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Lewis acids and bases
Metals can be classified according to
their hard and soft characteristics,
based on the principle of hard and
soft acids and bases (Pearson 1963,
1968).
Lewis acid – an electron pair acceptor.
All metal ions or atoms and most
cations are Lewis acids and capable
of accepting a pair of electrons
from a Lewis base (anion). A metal
that is a hard Lewis acid has a high
positive oxidation state, small size,
and low polarizability (e.g. potassium and calcium), while a metal
that is a soft Lewis acid has a large
size, low positive charge, and high
electronegativity (e.g. copper and
zinc). Most metals are soft or transition acids, meaning they have
low positive charge and large size
and form covalent bonds with
ligands.
Lewis base – an electron pair donor. A
hard Lewis base is an electron
donor of low polarizability and
high electronegativity (e.g. nitrate
and sulfate), while a soft Lewis base
is a donor of large size and high
polarizability (e.g. iodide and
cyanide) (Pearson 1963, 1968;
Morris 1992; Sparks 2002).

Sorption terminology
Adsorption – the accumulation of a
substance or material at the interface between a solid surface and a
bathing solution.
Inner-sphere surface complex – No
water molecule is present between
the ion or molecule and the surface
functional group to which it is
bound, and the bonding is covalent or ionic. Inner-sphere complexes can be monodentate (metal
is bonded to only one oxygen) or
bidentate (metal is bonded to two
oxygens) and mononuclear or
binuclear. Inner-sphere complexation can increase, reduce, neutralize, or reverse the charge on the
sorptive regardless of the original
charge. Adsorption of ions via
inner-sphere complexation can
occur on a surface regardless of the
original charge. Inner-sphere complexation is usually slower than
outer-sphere complexation and is
often not reversible.

plexation is usually a rapid process
that is reversible, and adsorption
occurs only on surfaces that are of
opposite charge to the adsorbate.
Polymerization – the formation of
small multinuclear inorganic species
such as dimers or trimers on a
surface.
Sorption – a general term that is used
when the retention mechanism at a
surface is unknown. Adsorption,
surface precipitation, and polymerization are all examples of sorption.
Surface complex – The interaction of a
surface functional group with an
ion or molecule present in the soil
solution can create a stable molecular entity called a surface complex.
The overall reaction is referred to as
surface complexation.
Surface functional group – a “chemically reactive molecular unit
attached at the boundary of a solid
with the reactive groups of the unit
exposed to the soil solution”
(Sposito 1984). Surface functional
groups can be organic or inorganic
molecular units. Organic functional
groups are associated with humic
substances (naturally occurring
heterogeneous organic substances
of high molecular weight and of
brown to black color, i.e. humic
and fulvic acids, and humin). The
major organic functional groups
are carboxyl [R-C=O(-OH), where R
is an aliphatic backbone] and phenolic (Ar-OH, where Ar is an aromatic ring) (Stevenson 1982;
Sparks 2002). The major inorganic
surface functional groups in soils
are (1) the siloxane surface associated with the plane of oxygen
atoms bound to the silica tetrahedral layer of a phyllosilicate (clay
mineral) and (2) hydroxyl groups
associated with the edges of inorganic minerals such as kaolinite,
amorphous materials, and metal
oxides and oxyhydroxides. Surface
functional groups on metal oxide
and oxyhydroxide, clay mineral,
and organic matter surfaces play a
significant role in metal sorption
processes.
Surface precipitation – the formation
of a three-dimensional phase product on a surface.

Outer-sphere surface complex – A
water molecule is present between
the surface functional group and
the bound ion or molecule (Sposito
1989). Outer-sphere complexes
involve electrostatic coulombic
interactions. Outer-sphere com-
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