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Abstract

Optical absorption spectra of flux-grown single crystals in the spinel s.s.-magnesiochromite and 
gahnite-zincochromite solid solutions were recorded with the aim of exploring variations in local Cr-O 
bond distance as a function of composition. With increasing Cr contents, the crystals vary in color 
from pale red to intensely red to dark greenish. These variations are reflected in the optical spectra by 
the position and intensity of the two spin-allowed electronic d-d transitions in six-coordinated Cr3+ 
at ~18 000 (ν1) and 25 000 cm–1 (ν2). From the shift of the ν1 band position, a decrease in crystal field 
splitting, 10Dq, for six-coordinated Cr3+ with increasing Cr contents is evident in both solid-solution 
series. Based on published Cr-O bond distances for the CrO6 polyhedra in magnesiochromite and zin-
cochromite of 1.995 and 1.991 Å, respectively, and applying the ligand field relationships, local Cr-O 
bond distances in gahnite and spinel with Cr contents at trace levels are determined to be 1.974(2) and 
1.960(3) Å, respectively. These local Cr-O distances result in relaxation parameters (ε) equal to 0.69(2) 
and 0.60(3) for Cr-O bonds in the Mg(Al1–xCrx)2O4 and Zn(Al1–xCrx)2O4 series, respectively. However, 
the presently obtained Racah B values indicate increasing Cr-O bond covalency with increasing Cr3+ 
contents. This suggests that color changes and accompanying 10Dq variations may be due to varia-
tions in Cr-O bond covalency along the two solid-solution series, without or with very minor local 
Cr-O bond distance variation. Consequently, the ε values obtained from the present optical absorption 
spectra should be regarded as minimum values. 

Keywords: Crystal synthesis, optical spectroscopy, structural relaxation, spinel, gahnite, Cr3+ 

Introduction

With increasing Cr content, color changes from pale red to 
dark green are often observed in solid solutions of different spi-
nel end-members, as well as in other Cr-bearing oxygen-based 
mineral binary series (e.g., Poole 1964). These color changes are 
related to variations in optical absorption, and they are gener-
ally interpreted within the ligand field theory as expressions of 
variable Cr-O distances along the respective solid-solution series 
(e.g., Burns 1993). Since the ionic radius of six-coordinated Cr3+ 
(0.615 Å) is larger than that of Al3+ (0.535 Å), the accommoda-
tion of a size mismatch is expected to create either short-range 
or long-range structural modifications in the host structure. 

Spectroscopic methods have demonstrated that the local 
structure often differs from the average structure as determined 
by diffraction methods, and that Vegard’s rule is not obeyed at 
the atomic scale due to lattice relaxation during atomic substi-
tution (Galoisy 1996). The relaxation coefficient ε [defined by 
Urusov (1992) on the basis of a geometrical model] would be 
0.0 for no relaxation, i.e., the case of the “virtual crystal” model 
obeying Vegard’s rule, and 1.0 for complete relaxation, i.e., the 
case of the “hard-sphere” model. Notably, for the hard sphere 
model, the ionic radii are constant and the whole structure is 

expected to take up all modifications upon chemical substitution. 
In contrast, the “virtual crystal” model assumes that the ions are 
located without local distortions at the “ideal” lattice sites of the 
average unit cell, and they are substituted without modification 
of the bond distances. A modified version of the virtual crystal 
model is the “local structure” model, in which the structure may 
distort locally, keeping the near-neighbor distances roughly 
constant. Based on optical spectroscopy and the point charge 
model, partial lattice relaxation has been suggested for several 
transition-metal-bearing solid-solution series of oxygen-based 
mineral structures as, e.g., garnet, corundum, andalusite, and 
olivine, with values of ε ranging from 0.5 to 0.8 (Langer 2001; 
Taran et al. 2004).

In contrast, almost constant local Cr-O bond distances, and 
hence ε values close to 1.0, have been suggested on the basis 
of results from EXAFS studies on spinel (Juhin et al. 2007), 
garnet (Juhin et al. 2008), and corundum structures (Gaudry et 
al. 2003, 2006). In the present work, we apply optical absorption 
spectroscopy to explore this suggested complete bond distance 
relaxation during the substitution of Al3+ by Cr3+ in spinel sensu 
stricto (s.s) and in gahnite (ZnAl2O4). Spinel s.s. and gahnite, 
as well as magnesiochromite (MgCr2O4) and zincochromite 
(MgCr2O4), are virtually normal spinels displaying limited or no 
intersite exchange, and consequently all Cr-Al substitutions may 
be regarded to take place at the six-coordinated cation site.* E-mail: ulf.halenius@nrm.se


