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Heusler Co2FeSn nanoparticles in a B2-type cubic structure were synthesised for the first time using a simple solution reduction method. X-ray
diffraction, a scanning electron microscope, an energy dispersive spectrometer and a vibrating sample magnetometer were used to characterise
the synthesised products. The crystal structure and composition of the samples vary with the concentration of potassium hydroxide, synthesis
temperature and reaction time. Magnetic measurement reveals that the obtained Co2FeSn nanoparticles are soft magnetic at room temperature.
The Co2FeSn nanoparticles synthesised in this work are magnetically superior and economically feasible for spintronic applications.
1. Introduction: The Co2YZ (Y = transition metals, Z = main
group element) Heusler compounds are of special interest for
applications as they exhibit a large saturation magnetisation and
high values of Curie temperatures. They are a remarkable class of
magnetic materials that hold the greatest potential to achieve
half-metallicity at room temperature and are also ideal for
spintronics [1, 2]. Up to now, a large number of Co2YZ
compounds have been synthesised and their structures and physical
properties have been investigated [3], however new properties and
potential fields of applications still emerge constantly.
As we know, magnetic nanoparticles have gained enormous

interest for applications in various fields such as data storage
devices, catalysis, drug delivery and biomedical imaging [4–6].
Nanoscale magnetic particles demonstrate many novel physical
and chemical properties mainly attributed to their small size and
high surface to volume ratio. Since the nanocrystal materials
exhibit structure and physical properties that are quite different
from their bulk counterparts, a breakthrough from the viewpoint
of materials design is the synthesis of nanoparticles of Heusler com-
pounds [7]. The investigation of Co2YZ nanoparticles would open
new directions for spintronic applications. However, up to now,
there are very few studies on the synthesis of Co2YZ nanoparticles.
It is only recently that Co2FeGa nanoparticles were successfully
synthesised by a wet impregnation method and their magnetic
and structural properties were investigated [8]. Co2FeGa nanopar-
ticles were found to exhibit the ordered L21 structure with a slightly
reduced lattice parameter compared with the bulk material. The
Co2FeGa nanoparticles are soft magnetic but slightly harder com-
pared with polycrystalline bulk material [8]. Ni2MnGa nanopar-
ticles with different crystallite size and crystal structure were
prepared by the ball-milling method combined with a post-
annealing process by Wang et al. [9]. The ferromagnetic
Ni2MnGa nanoparticles undergo various sequences of structural
phase transitions that are tailored by the crystallite size, atomic
order and intrinsic magnetic structure [9]. It was found that these
two kinds of Co2YZ nanoparticles have new structures and new
magnetic properties, which are completely different from their
coarse-grained counterparts.
Co2FeSn is a cheap Heusler alloy and is predicted to have consid-

erably large magnetic moment according to Slater-Pauling behav-
iour [10, 11]. To our knowledge, Co2FeSn nanoparticles have
never been synthesised before. In X2YZ Heusler compounds crys-
tallised in the cublic L21 ordered structure, the X atoms occupy the
Wyckoff position 8c (1/4, 1/4, 1/4), the Y and the Z atoms are
located at 4a (0, 0, 0) and 4b (1/2, 1/2, 1/2), respectively.
Depending on site exchangeability, various types of site disorders
have been identified. Complete disorder in X2YZ occurs when all
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sites are equivalent, resulting in the A2-type disorder [body-centred
cubic (bcc) lattice]. If only the Y and Z atoms are exchangeable, the
4a and 4b positions become equivalent, leading to a B2 ordered
structure (simple cubic lattice) [3]. In our present work, Co2FeSn
nanoparticles in the B2-type cubic structure have been obtained
using the solution reduction method. The influence of synthesis
temperature, concentration of potassium hydroxide (KOH) solution
and reaction time on the crystal structure and composition of the
samples have been studied. The relationship between the micro-
structure and magnetic properties of the samples are discussed.

2. Experimental: All chemical reagents were of analytical grade
and used as received without further purification. Firstly, 0.476 g
cobalt chloride (CoCl2·6H2O), 0.278 g ferrous sulphate
(FeSO4·7H2O) and 0.226 g stannous chloride (SnCl2·2H2O) were
dissolved in 10 ml water to obtain a mixed solution (solution 1).
NaH2PO2·H2O solution (10.599 g in 5 ml water) was added drop-
wise to 10 ml KOH solution (solution 2). Then, with solution 2
being vigorously stirred under bubbling Ar, solution 1 was added
drop-wise to solution 2. After the dripping process was
completed, the reaction was carried out under vigorous stirring at
various temperatures (25–55°C) for 5–150 h. Ar bubbling was
maintained during the experiment. Finally, the solution was
centrifuged at 10 000 rpm for 5 min. The collected particles were
washed several times with deionised water and ethanol,
magnetically separated and allowed to dry at room temperature.

The crystal structures of the samples were analysed by X-ray dif-
fraction (XRD) on a Rigaku D/max-2400 diffractometer with Cu Kα

radiation (λ = 1.54056 Å). The morphology of the samples was
observed on a HITACHI S-4800 scanning electron microscope
(SEM). For SEM observation, the powder was first dispersed in
ethanol and dripped onto a piece of wafer, then baked at 50°C for
several hours. Sample composition was measured by the energy
dispersive spectrometer (EDS). The magnetic properties of the
samples were studied by a Lake Shore 7304 vibrating sample
magnetometer at room temperature.

3. Results and discussion
3.1. Synthesis and structure: For the preparation of metal and alloy
nanoparticles, the solution reduction method has many advantages
as compared with other methods since it is a simple and low-cost
method and can yield new and metastable structures not
accessible using traditional methods [12, 13]. In theory, the
reduction of any metal with a standard electrode potential (E°)
more positive than −0.481 V, should be possible at room
temperature, given a sufficient excess of reducing agent and
proper control of pH [14]. Considering the E° value of Co2+ /Co,
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Table 1 Main experimental parameters for synthesis

Sample
no.

KOH concentration,
M

Synthesis
temperature, °C

Reaction time,
h

Composition ratio Co:
Fe:Sn

Saturation magnetisation MS,
emu/g

Coercivity HC,
Oe

1 25 25 150 2.0:1.06:0.21 141 68
2 20 25 150 2.0:1.05:0.18 132 143
3 15 40 150 2.0:1.00:0.33 118 74
4 15 55 150 2.0:1.16:0.47 92 68
5 15 25 5 –

6 15 25 60 –

7 15 25 100 2.0:0.92:0.56
8 15 25 150 2.0:1.02:0.93 82 40

The composition ratio Co:Fe:Sn, saturation magnetisation and coercivity of the samples.
Fe2+ /Fe and Sn2+ /Sn are −0.28, −0.447 and −0.14 V, respectively,
we used a solution reduction method for the preparation of Co2FeSn
nanoparticles in our present work. The synthesis was performed in
aqueous solution using inexpensive metallic salt resources and
sodium hypophosphite (NaH2PO2·H2O) as reducing agent.
Various concentrations of KOH solution, synthesis temperatures
and reaction time were used to synthesise Co2FeSn nanoparticles.
The main parameters for synthesis are shown in Table 1. The
average elemental composition of the samples determined by
EDS is also shown in Table 1. Fig. 1 shows the XRD patterns of
the samples synthesised at different experimental conditions as
shown in Table 1.

Fig. 1a shows the XRD patterns of the samples prepared using
different concentrations of KOH, namely 25, 20 and 15 M labelled
as samples 1, 2 and 8, respectively. For the samples prepared with
25 and 20 M KOH, the XRD patterns indicate the presence of char-
acteristic reflections of the bcc structure. The prominent diffraction
peaks at about 2θ = 43.8°, 64.1° and 81.0° corresponded to scatter-
ing from (110), (200) and (211) crystal planes, respectively. For the
sample prepared using 15 M KOH solution (sample 8), the superlat-
tice reflection (100) at 2θ = 30.4° is present which indicates the B2
ordered structure [15]. The diffraction pattern of sample 8 was con-
sistent with the theoretical XRD pattern of Co2FeSn, which was
simulated under the assumption of a B2 ordered structure
(Fig. 1d ). Our results indicate that with the increase of KOH con-
centrations, the structure of the products changed from B2-type
ordered structure to bcc disordered structure. With the increase of

Figure 1 XRD patterns
a Samples 1, 2 and 8
b Samples 3, 4 and 8
c Samples 5, 6, 7 and 8
d Sample 8, tick marks below the pattern show the positions of the allowed
Bragg reflection and the relative intensities of the reflections for Co2FeSn,
which were simulated under the assumption of B2-ordered structure
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KOH concentrations, the reaction kinetics increases [16], this will
be of benefit for the formation of the disordered structure.
Meanwhile, the major diffraction peak (110) of sample 8 shifted ob-
viously towards the left compared with samples 1 and 2, which indi-
cates the increased lattice constant of sample 8. According to the
EDS results in Table 1, the composition ratios of Co:Fe:Sn are
2.0:1.06:0.21 and 2.0:1.05:0.18 for samples 1 and 2, respectively.
For sample 8, the composition ratio of Co:Fe:Sn is 2.0:1.02:0.93,
which is within experimental error of the nominal 2:1:1 compos-
ition of Co2FeSn. As the content of the Sn atom in sample 8 is
more than those in samples 1 and 2, the lattice dilatation is reason-
able since the radius of the Sn atom is larger than that of Fe and Co.

Fig. 1b shows the XRD patterns of the samples synthesised at dif-
ferent temperatures. For the sample prepared at room temperature
(sample 8), the XRD data indicates a B2-type cubic structure of
the prepared Co2FeSn nanoparticles as described before. When
the synthesis temperature was increased to 40°C (sample 3) and
55°C (sample 4), besides the characteristic diffraction peaks
(110), (200) and (211) of the bcc structure, several weak diffraction
peaks occur, as marked by ‘#’, and were assigned to a small amount
of Co(OH)2 in the sample. It indicated that the increased synthesis
temperature led to the appearance of Co(OH)2 in the sample.
Although the increased synthesis temperature can accelerate the
reaction rate, however, the solution becomes unstable at higher tem-
perature, where cobalt hydroxides will precipitate during the
process [17].

Fig. 1c shows the XRD patterns of the samples synthesised using
different reaction times at room temperature using 15 M KOH solu-
tion. When the reaction time is 5 and 60 h (samples 5 and 6), the
main phase is Co(OH)2. When the reaction time was increased to
100 h (sample 7), the diffraction peaks of Co(OH)2 nearly disap-
peared. The main diffraction peaks of the bcc structure appear at
2θ = 44.3°. When the reaction time was increased to 150 h
(sample 8), the superlattice reflection (100) at 2θ = 30.4° is
present which indicates the B2 ordered structure of the prepared
Co2FeSn nanoparticles as described before. With the increase of
the reaction time, the atoms may have enough time to enter the spe-
cific structure position, this is beneficial to the formation of the
ordered B2 structure. Besides, the major diffraction peak (110) of
sample 8 shifted obviously towards the left which indicates the
increased lattice constant as compared with sample 7. From
Table 1 we can see that when the reaction time was increased
from 100 to 150 h, the composition ratio of Co:Fe:Sn changed
from 2.0:0.92:0.56 to 2.0:1.02:0.93. The content of Sn atoms in
the sample increased with increasing reaction time. As the
content of Sn atoms in sample 8 is more than those in sample 7,
the lattice constant of sample 8 increases since the radius of the
Sn atom is larger than that of Fe and Co.

Hence, our results show that the synthesis temperature, concen-
tration of KOH solution and reaction time are the key parameters
determining the structure and composition of the final products.
B2-type cubic Co2FeSn nanoparticles with nominal 2:1:1
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Figure 2 SEM micrograph and EDS result of sample 8
a SEM micrograph
b EDS result of sample 8
composition (sample 8) can be obtained at 25°C by the solution
reduction method, using a 15 M KOH solution and a reaction
time of 150 h. Fig. 2 shows the SEM image and EDS result of
sample 8. The particles are nearly spherical and are well dispersed.
The particle size is in the range of 20–40 nm.
The possible reaction process for the synthesis of Co2FeSn nano-

particles can be described as follows [17, 18]:

Co2+ + H2PO
−
2 + 3OH− � Co+ HPO2−

3 + 2H2O (1)

Fe2+ + H2PO
−
2 + 3OH− � Fe+ HPO2−

3 + 2H2O (2)

Sn2+ + H2PO
−
2 + 3OH− � Sn+ HPO2−

3 + 2H2O (3)

2Co+ Fe+ Sn � Co2FeSn (4)

3H2PO
−
2 � H2PO

−
3 + H2O+ 2OH− + 2P (5)

H2PO
−
2 + H2O � H2PO

−
3 + H2 (6)

At the start of the experiment, Co2 + , Fe2 + and Sn2 + were reduced to
Co, Fe and Sn atoms by reducing agent NaH2PO2·H2O, according to
reactions (1)–(3), respectively. Then, the active Co, Fe and Sn atoms
will react with each other and Co2FeSn is formed. From the above
chemical reactions (1)–(3), KOH is found to play a major role in
reducing metal ion to metal atom. The OH− helps in adjusting the
reduction potential of the species as well as controlling the reaction
rate [19, 20], which results in the co-reduction of Co2 + , Fe2 + and
Sn2 + while Co2FeSn were synthesised in situ. From the above chem-
ical reactions (5) and (6), it can be seen that hydrogen and phosphorus
are the by-products. Hydrogen forms bubbles and leaves the solution
during the reaction, phosphorus is washed away.

3.2. Magnetic properties: Fig. 3 shows the magnetic hysteresis
loops of samples 1, 2, 3, 4 and 8 measured at room temperature,
from which the magnetic parameters such as saturation
magnetisation (MS) and coercivity (HC) are determined, and the

Figure 3 Magnetic hysteresis loops of
a Samples 1, 2 and 8
b Samples 3, 4 and 8
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results are listed in Table 1. It can be seen from Fig. 3 that all the
samples are ferromagnetic at room temperature. From Table 1 we
can see that the MS of sample 8 is lower than those of samples 1
and 2. It is considered that the magnetic properties of the samples
are affected by the chemical composition and crystal structure of
the sample. According to the EDS results in Table 1, the large
content of non-magnetic Sn in sample 8 caused decreasing of MS.
Furthermore, the enlarged value of MS of samples 1 and 2 can be
attributed to disorder [21, 22]. As described in Section 3.1, XRD
results have indicated the disordered A2 structure (bcc) of
samples 1 and 2 and the ordered B2 cubic structure of sample
8. Wurmehl et al. [22] calculated the magnetic moments for
different kinds of disorder of Co2FeAl and reported that the
increase of the magnetic moment in the disordered A2 structure
emerges mainly from an increase of the magnetic moment of the
Co atoms. From Table 1 we can also see that the MS of sample 8
is lower than those of samples 3 and 4. Although the small
amount of Co(OH)2 in samples 3 and 4 would cause decreasing
of MS, the lower content of non-magnetic Sn and the disordered
structure of samples 3 and 4 would lead to a larger value of MS

as discussed above.
As the stoichiometric Co2FeSn nanoparticles with the B2-type

cubic structure have never been synthesised before, we pay more at-
tention to the magnetic properties of sample 8. From Table 1 we can
see that the saturation magnetisation and the coercivity of sample 8
are 82 emu/g and 40 Oe, respectively. Accordingly, the magnetic
moment per unit cell is calculated to be 4.31 μB, which is lower
than the theoretically calculated value of 5.53 μB for the Co2FeSn
compound [11]. The value of MS is comparable with most of
bulk Co2YZ Heusler compounds [23]. Compared with previous
reports about the Heusler Co2FeGa nanoparticles prepared by
Basit et al. [8] which have a magnetic moment of 4.77 μB and
HC of 7.7 KA/m at room temperature, the values of MS and HC

of the Co2FeSn nanoparticles (sample 8) are smaller.
Furthermore, the coercivity of sample 8 is lower than previous
reports about the FeCo nanoparticles using the polyol process
[24–26]. The low coercivity of the Co2FeSn nanoparticles syn-
thesised using the low-cost solution reduction method being
reported in the present work, makes them viable for many applica-
tions in the engineering and technology industries.

4. Conclusions
Co2FeSn nanoparticles in the B2-type cubic structure with nominal
2:1:1 composition can be obtained at 25°C by the solution reduction
method, using a 15 M KOH solution and a reaction time of 150 h.

As the concentration of KOH is increased from 15 to 25 M, XRD
results indicate phase transition from the B2-type cubic structure to the
bcc structure, the content of Sn in the sample decreases, and the value
of MS increases.
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As the synthesis temperature is increased from 25 to 55°C, phase
transition from the B2-type cubic structure to a mixture of bcc and
Co(OH)2 phase is observed.

When the reaction time is decreased from 150 to 5 h, the phase
structure of the sample obviously changes from the B2-type cubic
structure to the bcc structure and then to Co(OH)2, the content of
Sn in the sample increases.

The obtained Heusler Co2FeSn nanoparticles with the particle
size of 20–40 nm are ferromagnetic at room temperature and have
the MS of 82 emu/g and HC of 40 Oe. The Co2FeSn nanoparticles
synthesised using the low-cost solution reduction method in our
work are magnetically superior and economically feasible for
technological applications.
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