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Chapter 1
INTRODUCTION
1.1 Scope of Research
Manganese (IIL,IV) (hydr) oxides have long been recognized as effective
oxidants of organic and inorganic reductants. Aromatic and nonaromatic ligands
resembling soil organic matter have been reported to reductively dissolve Mn(IILIV)
(hydr) oxides (Stone and Morgan, 1984a,b). The reactivity of Mn(lIL,IV) (hydr) oxides
in soils makes them important regulators of plant available Mn in soil solution
(McBride, 1989b; McKenzie, 1989). Sorbed metal contaminants such as Pb(II) can be
released into solution following reductive dissolution of solid Mn(IILIV) (hydr) oxides
by oxidizable organic ligands and reactive compounds may be sorbed or coprecipitated
as a consequence of Mn(I[) hydrolysis (Xyla et al., 1992; Godtfredsen and Stone,
1994). The redox cycling of Mn is coupled to: 1) the geochemical cycling of metals
(Hem, 1978); 2) carbon turnover in soils (Wang and Huang, 1992; Naidja et al., 1998);
and 3) nitrogen transformation in soils (Bartlett, 1981; Wang and Huang, 1987; Laha
and Luthy, 1990) and marine sediments (Luther et al-., 1997). The Mn dissolution
reaction itself is abiotic, although oxidizable organic ligand reductants in soils may be

exuded from roots or microorganisms (Jauregui and Reisenauer, 1982; McBride,



1989b). There is a need to elucidate the fundamental mechanisms controlling these
reactions in natural settings.
1.2 Literature Review

1.2.1 Manganese Chemistry

Manganese occurs in three oxidation states in minerals and natural waters: LI,
[1I, and [V. Assuming octahedral coordination, possible electronic configurations and

ionic radii of the Mn cations taken from Burns (1976) are shown below:

.

.

tat et

LLL ﬁi_t tag "2
LLL tg

Mn(IV) Mn(ILD) Mn(ILI) Mn(ll) Mn(ll)
High-spin Low-spin High-spin Low-spin
0.54 A 0.65 A 0.58 A 0.82 A 0.67 A

where the gap between the t;; and eg‘ orbitals is the relative energy difference due to
crystal field splitting( Ao ). Crystal field stabilization energy (CFSE) decreases in the
order Mn(IV) > Mn(ILI) >Mn(II) because 2 Ao/5 is added for each electron in a tyg
orbital, and 3 Ao/5 is subtracted for each electron in an eg' orbital (McKenzie, 1970).

Thus, electrons in t,; orbitals increase the stability of an ion in octahedral coordination



and electrons in eg' orbitals decrease the stability (McKenzie, 1970). Only the high-
spin species of Mn(II) and Mn(III) occur in minerals (Burns, 1976).

Manganese(1l) and Mn(IV) have received the most attention in aquatic
chemistry (Morgan, 1967) because Mn(III) has an extensive coordination chemistry
(Yamaguchi and Sawyer, 1985) and in the absence of complexing ligands, is unstable
and disproportionates to Mn (1) and MnQO; in aqueous solution (Davies, 1969; Burns,
1993).

2Mn™ + 2H,0 <> Mn(ll) + MnO, + 4H* (1)

2G5 =-109 kJ mole™!
Low pH, high Mn(lI) concentration, and low Mn(III) concentration will slow the rate
of disproportionation based on Le Chatelier’s principle (Davies, 1969). Solution
complexes of Mn(IlI) with unsaturated complexing ligands such as carboxylic acid and
aromatic functional groups undergo internal metal-ligand redox reactions rather than
disproportionation (Magers et al., 1978; Luther et al., 1998). In contrast, ligands such
as bis-tris and pyrophosphate can chelate Mn(III) without subsequent electron transfer
(Luther et al., 1998; Klewicki and Morgan, 1998). Half lives of Mn(lII)-
pyrophosphate complex decomposition ranged from 25 to 530 days depending on pH
due to hydrolysis of pyrophosphate followed by disp»roportionation (Klewicki and
Morgan, 1998). The importance of the dissolved Mn (IIl)-pyrophosphate complex as
an environmental oxidant has been reported recently and coupled to Fe, S, and C

cycling (Kostka et al., 1995).



Manganese (II) complexes are labile to ligand substitution reactions and
complexation of Mn (II) is necessary to remove octahedral symmetry and rearrange the
energies of the d orbitals to effect electron transfer (Luther, 1990). Oxidation of
Mn(II) by O3 is slow (Diem and Stumm, 1984) unless catalyzed by a surface (Coughlin
and Matsui, 1976; Davies and Morgan, 1989; Junta and Hochella, 1994) with O donor
ligating atoms (hard ligands of low polarizability) such as 0% and OH" which facilitate
electron transfer (Luther,1990). Manganese (II) oxidation must occur by way of an
inner-sphere mechanism based on its d’ [tgg3eg2] electronic configuration because the ¢
to 7 electron transfer from the HOMO of Mn (1) to the LUMO of O, is not symmetry
allowed. In addition, « to & electron transfers are favored for outer-sphere
mechanisms (Luther, 1990).

1.2.2 Occurrence of Mn(IILIV) (Hydr) Oxides

Manganese (IIL,IV) (hydr) oxide minerals are often concentrated in nodules
intimately associated with Fe oxide minerals and often contain inclusions of the soil
matrix (White and Dixon, 1996). Most of the work conducted on secondary Mn
minerals in soils is derived from studies made on high-Mn materials isolated from
black, Mn-rich concretions (Gilkes and McKenzie, 1988). The extremely small crystal
size, poor crystallinity, and non-stoichiometric composition of soil Mn minerals make
identification in soils complicated (Gilkes and McKenzie, 1988). However, several

phases have been identified.






