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Size-dependent magnetic properties of ordered Li ferrites prepared by the sol-gel method have been
studied by x-ray diffraction, vibrating-sample magnetometer, and Mössbauer spectroscopy.
X-ray-diffraction patterns were analyzed using Rietveld refinement. Samples annealed below
500 ° C have the cubic spinel structure with a small amount of ␣-Fe2O3 and ␥-Fe2O3. As the
annealing temperature increases over 500 ° C, hematite and maghemite phases disappear and the
single-phase spinel structure 共space-group P4332兲 with ordered cation distribution on the octahedral
site is seen. Particle sizes determined by x-ray analysis range from 37 nm to 87 nm, respectively, as
the annealing temperature increases from 450 ° C to 700 ° C. The saturation magnetization is
⬃46 emu/ g for the sample annealed below 500 ° C and increases up to 63.3 emu/ g for the sample
annealed at 700 ° C, while the coercivity of the samples has a maximum value of 152.5 Oe at
500 ° C. Mössbauer spectral analysis revealed that there was 29% ␥-Fe2O3 in the sample annealed
at 450 ° C. The ordered cation distribution by the local symmetry reduction of sublattice gives a
reasonable interpretation about the magnetic properties of nanosize particles. © 2006 American
Institute of Physics. 关DOI: 10.1063/1.2169468兴
I. INTRODUCTION

Lithium ferrites have been extensively studied for technical application such as cathode materials for rechargeable
lithium-ion battery and microwave devices.1–3 Recently, the
magnetic behaviors of ferrite nanoparticles which can be
used in catalysts, high-density magnetic recording media,
and biosensors have been reported.4,5 Yang et al. have studied the relationship between the saturation magnetization and
the magnetic anisotropy of LiFe5O8 nanocrystallites3 and
found that a decrease in particle size may not only affect
various magnetic structures but also break down structural
ordering related to cation occupancy in crystal. The vacancy
ordering in ␥-Fe2O3 共space-group P4332兲 is known to disappear when the particle size is reduced below 20 nm.6 It has
been reported that Li0.5Fe2.5O4 has ordered structure below
735 ° C and disordered structure around 1000 ° C.7 The disordered structure is the inverse spinel structure with spacegroup Fd3m and the ordered structure corresponds to spacegroup P4332. In this work, we have studied the
crystallographic and magnetic properties of the ordered
structure in lithium ferrite nanoparticles. The effects of ordered cation distribution by the local symmetry reduction of
sublattice have been investigated by means of Mössbauer
spectrometer.
II. EXPERIMENT

Lithium ferrite, Li0.25Fe2.5O4, nanoparticles were prepared by the sol-gel method. Li共CH3CO2兲 · 2H2O共99.999% 兲
and Fe共NO3兲3 · 9H2O共99.99% 兲 were used as starting materials and were mixed in the correct cation ratio. The metal salts
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were dissolved in a mixed solvent system 共methanol: ethylene glycol: 2-MOE: distilled water ⫽13:2:3:2兲. The resulting
solution was refluxed at 60 ° C for 30 min and dried at
120 ° C in an oven for 24 h. The dried xerogel powders were
then calcined at 400 ° C for the thermal decomposition of
them. The powders were ground and then annealed at temperatures ranging from 450 to 700 ° C for 6 h in air to yield
lithium ferrite nanoparticles.
The crystal structure was determined by x-ray diffractometer using Cu K␣ radiation. A Mössbauer spectrometer of
the electromechanical type was used in the constantacceleration mode. A 57Co radioactive source in a rhodium
matrix was used at room temperature. Magnetic measurements were performing on a vibrating-sample magnetometer.
The initial magnetization and hysteresis loop for the samples
were measured. The maximum magnetic field applied was
0.5 T.
III. RESULTS AND DISCUSSION

Figure 1 shows the x-ray-diffraction patterns for the
samples at room temperature. An analysis of the x-raydiffraction patterns by Rietveld refinement8 method using
FULLPROF program showed that the samples annealed below
500 ° C have the cubic spinel structure with a small amount
of ␣-Fe2O3 共hematite兲 and ␥-Fe2O3 共maghemite兲. As annealing temperature increases above 500 ° C, hematite and
maghemite phases disappear and the crystals form the singlephase spinel structure with the cation ordering on octahedral
sites. In Fig. 1共d兲 patterns, the ordered structure is established by superstructure peaks 共110兲, 共210兲, 共211兲, etc., arising from a 1:3 Li- to Fe-ordered distribution on the octahedral sites. In this ordered form, the Fe3+ ion and Li+ ion are
at 共12d兲 and 共4b兲 Wyckoff positions, respectively, corresponding to octahedral sites and the tetrahedral positions
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