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A new and simple method has been reported here
which can be applied to control simultaneously the
shape and size of the copper nanoparticles, without
using any capping agent or template. By this method,
cube-shaped copper nanoparticles in the size range
~75-250 nm were formed from smaller spherical cop-
per particles. At the first stage, 5-6 nm spherical
copper particles were prepared from aqueous copper
sulphate solution by borohydride reduction. In the
second stage, these small particles were mixed with
appropriate amount of copper sulphate and sodium
ascorbate, which resulted in the production of larger
size cubic copper particles. In the latter step, the new
grown larger particles acted as seed and grew larger
due to the reduction of copper ions by ascorbate ion
on their surfaces. Thus cubic copper nanoparticles of
varied size regime were produced by ascorbate ion by
varying the ratio of copper seed particles to copper ion
concentrations in solution.

METAL nanoparticles, due to their special properties and
also small dimensions, find important applications in opti-
cal, magnetic, thermal, electronic and sensoric devices,
SERS (surface enhanced Raman scattering), catalysis,
etc.'. Almost all properties of nanoparticles are due to
their small sizes'®. Of late, in addition to size effect,
shape of the particles has also drawn special attention,
mainly to explore the application of these particles in the
field of nanotechnology. Therefore, attempts are being
directed to gain precise control of the size and the shape
of various types of nanoparticle systems during their syn-
theses’ °. The fact is that these syntheses result in a mix-
ture of particles, in terms of both size and shape. The
most common method employed for their preparation is
the reduction of metal ions in solution, usually in the
presence of a panicle-stabilizer2’3’7. However, the control
of size and, particularly, the shape at the nanometre level
is a real problem, as the mechanism of size/shape control
is still left largely unresolved®. There are few general
methods available for size control, and for shape control,
these are very few. These methods use either a capping
agent or a template for the restricted growth of the parti-
cles. Some people used a seed-mediated controlled
growth to prepare particles of different sizes'*'®. We
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exploited, for the first time, the seed-mediated method to
prepare copper nanoparticles of cubic shape and variable
size. To our knowledge, there is no simpler method of
preparation reported that could yield simultaneously size-
and shape-controlled nanoparticles at room temperature.
Some reverse micelle-based template methods are avail-
able to control the copper particle size'. Reverse micelle
has also been used to prepare nanosize rod-shaped copper
particles®. Micrometre-size cubic copper particles were
obtained by dissolving the spheres of basic copper carbo-
nate which was formed by aging at 90°C a solution con-
taining Cu(NOj), and urea, with the slow addition of
NH,OH" HCl into the solution’.

An aliquot of 100 ml water solution of CuSO, (2 x 10™*
mol.dme) was taken in a conical flask and purged with N,
for 10 min to remove the dissolved oxygen. Then 1 ml
ice-cold NaBH, (0.1 mol.dme) solution was added into
the CuSOy solution with stirring. The metal particles are
formed immediately, visualized by the appearance of a
yellow colour; for the quantitative confirmation, spectro-
photometric investigation was made.

Appropriate amount (see Table 1 for conditions) of
CuSO, was taken in water (final volume 100 ml) and the
dissolved oxygen was removed by N, purging. The solu-
tion was then stirred with a magnetic stirrer. Then
required amount of seed particles was mixed with this
solution. Finally, ascorbic acid was added drop by drop.
N, purging was continued until the addition of ascorbic
acid was complete.

Table 1. Conditions for the preparation of cubic copper nanoparticles
via seed (S) mediation

Sample set [M%] + [M*1] Ascorbic acid

(prepared from) [MO]/ M'] (molidm’3) (molidm’3)

A (from S) 1:99 2 x 107 4 x 107

B (from A) 1: 8935 2x 107 4 x 107

C (from B) 1: 806360 2 x 107 4 x 107

Absorbance

300 600 900
Wavelength /nm

Figure 1. UV-visible spectra of copper nanoparticles of various sizes.
Size increases from seed particle ‘S’, through ‘A’, ‘B’ to ‘C’. Condi-
tions are given in Table 1.
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