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H I G H L I G H T S

� Air stable colloidal copper nano-
particles are synthesized by a simple
chemical reduction method without
any inert gas.

� The resulting nanoparticles were
characterized by various spectro-
scopic techniques such as UV-visible,
FT-IR, XRD and TEM.

� The copper nanoparticles do not
suffer significant oxidation even
after being stored for 6 months un-
der ambient conditions.

� They exhibit large surface-enhanced
Raman scattering (SERS) signals.
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a b s t r a c t

Air stable colloidal copper nanoparticles are synthesized by a simple chemical reduction method using
octadecylsilane as a reducing agent and octadecylamine as a stabilizing agent in toluene without any
inert gas. The formation of nanosized copper was confirmed by its characteristic surface plasmon ab-
sorption peaks in UV–visible spectra. The transmission electron microscopic (TEM) images show that the
resulting copper nanoparticles are distributed uniformly with a narrow size distribution. The X-ray
diffraction (XRD) demonstrated that the obtained copper nanoparticles are single crystalline nano-
particles. Fourier transform infra-red (FT-IR) spectroscopic data suggested that the silane Si–H is re-
sponsible for the reduction of copper ions. And also the resulting colloidal copper nanoparticles exhibit
large surface-enhanced Raman scattering (SERS) signals.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Metallic nanoparticles (MNPs) have been the subject of intense
research during the recent years because of their unique proper-
ties compared to bulk metals [1–6]. Among the different metal
particles, copper nanoparticles have received considerable

attention because copper is a versatile material which finds var-
ious applications in different fields of research like advanced mi-
croelectronics for conductive lines, medicine as an antibacterial
agent, catalytic and biocatalytic transformations [1–8] or for sur-
face-enhanced Raman spectroscopy applications [9,10]. It is well
known that Raman spectroscopy is one of the nondestructive
spectroscopic techniques widely used to characterize the dynamic
behavior of molecules interacting with the electromagnetic ra-
diation. The Raman vibrational spectrum is a molecular “finger-
print” that often provides unambiguous sample (solids, liquids,
and gases) identification. Unfortunately, Raman scattering is an
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inherently weak process, unable to provide spectral information
from very small amounts of sample. However, the sensitivity
problems can be overcome by the employment of surface-en-
hanced Raman scattering spectroscopy (SERS) [11]. SERS en-
hancement effect has been observed with alkaline metals [12],
various transition and noble metals [12,13], metal oxides [14] and
even semiconductor materials like silicone and graphene [14,15].
Typically, large SERS is observed with coinage metals such as gold,
silver, and copper because they exhibit localized surface plasmon
resonance (LSPR) bands in the visible region due to excitation of
the conduction electrons after irradiation with light. Colloidal
suspensions of metal nanoparticles are the most common SERS
substrates, which enable us to provide Raman intensification up to
107–108 enhancement factors with respect to the normal Raman
signal of non-adsorbed molecules. The colloidal suspensions of
metal nanoparticles acquire intense Raman signals due to the
Brownian motion of the metal particles in the colloidal dispersions
compared to other SERS active substrates such as rough metal
electrodes, and metal island films. Among the group 11 metals, Cu
is significantly cheaper than Ag and Au but the formation of a
surface oxide layer on Cu is inevitable in an ambient atmosphere
because the oxide phases are thermodynamically more stable,
consequently, they are hard to synthesize chemically.

Generally, colloidal copper nanoparticles are synthesized by the
chemical reduction of copper salts with sodium borohydride or
hydrazine in water, followed by stabilization of the metal clusters
inside protective shells (reverse micelles, polymers or long alkane
chains) and eventually transfer into an organic phase [16]. They

can also be synthesized by other methods such as laser ablation
[17], gamma irradiation [18], microwave [19], electron beam [20],
thermal decomposition [21] or vapor deposition [22]. Among the
above mentioned methods, the chemical reduction is an easy and
rapid procedure to prepare quite stable metal nanoparticles. To
better control the NP size and size distribution, which are funda-
mental prerequisites for their employment in SERS studies, their
synthesis should be performed in a single organic solvent [23].
Monodisperse Au, Ag, and Au3Pd nanoparticles with narrow size
distribution were prepared by direct reaction of the related metal
salt with oleylamine in toluene and studied their SERS properties
using Rhodamine B and 2-naphthalenethiol as model substrates
[24]. Zhang et. al. reported the large scale synthesis of mono-
disperse CuNPs with high purity using Cu(OH)2 as the precursor, L-
ascorbic acid as the reductant, and PEG-2000 as the protectant for
the conductive ink applications [25]. However, the investigation of
Cu nanoparticles synthesized in single organic phase as SERS
substrate has remained largely unexplored. This has inspired us to
develop synthetic methods for stable colloidal Cu nanoparticles in
organic solvent and explore their SERS properties.

Polysilanes are known to have a reductive nature for reducing
noble metal salts to form the corresponding noble metals by the
high HOMO-electrons of the Si–Si s-bonds [26]. However, metal
salts, which can be reduced by polysilanes, are limited in metals
which have high standard reduction potentials, i.e., noble metal
salts, and reduction of metal salts having a low reduction potential,
such as copper or nickel salts, into metals is considered to be very
difficult using polysilanes [27]. Kamada group reported the

Fig. 1. (A) Reaction mixture at 0 min and 12 h respectively; (B) UV–vis spectra of (a) Cu(OAc)2 and (b) CuNPs in toluene.

Fig. 2. TEM images of CuNPs stabilized by ODS: mainly focused on (A) PODS micelles network and (B) CuNPs respectively.
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