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Core–shell-structured silica–NiO spheres were prepared by
a novel method of adsorbing nickel formate on silica spheres
and the subsequent heating process. These obtained core–shell-
structured silica–NiO particles are expected to be promising
additive materials for Ni–metal hydride battery.

The fabrication of colloidal materials with desired structur-
al, optical, and surface properties has recently been the subject of
intense investigations.1–8 Facile and flexible strategies that
afford fine control over the preparation and modification of par-
ticles are of paramount importance in building new classes of
colloids. Composite particles, often comprised of a solid core
surrounded by a well-defined shell layer, are known to exhibit
unique, and enhanced characteristics over single component
colloids, making them attractive for use in a wide range of appli-
cations.5,8 A commonly employed route to creating composite
colloids is the post synthesis modification of core particles,
for example, by coating and/or encapsulating them with thin
polymer or inorganic shells. Procedures to achieve this have pre-
dominantly relied on the in situ fabrication of polymer layers2,7

or surface reactions (e.g., precipitation and sol–gel condensa-
tion) to deposit a range of inorganic layers onto preformed
cores.1,3–6,8,9

NiO is a very prosperous material, and it has been used
in various fields, such as catalysis,10 battery cathodes,11 electro-
chromic films,12 and fuel cell electrodes.13 NiO can be conven-
iently prepared by thermal decomposition of its precursors.14

As the current research is driving toward nanoscale phenomena
and technology, the exploration of new synthesis methods for
NiO with different morphologies will find new applications or
improve existing performance. In recent years, many reports
have concerned the preparation of NiO nanomaterials, including
nanosized NiO nanorings,15 NiO nanosheets,16 and nanorib-
bons.17 However, how to prepare NiO spheres with hierarchical
nanostructures is still a big challenge to chemists. Recently, mor-
phology-controlled preparation and the large-scale self-assem-
bly of the nanoscaled building blocks into complex structures
have been the focus of significant interests in materials chemis-
try and device fabrications. Taking all these into account, the
aim of this work has been to produce core–shell-structured
silica–NiO spheres by using adsorption and thermal decomposi-
tion method and then study their morphologies.

Silica spheres were prepared by Stöber method.18

Typically, 0.5 g of obtained silica spheres was immersed in nick-
el nitric solution (3.3M) in a beaker, 24 h later, through centrifu-
gating and washing process, we obtained silica spheres with
Ni2þ adsorbed on the surface, then we redispersed the obtained
silica spheres in the water. While the solution was being stirred,
we introduced 0.2mol/L NaBH4 solution, about several hours
later, nickel hydroxide adsorbed on the silica surface was sepa-
rated from the reaction medium by centrifuging at 4000 rpm and

washed twice with water. Next, we dispersed the functionalized
silica spheres in concentrated nickel formate solution, heating at
90 �C under stirring for 1 h. The adsorption process was allowed
to proceed at room temperature for 10 h under constant stirring,
the core–shell-structured materials were obtained, then centrifu-
gated, washed twice with water, and dried in air. Finally,
calcination was carried out in air at 600 �C for 12 h. Through this
process, we got core–shell-structured silica–NiO spheres.

Figure 1 is the XRD pattern of a typical NiO–silica sample.
In addition to the strong silica peak at 23�, which ascribed to
silica sphere, several other peaks can be observed, it clearly
shows the (111), (200), and (220) reflections of cubic NiO
(JCPDS card no. 47-1049). Thus, it can be concluded from
XRD pattern that the silica–NiO composites were obtained.

Scanning electron microscope (SEM) images were recorded
to reveal the actual structures of the core–shell spheres. As
shown in Figure 2, the core–shell spheres are uniform and well
dispersed, with diameters of about 400–480 nm. Some of spheres
are broken and the NiO shell is left, so the core–shell structure of
silica–NiO spheres can be clearly seen from these images.

The morphology of the obtained silica spheres and the core–
shell-structured spheres was first characterized using a transmis-
sion electron microscope (TEM). Figure 3a shows the morphol-
ogy of obtained silica spheres prepared with Stöber method. It
can be seen that the composite particles are obtained in a mono-
modal distribution (note the hexagonal packing zones). Addi-
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Figure 1. XRD pattern of obtained core–shell-structured silica
NiO spheres.
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Figure 2. SEM images of silica–NiO core–shell spheres.
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tionally, the particles have a smooth surface, they are discrete
and not aggregative, and the diameters of silica spheres are about
240–300 nm.

The composite silica–NiO particles were also examined
by TEM after calcination at 600 �C for 5 h. The resulting
SiO2–NiO particles have core–shell structure as shown in
Figures 3b–3d. The core–shell spheres have a uniform size,
the shell is porous NiO, and the core is the SiO2. The diameters
of core–shell spheres are about 400–480 nm, and the diameter
of silica is about 240–300 nm. The shell thickness is about 20–
60 nm.

Figure 4 illustrates the mechanism of formation of core–
shell-structured silica–NiO spheres. First, Ni(NO3)2 is adsorbed
on the silica spheres, after reduction with NaBH4 and then
the oxidation process, the silica spheres are covered by a
Ni(OH)2 layer. The following process is the adsorption of nickel

formate on the silica surface, on which the Ni(OH)2 acts as the
nucleus. In this process, as the mixture cooled from 90 �C to
room temperature, the nickel formate preferentially deposited
on the silica surface. Through heating process, the nickel
formate changed to NiO. So from these series process, the
core–shell-structured silica–NiO spheres were gained.

In summary, core–shell-structured silica–NiO spheres
were successfully prepared via adsorption method. The method
is new and facile, needing no expensive raw materials or
equipment, it is also easy for mass production and can be
extended to prepare other hydroxide or oxide nanocrystals.
The obtained core–shell-structured silica–NiO particles are
expected to be a promising additive material for Ni–metal
hydride battery. Further investigations are currently in progress.
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Figure 3. TEM images of (a) silica core, and (b, c, d) NiO–
silica sphere.

Figure 4. Mechanism of formation of core–shell-structured
materials.
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