




INTERMAG 2012

CV-05

Mössbauer studies of cation distribution in ZnxCo0.5-xFe2.5O4 microspheres.
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Introduction
The 3d transition metal oxide nanoparticles have been considered to be an ideal candidate for bio-
logical application [1], and these strongly correlated electron systems exhibit rich electrical and
magnetic properties for applications in functional spintronics devices. The requirements for any
biomedical applications of magnetic colloids include the chemical stability and biocompatibility.
In this research, we have studied the magnetic properites of Zn and Co ion doped Fe3O4 (ZnxCo0.5-

xFe2.5O4) microspheres such as magnetization, coercivity and remanet magnetization. Also, we
have performed detailed Mössbauer spectroscopic study on the cation distribution of Fe and ran-
domly substituted Zn and Co ions along with the crystallographic and magnetic properties of
ZnxCo0.5-xFe2.5O4 microspheres using x-ray diffraction (XRD), vibrating sample magnetometer
(VSM), FE-SEM and TEM.
Experiment
The ZnxCo0.5-xFe2.5O4 (x = 0, 0.25, and 0.5) microspheres were prepared by a solvothermal reac-
tion 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 field-emission scanning
electron microscope (FE-SEM), and transmission electron microscopy (TEM). The magnetic prop-
erties were characterized using VSM and Mössbauer spectroscopy. Mössbauer spectra of ZnxCo0.5-

xFe2.5O4 were recorded from 4.2 to 295 K with a 57Co source in Rh matrix.
Results and discussion
The crystal structure of ZnxCo0.5-xFe2.5O4 (x = 0, 0.25, and 0.5) was determined by the Rietveld-
refinement with the FULLPROF code. The crystal structure of the ZnxCo0.5-xFe2.5O4 was cubic
structure of Fd-3m. The lattice constant a0 is increasing from 8.4058 to 8.4259 Å with the Zn con-
centration. FE-SEM and TEM measurements showed that the size of the monodispersed particles
was around 200~350 nm. According to the magnetization curves at 295 K, the saturation magneti-
zation increased from 80.3 to 109.7 emu/g, and remanet magnetization and coercivity decreased
from 35.2 to 4.4 emu/g, and 893 to 46 Oe with increasing Zn concentration, as shown Fig. 1. The
Mössbauer spectra of the samples were analyzed with 3 sets having six-line hyperfine patterns, as
shown Fig. 2. These spectra were fitted to a model based on the random distribution of Zn and Fe
ion on the tetrahedral A (8a) site, and Zn, Co, and Fe ions on the octahedral B (16d) site [2]. It is
noticeable that the Mössbauer absorption area ratio between A and B site of the ZnxCo0.5-xFe2.5O4

(x = 0) shows considerable change compared to that of x = 0.5. The corresponding area ratio of A
site decreased from 47 to 30 %, while that of B site including both B1 and B2 sites, increased from
53 to 70 % as the Zn concentration changed from x = 0 to 0.5, both at 295 K and 4.2 K. Especial-
ly, the area ratio of B2 site increased from 9 to 25 % with increasing Zn concentration. From the iso-
mer shift value, the Fe valence state at the A, and B1 sites are determined to be ferric, and the
valence state at B2 site is ferrous. The values of the hyperfine field at A, B1 and B2 sites at 295 K
decrease from 489 to 481 kOe, 473 to 446 kOe and 445 to 412 kOe, respectively, with Zn concen-
tration. Here, the changes in the area ratios of A and B sites are due to the changes in the cation dis-
tributions at the A and B sites, originating from the randomly substituted Zn and Co ions in
ZnxCo0.5-xFe2.5O4 microspheres.
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Fig. 1. Magnetization hysteresis loop of
ZnxCo0.5-xFe2.5O4 microspheres measured
295 K.

Fig. 2. Mössbauer spectra measured at 295
K of ZnxCo0.5-xFe2.5O4 (x = 0, 0.25, and 0.5)
microspheres.
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