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ABSRTACT

Metal nanoparticles have attracted considerable interest particularly because of the size
dependence of physical and chemical properties and its enormous technological potential. Among
different metal nanoparticles, copper nanoparticles have attracted great attention because copper
is one of the most key metals in new technology. Chemical methods are used to synthesize
copper nanoparticles and among them chemical reduction is the most frequently applied method
for the preparation of stable, colloidal dispersions in organic solvents. In this paper, a brief overview
of the current research worldwide in the chemical synthesis of copper nanoparticles is discussed.
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INTRODUCTION

Copper nanoparticles have great interest
due to their optical, catalytic, mechanical and
electrical properties. Copper is a good alternative
material for noble metals such as Au and Ag as itis
highly conductive and much more economical than
them'2. Copper plays an important role in electronic
circuits because of its excellent electrical
conductivity. Copper nanoparticles are inexpensive
and their properties can be controlled depending
on the synthesis method. Also in catalyst, the
nanoparticles have a higher efficiency than
particles®*®. Copper nanoparticles are synthesized
through different techniques. The most important
methods for the synthesis of copper nanoparticles
are chemical methods such as chemical reduction,
electrochemical techniques, photochemical

reduction and thermal decomposition. Copper
nanoparticles can easily oxidize to form copper
oxide. To avoid oxidation, these methods were
usually performed in non-aqueous media, at low
precursor concentration, and under an inert
atmosphere (argon, nitrogen)®'°. In this paper, we
reported the methods of chemical synthesis of
copper nanoparticles and their characterization.

Copper nanoparticles synthesis
Chemical reduction

One of the most important methods for the
synthesis of copper nanoparticles is the reduction
chemical method. In this technique a copper salt is
reduced by a reducing agent such as polyols,
sodium borohydride, Hydrazine, Ascorbic acid,
hypophosphite'-'®. In addition, it is used from
capping agents such as Polyethylene glycol and
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poly (vinylpyrrolidone)'®'”. Some of the chemical
reducing reactions can be carried out at room
temperature. Salzemann et al., used microemulsion
method to synthesize nanoparticles of copper with
size of 3-13 nm'. Copper nanoparticles were
produced by the polyol method in ambient
atmosphere. The obtained nanoparticles were
confirmed by XRD to be crystalline copper. SEM
study shows that sizes of particles produced were
48+8 nm'". Colloidal copper with particle sizes of
40-80 nm has been reported from reduction with
sodium borohydride in aqueous solution at room
temperature. The copper nanoparticles were
stabilized by starch™. In 2008, copper nanopatrticles
were synthesized by the reduction of Cu?* in
solutions of poly(acrylic acid)-pluronic blends
results in a stable sol of metallic copper with a
particle size below 10 nm2°. Reduction of copper
ions by sodium borohydride in the presence of
sodium polyacrylate was reported. Copper
nanocrystals sizes were 14 nm?'. Chatterjee et al.
presented a simple method for synthesis of metallic
copper nanoparticles using Cucl2 as reducing agent
and gelatin as stabilizer with a size of 50-60 nm?.
One of the chemical reduction methods is
microemulsion technique. Microemulsions are
isotropic, macroscopically homogeneous, and
thermodynamically stable solutions containing at
least three components, namely a polar phase
(usually water), a nonpolar phase (usually oil) and
a surfactant [23]. Copper nanoparticles synthesis
was achieved by reduction of aqueous copper
chloride solution using NaBH, in the nonionic water-
in-oil (w/0) microemulsions?*. Solanki et al. reported
synthesis of copper sulphide and copper
nanoparticles with microemulsion method. XRD
analysis of nanoparticles confirmed presence of
metallic copper?. In 2013, facile synthesis of size-
tunable copper and copper oxide nanoparticles was
presented by Kumar et al. They found that reduction
with hydrazine hydrate in an inert N, environment
gives copper nanoparticles whereas reaction with
sodium borohydrate in aerobic condition gives
copper(ll) oxide nanoparticles®. In another study,
copper salt was dissolved in dioxane/-AOT solution
and reduced by hydrazine hydrate under vigorous
stirring. Nanocolloids sizes were 70-80 nm?’.

Photochemical Method (Irradiation)
Another  chemical method is
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photochemical method. In this technique, the system
is excited by radiation and thus it is produced active
reducing agent such as radicals, electrons and
excited components. This method has an important
advantage compared to chemical reduction and it
is removing impurities at low temperature. It is often
used for the synthesis of noble metals. In this
technique, it was prepared the desired salt solution
with water or alcohols or organic solutions. Then
the solution put under the radiation. In these
conditions, electrons are released and metal is
reduced.

In 2003, copper nanoparticles were
synthesized by a single photochemical route?.
Kapoor et al. reported photochemical formation of
copper nanoparticles in poly (N-vinylpyrrolidone).
They showed average particle size for Cu was 15
nm2°. Zhu et al., have synthesized copper
nanoparticles using copper sulfate as a precursor
and sodium hypophosphite as reducing agent in
ethylene glycol under microwave irradiation. The
size of copper nanoparticles prepared by this
method was 10 nm . In another work, the effect of
the presence of poly (vinyl pyrrolidone) (PVP) on
the copper nanoparticle formation, obtained by UV
irradiation of ethanol solution of Cu(acac), was
investigated. It was found the advantages of the PVP
use in the nanoparticle copper formation through
the photochemical technique such as the exclusive
formation of colloidal copper, their size control,
stable colloidal solution and complete return to the
starting complex®. In 2012, Zhu et al. reported a
facile method for preparing copper nanoparticles
and patterned surfaces with copper stripes by
ultraviolet (UV) irradiation of a mixture solution
containing a photoinitiator and a copper—amine
coordination compound. They also studied the
mechanism of photoreduction by UV-vis
spectroscopy and gas chromatography—mass
spectrometry?'.

Electrochemical Method (Electrolysis)

Since long, electrolysis process was used
to reduce of metal ions. Yang et al. reported synthesis
of copper nanorods using electrochemical method.
The mean diameter of a copper nanorod was equal
to ca. 30 nm*. Zhang et al.,used a novel
electrochemical milling method to fabricate copper
nanoparticles and nanofibers®. In another work,
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copper nanoparticles containing diamond-like
carbon films were prepared on the Si substrate
using electrochemical deposition method by
choosing dimethylsulfoxide as carbon source and
acetonitrile solution of [Cu(CH,CN),]CIO, as dopant
at relatively low voltage®*. In two separate
researches, copper nanoparticles were synthesized
using copper sulphate by electrolysis method. They
observed that the size of nanoparticles was about
40-60 nm?5-%,

Thermal decomposition

Thermal decomposition is a chemical
decomposition caused by heat. The decomposition
temperature of a substance is the temperature at
which the substance chemically decomposes [37].
Kim et al. synthesized copper nanoparticles by
using thermal decomposition of Cu-oleate complex,
which was prepared by the reaction with CuCI2
and sodium oleate in aqueous condition. TEM
image showed well-dispersed copper
nanoparticles with diameter of 8.9 = 1.3 nm [38]. In
another work, copper oxalate was used as a
precursor to prepare metallic copper nanoparticles
by thermal decomposition. The size of nanoparticles
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was about 40 nm®. In 2014, synthesis of copper
nanoparticles by thermal decomposition using
copper chloride, sodium oleate, and phenyl ether
as solvent agents was studied. TEM analysis
showed spherical nanoparticles with sizes in the
range of 4 to 18 nm. In addition, they investigated
the antibacterial activity of copper nanoparticles
synthesized against strains of Staphylococcus
aureus and Pseudomonas aeruginosa®.

CONCLUSIONS

Here, we described different approaches
for fabricating copper nanoparticles using chemical
methods. Chemical methods such as chemical
reduction, photochemical, electrochemical, and
thermal decomposition are used to synthesize
copper nanoparticles and among them chemical
reduction is the most frequently applied method for
the preparation of stable, colloidal dispersions in
organic solvents. Copper nanoparticles can easily
oxidize to form copper oxide. Therefore, the
reduction methods are usually performed under an
inert atmosphere, in organic solvents or in presence
of surfactants such as poly (vinyl pyrrolidone).
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