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INTRODUCTION

Multiple oxides with spinel type structure may be described 
by the IV(A1�iBi)VI(B2�iAi)O4 structural formula, where A and B 
are cations with variable valence (usually, A2+ and B3+) and i is 
the inversion parameter. Normal spinels are those with i = 0, in-
verse spinels have i = 1. The structure is generally described as a 
Cubic Close Packed (CCP) array of anions, with A and B cations 
distributed in one-eighth of all tetrahedral (T) and half of all octa-
hedral (M) sites. The unit cell is face-centered cubic (Fd

�3m) and 
it contains 32 anions. The cations are Þ xed at special positions 
8a (T) and 16d (M). Anions also occupy a special position, 32e, 
but with a variable fractional coordinate (u,u,u). With the origin 
at �3m, the parameter u ranges from 0.24 to 0.27. The u value 
is an indicator of the regularity of the CCP. For the ideal close 
packed structure, u = 0.25, the anions form regular tetrahedral 
(8a point symmetry �43m) and octahedral interstices (16d point 
symmetry m3m). A distortion of the CCP arises when u ≠ 0.25. If 
u increases, oxygen is displaced along the [111] direction, causing 
an expansion of the tetrahedron at the expense of the octahedron. 
As the positions of cations A and B are Þ xed, the oxygen array 
expands (or contracts) around them. In this way, the octahedron 

undergoes angular distortion and its symmetry degenerates to 
�3m (trigonally distorted octahedra), whereas the tetrahedron 
remains regular. The fractional coordinate is thus closely related 
to the distortion of the CCP, and sometimes an increase in u is 
required to reduce M-M repulsion and thereby ensure energetic 
stabilization of the structure (Lavina et al. 2003).

The structure is rigid, with only two variable parameters, u 
and a, which describe all geometrical relations in the structure 
(Hill et al. 1979). When the T-site population is constant, u is 
inversely proportional to the M-O distance, while when the M-
site population is constant, u is directly proportional to the T-O 
distance. The isolated TO4 tetrahedron is surrounded by 12 MO6 
octahedra. Structural interaction between T and M are known to 
result in isotropic lengthening of T-O. This phenomenon is due 
to M-site occupancies (e.g., Fe3+ and V3+) and/or T-site vacancy 
(Lavina et al. 2002, 2003; Bosi et al. 2004).

The presence of cations subjected to Jahn-Teller distortion, 
such as Mn3+, in the M-octahedron lowers its point symmetry 
to 2/m (tetragonal bipyramid) by formation of two long (M-OL) 
and four short (M-OS) bonds. This tetragonal elongation will 
effectively produce large-scale effects only when the critical 
VIMn3+ concentration and temperature is reached (Golikov et al. 
1989). The overall effect is a transition from cubic (Fd
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ABSTRACT

Spinel single crystals of four compositions along the MgAl2O4�MgMn2O4 join, with Mn3+ up to 
0.25 apfu, were synthesized by use of a ß ux-growth method. The crystals were analyzed by electron 
microprobe, X-ray single-crystal diffraction, and optical absorption spectroscopy. Results revealed 
that Mg contents vary from 0.90 to 0.99 apfu, Mn2+ ≤ 0.11 apfu, Mn3+ varies from zero to 0.25 apfu, 
and Al-contents from 1.75 to 1.99 apfu. The unit-cell parameter increases linearly from 8.0883(3) to 
8.1413(4) Å with increasing Mn3+ content. The crystals show moderately disordered cation distributions, 
with i = 0.23(1), and different distribution trends have been observed: the Mg content is constant at 
the T site and is replaced by Mn2+ at the M-site; Al decreases while Mn3+ increases in T- and M-sites. 
Mn3+ shows a preference for the T site, and a speciÞ c bond distance was reÞ ned, IVMn3+-O = 1.88(1) 
Å. Unpolarized room-temperature single-crystal spectra reveal two relatively broad absorption features 
at ca. 23 000 and 10 800 cm�1, which are assigned to spin-allowed d-d transitions in Mn3+ located at 
octahedral and tetrahedral sites, respectively. The bond valence approach shows that the bonds are 
strained in the tetrahedron indicating underbonding in T, whereas the bonds are unstrained in the octa-
hedron. To reduce the M-M repulsion, the steric effect is driven by the movement of the oxygen atoms, 
which improves the shielding effect around the M-site, thus increasing the distortion of the structure 
relative to the CCP. As a result the tetrahedron undergoes an isotropic expansion, which constrains 
the structure to incorporate larger cations such as Mn3+ rather than smaller cations like Al at the T-site. 
This behavior, which is in disagreement with predictions based on crystal Þ eld energy considerations, 
illustrates the greater importance of steric factors on the cation distribution in spinels.
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