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Crystal structure and Mdssbauer spectrum of vonsenite, 2FeQ - FeBO;

J. S. SWINNEA AND HUGO STEINFINK

Materials Science Laboratories
Department of Chemical Engineering
The University of Texas, Austin, Texas 78712

Abstrac?

The crystal structure of the mineral vonsenite has been redetermined from a synthesized
specimen of composition 2FeO - FeBO;. The unit cell dimensions are a = 9.463()A, b =
12.305(DA, ¢ = 3.0727(6)A, Z = 4, space group Pbam. The final coordinates gave R =
0.054 and wR = 0.029 for 614 structure amplitudes and R = 0.030, wR = 0.027 for 461
amplitudes greater than 20(F). The crystal structure is essentially unchanged from the
structure reported in 1950 but the precision of the parameters is at least an order of
magnitude better. Values of valence sums, Méssbauer spectra, and the distortions present
in the four crystallographicaily independent octahedra containing Fel, Fc2, Fe3 and Fed
are consistent with the presence of two pairs of physically distinct iron ions. Fel and Fe3
are divalent; the bond distarce between Fe2 and Fed is 2.787A and direct exchange occurs
so that an intermediate oxidation state of +2.5 is observed. The Mdssbauer spectra are
complex and indicate the presence in the structure of FeX*, Fe** and Fe2’*. As the
temperature is lowered from room temperature the Méssbauer spectra show the migration
of a low velocity peak due to Fe** towards the high velocity peak due to the dinuclear
complex Fe2-Fe4 in which Fe has an intermediate valence state. At room temperature
charge delocalization is present over the three-dimensional structure because the next
nearest Fe2-Fe2 and Fe4-Fe4 distances of 3.073A parallel to ¢ provide a path. However, as
the temperature is lowered this rather large Fe-Fe distance becomes a barrier to

delocalization and only the charge transfer between Fe2 and Fed remains.

Introduction

The mineral vonsenite is one end member of the series
ludwigite-vonsenite in which the composition varies from
2MgO - FeBO; for the former to 2FeO - FeBO; for the
latter. The minerals may contain varying ratios of Mg?*,
Mn’* and Fe** in the divalent site as well as Al and Ti in
the ferric ion site. The structures of ludwigite and the
related minerals warwickite and pinakiolite were deter-
mined by Takéuchi et al. (1950) primarily from anion
packing considerations. Takéuchi aiso later published the
crystal structure of vonsenite (1956). Bertaut (1950) syn-
thesized = series of boroferrites with the ludwigite. war-
wickite and pinakiolite structures, in which the divalent
sites were occupied by Fe, Co. Ni, Cu and Mg, and the
trivalent sites by Fe, Ti** and Mn. He determined their
lattice constants and space groups. An abstract providing
preliminary atomic positions and bond lengths for ludwi-
gite was published by Carvalho da Silva et al. (1955) but
no further work has appeared. Numerous references to
these minerals and indexed powder diffraction patterns
exist in the literature (Eakle, 1920: Leonard and Vlisidis.
1960, 1961; Ruiz and Salvador, 1971, Franz et al.. 1981).

A refinement of the ludwigite structure from a mineral
specimen of composition (Mg, gsFed ) (Feg toAly40)BOs
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described the distribution of the cations over the four
crystallographically independent sites on the basis of
electron density peak heights in (001) electron density
projections (Mokeyeva. 1968). It was concluded that the
M3 octahedral site in ludwigite was preferentially occu-
pied by Fe?*. Malisheva et al. (1971) discussed the results
obtained from Mdssbauer spectra on a series of minerals
from the ludwigite-vonsenite series and also postulated
that Fe®*, when substituting for Mg, initially *‘enters first
of all the most regular octahedron M3."

No recent three-dimensional crystal structure determi-
nation of the iron end member vonsenite, 2FeO - FeBOs,
with reliable bond lengths exists and we undertook to
synthesize this phase, redetermine its structure and in-
vestigate its Mdssbauer spectrum.

Preparation

The starting materials for the preparation of vonsenite
were Fe, Fe,O; and B,O;. The Fe and Fe.O; powders
(Alfa Inorganics) were nominally 99.9+% pure. An X-ray
powder diffraction pattern of the B-O; powder (Eastman
Kodak) showed no extraneous lines. The stoichiometric
mixture 4Fe:7Fe;0::3B,0; was packed into a capped
carbon crucible and then sealed in a vycor wube under a
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