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ABSTRACT : Cobalt nanoparticles were successfully prepared by polyol method with the
assistant of a surfactant, i.e. sodium dodecyl sulfate (SDS). Transmission Electron
Microscope (TEM) and Scanning Electron Microscope (SEM) were employed to calculate
the particles size distribution and observation of the morphology of cobalt nanoparticles.
X-Ray Diffraction (XRD) confirmed the co-existance of HCP- and FCC- cobalt in the same
cobalt sample. Pure cobalt powder was obtained and confirmed by Energy Dispersive X-ray
Analysis (EDX). Ultraviolet-visible spectrophotometer (UV-Vis) had been employed to
investigate the evolution of cobalt nanoparticles in the synthesis. Effects of
surfactants on the formation of cobalt nanoparticles were investigated and discussed.
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INTRODUCTION

Nanoparticles constitute a major class of nanomaterials. The size dependent properties of
nanoparticles include chemical and physical characteristics which make it the focus of
numerous researchers. Cobalt is categorized under magnetic materials. Magnetic
nanoparticles have their particular potential applications which include ferrofluids, magnetic
data storage, environmental remediation, drug delivery, catalysis and variety of innovative
applications (Chikazumi et al., 1987, Chow et al., 2002, Takafuji et al., 2004., Partha et al.,
2008, Conroy et al., 2008, and Park et al., 2005). Without any incorporation of surfactant
or protective agent, the magnetic nanoparticles will easily be agglomerated and grow in
micron or submicron-meter in size. Since most of the properties of nanoparticles are greatly
dependent on their size, therefore, to keep them physically isolated from one another is an
important stage to achieve. Therefore, in this work we try to use SDS as a protective agent
or surfactant in order to achieve the above mentioned purpose.

MATERIALS AND METHODS

In a typical experiment, CoCl 2 .6Hp (1 mmol) was first dissolved in 25 ml ethylene glycol
(EG). At the same time, SDS was dissolved in a beaker with 25 ml EG under constant stirring.
Control sample is S1 without any surfactant added. For the samples of S2, S3 and S4, the SDS
added was 0.5 g, 1.0 g and 1.5 g respectively. These two solutions were then mixed up and
transferred to three necks flask. The mixture was then stirred for 20 minutes after 2 mmol
of NaOH and 5 mmol of N2 H4 were added. The mixture was refluxed for 1 hour at 180 °C,
and the mixture was cooled to room temperature. The black precipitation was washed with
ethanol for several times to remove impurities and finally kept in the sampling bottle.
X-ray Diffraction was performed using 05000 Siemens Diffractometer with a Cu-Ka
(A=0.154021 nm) radiation source. Micrographs were taken using Leo Supra 50 Variable
Pressure Field Emission Scanning Electron Microscope (VPFESEM) and CM 12 Philips
Transmission Electron Microscope (TEM). The elemental analysis was performed using EDX
attached to SEM. UV visible measurement was conducted using the Perkin Elmer double
beam spectrophotometer with a 10 mm optical path length quartz cuvette.

RESULTS AND DISCUSSION

Previous studies (Eastoe et. al., 1996) reported that Ultraviolet Visible spectroscopy
has been utilised as an effective tool to detect or monitor the evolution of metal species
during the synthesis of colloidal metal cluster. The concentration of the metal species in the
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solution can be analyzed quantitatively according to the absorption spectral obtained.
Figure 1 presents the UV-vis spectral of control sample at different reaction times.
Prior to the reaction, the absorption peak was located at 203.31 nm and had shifted to higher
wavelength when the reaction started. After 60 minutes reflux, the absorption peak was
located at 205.80 nm. This indicated that there is a formation of aggregation of small cobalt
nanocrystallites with increased reaction time. As reported previously, larger nanoparticles show
absorption peak at higher wavelength (Madler et al., 2002; and Tani et al., 2002). According to
the Beer - Lambert's law, the absorbance is directly proportional to the concentration of the
absorbing species (Dieter et al., 2001 ). In this work, the concentration of cobalt nanoparticles
is referred to the concentration of the absorbing species. The absorbance intensity increases
as the reaction time increased as depicted in Figure 1. Therefore, the formation of the cobalt
nanoparticles can be monitored in this work.
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Figure 1. UV-vis spectroscopy of control sample at different reaction times
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Figure 2. XRD patterns of the as prepared cobalt particles

Figure 2 shows the XRD diffraction of the cobalt particles produced by polyol method.
Broadening peaks of the samples indicated the formation of the cobalt nanocrystallines
especially in 84 sample with highest concentration of SOS. No oxide peaks were observed
which indicates that the powder produced was purely cobalt powder. The JCPDS data,
for these four samples showed the coexistence of both FCC and HCP structure, which is
relatively a stable phase and this is normally due to the lower activation energy for the
formation of stacking faults in the atomic planes (Sun & Murray, 1999).

Figure 3 presents the Transmission Electron Micrograph and Scanning Electron
Micrograph as well as the histogram of particle size distribution of 81 without addition of
any surfactant. The TEM micrograph shown in Figure 3 (a), demonstrates that the cobalt
particles obtained are highly agglomerated. Most of the small particles are bound
together which results in a black image of a big lump of nanoparticles. However, from the SEM
micrograph shown in Figure 3 (b), it can be seen that the morphology of the control sample is
made up of many spherical particles that are stacked on one another. The mean particle size
was calculated from this micrograph and displayed in Figure 3 (c). The mean particle size
obtained was 645 nm.
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(a)
Figure 3. (a) TEM image of S1, Control sample without SDS added

(b)

(c)

Figure 3. (b) SEM image of S1, (c) Mean particle size obtained was 645 nm
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Figures 4 - 6 show the TEM images and the particle size distribution histogram of samples
with additional surfactant of sodium dodecyl sulphate (SDS). TEM image for 82 was shown in
Figure 4 (a). It was found that quite a number of nanoparticles were isolated from each other,
which is probably due to the absorption of the SDS molecules on the surfaces that prevents
them from agglomeration. Figure 4 (b) presents the size histogram of 82, where the average
particle size obtained was about 24.14 nm. As the SDS concentration increases to 1.0 g and
1.5 g for the following two samples, the cobalt nanoparticles obtained were getting smaller
in size which can be seen in the TEM micrographs obtained that was displayed in Figure 5
(a) and Figure 6 (a) respectively. The size distribution histograms in Figures 5 (b) and 6 (b)
demonstrate the average size for 83 and 84 which is 10.82 nm and 7.52 nm respectively.

It is believed that the tiny crystalline nuclei were formed in the supersaturated solution
followed by the crystal growth. The added surfactant some how controls the size of the
nanoparticles (Giselle et al., 2007, Zhao et al., 2006 and Sook et al., 2009). In this case,
SDS molecules served as absorbing molecules. The absorption of SDS molecules on the
facets of the first formed cobalt nanocrystals is important for the growth of the nanoparticles.
The growth of the cobalt nanocrystals will be slowed down as the SDS molecules are
absorbed on the crystals faces. As the concentration of the SDS increased in the solution,
the growth of the nanocrystals will be getting slower as all the facets of nanocrystals were
experiencing passivation. As a result, cobalt nanoparticles that was obtained in this work
were getting smaller in size from sample 81 to 84.

(b)

(a)

Figure 4. (a) Sample S2 with 0.5 g SOS. (b) Mean particle size obtained was 24.14 nm

66

Surfactant Assisted Synthesis of Cobalt Nanoparticles
Via Po/yo/ Route

(a)

(b)

Figure 5. (a) Sample S3 with 1.0 g SDS. (b) Mean particle size obtained was 10.82 nm

(a)

(b)

Figure 6. (a) Sample S4 with 1.5 g SDS. (b) Mean particle size obtained was 7.52 nm
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Figure 7. EDX spectra for sample (a) S1 (b) S2 (c) S3 and (d) S4
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In order to know the purity of the cobalt powder that was obtained through the polyol
method, Energy Dispersive X-ray analysis (EDX) was used as presented in Figure 7. All
samples showed high percentage of cobalt which is more than 80 wt. %. Carbon and Oxygen
elements emerged in these spectra and may be attributed to the absorbed surfactant on
the surface of the particles that was not clearly washed out. The presence of oxygen and
carbon could be attributed to both SDS and EG which possess both elements in their chemical
structure (Chrystal et al., 2002).

CONCLUSION

.The results pointed to the fact that samples without sodium dodecyl sulfate, will produce
nanoparticles that are highly agglomerated. Addition of sodium dodecyl sulfate in the
samples reduced the agglomeration significantly and the cobalt nanoparticles of less than 30
nm were produced.
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