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Abstract

Magnetic Co nanoparticles with different morphologies were synthesized in a novel solution system using a UV irradiation technique. By
adjusting the compositions in the solution, long nanowires with different aspect ratios as well as spherical nanoparticles with controllable
particle size could be obtained.
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1. Introduction 2. Experimental

The development of uniform magnetic nanoparticleswith N @ typical experimental procedure, cobalt (Il) acetate
controlled morphology is very important because of their ap- tetrahydrate (Aldrich) was added to a closed quartz sam-
plication to ultra-high-density magnetic storage devices [1]. Pl€ tube containing deionized water, isopropanol (99.5%,
Several synthetic techniques have been applied to synthesiz&!drich) with different volume ratio, and sodium 1-dodecyl
magnetic metal (Fe and Co) nanoparticles, including ther- Sulfate (SDS) (99%, Aldrich) as surfactant. The reaction
mal [2] and sonachemical decomposition of organometallic SyStem was irradiated by UV light with a wavelength of
precursors [3], high-temperature reduction of metal salts [4], 2537 nm for 24 h to reduce Co(Aonto metal Co nanopar-
and reduction with reverse micelles [5]. However, most of ticles. The products were washed with ethyl alcohol several

the studies on nanoparticles are focused on the synthesidimes and dried in vacuum for 5 h.
of uniform spherical particles and the control of their par-
ticle sizes [6—8]. Recently, shape control of nanoparticles
is attracting more attention and is a very challenging prob-
lem [9]. In particular, anisotropic magnetic nanoparticles are ) o o
expected to exhibit interesting magnetic properties because  11€ formation of metal Co by UV light irradiation can be

of the shape anisotropy. Only a few systems consisting of identified by related X-ray diffraction (XRD) patterns. F|gj

anisotropic magnetic nanoparticles have been developed s¢'r€ 1 shows the XRD patterns of the products corresponding

far [10]. The UV irradiation reduction technique has been to different volume ratios of water to isopropanol in solution.

used to prepare many metal nanoparticles. However, mostThe resulting powders were deposited QnaS|waferfor XRD
measurements. Curve a shows a typical XRD pattern for

of them are noble metals [11]. The objective of the present . ) .
work is to control the morphology of Co nanoparticles by nanopgrtlcles produced W'th 20.05 m.dEO(AC)Z solution
varying the solution composition using a clean and simple contaln[ng 0.2 moll SPS in a 20-ml n,“xe_d solvent of wa-
UV irradiation reduction technique. Fer and |sopr0panpl with a volume ratio 1:1. All of the peaks
in curve a can be indexed as metal Co with hexagonal phase
according to the standard JCPDF card (No. 5-727). Curve b
* Corresponding author. corresponds to the products obtained from the solution cor-
E-mail address: cuiyingwang@hotmail.com (C. Wang). responding to the volume ratio 9:1 of water to isopropanol

3. Resultsand discussion
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Fig. 1. The XRD patterns of the products from (a) 0.05 fh@o(Ac),,
0.2 moll SDS, with the volume ratio 1:1 of the solvent of water to
isopropanol and (b) 0.05 mdiCo(Ac),, 0.2 mo)I 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 clear that
all the noticeable peaks in this pattern are also attributed to
the formation of hexagonal cobalt.

Figures 2a—2c illustrate the TEM images of the products
obtained from different solutions. Figure 2a shows the
morphology of the product corresponding to curve a in
Fig. 1. Itis seenin Fig. 2a that the morphology of the product
is wirelike with a diameter around 100 nm and a length
up to several micrometers. By further TEM investigation,
it is found that these wires are formed from the connected
nanoparticles. It is observed in Fig. 2b, which corresponds
to curve b in Fig. 1, that much thinner nanowires are formed
when the volume ratio of water to isopropanol is changed
to 9:1. If the reaction solution corresponding to the product
in Fig. 2a is diluted with water, it is noticed in Fig. 2c that
spherical nanoparticles will form rather than homogeneous
nanowires.

It is found that the composition of the solution greatly
affects the morphology of the products. To study the for-
mation mechanism of the Co nanoparticles with different
morphologies, the influence of the solution composition on
the morphology was investigated. If the concentration of
SDS decreases to 0.02 nibivhile maintaining the other  Fig. 2. TEM images of the products from (a) 0.05 roCo(Ac)y,
experimental conditions the same as those in Fig. 2a, it is 0-2 mo}I SDS, waterisopropanok= 1:1 (v/v); (b) 0.05 mofI Co(Ac),
found that the as-prepared nanoparticles are almost spheri-8:i?ggﬁggﬁ;ﬁg‘;ﬁgﬂi’;t:; iv(/\y/)\;/)"’.md (©)0.03mafl Co(Ack,
cal with a size around 6-8 nm in diameter, indicating that
the concentration of the SDS plays an important role on the
morphology of the products. In addition, the effect of the
Co(Ac), concentration on the morphology of the product the solvent of total 10 ml, under the same conditions as those
has also been studied. It is seen that the dominant mor-in sample b.
phology of Co particles tends to change from spherical to It is notable that the composition of the solution greatly
wirelike by decreasing the concentration of Co(AcJhe affects the morphology of the as-formed particles. It is
influence rising from the ratio between the amount of water well known that the surfactants usually acted as a kind of
and isopropanol in the solvent was also studied. The experi-soft template to control the morphology of the as-produced
mental results illustrate that the Co product is in the form of nanoparticles [12]. The morphology of the micelle in the sur-
spherical nanoparticles without any growing trend along one factant system is closely dependent on its own concentration
direction when the amount of isopropanol was over 5 ml in and the environmental media [13], especially the solvent,




C.Wang et al. / Journal of Colloid and Interface Science 259 (2003) 411-413 413

which itself also plays an important role on the orientation References
of growth of the initially produced nanoparticles [14].
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