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INTRODUCTION

Manganese oxides are widely known as strong metal sor-
bents/scavengers and oxidizers, resulting in great interest in
the role that they play in the fate of toxic metals in nature, as
well as potential and realized applications in waste water treat-
ment and reactive barriers in soils (e.g., Jenne 1968; Murray
1975; Means et al. 1978; Merkle et al. 1996). One metal in
particular, chromium, has attracted a large amount of attention
with regards to Mn-oxides because these minerals are the most
notable naturally occurring inorganic phases capable of oxi-
dizing Cr3+

aq to Cr6+
aq (Eary and Rai 1987). This oxidation reac-

tion is of concern because Cr6+
aq is both more labile and

bioavailable than its reduced counterpart. Although Cr6+
aq is

known to be relatively unreactive with DNA under physiologi-
cal conditions, its reduction within cells to Cr5+ and Cr4+ inter-
mediates can produce hydroxyl radicals, which result in
oxidative cell damage (Katz and Salem 1994). Overall, chro-
mium is the most common redox-active inorganic groundwa-

ter contaminant in the United States and in many other indus-
trialized countries around the world (Nriagu and Nieboer 1988;
Kavanaugh 1994).

The primary goal of this study is to determine and attempt
to explain the similarities and differences in the Cr3+

aq sorption
and oxidation behavior of seven Mn-oxides. This will, in turn,
help us to further understand the role that various Mn-oxides
play in the mobility of chromium in the near-surface environ-
ment. A large variation in reactivity is expected among the Mn-
oxides because they encompass a structurally and chemically
diverse set of oxides, hydroxides, oxyhydroxides, and hydrous
mineral phases (Post 1992). In terms of atomic structure, Mn-
oxides may be of the layer, tunnel, or framework structure types
that are assembled of edge and corner sharing Mn-octahedral
and tetrahedral building blocks. In terms of valence, the Mn-
oxides are equally diverse with manganese occurring in diva-
lent, trivalent, or tetravalent states, or occurring simultaneously
in multiple valence states. There is perhaps no other group of
minerals that exhibits such diversity in structure and valence
with such little variation in chemical composition.* E-mail: rweaver@mcri.org

The reactivity of seven Mn-oxides with Cr3+
aq: A comparative analysis of a complex,

environmentally important redox reaction

ROBERT M. WEAVER1,2,* AND MICHAEL F. HOCHELLA JR.1

1NanoGeoscience and Technology Laboratory, Department of Geological Sciences, Virginia Tech, Blacksburg, Virginia 24061-0420, U.S.A.
2Present address: McCrone Research Institute, 2820 S. Michigan Ave., Chicago, Illinois 60616-3292, U.S.A.

ABSTRACT

The interactions between 10–4 M Cr3+
aq and seven different Mn-oxides (six natural samples, includ-

ing hausmannite, manganite, romanechite, cryptomelane, lithiophorite, and pyrolusite; and one syn-
thetic sample, birnessite) have been observed in aqueous solution at pH 4.4 (pH 5.2 in the case of
hausmannite) and room temperature. For each mineral-solution interaction, the aqueous chemical
concentrations of [Mnaq], [Cr]T

aq, and [Cr6+
aq] were measured with time. Reacted samples were exam-

ined by XPS to determine if and to what extent the surface chemical states of Cr, Mn, and O had
changed. Microscopic observations of the reacted surfaces were obtained using AFM and high-
resolution, low-voltage FESEM. Cr-uptake onto/into the Mn-oxides is observed to occur in Cr-hy-
droxide/hydrate undersaturated solutions as a result of adsorption, absorption, and surface
precipitation. In addition, the rate and extent of reductive dissolution and Cr3+

aq oxidation varied con-
siderably between the seven Mn-oxides. The measured ratios of [Mn]aq:[Cr6+]aq were in agreement
with the values expected from the proposed stoichiometric reactions where they could be easily
written. The chromium as detected by XPS on the surface of the reacted Mn-oxides was predomi-
nately Cr3+, however pyrolusite contained both Cr3+ and Cr6+. Several previous studies have impli-
cated a chromium surface precipitate to be responsible for the cessation of the Cr3+

aq oxidation reaction.
Our surface sensitive FESEM and AFM observations tend to suggest that Cr uptake is by isolated
site binding, and very small (<30 nm) surface clusters. On two of the seven Mn-oxides tested
(hausmannite and birnessite), Cr uptake was followed by slow Cr release after a substantial portion
of the total aqueous Cr had been converted to Cr6+

aq.
The Mn-oxides that exhibited the greatest and longest lasting Cr3+-oxidizing ability were the Mn-

oxides containing Mn3+, and in particular those containing Mn3+ and Mn2+. It is believed that the com-
bined presence of a reducible Mn ion (e.g., Mn3+) and a highly soluble Mn2+ ion facilitates a sustained
Cr3+-oxidation reaction because fresh Mn3+ surface is exposed during the dissolution reaction. Finally,
the Cr3+

aq reacted Mn-oxides tested showed a partial rejuvenation of their Cr3+-oxidizing ability after a
period of drying and storage. An assessment of this process will require additional experimentation.


