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Superparamagnetism in FeCo nanoparticles
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Superparamagnetism is an important physical property of a certain kinds of nanoparticles and these particles have attracted interest because of

their applications in the technological world and medical fields. In this work, the author reports the synthesis of iron cobalt (Fe60Co40) and

Manganese (Mn) incorporated FeCo compound nanoparticles by a simple inert atmosphere reductive decomposition method. The synthesized

nanoparticles were characterized by transmission electron microscopy (TEM), X-ray diffraction technique (XRD), selected area electron diffrac-

tion (SAED), energy dispersive X-ray analysis (EDX) and Fourier transform infrared (FTIR) spectroscopic method. The magnetic properties of

the particles have been studied with a magnetometer (SQUID).
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1. Introduction

Nanoparticles have now turned from theoretical interest to application in the technological world. In these years
nanomagnetic particles have drawn special attention because of their recording ability and use as perpendicular
magnetic memory and biomedical applications such as hyperthermia, magnetic resonance contrast enhancement
and drug delivery etc. [1]. The nanoparticles, which show high magnetic moment are a better candidate, as far as
the applications are concerned. The FeCo nano particle has such ability, but the main task is its preparation and
stability. Many investigators have prepared nanoparticles of FeCo compounds using different techniques.

They have used chemical and physical methods for the growth of nanoparticles. Most of the physical methods
require substrates [2–6]. For the fabrication of perpendicular recording media, substrate is applicable, but for the
biological application individual nanoparticles are more reliable.

This paper reports the preparation of multifunctional nanoparticles of Fe1−xCox and Mn-incorporated com-
pounds by a reductive decomposition-based reflux method using suitable stabilizers and surfactants. We have
prepared three compositional compounds containing iron and cobalt as well iron, cobalt and manganese. All
these synthesized materials were characterized by X-ray diffraction (XRD), selective area electron diffraction
(SAED), Fourier transform infrared spectroscopy (FTIR), energy dispersive X-ray (EDX) and transmission electron
microscopy (TEM). The magnetic properties of the materials studied using SQUID magnetometer.

2. Synthesis

The Fe1−xCox compounds, Mn incorporated nanoparticles were prepared using a modified method reported
by Sun et al. [2]. Here, we used Fe(acac)3 and Co(acac)2, Mn(acac)2 as precursors. Reductive decomposition of
these was achieved by using benzyl ether as solvent medium, 1-octadecene as reducing agent and oleic acid as
surfactant and oleylamine as stabilizer. The growth temperature was fixed at 240 ◦C. To avoid oxidation during
nanoparticle growth, the reaction chamber was blanketed with argon. Care has been taken for the collection of the
nanoparticles and washing of the nanoparticles to avoid the surfactants and stabilizers. But it was found to be very
difficult to completely rinse the surfactants and stabilizers from the nanoparticles.

The shape of the nanoparticles depended on the growth temperature, whereas it had nothing to do with the
composition and size of the particles. But it is very difficult to control the size of all the particles in this case. In
our studies, we have fixed the above temperature for obtaining the maximum product. In all the compositions, the
particle size found was to be less than 10 nm.
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3. Experiments

3.1. X-ray diffraction (XRD)

XRD is the most primary technique to analyze the crystalline nature of the material. A Rigaku X-ray
diffractometer has been utilized for the studies. All the three compounds shows the crystal structure is body
centered cubic (bcc). Since the particle size is too small, the spectral broadening is evident. The peaks at (110)
and (200) peaks are visible. TEM-electron diffraction studies were also utilized to confirm the crystalline nature
of the compounds.

3.2. Infrared Spectroscopy

During the preparation of the compounds, organic chemicals like oleic acid and oleylamine were utilized.
Even though proper washing has been done for the particles, there is a finite possibility that these molecules can
be found on the surface of the nanoparticles. The IR spectrum of all the particles shows, the absorption bands. It
is very difficult to wash out all the surfactants, and there is a strong attachment between the compound particles
and these molecules. Fig. 1 shows the IR spectrum for one sample of the compounds.

FIG. 1. TEM image of FeCo nano particles

For oleic acid, whose formula is (CH3(CH2)7CH = CH(CH2)7COOH), the following pattern was observed:
the vibration is assigned at C–C (either COOH- or CH3-sided) stretching. The difference observed is probably due
to C=C bonding. In the spectrum of the broad, strong band at 1161 cm−1 flanked by weaker bands at 1238 and
1118 cm−1.

3.3. Energy Dispersive X-ray Analysis (EDX)

The percentages of the Fe and Co present in all the prepared compound nanoparticles were measured using
EDX technique. During synthesis we have approximated the ratio by varying the molar ratio of the precursors.
Table 1, gives the ration of the final compositions of the Fe1−xCox compounds. From these results, we observed
that the Fe ion is dominant in the compound formation and the single phases will be observed during these ratios
only.

TABLE 1. Ration of the expected and actual compositions for Fe1−xCox compounds

No of compound
combinations

Molar ratio of the metal
precursors used

Molar ratio of the metal actually
present in the compounds as per EDX

Fe Co Fe Co

1 0.60 0.40 0.65 0.35

2 0.50 0.50 0.60 0.40

3 0.40 0.60 0.55 0.45
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3.4. Transmission Electron Microscopic Studies (TEM)

The TEM images of the prepared nano particles are shown in Fig. 1. The Fe1−xCox compounds (x = 0.35,
0.40, 0.45).

The coercivity was found to be 0. Fig. 2 shows the room temperature hysteresis loops of the Fe60Co40
compound nanoparticles. We took same weight (0.1 mg) of both compound particles for SQUID studies It is
found that due to the incorporation of Mn, the magnetic behavior of the materials were drastically changed and
the magnetic moment was reduced, due to the incorporation of Mn ions. Fig. 2 shows the M/Ms Vs H graph of
synthesized materials.

FIG. 2. Hysteresis loop of (a) Fe60Co40 and (b) Fe65Co30Mn5 compound nanoparticle (size: 4 – 5 nm)

4. Conclusion

Well defined nanoparticles of FeCo and Mn incorporated FeCo compound were synthesized by a reductive
decomposition-based reflux method. Uniformly sized nanoparticles of size 4 – 5 nm have been well characterized.
The magnetic properties were attenuated due to the incorporation of Mn ion. Both the compound particles showed
super paramagnetic behavior at room temperature.
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