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ABSTRACT
We report ab initio electronic structure calculations that directly relate given local chemical and
distortion environments to corresponding hyperÞne electric Þeld gradients (EFGs) in 57Fe Mössbauer
spectroscopy, thereby giving needed interpretive power to the technique in characterizing VIFe2+
environments in minerals. Changes of the EFG with various distortions were investigated on model
4–
clusters, including the bare octahedra FeO10–
6 and Fe(OH)6 , and various seven-octahedra sections of
an octahedral sheet, through self-consistent charge Xα ab initio calculations. Distortions examined
for all clusters were ßattening, counter-rotation, and bond scaling, as well as changes in neighbor
bond lengths and the identity and ordering of neighbor cations for the seven-octahedra clusters. The
evolution of the EFG with distortion was derived at T = 0 K and T = 300 K as a function of the distortion parameters. We Þnd that the percent change in the EFG over the range of distortion parameters
found in 1M trioctahedral micas is greatest with ßattening for the clusters compared, suggesting that
ßattening is the most important structural distortion in determining the EFG. The EFGs for the sevenoctahedra cluster as a function of ßattening were compared for thirteen conÞgurations of Mg2+ and
Al3+ cations in the Þrst nearest-neighbor octahedra. The percent change in the EFG for ßattening and
cation substitution was found to be of similar magnitude. In comparing EFG vs. ßattening curves with
measured quadrupole splitting distributions (QSDs), the magnitudes of EFGs in the theoretical curves
agree well with experiment. The sharp high quadrupole splitting edge is explained by the presence
of a maximum in the EFG vs. ßattening curve. These model calculations are a necessary Þrst step in
establishing a Þrmer link between local structural distortions in minerals and measured QSDs.

INTRODUCTION
The 57Fe Mössbauer spectra of minerals contain a great
deal of information about chemical and physical structure in
the form of distributions of hyperÞne parameters. However, a
major barrier to the wider use of Mössbauer spectroscopy in
the Earth sciences is uncertainty in how to interpret these distributions (Rancourt 1998). Quadrupole splitting (QS) is a key
local hyperÞne parameter that has such a distribution of values
for a given sample. It is a splitting of nuclear energy levels due
to the interaction of the 57Fe nuclear quadrupole moment with
the electric Þeld gradient (EFG) at the nucleus. The EFG is a
property of the electronic structure, which is highly sensitive to
the local distortion environments of the iron atom. Chemical and
structural disorder leads to distributions of local environments for
the 57Fe atom, which is why the Mössbauer spectrum of a given
sample must be described not by a single quadrupole splitting,
but by a distribution. In order to interpret quadrupole splitting
distributions (QSDs), electronic structure calculations are needed
to determine how speciÞc local distortion environments affect
the EFG (Rancourt 1998; Rancourt et al. 1994), and this has not
previously been attempted by ab initio methods.
The VIFe2+ coordination polyhedra occur in many different
types of crystal structure (cf., Mottanna et al. 2002; Bailey
1984, 1988; Veblen 1981; Prewitt 1980; Ribbe 1980; Burns
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1993; Anthony et al. 1995). Often the main distortions found in
the octahedra are determined by how they are connected within
the overall structure. An important class of local distortions are
those that are uniform (i.e., each Fe-O bond is affected in the
same way) and trigonally symmetric (i.e., one of the octahedronʼs
C3 axes is preserved). Three of these are considered here—ßattening, counter-rotation, and bond scaling. The motivation for
studying these particular distortions is that they are important
in layer silicates, where they are required to Þt octahedra of different sizes into a sheet of uniform thickness (Evans 2001). The
change in the EFG is investigated as these distortions are applied
systematically. Previous studies have used electronic structure
methods to calculate hyperÞne parameters in octahedrally coordinated Fe2+ (e.g., Terra and Ellis 1997; Terra and Ellis 1998;
Ellis et al. 1992; Lougear et al. 2000; Lottermoser et al. 2002),
but this is the Þrst to use systematically distorted model clusters
to investigate how speciÞc distortions affect the EFG. Our goal
is to use these artiÞcial model clusters to establish a speciÞc link
between geometric distortions of an octahedral Fe2+ site and the
EFG, which will then allow future studies to better explain and
interpret QSDs.
One of the main questions in this investigation is whether
there is one distortion more than any others that determines
the magnitude of the EFG. Changes in EFG over the range of
parameters seen in real materials are compared with each other
for several different model clusters. Small octahedral clusters
FeO10–
and Fe(OH)4–
6
6 represent bare octahedra. The effects of

