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Abstract

The temperature variations of the ferrous Mössbauer parameters for a synthetic ilmenite (FeTiO3) 
have been determined and interpreted over a very wide temperature range (5–900 K). The Debye 
model of the lattice vibrations was used in interpreting the temperature dependence of the center shift, 
yielding a characteristic Mössbauer temperature of 350 ± 20 K and a zero-Kelvin intrinsic isomer shift 
of 1.30 ± 0.01 mm/s. The temperature dependence of the ferrous Mössbauer quadrupole splitting was 
interpreted using crystal field theory. A most adequate description of the experimental ΔEQ(T) curve 
was obtained assuming an energy shift of at the most ca. 500 ± 50 cm–1 for the highest orbital T2g level 
relative to the lowest level within this T2g triplet. The temperature dependence of the hyperfine field was 
interpreted within the molecular field theory of magnetism assuming the magnetic exchange energy 
being a function of interatomic spacing, indicating a first-order magnetic transition at the magnetic-
paramagnetic transition temperature of 59.0 ± 0.5 K.

This detailed presentation of Mössbauer parameters as a function of temperature can serve as a 
basis for easily detecting ilmenite ore at, for example, the lunar surface and for monitoring by means 
of Mössbauer spectroscopy the reduction process of the mined mineral, for the purpose of supplying 
a future Moon base site with oxygen and water.
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Introduction

Ilmenite (FeTiO3) crystallizes in the trigonal system R3, with 
the Fe2+ site being trigonally distorted (Barth and Posnjak 1934). 
The mineral orders antiferromagnetically below TN ≈ 57 K with 
spin direction along the c-axis (Grant et al. 1972; Kato et al. 
1982). Mössbauer spectra (MS) for FeTiO3 have been reported 
earlier by, e.g., Grant et al. (1972), Syono et al. (1981), Ito et 
al. (1982), and Nakatsuka et al. (2010). Considering the axial 
point symmetry of the Fe2+ site, Grant et al. (1972) assumed the 
principal axis z of the electric field gradient (EFG) to be parallel 
to c and hence to the direction of the hyperfine field Bhf. Using the 
typical Lorentzian-shaped six-line hyperfine pattern to fit their 
spectrum recorded at 5 K, the authors found values of 4.3 ± 0.3 
T for the strength Bhf of the magnetic hyperfine field and 1.44 ± 
0.01 mm/s for the quadrupole splitting constant ½e2qQ, with e 
the proton charge, eq = Vzz the principal component of the EFG, 
and Q the nuclear quadrupole moment. Syono et al. (1981) mea-
sured the quadrupole splitting ΔEQ for a synthetic FeTiO3 sample 
at four different temperatures, i.e., 4.2, ~80, ~200, and 300 K, 
respectively. They observed a moderate increase in ΔEQ from 
~0.65 mm/s at 300 K to ~1.0 mm/s at ~80 K, with subsequently 
a relatively steep increase to 1.44 m/s at 4.2 K. They attributed 
the abrupt increase of ΔEQ at low temperature to the effects of 
spin-orbit interaction and magnetic exchange interaction upon 
the electronic energy levels within the ferrous orbital T2g triplet 

ground state. Their theoretical considerations predicted that the 
drastic increase of the quadrupole splitting presumably takes 
place on lowering the temperature below about 25 K. Syono et 
al. (1981) further found for the hyperfine field Bhf at 4.2 K the 
value of 5.6 T. In a Mössbauer and neutron diffraction study of 
the Co1–xFexO3 system, Ito et al. (1982) found for sample x = 1.0 
at 4.2 K values of 4.5 ± 0.2 T for Bhf and 1.42 mm/s for ½e2qQ. 
They reported η = 0 for the asymmetry parameter of the EFG 
tensor and Ω = 0 for the azimuthal angle of the direction of the 
hyperfine field with respect to the EFG’s principal axis z. More 
recently, Nakatsuka et al. (2010) presented MS for a synthetic 
FeTiO3 powder at temperatures between room temperature (RT) 
and 30 K. The paramagnetic spectra clearly show the presence of 
~9% Fe3+ cations, which the authors attributed to the occurrence 
of inter-valence charge transfer between Fe and Ti cations. The 
Fe2+ ΔEQ was found to be 0.64 mm/s at RT and 1.41 ± 0.08 mm/s 
at 30 K. The hyperfine field Bhf as deduced from diagonalization 
of the hyperfine-interaction Hamiltonian was calculated to be 
4.6 ± 0.2 T.

Detailed and accurate experimental determinations of the 
ferrous hyperfine parameters of FeTiO3 over a wide temperature 
range have so far not been reported. In this study, Mössbauer 
spectra for synthetic ilmenite, recorded at temperatures in the 
range from 5 to 900 K, are presented and the temperature de-
pendences of the various hyperfine parameters are reported. In 
the case of trigonal symmetry, as for FeTiO3, the temperature 
variation of the ferrous quadrupole splitting is primarily deter-
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