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INTRODUCTION

Birnessite is the most common mineral of the phyllo-man-
ganate family. It can form under a variety of physico-chemical
conditions and is consequently present in different geological
environments such as soils (Taylor et al. 1964; Chukhrov and
Gorshkov 1981; Cornell and Giovanoli 1988), marine manga-
nese nodules and micro-nodules (Burns and Burns 1976; Glover
1977; Chukhrov et al. 1978, 1985, 1989; Drits et al. 1985), and
Mn-rich ore deposits (Usui and Mita 1995). Furthermore,
birnessite possesses unique surface-charge (Healy et al. 1966;
Murray 1974), cation-exchange (Balistrieri and Murray 1982;
Le Goff et al. 1996), and redox (Stone et al. 1994) properties,
which makes it highly reactive with respect to sorption phe-
nomena (Paterson et al. 1994; Tu et al. 1994). It is also easily
synthesized under laboratory conditions (Bricker 1965; Stälhi
1968; Giovanoli et al. 1970a, 1970b; Golden et al. 1986; Strobel
et al. 1987; Cornell and Giovanoli 1988) and therefore has been
often used as a model Mn oxide in environmental chemical
studies (Stone and Morgan 1984; Stone 1987; Manceau and
Charlet 1992; Xyla et al. 1992; Bidoglio et al. 1993).

Two major synthetic analogues of Na-birnessite (NaBi) have
been described in the literature. A three-layer hexagonal modi-
fication was synthesized recently under hydrothermal condi-
tions (Chen et al. 1996). However, the most common way to

synthesize NaBi is through the formation of Na-rich 10 Å
buserite at room temperature and high pH, which is then par-
tially dehydrated to form NaBi (Giovanoli et al. 1970a; Feng
et al. 1997). Post and Veblen (1990) determined for the first
time the monoclinic one-layer sub-structure of this
phyllomanganate using the Rietveld technique, together with
transmission electron microscopy (TEM) and selected area elec-
tron diffraction (SAED). Drits et al. (1997), and Silvester et al.
(1997), using SAED and extended X-ray absorption fine struc-
ture spectroscopy (EXAFS), further studied the structure and
crystal chemistry of synthetic NaBi, concentrating on the nature
and origin of its super-cell and modulated structures.

These authors did not perform any additional XRD analy-
sis and assumed that the sub-structure determined by Post and
Veblen (1990) was correct. However, the precision of refined
structural parameters (atomic positions and occupancies) was
not sufficient to allow a complete and unambiguous determi-
nation of all details of the NaBi sub-structure, even though its
main structural and chemical properties were reasonably well-
known. In particular, they were unable to draw definitive con-
clusions about the respective contributions of layer Mn3+ and/
or layer vacancies to the layer charge. Accordingly, it was im-
possible from their results to choose unambiguously between
the two structural formulae Na1+

0.29(Mn4+
0.71

Mn3+
0.29)O2·0.75H2O and Na1+

0.29(Mn4+
0.93■0.07)O2·0.75H2O. Simi-

larly, the position of the interlayer species could not be deter-
mined precisely because the O2 site on the difference-Fourier* E-mail: Bruno.Lanson@obs.ujf-grenoble.fr
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ABSTRACT

The structure of a synthetic analogue of Na-birnessite (NaBi) was studied by powder X-ray
diffraction (XRD). It is shown that NaBi has a one-layer triclinic structure with sub-cell param-
eters: aP = 2.9513(4) Å, bP = 2.9547(4) Å, cP = 7.334(1) Å, aP = 78.72(2)∞, bP = 101.79(1)∞,
gP = 122.33(1)∞, and space group P1–. This sub-cell is equivalent to the base-centered sub-cell with
parameters: a = 5.174 Å, b = 2.848 Å, c = 7.334 Å, a = 90.53∞, b = 103.20∞, and g = 90.07∞. A
structure model has been refined using the Rietveld technique. NaBi consists of vacancy-free Mn-
bearing octahedral layers whose negative charge arises mostly from the substitution of Mn3+ for
Mn4+. The departure from the hexagonal symmetry of layers results from Jahn-Teller distortion of
Mn3+ octahedra, which are elongated along the a axis, segregated in Mn3+-rich rows parallel to the b
axis, and separated from each other along the a axis by two Mn4+-rows. Structural sites of interlayer
Na cations and H2O have been determined as well as their occupancies. The sub-cells of the two
NaBi modifications described by Drits et al. (1997) as types I and II likely contain four sites for
interlayer species, two of which are occupied by Na and the other two by H2O molecules. In the two
NaBi varieties, these pairs of sites are split along the c axis and related by a center of symmetry. This
splitting is consistent with the modulated structure of both NaBi types, which arises from the peri-
odic displacement of interlayer species along the b axis with a periodicity l = 6b (Drits et al. 1997).


