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Synthesis of Co Nanoparticles by Pulsed Laser Irradiation of Cobalt Carbonyl in Organic
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Interest in producing magnetic nanoparticles with controllable sizes has led to the development of new synthesis
methods. In this article, we report the synthesis of sub 4 nm cobalt nanoparticles by using pulsed laser irradiation
to decompose cobalt carbonyl in a solution of stabilizing ligands. The physical characteristics of the synthesized
nanoparticles were determined by transmission electron microscopy, powder X-ray diffractometry, and SQUID
magnometry. It was possible to control the size of the synthesized nanoparticles by varying the reaction
conditions such as the ligand concentration and the wavelength of light used. The formation mechanism of
the nanoparticles was also investigated by changing these conditions. It is possible that this technique could
be applied to the synthesis of a variety of nanomaterials with potential applications such as biomedicine,
catalysis, and water purification.
Introduction
Interest in magnetic nanoparticles (NPs) has grown rapidly
in recent years due to their diverse potential applications in
biomedicine and as novel materials for engineering and devices,
which arise from their unique physical1–5 and chemical6–9
properties. These properties depend on the size and shape of
the magnetic NPs and on the nature of the ligands bound to
their surface. In particular, magnetic NPs have many potential
biomedical applications such as magnetic resonance imaging
(MRI), targeted drug delivery, hyperthermia treatment of solid
tumors, and cell separation.10,11 There is also potential for these
NPs to be used in nonmedical applications such as catalysis12
and water purification.13
For use in these applications, the magnetic NPs need to be
biocompatible and biodegradable, and hence, iron oxide NPs
have been developed for these purposes. However, one drawback of using iron oxide is the need for relatively large NPs
due to their relatively low magnetic susceptibility. The use of
larger NPs can result in the increased chance of causing an
embolism and damage to blood vessels.14 It is therefore desirable
to use Co NPs because of their high saturation magnetization
and strong response to an external magnetic field that allow
smaller NPs to be used. There is some concern about the use
of Co in biomedical applications as its toxicological assessments
have not been thoroughly studied. However, if the NPs have a
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diameter of less than 8 nm, they can be filtered through the
glomeruli of the kidney and can therefore be rapidly cleared
from the body.15 The renal clearance of metallic NPs is enhanced
if they have a cationic or zwitterionic surface charge.15 The
surface of Co NPs can be modified postsynthesis by ligand
exchange techniques to allow them to be well dispersed in water
for use in biological systems.16
Several methods have been developed for the synthesis of
magnetic NPs including thermal decomposition of organometallic compounds such as dicobalt octacarbonyl [Co2(CO)8] at
high temperature in organic solvent and in the presence of
suitable stabilizers.17,18 In our group, NPs have also been
synthesized that are coated with hydrophilic polymers or
peptides as ligands, which allows the NPs to be dispersed in
aqueous solution.18–20 Another method to synthesize Co NPs is
to use a laser to induce the decomposition of Co2(CO)8 vapor
produced by evaporation of the precursor.21 This laser evaporation method has been used to produce a variety of nanosized
materials such as an FeCo alloy and silica coated iron oxide
NPs.22–24 Ultraviolet irradiation of a cobalt(II) acetate solution
has also been used to synthesize Co NPs which have certain
morphologies depending upon the experimental parameters.25
For any particular application there is an optimal size of NPs.
For instance, biomedical applications require NPs with a size
comparable to biomolecules,26 and indeed, very small NPs are
desirable for labeling cellular organelles. In addition, very small
NPs are also more rapidly transported across the endothelium,15
and it, therefore, may be easier to get a large number of smaller
NPs to a specific target than a small number of larger NPs but
with the overall mass of magnetic material being the same. Here,
we report a novel approach for the synthesis of Co NPs less
than 5 nm in diameter, using laser pulses to stimulate the rapid
decomposition of cobalt carbonyl in a solution of stabilizers.
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Figure 1. TEM image and size distribution of 2.8 nm Co NPs synthesized using 0.10 M Co2(CO)8, 0.04 M OA, and 0.02 M TOPO (a) and of 3.7
nm Co NPs synthesized using 0.10 M Co2(CO)8, 0.02 M OA, and 0.04 M TOPO (b) in DCB by irradiation with laser pulses at 266 nm. d ) mean
particle diameter, δd ) standard deviation, n ) number of particles measured. Bar 100 nm.

We have chosen to synthesize Co NPs because of scientific and
technological interests in utilizing them for biomedical applications. This technique can pave the way for the syntheses of other
nanoparticle systems such as Fe-Co, Fe-Pt, and iron oxide.
Experimental Methods
To synthesize Co NPs, a Q-switched Nd:YAG laser (Quantel
Brilliant) was used, which produces pulses with a width of 5
ns at a repetition rate of 10 Hz and a wavelength of either 355
or 266 nm. For both wavelengths, the pulse energy was adjusted
to 15 ( 3 mJ and the beam diameter to 5 mm. In a typical
synthesis, using standard airless conditions, oleic acid (OA,
Sigma-Aldrich Inc.) and trioctylphosphine oxide (TOPO, SigmaAldrich Inc.) were dissolved in 1,2-dichlorobenzene (DCB,
Sigma-Aldrich Inc.) (2 mL) in a 10 mm path length quartz
absorption cell (Hellma UK, Ltd.). A solution of Co2(CO)8
(Sigma-Aldrich Inc.) in DCB (0.5 mL) was added to the OA/
TOPO solution which was then irradiated under vigorous stirring
for 30 min. All syntheses were repeated three times and
produced consistent results.
Magnetic measurements including zero-field-cooled and fieldcooled magnetization were carried out in a MPMS SQUID
magnetometer on the diluted samples in DCB. Transmission
electron microscopy (TEM) images were acquired using a FEI
Tecnai G2 120 kV TEM, and the sizes of NPs were measured
using Bersoft Image Standard 5.0 software. Powder X-ray
diffractometry (XRD) was carried out using a Panalytical X’Pert
system equipped with a graphite monochromator (Co KR
radiation, λ ) 1.798 Å). Powder samples were dispersed in
absolute ethanol, and then a colloidal solution of NPs was
deposited on a Si(100) substrate followed by the natural
evaporation of the solvent. The UV-visible spectra of Co2(CO)8,
DCB, and decane were obtained using a Perkin-Elmer Lambda
25 spectrometer.
Results
Cobalt NPs, with a mean diameter of 2.8 ( 0.5 nm were
synthesized by irradiating a solution of 0.10 M Co2(CO)8 and

stabilizing ligands (0.04 M OA and 0.02 M TOPO) in DCB
with laser pulses at a wavelength of 266 nm (Figure 1a). The
obtained Co NPs do not appear to have good contrast in
the TEM images due to their low mass-thickness contrast. The
obtained Co NPs have very a small diameter (few nanometers),
and their electron density is lower than commonly obtained Au
NPs. When the concentration of the ligands (0.02 M OA and
0.04 M TOPO) was reversed, while maintaining the same
precursor concentration, larger NPs with a mean diameter of
3.7 ( 0.6 nm were produced (Figure 1b). The lower OA
concentration means the growing NPs are encapsulated at a
slower rate, which results in them having a larger diameter.17
The stabilizing ligands form a corona on the surface of the NPs,
generating steric repulsion, which can prevent aggregation of
the NPs due to van der Waals forces. The ligands can also
protect the NPs from oxidation. The size of our NPs is
comparable with the Co NPs synthesized using laser induced
pyrolysis of Co2(CO)8 vapor by Zhao et al.;21 however, upon
annealing in a reducing atmosphere, the latter NPs coalesced
to form much larger particles.
The zero-field-cooled (ZFC) and field-cooled (FC) magnetization characterization of the 2.8 nm Co NPs, synthesized as
above, are plotted in Figure 2. These NPs have a very low
blocking temperature (Tb) of approximately 6 K. The sharp peak
in the ZFC curve and the splitting of the ZFC and FC curves
close to Tb confirm that the Co NPs have a narrow size
distribution.
In order to understand the mechanism of the breakdown of
Co2(CO)8, the UV-visible spectra of the precursor and DCB
were measured. The absorbance spectrum obtained for Co2(CO)8
shows absorbance at 266 and 355 nm (Figure 3); the peak near
266 nm can be associated with Co2(CO)8 in a bridged form of
the molecule and that near 355 nm with Co2(CO)8 in a
nonbridged form.27,28 In contrast, DCB (Figure 3) shows strong
absorbance at 266 nm only, resulting in a significant temperature
jump following absorption of a short laser pulse, whereas DCB
does not absorb light at 355 nm. Irradiation of Co2(CO)8 at 266
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Co2(CO)8 absorbs light but not DCB. Irradiation with laser
pulses at this wavelength for 30 min consistently produced Co
NPs with a broad size distribution (Figure 4). As a result, in
the ZFC curve, beside the peak at around 34 K, we also observed
an upturn at very low temperature which could be due to the
presence of very small NPs (Figure 5). The splitting between
the ZFC and FC data also occurs at a temperature well above
the peak at 34 K because of the contribution of relatively large
NPs. Powder XRD indicates that the synthesized Co NPs are
amorphous, since the pattern is featureless (Figure 6). This is
not unexpected, as Co nanoparticles obtained in similar ways
have also been found to be amorphous.31,32
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Figure 2. Zero-field-cooled (ZFC) and field-cooled (FC) magnetization
curves of the 2.8 nm Co NPs synthesized using 0.10 M Co2(CO)8, 0.04
M OA, and 0.02 M TOPO in DCB by irradiation with laser pulses at
266 nm, showing a blocking temperature of 6 K.

Figure 3. UV-visible absorbance spectrum of Co2(CO)8 (0.2 M in
decane) (dashed line), DCB (solid line), and decane (dotted line), path
length approximately 16 µm.

nm results in the majority of the photolyzed molecules undergoing cobalt-carbonyl bond dissociation producing Co2(CO)7,
while at 355 nm the major process is homolysis of the
cobalt-cobalt bond, resulting in two Co(CO)4 radicals.29 Both
species may undergo further decarbonylation, which ultimately
may result in the formation of nuclei followed by the growth
process of the NPs.30
Since both Co2(CO)8 and DCB absorb light at 266 nm, it is
unclear if the NPs are being formed by chemical photolysis of
the precursor or by pyrolysis caused by localized heating of
the solvent. To investigate this, the synthesis was further carried
out using laser pulses at 355 nm while the other reaction
conditions were kept constant. At this wavelength, only

Discussion
From the UV-visible absorbance spectra, we determined
approximate values of the extinction coefficients of DCB and
Co2(CO)8 at the relevant wavelengths. This yielded 60 M-1 cm-1
for DCB at 266 nm,33 and 1500 and 600 M-1 cm-1 for Co2(CO)8
at 266 and 355 nm, respectively. Using these extinction
coefficients, it is possible to estimate the fraction of laser pulse
energy absorbed and, thus, the laser pulse-induced temperature
increase in the first layer of the sample. For the conditions used
here, assuming that all of the absorbed laser pulse energy is
rapidly converted to heat, we estimate a temperature increase
by approximately 75 ( 20 K for excitation at 266 nm, whereas
for excitation at 355 nm the maximum temperature increase is
only in the order of 5-10 K.
For excitation at 266 nm, the temperature increase occurs to
a depth of only a few micrometers and the heat is estimated to
dissipate in less than 100 µs.34 We suggest that this rapid
temperature increase and decrease is sufficient to cause a short
burst of nucleation, followed by a slower growth phase due to
rapid diffusion of the sample. Temporal separation of the
nucleation and growth phases of particle formation is known
to give rise to a population of NPs with a narrow size
distribution.35This could explain why at 266 nm, monodispersed
Co NPs are formed.
The average particle size is affected by the length of the
growth phase and, thus, by kinetic competition between particle
growth and encapsulation of the NPs by OA and TOPO.
The NPs produced by pulsed laser irradiation are smaller than
those produced by conventional thermal decomposition (8-9
nm) using similar reactant concentrations,36 where the conditions
for growth are continuous. Kinetic control of the growth phase
also explains the different particle sizes obtained for different
ligand concentrations. The percentage yield of the laser synthesis
is 3% using the methods described here, which is lower than
that obtained by a thermal decomposition method (60%) with

Figure 4. TEM image and size distribution of Co NPs synthesized using 0.10 M Co2(CO)8, 0.04 M OA, and 0.02 M TOPO in DCB by irradiation
with laser pulses at 355 nm. d ) mean particle diameter, δd ) standard deviation, n ) number of particles measured. Bar 100 nm.
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significant for potential use in biomedical application as their
size would allow the rapid renal clearance from the body and,
thus, avoid any possible toxic effects of prolonged exposure to
Co. The size and the size distribution of the NPs could be
controlled by adjusting certain reaction conditions, such as the
ligand concentration and the wavelength of light. Adjusting the
wavelength of light used to irradiate the precursor also helped
to understand the formation mechanism of the Co NPs using
this technique. From this, it was deduced that chemical
photolysis of Co2(CO)8 can produce Co NPs; to synthesize Co
NPs with a narrow size distribution, some localized heating of
the solvent is required.
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Figure 5. Zero-field-cooled (ZFC) and field-cooled (FC) magnetization
curves of Co NPs produced by irradiation of Co2(CO)8 at a wavelength
of 355 nm the presence of 0.04 M OA and 0.02 M TOPO.
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Conclusion
In summary, using a novel method of pulsed laser irradiation
of Co2(CO)8, it has been possible to synthesize small (<5 nm)
Co NPs in a solution of DCB. Producing Co NPs of this size is
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