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Abstract

The ferrous Mössbauer parameters are determined for synthetic triphylite (LiFePO4) over a wide 
temperature range between 8 and 900 K. A sharp magnetic order-disorder transition is observed at 
(52.5 ± 0.5) K. In the paramagnetic state, the Mössbauer spectra are adequately analyzed by one Fe2+ 
quadrupole doublet with a narrow line width of 0.285 mm/s at room temperature. In the magnetic state, 
the spectra show up to eight absorption lines, which is typical for Fe2+. These spectra are analyzed 
through diagonalization of the full nuclear-interaction hamiltonian. The hyperfine field Bhf is found to 
be collinear to the local principal axis of the electric field gradient (EFG) tensor. The saturation value 
for Bhf is 125.5 kOe. For temperatures below 52 K, the adjusted value for the asymmetry parameter 
of the EFG is η ≈ 0.8 and for the quadrupole splitting ∆EQ = 3.06 mm/s. This latter value is perfectly 
in line with the value at 80 K (paramagnetic regime). The temperature dependence of the quadrupole 
splitting is interpreted within the 5D orbital energy level scheme of Fe2+ by a crystal field calcula-
tion based on the point symmetry of the Fe2+ site in triphylite. The variation of the hyperfine field 
with temperature is interpreted within the molecular field approximation, however, taking exchange 
magnetostriction into account. From the temperature dependence of the isomer shift the characteristic 
Mössbauer temperature ΘM is determined to be 418 K and the intrinsic isomer shift δI = 1.46 mm/s. 
From these, the Mössbauer fraction at room temperature is calculated to be 0.785.
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Introduction

Triphylite (LiFePO4) has received ample attention in the last 
decade because of its potential application as electrode active 
material for rechargeable lithium batteries (Andersson et al. 2000; 
Andersson and Thomas 2001; Yamada et al. 2001; Tucker et al. 
2001; Tang and Holzwarth 2003; Dodd et al. 2007; Fehr et al. 
2007; Arumungam et al. 2009; Aldon et al. 2010). It has an olivine 
type crystallographic structure (Pnma) in, which the phosphorous 
sites are tetrahedrally whereas the ferrous (M2) and lithium (M1) 
sites are octahedrally coordinated by oxygen atoms (Fig. 1). Cell 
parameters, as determined by single-phase Rietveld refinements 
of X-ray powder diffraction data (Andersson et al. 2000), are a 
= 10.3290(3), b = 6.0065(2), and c = 4.6908(2) Å. The M2 sites 
are strongly distorted and show Cs-symmetry. Some years ago, 
the magnetic structure was elucidated by neutron diffraction 
(Rousse 2003) inferring antiferromagnetic ordering below 52 K. 
In recent years, several routes for synthesizing LiFePO4 have 
been proposed. One of these is a low-cost aqueous precipitation 
technique (Arnold et al. 2003), giving excellent electrochemical 
properties in terms of capacity, reversibility, cycling stability 
and rate capability when used as electrode material in recharge-
able lithium batteries. For other synthesis methods the reader is 
referred to the references in the above cited paper. When used in 
rechargeable batteries, a conversion takes place of triphylite into 
its ferric delithiated form FePO4 (heterosite) and vice versa dur-

ing the charge/discharge cycle. During this delithiating process, 
the lithium ions are removed from the triphylite structure, but 
the remaining heterosite retains the same structure with a small 
reduction in volume by about 7% (Tang and Holzwarth 2003). 
To investigate the charge/discharge process quantitatively, one 
has to determine the ferrous/ferric ratios during the consecutive 
stages in that process. X-ray diffraction only provides qualita-
tive information in that respect. In contrast, using Mössbauer 
spectroscopy one is generally able to obtain an accurate value 
for the ferrous/ferric ratio for a given substance or for a mix-
ture of Fe-containing components. Mössbauer data reported 
in the literature for triphylite almost exclusively refer to room 
temperature (RT) (Li and Shinno 1997; Andersson et al. 2000; 
Yamada et al. 2001; Andersson and Thomas 2001; Fehr et al. 
2007) or concern a relatively narrow temperature range (Dodd 
et al. 2007; Aldon et al. 2010). These last authors determined 
the Debye temperature (in the present paper further designated 
as characteristic Mössbauer temperature ΘM) and the Lamb-
Mössbauer factors (further referred to Mössbauer fraction f) from 
their isomer shift data and found, respectively, ΘM = 336 K and 
f(300 K) = 0.73. However, the accuracy of these values may be 
questioned, because they strongly depend on the width of the 
temperature interval and on the number of data points therein 
(De Grave and Van Alboom 1991), which both are rather limited 
in the aforementioned paper. In another study (Zhi et al. 2004), 
Mössbauer parameters are presented for temperatures T below 
and above the magnetic order-disorder transition temperature * E-mail: Toon.VanAlboom@hogent.be


