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<Introduction>
The ferrite magnetic nanoparticles (NPs) have long been studied with scientific and technological
interests, especially, for catalysts, high density magnetic storage and biosensors [1-3]. Recently,
these NPs have shown the novel magnetic properties due to their small sizes [3]. Specially, spinel
ferrites, MFe2O4 (M=Mn, Co, Ni, Cu, Zn, etc.) are interesting not only in recording and microwave
applications but also in the fields of hyperthermia, target drug delivery, and the magnetic resonance
imaging (MRI) [4,5].
In this study, we have prepared the M1-xZnxFe2O4 (M=Mn, Ni: x=0.5, 0.8) NPs using high temper-
ature thermal decomposition. We have also measured and analyzed the magnetic and hyperthermic
properties of synthesized NPs.
<Experiment>
The transition metal doped M1-xZnxFe2O4 (M=Mn, Ni: x=0.5, 0.8) NPs were prepared by a high
temperature thermal decomposition process [2]. Manganese(III) acetylacetonate, nickel acetylace-
tonate, zinc(II) acetylacetonate, and iron(III) acetylacetonate were used as starting materials to fab-
ricate uniform NPs. The starting materials with 1,2-hexadecanediol were mixed in benzyl ether and
the mixture was heated up to 298 oC to dissolve and form the M1-xZnxFe2O4 (M=Mn, Ni: x=0.5,
0.8) NPs, and maintained for 30 min. Then, the temperature was downed to 200 oC and maintained
for 1h to uniformly disperse the NPs. Then, it was cooled down to room temperature (RT). The
crystal structures of the samples were examined by x-ray diffraction (XRD) patterns with Cu-Kα
radiation (λ = 1.5406 Å). Also, field emission scanning electron microscope (FESEM) was meas-
ured to confirm the XRD measurement on the particle size. Magnetic measurements were per-
formed with vibrating sample magnetometer (VSM). The hyperfine interaction between the Fe and
its environment in the crystal lattice was characterized by field induced Mössbauer spectroscopy
with external field of 5 T, which used conventional spectrometer with a 57Co source in a rhodium
matrix. Hyperthermia properties were performed by magneTherm device with 50 kHz frequency
and 25 mT external magnetic field.
<Results and Discussion>
The crystal structure of synthesized NPs was cubic spinel with space group of Fd3m by x-ray dif-
fraction (XRD). From FESEM measurements and Scherrer equation, we have obtained the average
diameter of particles to be 19 ± 1 nm for Mn1-xZnxFe2O4 (x=0.5, 0.8), and 11 ± 1 nm for Ni1-

xZnxFe2O4 (x=0.5, 0.8) as shown in Fig. 1. The hysteresis loops were measured using VSM with
maximum applied field of 1.5 T at RT. The values of magnetization (Ms) are 81.0 and 83.2 ± 0.1
emu/g for Mn1-xZnxFe2O4 (x=0.5, 0.8), and 61.3 and 70.8 ± 0.1 emu/g for Ni1-xZnxFe2O4 (x=0.5,
0.8), respectively.
The hyperfine interaction between the Fe and its environment in the crystal lattice was character-
ized by field induced Mössbauer spectroscopy. Mössbauer spectra were taken at 4.2 K and RT. The
canting angle between hyperfine field and external field direction, which calculated from 5 T
external magnetic field induced spectrum, was increased with increasing Zn concentration. The
hyperthermia properties of synthesized NPs were measured with pure powder and in the agar solu-
tion. The temperature versus time measurements with pure powder and the agar solution under 50
kHz and 25 mT showed that the temperature increases up to about 120 oC and 43 oC for Mn1-

xZnxFe2O4 (x=0.5, 0.8), respectively, while the temperature maintains almost room temperature for
Ni1-xZnxFe2O4 (x=0.5, 0.8). It can be explained that Mn-Zn ferrites were preferable for hyperther-
mia applications due to its magnetic anisotropy energy, which leads to increasing of the thermal
energy. However, synthesized Ni-Zn ferrites showed non-increasing property for hyperthermia,
although the changes on anisotropic energy, due to its small sizes as shown in Fig. 2.
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Fig. 1 FESEM images for Mn1-xZnxFe2O4

(x=(a) 0.5, (b) 0.8) and for Ni1-xZnxFe2O4

(x=(c) 0.5, (d) 0.8).

Fig. 2 Mössbauer spectra at room tempera-
ture and hyperthermia properties for M1-

xZnxFe2O4 (M=Mn, Ni; x=0.5, 0.8).
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