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Uniform NiS nanowhiskers have been prepared via a
hydrothermal reaction between NiCl2�6H2O and Na2S2O3 in
the presence of surfactant of C17H33COOK (potassium oleate).
The images characterized through XRD and TEM indicates the
morphology of hexagonal NiS is uniform nanowhiskers with an
average diameter of 80 nm and length in micrometer scale. The
formation mechanism and surfactant effect were discussed in
details.

Recently, the effects of surfactants on the growth of
nanocrystal have been investigated by many scientists. The basic
reason for using surfactants is that crystal sizes and corresponding
size distributions may be controlled under certain reaction
conditions and the selection of surfactants. Many inorganic
materials, such as BaCrO4, CaSO4, and TiO2

1;2 can grow into a
complex structure with uniform size. More recently, Alivisatos
and co-workers developed an effective method in the synthesis of
CdSe and Co nanorods under a hot solvent condition with the
presence of surfactants.3;4 Controlled manipulation for the
synthesis of low-dimensional nano-materials is always an
important area of current research.5;6 The amazing properties
accompanyingwith one-dimensional nanomaterials have sparked
increasing interest in the future generation nanoelectronic and
biomedical devices. So far, considerable progresses have been
made in the development of new methods for preparing one
dimensional nanomaterials,7{9 However, due to their extremely
small size and their anisotropy, the control of nucleation and
growth of one dimensional nanostructure materials is still a big
challenge.

Nickel monosulfide (NiS) has been the subject of consider-
able interest due to its properties as metal-insulator, paramag-
netic-antiferromagnetic phase-changing material,10;11 and its
usage in hydrosulfurization catalyst and solar storage.12 NiS
exists in two forms: high-temperature form with NiAs structure
and low-temperature form with hexagonal structure.13 In the past
decades, the traditional methods for the preparation of hexagonal
NiS usually required high processing temperature, long reaction
time, and toxic reagents, and such experimental methods have led
almost invariably to thermodynamically stable phases with
simple lattice structure of high density and high symmetry.
Moreover, their products have had high crystallinity and low
surface area,14;15 which preclude the further application of this
material.15 Most recently, nanoparticles of NiS have been studied
extensively because they can be easily fabricated using
established methods.16 However, synthesis of one-dimensional
NiS has seldom been reported. In this communication, we present
a simple strategy for synthesizing NiS nanowhiskers via
hydrothermal reaction with the presence of surfactant
C17H33COOK.

NiCl2�6H2O, Na2S2O3, and C17H33COOK were of analytic
grade purity and used without further purification. Three reagents

were dissolved in distilled water to prepare aqueous solutions
with a concentration of 0.01M, respectively. In a typical
procedure, 15ml of the NiCl2�2H2O solution and 15ml of the
Na2S2O3 solution were put into a Teflon-lined stainless steel
autoclave, then 20ml surfactant solution was added to fill the
autoclave up to 90%of the total volume.The sealed autoclavewas
maintained at 140 �C for 24 h, then cooled to room temperature
naturally. A black precipitate was collected by vacuum filtration
and washed several times with distilled water and absolute
ethanol, then vacuum dried at 60 �C for 6 h. The obtained samples
were characterized by X-ray powder diffraction (XRD) using
Japan Rigaku Dmax �-A X-ray diffractometer with graphite
monochromatized CuK� radiation (� ¼ 0:15406 nm). The
microstructure and morphologies of the sample were analyzed
with transmission electronic microscopy performed at 200KV
using Hitachi 800 (TEM).

The XRD pattern of as-obtained sample showed in Figure 1
could be indexed to the hexagonal phase of NiS and no obvious
impurity phase could be found. After refinement, the calculated
cell constant a ¼ 9:618 �A is consistent with the literature datum
(JCPDS 12-41). The shape of the diffraction peaks suggested that
the powder be well crystallized.

Figure 2a is the TEM images of the as-prepared product,
which indicates the morphology of the NiS is uniform
nanowhiskers with an average diameter of 80 nm, and the length
of the whiskers is in micrometer scale. The electron diffraction
pattern (inset in Fig. 2a) taken from the selected area of NiS
nanowhisker shown in Fig. 2a, using a convergent lens also shows
that the NiS powder was well crystallized.

In this experiment, the surfactant-aid hydrothermal reaction
of NiS could be expressed as following:

2NiCl2 þ 3S2O3
2� þ 3H2O�!2NiSþ 4SO3

2� þ 4HClþ 2Hþ

The Ni2þ ions could be exchanged into the uniform micelles
formed by surfactant C17H33COOK in the solution, then the S2�

Figure 1. X-ray powder pattern diffraction of NiS nano-
whiskers obtained via hydrothermal reaction with the
presence of surfactant C17H33COOK under 140 �C.
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anions from S2O3
2� under hydrothermal condition were infused

into themicelles to formNiS nucleation. And during this stage the
growth of NiS crystals is limited in the micells. Once the
nucleation occurred in the micells was completed, the growth of
NiS nanowhisker could be confined by the micelles. When the
growth proceeds, the michells are broken due to the decrease in
surface tension. Through the charge transfer, the surface tension is
lowered, whichmay result in themodification of crystal growth in
certain direction and finally resulted in the growth of uniform-
sized nanowhiskers. This growth pattern was also observed by
Weller et al. for PbS needles in amphiphilic block copolymer
micelles.17

It was found that the morphology of the NiS nanocrystal was
affected by the Ni2þ and S2O3

2� concentrations and the detailed
preparation procedure. When the NiCl2�2H2O and Na2S2O3

concentration were 0.02M, keeping the other conditions
constant, the grain size of NiS crystals was enlarged. Moreover,
the increasing of hydrothermal temperature could result in the
aggregation of the NiS nanowhiskers, which could be seen from
Figure 2b.

The surfactant concentration was also expected to influence
the size and shape of nanocrystals. Without the existence of
surfactant, only nanoparticles can be obtained. This phenomenon
has also been observed by other researchers.15;16 Furthermore, in
our experiment,whenmolar ratio ofNi(II)/surfactant ranged from
1 to 3, the size and the shape of NiS nanowhiskers kept
unchanging. The formation and stabilization of surfactantmicelle
structures in a certain concentration range might explain this.
Besides, when keeping the other condition constant, using the
absolute ethanol as the solvent in stead of surfactant, we only
obtained nanocrystalline NiS with the average size of 30 nm just
as the literature reported.18

In summary, NiS nanowhiskers have been successfully
prepared through a hydrothermal process in the presence of ionic
surfactant C17H33COOK. The formation mechanism and surfac-
tant effect were discussed in detail. Given the generality of this

approach, we hope to extend our synthetic method to prepare
other well-defined low-dimensional structure materials.

Financial supports from National Natural Science Founda-
tion of China and the 973 Projects of China are gratefully
appreciated.

References
1 M. Li, H. Schnablegger, and S. Mann, Nature, 402, 393

(1999).
2 G. D. Rees, R. Evans-Gowing, S. J. Hammond, and B. H.

Robinson, Langmuir, 15, 1993 (1999).
3 X. Peng, L. Manna, W. Yang, J. Wickham, E. Scher, A.

Kadavanich, and A. P. Alivisatos, Nature, 404, 59 (2000).
4 V. F. Puntes, K. M. Krishnan, and A. P. Alivisatos, Science,

291, 2115 (2000).
5 S. Ijijima, Nature, 354, 56 (1991); R. Tenne, L. Margulis, M.

Genut, and G. Hodes, Nature, 360, 444 (1992).
6 H. Dai, E. W. Wong, and C. M. Lieber, Science, 272, 532

(1996); P. Yang and C. M. Lieber, Science, 273, 1836 (1996).
7 B. Li, Y. Xie, J. Huang, and Y. Qian, Adv. Mater., 11, 14560

(1999).
8 H. Dai, E. W. Wong, Y. Z. Lu, S. Fan, and C. M. Lieber,

Nature, 375, 769 (1995).
9 A. M. Rao, E. Richter, S. Bandow, B. Chase, P. C. Eklund,

K. A. Williams, S. Fang, K. R. Subbaswamy, M. Menon, A.
Thess, R. E. Smally, G. Dresselhaus, and M. S. Dresselhaus,
Science, 271, 932 (1996).

10 J. T. Sparks and T. Komoto, Rev. Mod. Phys., 407, 52 (1968);
J. Trahan, R. G. Goodrich, and S. F.Watkins,Phys. Rev. B, 2,
2859 (1970).

11 D. B. McWhan, M. Marezio, J. P. Remeika, and P. D.
Darnier, Phys. Rev. B, 5, 2552 (1972).

12 E.Wong,C. W. Sheeleigh, and S. B.Rananvare, Proceedings
of the Sixth Annual Conference on Fossil Energy Materials,
(1992), p 143; A. M. Fernandez, M. T. S. Nair, and P. K.
Nair, Mater. Manuf. Processes, 8, 535 (1993).

13 E. R. Hiscocks and H. C. Webber, J. Mater. Sci., 9, 258
(1994).

14 R. Coustal, J. Chem. Phys., 38, 277 (1958); G. Henshaw, I. P.
Parkin, and G. A. Shaw, J. Chem. Soc. Dalton Trans., 2, 231
(1997); D. Delafosse and P. Barret, C. R. Acad. Sci., Paris,
252, 888 (1961); D. M. Wilhelmy and E. Matijevie, J. Chem.
Soc., Faraday Trans.1, 80, 563 (1984).

15 A. Wold and K. Dwight, J. Solid State Chem., 96, 53 (1992).
16 I. Dance and K. Fisher, Mater. Sci. Forum, 152–153, 1994

(1994); V. M. Anishchik, M. I. Markevich, F. A. Piskunov,
andA.Yanushkevish,Fiz. Khim.Obrab.Mater., 2, 49 (1993);
J. Li, Z. Chen, K. C. Lam, S. Mulley, and D. M. Proserpio,
Inorg. Chem., 36, 684 (1997); S. Yamaguchi, Colloid
Interface Sci., 319, 578 (1969).

17 T. Schneider, M. Haase, A. Kornowski, M. S. Naused, and H.
Weller, Ber. Bunsenges. Phys. Chem., 101, 1654 (1997).

18 X. M. Zhang, C. Wang, Y. Xie, and Y. T. Qian, Mater. Res.
Bull., 34, 1967 (1999).

Figure 2. TEM images of (a) NiS nanowhiskers obtained
under 140 �C. (b) the aggregation of NiS whiskers obtained
under 180 �C.
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