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INTRODUCTION

The optical absorption spectra of ferrous and ferric iron in
spinel solid solution crystals have received renewed attention
in recent publications (Andreozzi et al. 2001; Rossman and
Taran 2001; Taran and Langer 2001; Hålenius et al. 2002). In
these studies a variety of electronic processes have been sug-
gested as causes for observed absorption bands. These include
spin-allowed and spin-forbidden single-ion d-d transitions in
ferrous and ferric ions, and intervalence charge transfers (IVCT)
in pairs or clusters of ferrous and ferric iron at octahedral sites
as well as exchange-coupled pair (ECP) transitions involving
Fe3+-Fe3+ and Fe2+-Fe3+ clusters.

A prominent absorption band peaking at ~5000 cm–1 in spec-
tra of iron-bearing spinel minerals has been assigned to the
spin-allowed electronic d-d transition 5E Æ 5T2 in ferrous iron
at tetrahedral sites (e.g., Slack 1964; Gaffney 1973; Mao and
Bell 1975; Dickson and Smith 1976). In a re-examination of
spectra of Fe2+-bearing spinels, Slack et al. (1966) demonstrated
that this absorption band is split due to the dynamic Jahn-Teller
effect and that additional phonon-assisted transitions above
3770 cm–1 create a fine-structure, which becomes distinct at
low temperatures. A splitting of the IVFe2+ 5E Æ 5T2 transition in
spectra of spinels with low Fe concentrations was recently also
reported by Rossman and Taran (2001) and Taran and Langer
(2001). Rossman and Taran (2001) suggested two alternative
causes for the band split. Apart from the explanation presented
by Slack et al. (1966), i.e., a dynamic Jahn-Teller effect, they
considered next-nearest interactions due to local clustering of
Fe2+ as a potential alternative. Due to a limited degree of Fe2+

substitution as well as the lack of Fe2+-ordering data from, e.g.,
single crystal structure refinements, the data presented by
Rossman and Taran (2001) was inconclusive.

In the present paper we have investigated a series of crystal
chemically well-characterized synthetic single crystals on the
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ABSTRACT

Room-temperature FTIR spectra of ten chemically and structurally well-characterized synthetic
spinel-hercynite solid solution single crystals containing between 4 and 98 mol% hercynite compo-
nent show that absorption in the range 2500–7000 cm–1 is linearly correlated (R2 = 0.995) with IVFe2+

concentration. The integral molar absorption coefficient for this absorption equals 1.49·108 cm/mol.
In addition, the structure of the absorption envelope in this spectral region remains unchanged through-
out the entire composition range. These two findings are consistent with assignments to a spin-
allowed electronic d-d transition (5E Æ 5T2) in IVFe2+, split by the dynamic Jahn-Teller effect, and
demonstrate that next-nearest interactions in Fe clusters have little or no effect on this absorption
feature at ambient conditions.

join spinel (Sp)-hercynite (He), covering the range He4-He98,
with the aim of exploring how the NIR/IR-absorption band
system in the range 2500–7000 cm–1 depends on Fe site and
valency distribution and thus also exploring the suggestion
made by Rossman and Taran (2001).

SAMPLES

The sample synthesis as well as the crystal chemical char-
acter of the single crystals used in the present FTIR study is
described in Andreozzi and Lucchesi (2002) and in a UV/VIS-
absorption and Mössbauer spectroscopy study of the same
samples (Hålenius et al. 2002).

In summary, single crystals along the spinel–hercynite join
were synthesized by means of a flux-growth method using
Al2O3, MgO, and Fe2O3 powders as nutrients mixed with a flux
compound, Na2B4O7. The mixture was reacted in a Pt/Au-cru-
cible under a continuous flow of CO2:H2 mixture at constant
ratios resulting in O atom fugacities ranging from 10–11 to 10–17

bars at temperatures from 1200 to 900 ∞C. Up to 200 mg of
high-quality spinel crystals about 0.2–0.5 mm in size were re-
covered from each experiment. Some of these crystals were
selected for structure refinement through single-crystal XRD
(Andreozzi and Lucchesi 2002) and others for optical absorp-
tion spectroscopy (Hålenius et al. 2002). Most of the remain-
ing material was powdered and used for Mössbauer spectro-
scopy (Hålenius et al. 2002).

Polished single crystals selected for spectroscopic studies
were mounted on glass slides and carbon coated for chemical
analyses using a Cameca electron microprobe operating at an
acceleration voltage of 15 kV and a sample current of 15 nA.
Synthetic MgO, Fe2O3, and Al2O3 standards were used, and a
synthetic MgAl2O4 sample was used as reference material for
quality monitoring. Raw data were reduced with the aid of the
PAP computer program (Pouchou and Pichoir 1984). Contents
of FeO and Fe2O3 were calculated on the basis of stoichiom-
etry requirements (3 cations per 4 O atoms) and turned out to




