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Temperature-Dependent Magnetic Property of Olivine LiFePO4
Seung Je Moon and Chul Sung Kim�Department of Physics, Kookmin University, Seoul 136-702(Received 12 December 2007)

We have investigated the structural and the magnetic properties of LiFePO4 with emphasis onthe state of the Fe ion with temperature variation. A LiFePO4 composite was prepared by usingthe solid state method. The lattice constants were determined to be a0 = 10.329, b0 = 6.006 and c0= 4.698 �A with orthorhombic (Pnma) structure. The M�ossbauer spectrum of olivine LiFePO4 atroom temperature show only a single doublet with an isomer shift (�) of 1.1 mm/s and an electricquadrupole splitting (�EQ) of 2.97 mm/s. The N�eel temperature was observed at 51 K by usingM�ossbauer spectroscopy. We have described the abnormal line broadening at temperatures bellowTN , in terms of the temperature dependence of the cancellation e�ect between the orbital current�eld term and the Fermi contact term in the magnetic hyper�ne �eld(Hhf ). The values of theisomer shift indicate that, for temperatures between 4.2 K and 297 K, the state of Fe ions is ferrous(Fe+2). The Debye temperature of the LiFePO4 was found to be � = 701 � 5 K.
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I. INTRODUCTION

Recently, olivine phosphate material has been investi-gated for use as a cathode material in lithium-ion batter-ies. LiFePO4 is very interesting rechargeable Li batteriesbecause of its high theoretical energy density, low cost,remarkable thermal stability and environmental friend-liness [1{5]. Olivine phosphate was recognized in 1997by Goodenough et al., but LiFePO4 is a hot topic inthe �eld of cathode materials in rechargeable batteriesbecause of its low electronic conductivity. To overcomethis problem, adding carbon of the in phosphate materialor surface coating the phosphate particles with thin lay-ers of carbon have been used [6{9]. On the other hand,low-level doping with aliovalent ions (Mg2+, Al3+, Ti4+,Zr4+ and Nd5+) is popular for increasing the capacity[10]. In particular, the capacity was increased by par-ticle minimization, carbon coating and doping whit ex-tremely small quantities of ions. However, it is not clearwhether the report of increasing electronic conductivityis actually a doping e�ecting or simply due to the e�ectof surface conducting.Another group suggested that the increase in the elec-tronic conductivity originated from the magnetic prop-erties and the crystal structure in the phosphate-olivinecompound [11, 12]. The magnetic properties are veryimportant for improving electrochemical properties aswell. The electric states and the magnetic structure werechanged by substituting materials into LiFePO4 are at
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a time. The magnetic structure of LiFePO4 was deter-mined in the early 1960s. LiFePO4 consist of LiO6 andFeO6 octahedra and of PO4 tetrahedra. The Fe mag-netic ions occupy only the M2 site; Li occupies only M1site. In this paper, we report on the structure and themagnetic properties of pure LiFePO4 powders by usingM�ossbauer experiments, X-ray di�raction.
II. EXPERIMENTS

The pure LiFePO4 sample was prepared using the fol-lowing ceramic method. A mixture of the proper propor-tion of lithium carbonate (Li2CO3) and ammonium di-hydrogen phosphate (NH4H2PO4) and iron (II) oxalatedehydrate (FeC2O4 � 2H2O) of 99.99 % and 99 % and99.99 % purities, respectively, was ground, then pressedinto a pellet at 5000 N/cm2 and sealed in an evacuatedquartz tube. The temperature was 400 �C initially andwas slowly raised to 700 �C over a period of 1 day.The crystal structure of the sample was examinedby using an X-ray di�ractometer with Cu-K� radiationand was analyzed by using a Rietveld re�nement. TheM�ossbauer spectra were recorded using a conventionalspectrometer of the electromechanical type with a 57Cosource in a rhodium matrix.
III. RESULTS AND DISCUSSION

The X-ray (Cu-K� radiation) di�raction patterns ex-hibited a orthorhombic phase for LiFePO4. The crystal-1589-


