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Introduction
Nano- and micrometer-sized magnetic MFe2O4 (M = Mn, Fe, Co, Ni, Cu, Zn) crystals have attract-
ed much attention over the recent years and been intensively pursued for both fundamental scien-
tific interest and technological applications [1]. Recent works on Mn1-xFe2+xO4 [2] demonstrated
that iron doping can result in insulating to conducting phase transition with the conductivity con-
trolled by the level of doping. The Fe3O4 and MnFe2O4 have partially inversed spinel structure.
When Fe3O4 is doped with transition metal Mn, the cation distribution in the spin structure changes
as the Mn2+ ion is substituted into the Fe octahedral B site [3]. In this paper, we have prepared sin-
gle crystalline Mn0.25Fe2.75O4 microspheres and performed Mössbauer spectroscopic study on the
cation distribution of Fe and randomly substituted Mn2+ ions along with the crystallographic and
magnetic properties using by x-ray diffraction (XRD), vibrating sample magnetometer (VSM), FE-
SEM, and HR-TEM.
Experiment
Single crystalline Mn0.25Fe2.75O4 microspheres were prepared by a solvothermal reaction method.
The crystal structure of the sample was examined by XRD with CuKα (λ= 1.540562 Å) radiation.
The size and shape of the microspheres were examined by FE-SEM, and HR-TEM. The magnetic
properties were characterized with VSM and Mössbauer spectroscopy. Mössbauer spectra of
Mn0.25Fe2.75O4 were recorded from 4.2 to 295 K with a 57Co source in Rh matrix.
Results and discussion
The crystal structure of Mn0.25Fe2.75O4 was determined by the Rietveld refinement technique. The
crystal structure of the Mn0.25Fe2.75O4 was cubic structure of Fd-3m with lattice constant a0 = 8.398
Å. FE-SEM and HR-TEM measurements showed that the size of the monodispersed particles was
around 350 nm with single crystalline spots in the selected-area electron diffraction (SAED) pat-
terns, as shown in Fig. 1. According to the magnetization curves at 4.2 and 295 K, the saturation
magnetization and coercivity of Mn0.25Fe2.75O4 microspheres are determined to be 92.5 and 72.8
emu/g, 237 and 57 Oe, respectively. We have also measured temperature dependent zero-field-
cooled (ZFC) and field-cooled (FC) magnetization curves of Mn0.25Fe2.75O4 microspheres with 100
Oe applied field. According to the ZFC curves, magnetic moment transition temperature was
around 21 K. To determine the distribution of iron ions in Mn0.25Fe2.75O4, we have obtained the
Mössbauer spectra of Mn0.25Fe2.75O4 at various temperatures ranging from 4.2 to 300 K, as shown
Fig. 2. The samples were analyzed with three six-line hyperfine patterns, corresponding to tetra-
hedral A and octahedral B1 and B2 sites. These spectra were fitted to a model based on the random
distribution of Fe ion on the A site, and Fe and Mn ions on the B site [3]. The hyperfine field Hhf

(A), Hhf (B1), and Hhf (B2) at the A, B1, and B2 sites decreased from 525 to 486 kOe, 502 to 452 kOe,
and 473 to 448 kOe with increasing temperature, respectively. The isomer shifts at the A, B1, and
B2 sites were found to be 0.33~0.23, 0.35~0.53 mm/s, and 0.80~0.71 mm/s at various temperatures.
From the isomer shift value, the Fe valence states at the A and B1 sites were determined to be fer-
ric, and the B2 site was ferrous.
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Fig. 1. FE-SEM images (a), and HR-TEM
(b), SAED pattern of (c1), (c2), and (d) of
Mn0.25Fe2.75O4 microspheres.

Fig. 2. Mössbauer spectra at (a) 4.2 K and
(b) 295 K of the Mn0.25Fe2.75O4 microspheres.
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