
American Mineralogist, Volume 85, pages 817–825, 2000

0003-004X/00/0506–817$05.00      817

INTRODUCTION

The redox cycling of selenium in natural aquatic environ-
ments is significant because Se is both an essential and a toxic
element (Lakin 1973; Mayland et al. 1989). Previous studies
have shown that adsorption and redox reactions of selenium
on various mineral surfaces (e.g., Al-, Fe-, Mn-oxides, clays,
calcite) are very important processes controlling the mobility
and availability of selenium in the environment (Frost and Grif-
fin 1977; Singh et al. 1981; Neal et al. 1987a, 1987b; Balistrieri
and Chao 1987, 1990; Goldberg and Glaubig 1988; Sposito et
al. 1988; Cowan et al. 1990; Spackman et al. 1990; Velinsky
and Cutter 1991; Glasauer et al. 1995; Papelis et al. 1995b;
Martens and Suarez 1997; Parida et al. 1997a, 1997b). The ad-
sorption behavior of selenium is dependent on its oxidation state
and previous studies have demonstrated that selenite (SeO3

–2) is
usually more strongly adsorbed than selenate (SeO4

–2)
(Ylaranta 1983; Ahlrichs and Hossner 1987; Ryden et al. 1987).

Previously, oxidation of selenite to selenate by soils and
sediments has primarily been investigated by measurement of
changes in bulk solution chemistry (Oremland et al. 1990;
Johnson and Bernard 1992; Gruebel et al. 1995; Zawislanski
and Zavarin 1996). Except for the studies of Weser et al. (1977),
little regard has been placed on the surface properties of ox-
ides during reaction, or on identification of intermediate reac-

tion products produced at the near-surface during these reac-
tions.

Several recent sorption studies utilizing X-ray absorption
spectroscopy (XAS) and X-ray photoelectron spectroscopy
(XPS) have shown that selenite is strongly adsorbed as an
inner-sphere, bidentate surface complex on Al and Fe
oxyhydroxides (Hayes et al. 1987; Papelis 1995; Papelis et al.
1995a, 1995b; Pickering et al. 1995). Although most of the
spectroscopic studies have observed the adsorption behavior
of selenite at various pH conditions, a few studies have inves-
tigated the effect of selenite on dissolution rate of oxides
(Sposito et al. 1988; Bondietti et al. 1993). These studies have
suggested that at pH < 5 selenite enhances dissolution via for-
mation of mononuclear complexes whereas at near-neutral pH
selenite greatly inhibits dissolution through formation of strong
binuclear surface complexes.

Birnessite [MnO1.75(OH)0.25] is a commonly occurring layer-
structured, nonstoichiometric manganese oxyhydroxide in soils
and sediments (Giovanoli 1980; Dixon et al. 1986). Several
studies using XPS have shown that birnessite is capable of
oxidizing a wide range of natural inorganic and organic cat-
ionic and anionic species like Co2+ (Murray and Dillard 1979;
Dillard et al. 1982), Cr3+ (Banerjee and Nesbitt 1999a), AsO3

3–

(Nesbitt et al. 1998) and oxalate (Banerjee and Nesbitt 1999b)
via surface redox reactions. Most of these redox reactions oc-
cur at and are restricted to the upper 30 Å of the mineral sur-
face.

The first objective of this paper is to determine the chemi-
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ABSTRACT

Reductive dissolution of 7 Å birnessite [Mn2+
0.05Mn3+

0.25Mn4+
0.7O1.7(OH)0.25] by selenious acid (H2SeO3)

produces Mn3+ and Mn2+ surface reaction products (here represented as S-MnOOH and S-MnO,
respectively) and Mn2+,3+-selenite surface complexes at the solution-mineral interface.

Mn2p3/2, Se3d, and O1s X-ray photoelectron spectra of reacted surfaces reveal that Mn4+ of
birnessite is reduced simultaneously to Mn3+ and Mn2+ while Se6+ is oxidized to Se4+ according to the
probable stoichiometric reactions:

2MnO2 + H2SeO3 + H2O → 2S-MnOOH + H2SeO4

MnO2 + H2SeO3 → S-MnO + H2SeO4

There is no XPS evidence for reduction of surface Mn3+ to Mn2+ in the presence of selenite.
Whereas this reaction proceeds in the presence of arsenite, selenite apparently inhibits reduction of
Mn3+, perhaps through formation of a strong Mn-selenite surface complex.

The rate of release of Mn2+ to dilute selenious acid (1.5 × 10–3 M) is considerably lower than the
rate of release to aerated, distilled water at similar pH. This behavior suggests that adsorbed selenite
complexes impede the proton promoted dissolution of the soluble Mn2+ component of birnessite.

*Present Address: Institut für Mineralogie und Petrographie,
ETH-Zentrum, Sonneggstrasse 5, CH-8092 Zürich, Switzer-
land. E-mail: dipban@julian.uwo.ca


