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Synthesis of one-dimensional magnetic Co nanoparticles
in a novel solution system
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Abstract

Magnetic Co nanoparticles with different morphologies were synthesized in a novel solution system using a UV irradiation techn
adjusting the compositions in the solution, long nanowires with different aspect ratios as well as spherical nanoparticles with co
particle size could be obtained.
 2003 Published by Elsevier Science (USA).
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1. Introduction

The development of uniform magnetic nanoparticles w
controlled morphology is very important because of their
plication to ultra-high-density magnetic storage devices
Several synthetic techniques have been applied to synth
magnetic metal (Fe and Co) nanoparticles, including th
mal [2] and sonachemical decomposition of organomet
precursors [3], high-temperature reduction of metal salts
and reduction with reverse micelles [5]. However, most
the studies on nanoparticles are focused on the synt
of uniform spherical particles and the control of their p
ticle sizes [6–8]. Recently, shape control of nanopartic
is attracting more attention and is a very challenging pr
lem [9]. In particular, anisotropic magnetic nanoparticles
expected to exhibit interesting magnetic properties bec
of the shape anisotropy. Only a few systems consistin
anisotropic magnetic nanoparticles have been develope
far [10]. The UV irradiation reduction technique has be
used to prepare many metal nanoparticles. However, m
of them are noble metals [11]. The objective of the pres
work is to control the morphology of Co nanoparticles
varying the solution composition using a clean and sim
UV irradiation reduction technique.
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2. Experimental

In a typical experimental procedure, cobalt (II) acet
tetrahydrate (Aldrich) was added to a closed quartz s
ple tube containing deionized water, isopropanol (99.
Aldrich) with different volume ratio, and sodium 1-dodec
sulfate (SDS) (99%, Aldrich) as surfactant. The react
system was irradiated by UV light with a wavelength
253.7 nm for 24 h to reduce Co(Ac)2 into metal Co nanopar
ticles. The products were washed with ethyl alcohol sev
times and dried in vacuum for 5 h.

3. Results and discussion

The formation of metal Co by UV light irradiation can b
identified by related X-ray diffraction (XRD) patterns. Fi
ure 1 shows the XRD patterns of the products correspon
to different volume ratios of water to isopropanol in solutio
The resulting powders were deposited on a Si wafer for X
measurements. Curve a shows a typical XRD pattern
nanoparticles produced with a 0.05 mol/l Co(Ac)2 solution
containing 0.2 mol/l SDS in a 20-ml mixed solvent of wa
ter and isopropanol with a volume ratio 1:1. All of the pea
in curve a can be indexed as metal Co with hexagonal p
according to the standard JCPDF card (No. 5-727). Cur
corresponds to the products obtained from the solution
responding to the volume ratio 9:1 of water to isopropa
A).
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Fig. 1. The XRD patterns of the products from (a) 0.05 mol/l Co(Ac)2,
0.2 mol/l SDS, with the volume ratio 1:1 of the solvent of water
isopropanol and (b) 0.05 mol/l Co(Ac)2, 0.2 mol/l SDS, with the volume
ratio 9:1 of the solvent of the water to isopropanol.

under the other same conditions as sample a. It was clea
all the noticeable peaks in this pattern are also attribute
the formation of hexagonal cobalt.

Figures 2a–2c illustrate the TEM images of the produ
obtained from different solutions. Figure 2a shows
morphology of the product corresponding to curve a
Fig. 1. It is seen in Fig. 2a that the morphology of the prod
is wirelike with a diameter around 100 nm and a len
up to several micrometers. By further TEM investigati
it is found that these wires are formed from the connec
nanoparticles. It is observed in Fig. 2b, which correspo
to curve b in Fig. 1, that much thinner nanowires are form
when the volume ratio of water to isopropanol is chan
to 9:1. If the reaction solution corresponding to the prod
in Fig. 2a is diluted with water, it is noticed in Fig. 2c th
spherical nanoparticles will form rather than homogene
nanowires.

It is found that the composition of the solution grea
affects the morphology of the products. To study the
mation mechanism of the Co nanoparticles with differ
morphologies, the influence of the solution composition
the morphology was investigated. If the concentration
SDS decreases to 0.02 mol/l while maintaining the othe
experimental conditions the same as those in Fig. 2a,
found that the as-prepared nanoparticles are almost sp
cal with a size around 6–8 nm in diameter, indicating t
the concentration of the SDS plays an important role on
morphology of the products. In addition, the effect of
Co(Ac)2 concentration on the morphology of the prod
has also been studied. It is seen that the dominant
phology of Co particles tends to change from spherica
wirelike by decreasing the concentration of Co(Ac)2. The
influence rising from the ratio between the amount of wa
and isopropanol in the solvent was also studied. The ex
mental results illustrate that the Co product is in the form
spherical nanoparticles without any growing trend along
direction when the amount of isopropanol was over 5 m
t

i-

(a)

(b)

(c)

Fig. 2. TEM images of the products from (a) 0.05 mol/l Co(Ac)2,
0.2 mol/l SDS, water:isopropanol= 1:1 (v/v); (b) 0.05 mol/l Co(Ac)2,
0.2 mol/l SDS, water:isopropanol= 9:1 (v/v); and (c) 0.03 mol/l Co(Ac)2,
0.12 mol/l SDS, water:isopropanol= 2:1 (v/v).

the solvent of total 10 ml, under the same conditions as t
in sample b.

It is notable that the composition of the solution grea
affects the morphology of the as-formed particles. It
well known that the surfactants usually acted as a kind
soft template to control the morphology of the as-produ
nanoparticles [12]. The morphology of the micelle in the s
factant system is closely dependent on its own concentra
and the environmental media [13], especially the solv
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which itself also plays an important role on the orientat
of growth of the initially produced nanoparticles [14].

4. Conclusions

A novel colloidal system containing surfactant SDS w
utilized to tune the morphology of as-prepared metal
nanoparticles produced by UV irradiation. By verifying
number of parameters, such as concentration of surfac
ratio of water to isopropanol, and concentration of cob
salt, we were able to produce cobalt colloids with differ
morphologies with spherical and wirelike structures. T
detailed mechanism of the formation of those nanoparti
with different morphologies is related to the particu
micelle structure in the surfactant-containing system an
being further studied.
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