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Zn-O tetrahedral bond length variations in normal spinel oxides
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Abstract

Six synthetic single crystals of spinel phases with different compositions along the ZnAl2O4-ZnCr2O4 
solid solution were structurally and chemically characterized by X-ray diffraction and electron mi-
croprobe techniques. As predicted, unit-cell parameters and octahedral bond lengths (M-O) increase 
with increasing replacement of Al3+ by Cr3+. Despite the constant occupancy of the T site by Zn, also 
the tetrahedral bond length TZn-O shows significant variations along this binary. These variations are 
positively correlated with variations in M-O bond lengths.

The present data in conjunction with data from literature provide a basis for quantitative analyses 
of the variation in TZn-O in normal spinel structures. A negative correlation between TZn-O and the 
ionic potential at M (MIP) suggests that increasing MIP is related to a stronger electrostatic cation-cation 
repulsion across the shared octahedral edge M(O-O)shared of the structure. An observed negative cor-
relation between MIP and M(O-O)shared suggests that a decrease of M(O-O)shared provides a more efficient 
shielding effect to reduce the octahedral cation interactions.

In normal ZnB2O4 spinels (where B = Al3+, Cr3+, Ga3+, V3+, Fe3+, and Mn3+) cations with a smaller 
size provides a higher charge density. Increasing charge density at the M site causes shortening 
of M(O-O)shared, which in turn results in shorter TZn-O bond length. In general, variations in TZn-O 
are required by the structure to better provide an oxygen shielding effect to the octahedral cation-
cation repulsion.
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Introduction

Multiple oxides with spinel-type structure are common ac-
cessory minerals in a wide range of geological environments, 
from upper mantle to crust, crystallizing under various physico-
chemical conditions. Moreover, ceramic materials with spinel 
structure show a huge range of mechanic, optic, thermoelectric 
and magnetic properties, and because of that, they are suitable 
for a large spectrum of applications.

The spinel-type structure may be described by the general 
formula AB2O4, where A and B are usually divalent and trivalent 
cations, respectively. The symmetry is generally given as space 
group Fd3m, and the structure can be described as an almost 
cubic close-packed array of oxygen atoms, in which the A and 
B cations are distributed in one-eighth of all tetrahedral (T) and 
half of all octahedral (M) sites. The unit-cell parameter (a) and 
oxygen fractional coordinate (u) define the resulting tetrahedral 
(T-O) and octahedral (M-O) bond lengths. The distribution of 
A and B cations over T and M leads to two different ordered 
configuration schemes: (1) normal spinel, where the A cation 
occupies T and the two B cations occupy M (such as hercynite, 
Andreozzi et al. 2001a), and (2) inverse spinel, where one of the 
B cations occupies T and the remaining A and B cations occupy 
M (such as magnetite, Bosi et al. 2009). The resulting octahe-

dron is distorted (point symmetry 3m), whereas the tetrahedron 
is always regular (point symmetry 43m). The distortion of the 
octahedron is a function only of the interbond angles, because 
all the bond lengths are equivalent.

In the spinel- and spinelloid-type structures, inductive ef-
fects on the T-O bond length, M-O bond length and T-vacant 
cavity size are known from literature (Bosi et al. 2002, 2004; 
Lavina et al. 2003). For synthetic and natural Zn-rich spinels, 
in particular, the T-O bond length displays the largest variation. 
It has been demonstrated that in such normal spinels both ob-
served and empirical tetrahedral TZn-O bond lengths span from 
1.950 to 1.999 Å (e.g., O’Neill and Dollase 1994; O’Neill 1992; 
Lucchesi et al. 1998, 1999; Andreozzi et al. 2001b). However, 
although these works suggested that TZn-O varies as a function 
of the cation occupancy in the second coordination sphere, no 
detailed explanation was given to account for it.

In the present study, the problem of TZn-O bond length varia-
tion in the spinel structure is specifically addressed. Synthetic spi-
nels belonging to the gahnite (ZnAl2O4)-zincochromite (ZnCr2O4) 
series have been investigated by X-ray single-crystal diffraction 
and electron microprobe. Samples investigated are the single crys-
tals previously synthesized and spectroscopically characterized 
by Hålenius et al. (2010). We show, by combining our data with 
data from literature that the systematics found in our synthetics 
is indeed valid for spinel with normal cation distribution.* E-mail: ferdinando.bosi@uniroma1.it


