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Abstract
CoFe2O4 nanoparticles with a cubic spinel structure are prepared by a high-temperature thermal decomposition method. The average
particle sizes are 4.6 and 5.7 nm for CoFe2O4 made with two kinds of solvents by TEM. Mössbauer spectra of 4.6 nm particles displayed
a superparamagnetic behavior as demonstrated by a single line with zero hyperﬁne ﬁelds, but that of 5.7 nm particles did not at room
temperature. It is considered that anisotropy energy was still more superior to thermal energy because of particle size of 5.7 nm CoFe2O4.
Furthermore, Mössbauer spectra exhibited the typical spectrum shapes of the CoFe2O4 at 4.2 K. The spectrum at 4.2 K was ﬁtted using
two magnetic components of hyperﬁne ﬁelds H hf ¼ 540:4; 512:6 kOe and isomer shifts d ¼ 0:40; 0:30 mm/s for 4.6 nm and
H hf ¼ 542:7; 512:8 kOe and d ¼ 0:41; 0:29 mm/s for 5.7 nm corresponding to Fe3+ ions at site A and site B, respectively.
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Keywords: Mössbauer; Superparamagnetic relaxation; Nanoparticles

1. Introduction
The oxide-based magnetic nanoparticles have been
investigated by many researchers because of the interesting
particular magnetic properties such as superparamagnetic
relaxation phenomena, surface effect by spin-canted
structure, magneto-electrical transport and so on [1,2].
They also have immense potential for applications in the
areas of high-density data storage, ferroﬂuids, magnetic
resonance imaging, color processing, and magnetic refrigeration [3]. The superparamagnetic behavior has often been
appeared in the magnetic nanoparticles with a few nanometers. The interest in this area is the effect of magnetic
interactions on the relaxation time or frequency of the
magnetic moments of the nanoparticles. Presently, various
theories exist for analyzing temperature-dependent magnetic properties of nanoparticles.
The superparamagnetic relaxation analysis by SQUID
or Mössbauer spectroscopy for CoFe2O4 nanoparticles has
been reported by some researchers, but the complementary
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analysis is needed because they have not explained a few
problems perfectly. Therefore, we report results of a study
on the superparamagnetic relaxation effect of CoFe2O4
nanoparticles, speciﬁcally in the correlation between
temperature and magnetic properties by a vibrating sample
magnetometer (VSM) and Mössbauer spectroscopy.

2. Experimental
CoFe2O4 nanoparticles are made by a high-temperature
thermal decomposition method with iron(III) acetylacetonate [Fe(acac)3] and cobalt (II) acetate [Co(Ac)]. When
Co(Ac) was partially substituted for Fe(acac)3 in a 1:2 ratio
in two kinds of solvents with a different boiling point,
CoFe2O4 nanoparticles with the two different average sizes
of 4.6 and 5.7 nm were formed. As solvents, the phenyl
ether and benzyl ether were used in this experiment.
Fe(acac)3 and Co(Ac) were mixed in both phenyl ether and
benzyl ether for synthesizing CoFe2O4 nanoparticles. In
addition, 1,2-hexadecanediol was added in the solvent
during this chemical process. Due to the chemical potential
during synthesis, CoFe2O4 nanoparticles with a smaller size

