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The effect of proton irradiation on magnetic properties of lithium ferrites has been investigated with
x-ray diffraction 共XRD兲, magnetization, and Mössbauer spectroscopy measurements. Li0.5Fe2.5O4
powders have been fabricated by the sol-gel method. Following the annealing at 700 ° C, these
samples have been proton irradiated with 1, 5, and 10 pC/ m2. The analysis of XRD patterns by
Rietveld refinement method shows that these samples have ordered cubic spinel structures with
space group of P4332. We have observed that the corresponding lattice constant a0 linearly increases
from 8.3301 to 8.3314⫾ 0.0001 Å with increasing proton irradiation. Compared to nonirradiated
sample, which has the saturation magnetization 共M s兲 of 66.4 emu/g and oxygen occupancy of
3.9980 at room temperature, the values of magnetization and oxygen occupancy at room
temperature are 66.0, 62.6, and 60.8 emu/g and 3.9840, 3.9452, and 3.9272, respectively, for 1, 5,
and 10 pC/ m2 irradiated powders. Also, the coercivity 共Hc兲 decreases from 175.6 to 154.0 Oe
with increasing proton irradiation. The Mössbauer spectra taken at room temperature show that the
values of isomer shift 共␦兲 for the tetrahedral 共A兲 and octahedral 共B兲 sites are consistent with the Fe3+
valence state. The results suggest that the proton irradiation induces the oxygen vacancy defects,
which in turn leads to the changes in magnetic properties. © 2009 American Institute of Physics.
关DOI: 10.1063/1.3070611兴
I. INTRODUCTION

Extraordinary magnetic properties of proton irradiated
materials such as graphite, GaAs, and carbon nanotube have
long been studied and simulated by many researchers.1–4 Recently, the room temperature ferromagnetism in proton irradiated graphite and -electron ferromagnetism in metal free
carbon were discovered by Esquinazi et al.5 and Ohldag et
al.6 Lithium ferrites are well known as cathode materials in
rechargeable lithium batteries in microwave frequency
applications.7–9 Also, it has been reported that Li0.5Fe2.5O4
prepared by solid state reaction method has an ordered structure below 735 ° C and a disordered structure around
1000 ° C.10,11 Disordered structure lithium ferrite is generally
an inverse spinel structure with space group of Fd3m and an
ordered structure corresponds to space group of P4332.
In this paper, we have investigated the proton irradiation
induced changes in crystallographic and magnetic properties
on lithium ferrites prepared by sol-gel method. The properties of lithium ferrite powders characterized by Mössbauer
spectroscopy are compared with measurements from x-ray
diffraction 共XRD兲 and vibrating sample magnetometer
共VSM兲.

and dissolved in methanol and 2-MOE 共methoxyethanol兲.
The solution was refluxed at 60 ° C for 30 min. and then it
was dried at 120 ° C in an oven for 24 h. The sample was
calcined at 400 ° C for the complete thermal decomposition
of organic compounds and annealed at 700 ° C for 6 h in air
in a pellet form with a diameter of 0.5 mm. Three prepared
pellet samples were irradiated with proton beam 共6.66 MeV,
26 nA兲 of 1, 5, and 10 pC/ m2.
The crystal structure of the proton irradiated lithium ferrite powders was characterized by XRD measurements using
Cu K␣ radiation 共 = 1.5406 Å兲. Also, the magnetization
curves of the samples were measured by VSM. Mössbauer
spectrometer of the electromechanical type with a 50 mCi
57
Co source in Rh matrix was used in the constantacceleration mode. Mössbauer spectrometer was calibrated
by collecting Mössbauer spectra of a standard ␣-Fe foil at
room temperature. To maintain a uniform thickness over the
Mössbauer absorber, each sample was clamped between two
beryllium disks with thickness of 0.005 in. and a diameter of
1 in. The Mössbauer parameters were obtained by a leastsquares fitting program assuming Lorentzian line shapes.12
III. RESULTS AND DISCUSSION

II. EXPERIMENT

The lithium ferrite, Li0.5Fe2.5O4, powder sample has
been fabricated by sol-gel method. Lithium acetate dihydrate
关Li共CH3CO2兲 · 2H2O兴 and iron共III兲 nitrate nonahydrate
关Fe共NO3兲3 · 9H2O兴 were mixed in the correct ratio of cation
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XRD patterns of 0, 1, 5, and 10 pC/ m2 proton irradiated Li0.5Fe2.5O4 samples are shown in Fig. 1. Each spectrum
has been analyzed by Rietveld refinement13 method using
FULLPROF program. For 0, 1, 5, and 10 pC/ m2 irradiated
samples, the Bragg R factors 共RB兲 were 4.45%, 3.96%,
3.64%, and 3.84% and the Rf factors 共RF兲 were 4.65%,
4.01%, 3.82%, and 4.45%. All samples have an ordered cubic spinel structure 共space group P4332兲 with the lattice constants a0 = 8.3301, 8.3307, 8.3309, and 8.3314⫾ 0.0001 Å,
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