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ticles. As shown, markers 1 and 2 had large fraction and mB. On the other
hand, fraction of the Brownian-type particles was small in the case of sam-
ple 3, though mB was large. Using these results, we can evaluate the markers
suitable for liquid-phase immunoassay.

Table I. Parameters of the markers, Here, dh and τB are the hydrody-
namic diameter and the Brownian relaxation time of the markers.

Fig. 1. Magnetic moment distribution of sample 1.
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A core-shell combination of hard and soft magnetic materials can be more
effective than singular magnetic nanoparticles can be in hyperthermia[1,2].
In this study, core-shell nanoparticles, having hard ferrite CoFe2O4 as a core
and soft ferrite MnFe2O4 as a shell, were prepared by a high temperature
thermal decomposition method to achieve high efficiency in hyperthermia
effect. From the Rietveld refinement analysis of the x-ray diffraction pattern,
the structure of CoFe2O4<@>MnFe2O4 was determined to be cubic spinel
with space group of Fd-3m. The lattice constant a0 and molecular ratio of
CoFe2O4 core and MnFe2O4 shell were 8.3858, 8.3954 Å and 40.25 %, 59.75
%, respectively. Based on Scherrer equation, the average particle size was
around 14 nm, which is in good agreement with FE-SEM measurements. The
saturation magnetization and coercivity at 295 K were 67 emu/g and 229 Oe,
respectively. The heating temperature of CoFe2O4<@>MnFe2O4 nanoparti-
cle was characterized by a magnetherm device. At 50 kHz and 25 mT, the
temperature reached up to 133 oC as shown in Fig. 1. Figure 2 shows the
Mö ssbauer spectra taken at 4.2 K with applied field ranging from 0 to 5 T.
Based on the isomer shift values, the valence state of Fe ions have been
determined to be ferric. The splitting of the hyperfine patterns at A and B sites
was observed at 5 T. From the area ratio analysis under 5 T, the area ratio
between the A and B sites was determined to be 3 : 7. Also, the line-broad-
ening of absorption lines was observed due to core-shell structure. The cant-
ing angle between the applied field and the hyperfine field averaged over A
and B sites increased from 15o to 44o as the field decreased from 5 to 1 T,

suggesting non-collinear spin ordering. We have observed much higher heat-
ing temperature than other typical magnetic nanoparticles and the corre-
sponding magnetic properties responsible for such high heating temperature
can be explained by Mö ssbauer spectroscopy.
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Fig. 1. The heating temperature of CoFe2O4<@>MnFe2O4 at 50 kHz and
25 mT.

Fig. 2. Mössbauer spectra of CoFe2O4<@>MnFe2O4 at 4.2 K, under
applied magnetic field from 0 to 5 T.
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The aim of this work is to develop new low-Tc magnetic implant materials
with a high heat generation for hyperthermia treatments based on a new class
of Mn1+xTixFe2-2xO4 spinel ferrite. Magnetic Mn1+xTixFe2-2xO4 ferrites were
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