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INTRODUCTION

Co2+ is interesting because it is the only ion of the first row
transition metals that has the d7 electronic configuration in natu-
ral crystals. When present at an adequate concentration, Co
imparts intense colors to the host phase that depend on the co-
ordination number. Tetrahedral coordination in minerals is,
perhaps, most familiar as blue spinel and octahedral coordina-
tion as pink cobalt-containing calcites. However, Co2+ seldom
occurs in natural minerals at concentrations high enough to
appear in the optical absorption spectra of transparent miner-
als (e.g., Burns 1993). Therefore, its optical spectrum has mostly
been studied with various synthetic compounds such as
Co(OH)2, Co-bearing halogenides, sulfates, and selenites (e.g.,
Wildner 1996 and relevant citations within) rather than with
natural or synthetic silicates. Only a small number of publica-
tions have been devoted to optical spectroscopy study of Co2+

ion in silicate matrices and few of these deal with the polariza-
tion properties (olivine = Goodgame and Cotton 1961; Schmitz-
DuMont and Friebel 1967; Tamada 1984; staurolite = Burns
1970; pyroxene = White et al. 1971; pyroxenoid = Taran et al.
1989; tourmaline = Taran et al. 1993; garnet = Ross et al. 1996;
Geiger et al. 2000; silicate glasses = Keppler 1992). In an octa-
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ABSTRACT

Polarized optical absorption spectra of three synthetic Co-bearing silicates, orthopyroxene, oli-
vine and beryl, were studied at room and liquid nitrogen temperatures. In all three matrices, Co
enters octahedral structural sites as the Co2+ ion. In accordance with the d7 electronic energy level
diagram, the spectra show three distinct band systems which are assumed to originate from three
spin-allowed dd transitions of Co2+, 4T1g(4F) → 4T2g(4F), 4T1g(4F) → 4A2g(4F), and 4T1g(4F) → 4T1g(4P).
The number of bands is different in different matrices and is regulated by the splitting of electronic
states, symmetry selection rules for electronic transitions between them, and Co2+ ion distribution
between non-equivalent structural sites. Due to a strong preference of Co2+ for the M2 site and the
greater intensities (oscillator strengths) of electronic dd transitions for Co2+ in the M2 site, M2 Co2+

bands prevail in the (Mg,Co)SiO3 orthopyroxene spectra. In olivines, the number of bands is larger
than in orthopyroxene due to the combined contribution of both M1 Co2+ and M2 Co2+ ions. By
comparison of the (Mg,Co)2SiO4 and Co2SiO4 olivine spectra, the bands caused by M1 Co2+ and M2
Co2+ were distinguished. The spectra of Co-bearing beryls, Be3Al2[Si6O18], prepared by both flux
and hydrothermal growth, indicate that Co enters the structure mostly as Co2+ in the octahedral Al-
site.

hedral coordination environment the optical spectrum of this
ion is expected to consist of three spin-allowed optical absorp-
tion bands arising from the 4T1g → 4T2g, 4T1g → 4A2g, and 4T1g →
4T1g (4P) electronic transitions. However, due to relatively strong
spin-orbital and vibronic effects (Marfunin 1979), Co2+ fre-
quently displays optical absorption features that are difficult to
interpret on the basis of crystal field theory alone.

In this work the results of an optical spectroscopy investi-
gation of three cobalt-bearing synthetic silicate minerals,
orthopyroxene, olivine, and beryl, are reported. They provide
long-needed experimental points of reference for future stud-
ies of Co in silicate structures and for theoretical modeling stud-
ies.

As a starting point, it is presumed that in all three structures
Co2+ occupies six-coordinated cation sites. In the different struc-
tures, these sites differ considerably from each other in size
and symmetry. In the (Mg,Co)SiO3 orthopyroxene, Co is dis-
tributed over two octahedral sites, M1 and M2, both of C1 point
symmetry. The sites differ in mean metal-oxygen distance: in
(Mg,Mn,Co)SiO3 orthopyroxene, for example, the mean Mg-
O distance is 2.081 Å and 2.174 Å for the M1 and M2 sites,
respectively (Hawthorne and Ito 1977). The sites also differ in
terms of individual M-O bond distances and angular distor-
tion. In (Mg,Co)2SiO4 olivine, Co2+ also occupies two sites, M1
and M2, of different symmetry (Ci and Cs, respectively) and
dimension. In Co2SiO4, the mean ligand-metal distance M1-O
and M2-O are 2.119 Å and 2.140 Å, respectively (Ghose and
Wan 1974). In synthetic beryl, Be3Al2[Si6O18], the site of Co2+

has not been definitively established. It probably enters the


