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 Study goals. The calculated crystallochemical 
formulas of the minerals form the basis for various 
petrological and geochemical studies. The ionic char-
acter of the metal-ligand chemical bond is allways 
assumed in such calculations. However, this assump-
tion is known to be rather approximate and rude for 
the most of the minerals, in particular, for oxides and 
silicates. The lack of alternative approach and the ab-
sence of actual calculations and experimental data 
concerning the covalence degree of the chemical 
bond in the minerals often lead to the contradictory 
results. The main goals of our study are the follow-
ing: a) nonempirical quantum chemical analysis of 
the electronic structure and metal-ligand bond in the 
spinels (Mgx, FeIV (1-x)) (Cr, Al, FeVI)2O4 (x = 0÷1) 
with the normal distribution of cations, b) calculation 
of the electric field gradient at the core of FeVI in the 
octahedron position of the mineral, c) comparison of 
the calculated and experimental parameters of Moss-
bauer spectra of FeVI and verifiing the calculation 
structural models. The mineral for investigation was 
chosen because of its wide applications in a number 
of olivine-spinel versions of geothermometers and 
oxybarometers [1]. The last ones have been used, in 
particular, for the estimating of the redox state and 
temperature of the upper mantle formation. However, 
the oxygen fugacity has been estimated with an error 
of three (four) orders of magnitude [1] while the 
stoichiometric model of the spinel and the ionic char-
acter of the chemical bond have been assumed. So 
the results obtained have to be tested and modified. 
 Calculation method. Calculations of the elec-
tronic structure and chemical bond of the ions in the 
spinel were based on the nonempirical quantum 
chemical cluster Xα-method of discrete variation. 
The calculation procedure has been described in de-
tails elsewhere [2-4]. The analysed structural frag-
ments (clusters) contain the central octahedron 
MeVIO6 (FeVIO6, CrVIO6 or AVIO6) surrounded by six 
tetrahedrons MeIVO4 (MgIVO4 and FeIVO4). The Mg-
Fe cations distribution in the tetrahedral sites of the 
structure have been supposed to deviate from the sta-
tistical one. The variations of the mineral composi-
tion (x = 0÷1) were assigned by the number of MgIV 
and FeIV cations in the clusters. To simplify calcula-
tions, the influence of FeVI, CrVI and AlVI cations ad-
jacent to the central octahedron in the structure has 
been neglected.  
 Electronic structure. Calculations demon-
strated the main features of the electronic structure of 

complex iron oxides, including the relative position 
of FeVI3d and O2s,2p valent levels in the spectrum, 
splitting of 3d levels in the crystalline field, and their 
spin polarization [2]. The energies of the valent states 
of oxygen and iron ions were found to overlap par-
tially; considerable covalent mixing was observed for 
all the sample compositions studied. The overlap oc-
cupancy of FeVI3d,4s,4p and O2s,2p orbitals which 
can be used to characterize the degree of covalence 
was not equal to zero for all the clusters calculated. 
The maximum covalent effect was observed for O2p 
and FeVI3d,4s orbitals. In accordance with calcula-
tions, metal-ligand bonds were more ionic for oxygen 
in the FeVI-O-MgIV coordination than in the FeVI-O-
FeIV coordination. Those bonds were found to be 
more ionic in character when FeIV was replaced by 
MgIV at tetrahedral sites in the neighborhood of FeVI 
ions.  
 Effective charges (Q) have been calculated 
according to [5]. They were shown to be equal to the 
following values for the various ions in the spinel: 
+1.64÷1.76 (FeVI), +1.22 (MgIV), +1.00 (FeIV), +1.80 
(CrVI), +2.17 (AlVI) and  −1.17÷−1.47 (O) (in the 
electron charge units). The сharge values differ 
greatly from those used in the ionic model of the 
mineral. The effective charge of FeVI ions increased 
from +1.64 to +1.76 with the decreasing of Fe-
amount in the samples. The oxygen ion charge value 
also changes considerably and depends on the nearest 
cation environment. The highest (-1.47) value corre-
sponds to AlVI-O-MgIV coordination and the lowest 
one (-1.17) corresponds to FeVI-O-FeIV coordination. 
This confirms the conclusion that the chemical bond 
is more covalent in the latter case.  
 Crystallochemical formula and cation dis-
tribution in the spinel. Based on the values of the 
effective ions charges for the several samples from 
the Ural ultramafites we calculated the charge values 
of their cation and anion sublattices [3]. Considering 
the assumptions on the normal distribution of the 
cations and the oxygen stoichiometry the lattice elec-
troneutrality could be fulfilled only if oxygen ions in 
the samples had preferable coordinations conducive 
to the increase in the negative charge of the anion 
sublattice. This condition means that cations deviate 
from the statistical distribution in the spinel structure 
and cation associates are formed. It is shown that the 
inhomogeneity of the samples with the high Fe-
content must be higher. This result is in qualitative 
agreement with the electron microprobe data accord-
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ing to which high Fe-containing spinels are 
characterized by considerable inhomogeneous 
distribution of iron and magnesium in the grains.  
 Mossbauer parameters of Fe  VI ions. The 
electric field gradient (EFG) on the core of FeVI ion 
and the quadrupole splitting (QS) of its Mossbauer 
spectra are shown to be caused mainly by: a) the 
asymmetric distribution of the electronic density of 
3d-orbitals of FeVI ions, b) the charge nonequivalence 
of the nearest oxygen ions [4]. Both contributions to 
EFG have the similar orders of magnitude. In accor-
dance with calculations the dependence of QS on the 
sample composition is not additive and the maximum 
of QS (0.3 to 0.5 mm/s) for FeVI ions corresponds to 
compositions with x = 0.17÷0.33. The experimentally 
observed increase of QS with decreasing of Fe-
amount in the samples [1] is probably due to the for-
mation of cation associates of this composition in the 
region of intermediate iron concentrations. However, 
EFG on the iron core should be largely affected by 
distortions of iron-oxygen octahedrons, the vacancy 
concentration, etc. So, interpretation of Mosssbauer 
parameters needs further investigation.  
 Conclusion. The metal-ligand chemical bond 
in the spinel is found to be characterised by a consid-
erable degree of covalence; the latter depends on the 
local environment of oxygen octahedrons. The elec-
tronic structure and chemical bond specific features 
revealed indicate the deviation of cation distribution 
from statistical one and the formation of cation asso-
ciates. The assumption on a nonstatistical cation dis-
tribution agrees with the results of experimental and 
theoretical analyses of Mosssbauer spectra.  
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