
INTRODUCTION

The minerals of the lazulite group are basic hydroxo-phos-
phates with the general chemical composition M2+M2

3+

(PO4)2(OH)2. They crystallize in the monoclinic space group P21/c
with two formula units per unit cell (Lindberg and Christ 1959),
and comprise, besides the name-giving lazulite with M2+M2

3+=
Mg2+Al2

3+, the end-members scorzalite with M2+M2
3+

 = Fe2+Al2
3+,

barbosalite with M2+M2
3+ =Fe2+Fe2

3+, and hentschelite (Sieber et
al. 1987) with M2+M2

3+ = Cu2+Fe2
3+. A complete solid-solution

series has been established between lazulite and scorzalite
(Schmid-Beurmann et al. 1999) but not among the other end-
members. The crystal structure of lazulite, scorzalite, and
barbosalite was first solved correctly by Lindberg and Christ
(1959). However, those authors did not refine the atomic co-
ordinates and did not give the the positions of the H-atoms, but
that information has been supplied by more-recent structure
determinations on lazulite (Giuseppetti and Tadini 1983) and
on barbosalite (Redhammer et al. 2000). The structure consists
of OH-corner-sharing M3+-octahedra forming chains parallel
to the crystallographic c-axis. Every second pair of M3+-octa-
hedra of two adjacent chains is linked to each other by an M2+-
octahedron along the b-axis in such a way that each
M2+-octahedron shares faces with two M3+-octahedra. In addi-
tion, the M3+-octahedral chains are linked by nearly regular
phosphate tetrahedra having one of their pseudo 4–-axis oriented
along the crystallographic b-axis.

Spectroscopic investigations cover studies by optical

(Amthauer and Rossman 1984) and Mössbauer spectroscopy
(Mattievich et al. 1979; Amthauer and Rossman 1984; Rouzies
and Millet 1993; Millet et al. 1995; Schmid-Beurmann et al.
1999; Redhammer et al. 2000). All Mössbauer spectra reveal
two distinct doublets corresponding to high-spin Fe2+ and Fe3+,
respectively. In spite of the rather short Fe-Fe distance of 2.832
Å in barbosalite at room temperature (Redhammer et al. 2000),
the Mössbauer spectra up to 400 K do not give any indication
for valence delocalization. On the other hand, the dark-green
to opaque color suggests the existence of an intervalence tran-
sition so that barbosalite belongs to the class 1 of mixed va-
lence compounds (Hush 1967). The low-temperature (80 K)
quadrupole splitting of the Fe2+ is very large, with 4.04 mm/s
in Fe-bearing lazulite (sign not determined, Amthauer and
Rossman 1984) and with about –3.80 mm/s in barbosalite
(Mattievich et al. 1979; Redhammer et al. 2000) where the nega-
tive sign in the latter case has been inferred from the magneti-
cally split spectrum resulting from the magnetic ordering below
the Neel temperature of 160 K. This negative sign is unex-
pected in so far as the first coordination sphere of Fe2+ resembles
a trigonally elongated octahedron. Consequently, the degen-
eracy of the t2g-like spin-down orbitals is lifted in such a way
that the eg-like orbitals are below the nondegenerate a1g orbital.
Such a splitting pattern, however, should lead to a positive sign
for the quadrupole splitting as detected, e.g., in another three-
iron cluster with linear arrangement (Paulsen et al. 1994). It is
then not clear if the origin of the negative sign of the quadru-
pole splitting in barbosalite is caused by some specific geo-
metrical arrangement of the higher coordination spheres or by
the magnetic interaction of Fe2+ with the neighboring Fe3+-ions.* E-mail: michael.grodzicki@sbg.ac.at
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ABSTRACT

The Fe end-members scorzalite [Fe2+Al2
3+(PO4)2(OH)2] and barbosalite [Fe2+Fe2

3+(PO4)2(OH)2] of
the lazulite series have been investigated by Mössbauer and diffuse reflectance spectroscopy, and by
electronic structure calculations in the local spin density approximation. The measured quadrupole
splitting (DEQ = –3.99 mm/s) in scorzalite is in quantitative agreement with the calculated value
(DEQ = –3.90 mm/s), as well as its temperature dependence. The optical spectrum of barbosalite can
be resolved into three peaks at 8985 cm–1, 10980 cm–1, and 14110 cm–1. These positions correlate
well with the two calculated spin-allowed d-d transitions at 8824 cm–1 and 11477 cm–1, and with an
intervalence charge transfer transition at about 14200 cm–1. The calculated low-temperature mag-
netic structure of barbosalite is characterized by a strong antiferromagnetic coupling (J = –84.6
cm–1) within the octahedral Fe3+-chains, whereas a weak antiferromagnetic coupling within the
trioctahedral subunit cannot be considered as conclusive. The analysis of the charge and spin densi-
ties reveals that more than 90% of the covalent part of the iron-ligand bonds arises from the Fe(4s,4p)-
electrons. Clusters of at least 95 atoms are required to reproduce the available experimental data
with quantitative accuracy.
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