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Fig. 1. X-ray diffraction patterns of CoGag,Fe, 904 samples annealed

at (a) 200°C, (b) 250°C, (c) 300°C, (d) 400°C.
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Fig. 2. SEM micrographs of CoGag,Fe, 404 nanoparticles annealed at
(a) 250°C, (b) 400°C.
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Fig. 3. Magnetization vs applied magnetic field curve of the
CoGag Fe, 404 samples annealed at (a) 250°C, (b) 300°C, (c) 400°C,
and measured at room temperature.
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Fig 4. Changes of remanence (M,) and coercivities (H¢) for
CoGay Fe, 9O, powders as a function of annealed temperature.
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Fig. 5. The Mossbauer spectra of CoGagFe 50; nanoparticle
measured at low temperatures.
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Fig. 6. The Mossbauer spectra of CoGag Fe 50, nanoparticle
measured at high temperature.
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Table L. Mossbauer parameters for CoGay ;Fe, 9O,4. Hhf is the magnetic hyperfine field in unit of kOe, Ey the quadrupole splitting, and & isomer
shift relative to metallic iron at room temperature in unit of mm/s and the area ratio for sextet/doublet.

Fitted spectrum

Temperaure Massbauer Sextet Sextet/doublet Magnetism
K) parameters Doublet
B-site A-site
Hyy (kOe) 518 486 -
42 Ey (mm/s) 0.00 0.00 - ferrimagnetic
5 (mm/s) 0.34 0.30
Hyy (kOe) 503 442 -
77 Eyp (mmy/s) 0.00 0.00 - ferrimagnetic
6 (mmy/s) 0.30 0.27
Hy (kOe) 475 453 -
250 Ey (mm/s) 0.00 0.00 0.51 1.0 superparamagnetic
S (mm/s) 0.24 0.18 0.26
Hyr (kOe) 456 330 -
295 Ey (mm/s) 0.00 0.00 0.69 0.4 superparamagnetic
8 (mm/s) 0.13 0.10 0.26
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Fig. 7. Temperature dependence for the area ratio of the sextet to the
doublet of CoGay Fe, 904 nanoparticle. The closed circles are the data

collected by the Mdssbauer spectrometer and the solid line is the fit
using the exponential function.
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Moéssbauer Studies of CoGa,;Fe; 404 Nanoparticles
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CoGay 1 Fe; 60,4 nanoparticles have been prepared by a sol-gel method. The structural and magnetic properties have been investigated
by XRD, SEM, VSM and Mdssbauer spectroscopy. CoGag Fe; 0, powder that was annealed at 250°C has spinel structure and
behaved superparamagnetically. The estimated size of superparammagnetic CoGay;Fe,Os nanoparticle is around 10 nm. The
hyperfine fields at 4.2 K for the 4 and B patterns were found to be 518 and 486 kOe, respectively. The blocking temperature (73) of
superparammagnetic CoGag,Fe, 90, nanoparticle is about 250 K. The magnetic anisotropy constant of CoGay,Fe; 404 nanoparticle
was calculated to be 3.0x10° ergs/cm3. CoGay Fe; 404 nanoparticle was annealed at 250°C will be used to candidate for biomedicine

applications as magnetic carriers.
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