystallite diameter (D) of CTAB-0.01 and 

its calcined product were calculated to be about 
10 and 6 nm, respectively, using the Scherrere 
equation.

Besides further support the XRD results, 
infrared spectroscopy enables the molecules and 
ions either adsorbed on the surface or inserted in 
the interlayer space to be identified. The spectra 
of typical Ni(OH)2, SDS-0.01 and CTAB-0.01, 
and their calcined products are shown in Fig 3. 
All samples indicate a broad and intense band 
centered at 3420-3450 cm-1, corresponded to 
the O-H stretching vibration of interlayer water 
molecules and H-bound hydroxy groups, and the 
absorption band at around 1620-1630 cm-1 which 
can be assigned to the bending vibrational mode 
of H2O molecules. They also reveal the presence 
of free sulfate anions whose ν3 and ν4 vibrational 
modes are positioned at 1116-1121 and 600-624 
cm−1, respectively. 

As seen in Fig. 3b (CTAB-0.01), the strong and 
narrow absorption band located at 3641 cm-1 can 
be ascribed to OH stretching vibration, which is 
the typical IR characteristic of free OH groups in 
the brucite-like structure of β-Ni(OH)2, whereas 
this peak is not observed for SDS-0.01 (Fig. 3a), 
because all the OH groups are available by water 
molecules. Moreover, The bands observed at ca. 
480 and 515 cm−1 in plots 3a and 3b can result from 
Ni-OH stretching and Ni-O-H bending vibration 
modes. Furthermore, the stretching vibration of 
Ni-O bond for the calcined samples (spectra 3c 
and 3d) is observed at about 417 cm-1.

Fig. 1. XRD patterns of the as-synthesized β-Ni(OH)2 and NiO: (a) 
SDS-0.01 and (b) SDS-0.001, and (c) SDS-0.01 after calcination

Fig. 2. XRD patterns of as-prepared samples: (a) CTAB-0.01 and (b) its calcined product 
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In spectrum of SDS-0.01 (Fig. 3a), the bands at 
2924 and 2853 cm-1 are due to the asymmetric 
and symmetric stretching vibrations of CH2 groups, 
the band at 1465 cm-1 is related to their bending 
vibrations, and the absorption peaks located at 1241 
cm-1 and in the range of 980-1080 cm-1 corresponds 
to the asymmetric and symmetric stretching modes 
of OSO3

-, respectively, which prove the presence of 
DS-1, probably intercalated in the interlayer galleries 
or not completely eliminated during the washing 
stage. Also, the band at about 1385 cm-1 can be 
assigned as C=O vibration of the adsorbed CO2 
molecules [25,32-36]. 

To investigate the overall morphology and 
size of the products obtained via the ammonia-
assisted method using NiSO4 0.01 M with the aid 
of different concentrations of SDS and CTAB, they 
were characterized by SEM images, presented 
in Figs. 4-6. Furthermore, the insets in these 
figures show the particle size distribution of the 
as-synthesized Ni(OH)2 and NiO nanostructures.  
The comparison of the SEM images of β-Ni(OH)2 
samples prepared in the presence of 0.01 and 

0.001M of SDS at 30 min (Figs. 4a and 4b, 
respectively) indicates that in the case of 0.001 
M surfactant (SDS-0.001), the curved nanoplates 
are more detectable, whose average thickness is 
in the range of 35-45 nm (according to inset of 
Fig. 4b). It seems that on increasing concentration 
of SDS (0.01 M), nucleation occurs more. Indeed, 
dodecylsulfate anions restrict the growth of 
nanostructures efficiently.

As shown in Fig. 5, the spherical-shape 
nanostructures of nickel(II) hydroxide organized 
from the nanoparticles with average particle 
diameter of 15-20 nm are obtained in the presence 
of CTAB, in both concentrations (0.01 and 0.001 
M) which proves that the concentration of CTAB 
has no special effect on the morphology and size. 
In this specific applied method, the ammonia 
molecules slowly enter to the solution mixture of 
Ni2+ and surfactant, and are gradually converted 
to OH- anions through the basic dissolution 
equation 2, followed by reaction 3 to form Ni(OH)2; 
therefore the concentration of cationic surfactant 
(cetyltrimethylammonium ion) don’t have important 

Fig. 3. FT-IR spectra of the typical samples before and after calcination: (a, c) SDS-0.01 and (b, d) CTAB-0.01.
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Fig. 4. SEM images of β-Ni(OH)2 nanostructures prepared in the present of SDS: (a, b) SDS-0.01 and (c, d) SDS-0.001. The insets are 
the size distribution histograms.

Fig. 5. SEM images of β-Ni(OH)2 nanostructures in the present of CTAB: (a, b) CTAB-0.01 and (c, d) CTAB-0.001. The insets are the 
size distribution histograms.
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Fig. 6. SEM images of NiO nanostructures: (a, b) SDS-0.01 and (c, d) CTAB-0.01 samples after calcination. The insets are the size 
distribution histograms.

Fig. 7. Schematic diagram illustrating the formation of β-Ni(OH)2 nanostructures with various morphology.
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role in controlling the nucleation and growth rates. 
According to these observations, the possible 
mechanism process for the preparation of Ni(OH)2 
nanostructures has been shown in Fig. 7.

NH3 + H2O → NH4
+ + OH-                                                                                                           (2)

Ni2+ + 2OH- → Ni(OH)2                                                (3)                                                                                              

On the other hand, the typical SEM pictures 
of NiO nanostructures obtained by calcination of 
nickel(II) hydroxide samples (SDS-0.01 and CTAB-
0.01) are shown in Figs. 6a and 6b, respectively. 
The evaluation of these images in compared with 
those of hydroxide precursors indicates that there 
is morphological similarity between SDS-0.01 and 
its calcined product, whereas the NiO sample 
prepared in the presence of CTAB has different 
morphology than the prototype. However, it is 
observed that the particle sizes possess a narrow 
distribution for all samples. 

CONCLUSIONS
The nickel(II) hydroxide nanostructures have 

been successfully synthesized by a simple gas-
solution precipitation method in the presence of 
anionic and cationic surfactants. Then, the nickel(II) 
oxide nanostructures have been obtained from the 
Ni(OH)2 samples by calcination at 300 °C. It was 
observed that the particle sizes possess a narrow 
distribution. Moreover, the surfactants play an 
important role in the growth process and effect 
as the directing agents to control the morphology 
and size of nanostructures. Compared with some 
relevant investigations on the synthesis of Ni(OH)2 
nanostructures, represented in Table 1, the method 
reported in this paper has several advantages, 
namely, mild reaction conditions such as synthesis 
at room temperature, simple production process, 
no need for organic solvent, low cost, and 
environmentally friendly procedure. 
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