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In the presence of ionic compounds, the thermal decomposi-
tion of octacarbonyldicobalt, Co2(CO)8, in an inert solvent
leads exclusively to ε-Co nanocubes. The ionic species can
be added directly or generated in situ by a chemical reaction

Introduction
Only very recently, we have investigated in detail the ther-

mal decomposition of decamethylstannocene, (Me5C5)2Sn,
in organic solvents, which resulted in the formation of dif-
ferent morphologies of nanostructured β-tin particles. Sur-
prisingly, the presence of ionic additives during the thermol-
ysis led exclusively to the formation of cubes with controlla-
ble size.[1] In the context of our ongoing interest in the in-
vestigation of the magnetic properties of cobalt nanopar-
ticles prepared from the thermal decomposition of octacar-
bonyldicobalt, Co2(CO)8, in organic solvents,[2–4] we now
investigated the influence of ionic additives on the mor-
phology of cobalt nanoparticles. The effect of ionic com-
pounds as additives on the decomposition of Co2(CO)8 has
not been described in the literature so far, though this syn-
thetic strategy represents a classical procedure[5–7] for the
preparation of Co nanoparticles,[8–16] together with the de-
composition of other organometallic precursors[17] and with
the reduction of cobalt salts.[18–22] Very recent studies have
shown that changing the shape of cobalt nanoparticles from
spherical to cubic can fundamentally change their magnetic
behavior.[15,23–25] Here we describe our observation that the
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between an additive and the precursor or between two addi-
tives. The additional presence of an inhomogeneous mag-
netic field leads to disc-shaped crystalline nanoparticles,
which assemble to chains.

decomposition of Co2(CO)8 in the presence of ionic addi-
tives leads exclusively to Co nanocubes with average edge
lengths between 35 and 95 nm, depending on the reaction
conditions. For shape control, it is not important whether
the ionic additive is present already from the beginning or
formed only during the thermal decomposition.

The influence of an external magnetic field during the
synthesis of cobalt nanoparticles[26–29] and the self-organi-
zation of cobalt nanoparticles under the influence of an ex-
ternal magnetic field[15,14] are documented in the literature.
One-dimensional assemblies have been observed in all cases,
and the resulting physical effects have been studied. To the
best of our knowledge, the influence of an external mag-
netic field applied during the thermal decomposition of
Co2(CO)8 has not been studied so far.[30] Here we describe
the effect of an additional weak external field, which leads
to a change in the shape of the cobalt nanoparticles from
cubes to discs, which are self-organized to chains.

Results and Discussion

An overview of the performed experiments with a sche-
matic representation of the particle shapes obtained to-
gether with a collection of TEM images is presented in Fig-
ure 1. The respective XRD patterns are collected in Fig-
ure 2. The magnetic properties of the Co nanoparticles
correspond to those already described in the litera-
ture[11,15,20] and will not be discussed.[31]

The influence of the following additives has been investi-
gated: (1) cetyltrimethylammonium bromide (CTAB),
(2) benzylpyridine (BPy), and (3) mixtures of oleic acid
(OS) and oleylamine (OA).
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Figure 1. Schematic overview of the morphologies of Co nanoparticles obtained by the thermal decomposition of Co2(CO)8 under the
influence of ionic additives with and without an external magnetic field and under the influence of non-ionic additives. TEM images
show the respective morphologies. The chosen additives are: (a) cetyltrimethylammonium bromide (CTAB; the cubic structure of some
particles is exemplarily marked), (b) 4-benzylpyridine (BPy), (c and d) an OS/OA mixture in the absence (c) and in the presence of a
magnetic field (d), (e) OA, and (f) OS.[8] Scale bar: 50 nm. Additional TEM images with higher magnification are presented in section B
of the Supporting Information.

Figure 2. XRD patterns[33] of cobalt nanoparticles with various
morphologies synthesized by the thermal decomposition of
Co2(CO)8 in the presence of (a) cetyltrimethylammonium bromide
(CTAB), (b) 4-benzylpyridine (BPy), (c and d) an OS/OA mixture
() in the absence (c) and in the presence of a magnetic field (d), (e)
OA, and (f) OS.

Cetyltrimethylammonium Bromide (CTAB)

The synthesis of Co nanoparticles in the presence of
CTAB (0.16 mm) led to the formation of small nanocubes
of ε-Co with an edge length of 4.1�1.9 nm (TEM image
in Figure 1a and XRD pattern in Figure 2a). The XRD
pattern indicates small contributions of fcc cobalt(II) oxide
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as a result of oxidation at the particle surface during the
measurement. The crystallite size was determined as
34.9 nm.[32]

Benzylpyridine (BPy)

The synthesis of Co nanoparticles in the presence of BPy
(0.12 mmol) led to the formation of nanocubes of ε-Co
with an average edge length of 57.6�21.5 nm (TEM image
in Figure 1b and XRD pattern in Figure 2b). The crystallite
size of 26.3 nm indicates a polycrystalline texture.

During the usual work-up, a deep green solution was ob-
tained after centrifugation. The conductivity of this solu-
tion was measured to be 0.5 μScm–1. Evaporation of the
solvent led to an air-sensitive, viscous, red-brown residue.
Its IR spectrum shows absorptions at 1895, 1863 and
1701 cm–1, which can be assigned to the Co(CO)4

–

unit.[34–36] Hieber has reported that Co2(CO)8 dispropor-
tionates with pyridine (Py) already at room temperature to
give the red-brown salt [CoPy6]2+[Co(CO)4]–2.[37] We con-
clude that, during the synthetic procedure (see Experimen-
tal Section) the soluble ionic compound [Co(BPy)6]2+-
[Co(CO)4]–2 is formed in addition to the Co nanocubes (for
further details, see section C of the Supporting Infor-
mation).

Mixtures of Oleic Acid (OS) and Oleylamine (OA)

The synthesis of Co nanoparticles in the presence of a
mixture of OS (0.12 mmol) and OA (0.12 mmol) led to the
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formation of polycrystalline nanocubes of ε-Co with an
average edge-length of 68.6�14.0 nm (TEM image in Fig-
ure 1c and XRD pattern in Figure 2c). The average crystal-
lite size was determined to be 22.2 nm (Figure 2c). Other
OS/OA ratios also led to the formation of nanocubes. Inter-
estingly, the size of the nanocubes strongly depends on the
OS/OA ratio: Figure 3 shows that the average edge-length
decreases with an increase of the OA component.

Figure 3. Edge length of Co nanocubes (squares) and diameter of
Co nanodiscs (dots) depending on the mixing ratio of the additives
(OS/OA). Nanocubes (in the absence of a magnetic field; squares)
and nanodiscs (in the presence of a magnetic field; dots) were ob-
tained.

The synthesis of Co nanoparticles in the presence of only
a single additive (long-chain amine or carboxylic acid) has
already been described in the literature in detail: The use of
hexadecylamine (HDA) as additive leads to polycrystalline
hcp-Co spheres and that of OS to monocrystalline ε-Co
spheres.[11] For comparison, we have performed similar ex-
periments with OA (0.32 mmol) and with OS (0.52 mmol)
as single additives. As expected, the formation of spherical
nanoparticles was observed. In the presence of OA, small
crystallites of fcc-Co are formed, which aggregate to larger
particles (27.7 �13.1 nm, Figures 1e and 2e). In the pres-
ence of OS, polycrystalline Co particles are observed
(4.3� 1.1 nm, Figures 1f and 2f). The small particles and
the resulting broad Bragg reflections do not allow a struc-
ture assignment.

In mixtures of organic carboxylic acids and amines, the
formation of the corresponding salts is expected (RCOOH
+ RNH2 i RNH3

+ + RCOO–). The presence of ionic spe-
cies has been confirmed by IR spectroscopic and conductiv-
ity measurements. In IR spectroscopic studies of the system
OS/OA, vibrations assignable to the COOH unit appear in
pure OS at 1703 and 933 cm–1, whereas vibrations assign-
able to the COO– unit in the corresponding salt formed in
an OS/OA mixture appear at 1557 and 1396 cm–1 (for fur-
ther details see section D of the Supporting Information).
Conductivity measurements in the OS/OA system were not
conclusive because of the restricted ion mobility. Alterna-
tively, we have measured the conductivity of the system con-
sisting of hexanoic acid (HS) and hexylamine (HA). A mix-
ture of 3 mmol HS and 3 mmol HA in 12 mL 1.2-dichloro-
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benzene showed a conductivity of 1.2 �0.3 μS cm–1 at
30 °C, which increased linearly with increasing temperature
up to 2.3 �0.3 μS cm–1 at 100 °C (see section C of the Sup-
porting Information). As expected, solutions of the pure
components did not show any conductivity.

Weak Magnetic Field during Synthesis

The influence of a weak magnetic field on the shape of
the Co particles was investigated exemplarily in a system
containing an OS/OA mixture as additive. The synthesis
was performed in the presence of a heterogeneous magnetic
field of 0.03 T. A permanent magnet (Nd2Fe12B,
30�5 �10 mm) was positioned horizontally underneath
the reaction flask. Nanodiscs of ε-Co with an average dia-
meter of 9.1�2.3 nm and with an average thickness of
4.5� 1.8 nm were formed. The discs are organized in form
of chains by magnetic dipole interactions.[10,11] Tilted chain
segments confirm the existing disc shape (Figure 1d). The
disc size is influenced only to a small extent by the OS/
OA ratio; the size increases with the increase of the OA
component (Figure 3). XRD investigations prove the pres-
ence of monocrystalline Co with a crystallite size of 5.8 nm
(Figure 2d). A structure assignment (ε- or hcp-Co) remains
uncertain because of broad Bragg reflections.

Conclusions

Our experiments clearly show that the presence of ionic
species and of magnetic fields during the thermal decompo-
sition of Co2(CO)8 allows to control the morphology of the
resulting Co nanoparticles. Ionic additives lead exclusively
to the formation of nanocubes. The ionic species are added
in the form of a stable salt (CTAB) or are formed by a
chemical reaction between the additive and the precursor
molecule [BPy/Co2(CO)8] or between additives (OS/OA). In
the OS/OA additive system, the additional presence of a
weak inhomogeneous magnetic field leads to the formation
of nanodiscs, which assemble to chains.

Only very recently, Scariot et al. have observed that
nanocubes are formed in the thermal decomposition of
Co2(CO)8 performed in an ionic liquid as solvent.[16] Our
experiments demonstrate that an inert organic solvent and
the presence of ionic additives is sufficient to initiate a com-
parable selectivity in particle formation. Puntes et al. have
reported that the thermal decomposition of Co2(CO)8 in
the presence of the additive mixture OS/HDA leads to hcp-
Co nanodiscs.[11] We assume that a magnetic stirring bar
has been used in these experiments.[38] According to our
observations, the weak inhomogeneous magnetic field of a
stirring bar is sufficient to induce a change in shape from
nanocubes to nanodiscs.

In future work, the mechanisms that are responsible for
the influence of electric charges and heterogeneous mag-
netic fields on the formation of anisotropic nanoparticles
have to be investigated in detail. With regard to the influ-
ence of electric charges, we suppose that a mechanism sim-
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ilar to that observed for the formation of tin cubes in the
presence of ionic additives is operative.[1] Concerning the
influence of magnetic fields, the underlying effect is not yet
understood. The presence of paramagnetic intermediates
during the formation of the particles is indicated. In the
literature, there are hints for the existence of paramagnetic
species in the thermal decomposition of Co2(CO)8.[39,40]

In a more general context, investigations need to be car-
ried out to determine whether our results on the control of
the shape of tin and cobalt particles formed can be trans-
formed to other chemical systems used for the preparation
of nanoparticles.[41]

Experimental Section
Synthesis and Characterization of the Cobalt Nanoparticles and the
Additive Mixtures

In an argon atmosphere, a solution (3 mL) containing 1,2-dichloro-
benzene and the respective additive were heated to 182 °C by a
hemispherical heating mantle while stirring with a sealed mechani-
cal stirrer. Then, a solution of Co2(CO)8 in 1,2-dichlorobenzene
(1 mL, 0.28 mmol) was quickly injected. After a reaction time of
15 minutes, the black colloidal particle suspension obtained was
treated by following a usual work-up procedure: addition of aceto-
nitrile (6 mL), centrifugation [3 min relative centrifugal force
(RCF) 7500 ms–2], substitution of the supernatant solution by pure
1.2-dichlorobenzene and redispersion. Transmission electron mi-
croscopy (Philips CM 200 TWIN) was used to characterize the
morphology of the as-prepared nanoparticles, while X-ray diffrac-
tion (Philips X’pert) was used to characterize their crystalline struc-
ture and to determine the crystallite size with the help of the
Scherrer equation.

The TEM samples were prepared by applying a drop of the particle
solution (0.1 μL) on the carbon-coated copper grid, removing parts
of the particle solution by a filter paper, and drying the remaining
liquid film under vacuum. The XRD samples were prepared by
applying the particle solution (250 μL) on a Si-111 wafer
(10�10 mm) and removing the solvent in the vacuum.

IR spectroscopy (Bruker Vektor 22) and conductivity measure-
ments (Schott CG853) were used to characterize the additive mix-
tures. Further experimental and analytical details are given in the
Supporting Information.

Supporting Information (see footnote on the first page of this arti-
cle): Preparation of the cobalt particles, transmission electron mi-
croscopy of the cobalt particles, identification of hexa(4-benzylpyr-
idine)cobalt(II) bis(tetracarbonylcobaltate), and IR spectroscopy
and conductivity measurements of the additive mixtures.
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