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Development of simple and reliable protocols for the synthesis of phase-pure core–shell metal
nanoparticles is an important problem in nanomaterials synthesis; the synthesis of Co-core
Au-shell nanoparticles is described in this paper. The formation of these core–shell nanoparticles
is driven by a displacement reaction on the surface of cobalt nanoparticles, where the surface of
the cobalt nanoparticle is sacrificed sequentially as the reducing agent for the gold metal
deposition on its surface. Hysteretic magnetic properties of nanoparticles depend critically on
their size and since, in this displacement reaction, the size of the magnetic core decreases as a
function of the displacement reaction time, we utilize it in a unique and systematic way to monitor
the formation of the Co@Au core–shell morphology. In addition to magnetic measurements,
synthesis of Co@Au core–shell nanoparticles was also followed by UV-vis spectroscopy, X-ray
diffraction and transmission electron microscopy measurements.

Introduction

Nanomaterials have wide-ranging implications in a variety
of areas, including chemistry, physics, electronics, optics,
materials science and the biomedical sciences. Therefore, the
development of synthetic protocols for nanomaterials over a
range of chemical compositions constitute a steadily evolving
branch of nanotechnology. The interest in core–shell nano-
particles is not just due to the enhancement of colloidal
stability, but has also been driven by the interest in creating
nanomaterials with unique and complex properties relative to
the individual constituents. Such coatings in the core–shell
morphology allow modification and tailoring of the particle
properties (e.g., optical, magnetic, catalytic) depending on the
coating composition.1 In principle, one can achieve precise
control over the properties of these core–shell colloids by fine-
tuning their chemical composition, structure, and dimensions
of the cores and/or shells. Magnetic nanoparticles have
applications in information storage,2 color imaging,3 magnetic
refrigeration,4 bio-processing,5 medical diagnosis6 and con-
trolled drug delivery.7 The latter applications require magnetic
nanoparticles to be well-dispersed in liquid media, chemically
stable and uniform in size. Due to the magnetic dipolar
attraction, unmodified ferromagnetic nanoparticles tend to
aggregate into clusters and inhibit the advantage of the specific
properties of single nanoparticles. Such aggregation of
ferromagnetic nanoparticles can be avoided by such methods
as creating an electrostatic double layer,8 using a surfactant
steric stablizer,9 or by shifting the isoelectric point with citric
acid and silica coating.10,11 The main difficulty for the use of
pure metal magnetic nanoparticles such as Co, Ni, and Fe
arises from their instability toward oxidation in air, which

becomes worse as their size gets smaller. In addition, these
metallic magnetic nanoparticles are bio-hazardous as well.
Therefore, it is important to develop methods to both improve
their chemical stability and, for various biomedical applica-
tions of the particles, the coating of their surface with a thin
protecting shell. One approach for chemical stabilization is
the deposition of insulating shells on the nanoparticles surface
that prevent the reaction of oxygen with the surface atoms.
Usually, an inert silica coating on the surface of magnetic
nanoparticles reduces their aggregation in a liquid and
improves the chemical stability.12 At the same time, the silanol
surfaces can be modified with various coupling agents to
covalently attach specific bio-ligands to the surfaces of the
magnetic nanoparticles.13 As an alternative to silica, noble
metals can also be deposited on the magnetic particles.14 There
are several advantages to be gained from using a gold coating
as the shell on the magnetic-core nanoparticles, such as easy
surface modification that allows the preparation of non-
aqueous colloids and the easy control of interparticle interac-
tions, both in solution and within structures through shell
thickness. Furthermore, if the shell can provide additional
functionality, such as sensitivity to optical probes and other
biomolecules, it would be highly desirable for a number of
applications. Generally, core–shell nanoparticles can be
synthesized by successive reduction of one metal ion over the
core of another metal ion.15 However, this process may also
lead to the formation of fresh nuclei of the second metal ion
in addition to a shell around the first metal core, which is
undesirable from an application point of view. To overcome
this drawback, a strategy has been developed for the
immobilization of a reducing agent on the surface of the core
metal which, when exposed to the second metal ions, would
reduce them and form a thin metallic shell on the surface of the
core. Such displacement reactions are a good choice for
synthesizing the phase-pure magnetic core–shell nanoparticles,
where the surface of the magnetic nanoparticle is sacrificed as
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Conclusion

In conclusion, the formation of Co-core Au-shell nanoparticles
using the displacement method has been described. Our
experimental results show the formation of a gold shell on
the cobalt core nanoparticles by a redox transmetalation
reaction without the need of additional reducing agent, where
the surface of the cobalt acts as a reducing agent for the
reduction of gold ions. As the gold shell grows on the cobalt
core, a stoichiometric fraction of cobalt metal is replaced by

gold through a displacement process, and this is supported
by the standard potential values of Co2+/Co (2 0.28 V) and
Au3+/Au (1.83 V) systems. A significant advantage of this
method is the ability to control the core-size by controlling the
molar ratio of cobalt metal to gold ions. Measurement of the
magnetic hysteresis of the core–shell nanoparticles provides a
direct method of monitoring the decrease in core-size as the
displacement reaction proceeds.
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