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NiS hollow spheres with controllable diameter sizes have
been prepared in large scale by a simple method, where cyclo-
hexylamine, as both solvent and reductant, successfully control-
led the rate of releasing S2�. NiS nanoparticles were self-aggre-
gated into hollow spheres around the in situ formed poly(N-
vinyl-2-pyrrolidone) (PVP, Mw ¼ 30;000) spherical micelles in
the cyclohexylamine media. The as-obtained high-quality NiS
hollow spheres with loosely packed nanoparticles would show
interesting applications in optical device and lithium-ion battery.

It has been thought that many novel properties and potential
applications would emerge from morphology design of inorgan-
ic functional materials. The fabrication of hollow spheres of
magnetic materials has become a particularly important area of
research and is attracting a growing interest, because of their
potential applications in ferrofluids, advanced magnetic materi-
als catalysts, colored pigments, high-density magnetic recording
media, and medical diagnostics.1–5 With unique magnetic and
optical properties, NiS hollow spheres could be more suitable
for clinical diagnosis and the targeted transport of drugs,
proteins, viruses, or bacteria. Up to now, method for synthesiz-
ing nickel sulfides has been widely investigated, but few
progress has been made in preparation of hexagonal NiS hollow
structure.6,7

In the past decade, many kinds of sulfur sources, such as
Na2S, CS2, Na2S2O3, and thioacetamide, have been introduced
to the fabrication of transition-metal sulfide nanomaterials.
While there existed much difficulty to control the rate of releas-
ing S2� from the S-containing reagents. For example, Na2S
exists in the form of S2� in water at room temperature, while
the thioacetamide usually hydrolyzes at 40–60 �C.8 Moreover,
the S2� could be released from the CS2–water–ethylenediamine
system at 50 �C.9 Obviously, such reaction systems could not be
easily controlled to achieve the high-quality nanostructures at
the high temperature owing to the high releasing rate of S2�.
An appropriate rate of releasing S2� is probably crucial to the
formation and following self-assembly of metal sulfide nano-
particles. Inspired by the fact that the amines (except pyridine)
can react with sulfur and produce H2S at extremely slow rate
at room temperature,10 we chose cyclohexylamine as the reduc-
tant for controlling the S2� releasing rate. Another advantage of
cyclohexylamine is its good solubility for polymers. Thus, in the
present paper, we describe a simple method, in which cyclo-
hexylamine was selected as both solvent and reductant and the
polymer of poly(N-vinyl-2-pyrrolidone) (PVP, Mw ¼ 30;000),
as soft template. Spherical micelles will form by the self-aggre-
gation due to the different solubility of different groups in cyclo-
hexylamine solvent. The in situ formed micelles can be a good
template for the following interface reaction. As an example,
NiS hollow spheres with controllable diameter were prepared

in large-scale as expected (See S1 in Supporting Information).14

The as-obtained high-quality NiS hollow spheres comprise
loosely packed nanoparticles, which will show the interesting
applications in optical device and electrode of lithium-ion
battery.

The size and shape of the NiS hollow spheres were exam-
ined by scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). The typical SEM image, as shown
in Figure 1A, gives a panoramic picture of the product, showing
the NiS hollow spheres with average diameter of 800 nm. Care-
ful observation on a broken hollow sphere (Inset in Figure 1A)
can find that the hollow sphere is constructed with a lot of small-
er particles and that the wall thickness of hollow spheres is
about 120 nm. Figure 1B is a typical TEM image of NiS hollow
spheres. Figure 1C shows the XRD patterns of as-obtained
hollow spheres, where all the peaks can be indexed as hexagonal
NiS (JCPDS file No: 750613).

PVP plays a multiple role in obtaining uniform hollow
spheres. Due to the existence of hydrogen bond between the car-
bonyl group of PVP and the amino group of cyclohexylamine,
PVP functions as surfactant in cyclohexylamine as the vinyl
group is hydrophobic and carbonyl group is hydrophilic11,12

(See S2 in Supporting Information).14 The concentration of
PVP influences the size of in situ formed micelles and thus the
NiS hollow spheres. Comparative experiments with different
concentration of PVP were carried out to understand its growth
mechanism. In the absence of PVP, the main product was NiS

Figure 1. (A) SEM image of NiS hollow spheres insert: a high-
magnification FESEM image of a NiS broken hollow sphere. (B)
A TEM image of NiS hollow spheres. (c) XRD pattern of NiS
hollow spheres.
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spheres consisting of nanoflakes as shown in Figures 2A and 2B.
Upon the introduction of PVP, the products were all uniform
hollow spheres in a large quantity. The diameter of NiS hollow
spheres could be readily controlled by adjusting PVP concentra-
tion as shown in Figures 2C–2F. The size of NiS hollow spheres
increased at higher concentration of PVP. Keeping other con-
dition unchanged, the diameter of the hollow spheres was about
600 nm in the presence of 0.1 g of PVP (as shown in Figures 2C
and 2D). When the amount of PVP increased to 0.4 g, it was
found the diameter of NiS hollow spheres was 1.5mm (as shown
in Figures 2E and 2F).

It is known that PVP can combine with the Ni2þ to form
polymer–metal complex, the coordinated atoms are oxygen on
carbonyl group and the heteroatom (N atom) adjoining on the
pyrrolidone ring.13 The possible formation process of the hollow
spheres is proposed as illustrated in Scheme 1: (1) PVP
dissolves in cyclohexylamine to form spherical micelles with
carbonyl groups on the outside. (2) PVP combines with Ni2þ

to form polymer–metal complex. Ni2þ only aggregates on the
surface of spherical micelles on account of the outside carbonyl
group of PVP. (3) While the temperature increases, NiS nanopar-
ticles were formed on the surface of spherical micelles via the
interface reaction of Ni2þ–PVP complex and the in situ formed
H2S. (4) Finally the product was washed with deionized water
and ethanol to remove PVP, and NiS hollow spheres were
obtained.

The UV–vis absorption and photoluminescence (PL) meas-
urements were performed to investigate the optical property of
as-obtained NiS hollow spheres. The NiS hollow spheres show
the remarkable blue-shift which is probably caused by their
small dimension of the NiS nanoparticles of the hollow sphere
wall(See S3 in Supporting Information).14

Also the NiS hollow spheres show good electrochemical
properties. The NiS hollow spheres with loosely packed small

particles are favorable in facilitating the intercalation and dein-
tercalation of Li ions. Thus, a higher capacity can be achieved.
The high capacity (about 570mAh g�1) and high-rate discharge
capability make it attractive as a candidate cathode for recharge-
able lithium-ion cells (See S4 in Supporting Information).14

In summary, NiS hollow spheres with controllable diameter
sizes have been prepared in large scale by a one-step process via
the Ni2þ–PVP complex spherical micelles. The low releasing
rate S2� is benefit to the self-aggregation of NiS nanoparticle
on the spherical micelles. A possible growth mechanism has also
been proposed on the basis of experimental results. The method
could be extended to prepare other transition-metal sulfide
hollow spheres.
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Figure 2. TEM and SEM images of products prepared at
different amount of PVP (A) and (B) no PVP; (C) and (D)
0.1 g PVP; (E) and (F) 0.4 g PVP.

Scheme 1. Schematic illustration of the possible growth
mechanism for NiS hollow spheres.
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