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INTRODUCTION

The importance of synthetic semiconductors to chemical
and industrial processes has spurred a large research effort to
understand the fundamentals of photochemical processes and
to develop new photocatalysts. For example, synthetic
photocatalysts can promote processes such as photodecompo-
sition of organic and inorganic contaminants (Borgarello et al.
1988; Brinkley and Engel 1998; Fox 1988; Pelizzetti et al. 1988;
Serpone et al. 1988a, 1988b), photosynthesis of organic com-
pounds from carbon dioxide and other inorganic substrates
(Anpo et al. 1997; Inoue et al. 1979; Kanemoto et al. 1996),
photodecomposition of water to hydrogen and oxygen
(Lauermann et al. 1987; Reber and Meier 1984), and photore-
duction of dinitrogen to ammonia (Augugliaro and Palmisano
1988; Bickley et al. 1988; Schrauzer and Guth 1977; Soria et
al. 1991).

In contrast, there has been relatively little research on the
photocatalytic properties of mineral semiconductors. There is,
however, a growing recognition of the role semiconducting
minerals may play as catalysts of redox reactions in natural
environments and engineered systems designed to degrade haz-
ardous chemicals (Schoonen et al. 1998; Selli et al. 1996;
Stumm and Morgan 1995; Sulzberger 1990). Hence, the ques-
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ABSTRACT

The absolute energy positions of conduction and valence band edges were compiled for about 50
each semiconducting metal oxide and metal sulfide minerals. The relationships between energy
levels at mineral semiconductor-electrolyte interfaces and the activities of these minerals as a cata-
lyst or photocatalyst in aqueous redox reactions are reviewed. The compilation of band edge ener-
gies is based on experimental flatband potential data and complementary empirical calculations
from electronegativities of constituent elements. Whereas most metal oxide semiconductors have
valence band edges 1 to 3 eV below the H2O oxidation potential (relative to absolute vacuum scale),
energies for conduction band edges are close to, or lower than, the H2O reduction potential. These
oxide minerals are strong photo-oxidation catalysts in aqueous solutions, but are limited in their
reducing power. Non-transition metal sulfides generally have higher conduction and valence band
edge energies than metal oxides; therefore, valence band holes in non-transition metal sulfides are
less oxidizing, but conduction band electrons are exceedingly reducing. Most transition-metal sul-
fides, however, are characterized by small band gaps (<1 eV) and band edges situated within or
close to the H2O stability potentials. Hence, both the oxidizing power of the valence band holes and
the reducing power of the conduction band electrons are lower than those of non-transition metal
sulfides.

tion arises of whether semiconducting minerals could promote
these same processes. If so, these minerals could play an im-
portant role in the fate of contaminants and the chemical com-
positions of atmosphere and hydrosphere of the early earth.

 Although all the processes mentioned above are photo-
chemical processes, there is also evidence for non-photolytic
catalysis of redox reactions by semiconductors (Xu 1997; Xu
and Schoonen 1995; Xu et al. 1996, 1999). Semiconductors
can act as a conduit for electrons between the aqueous reac-
tants. Because no illumination is needed for non-photo cata-
lytic processes, this mechanism may be important beneath the
photic zone in aquatic systems.

In photochemical reactions, as well as the non-photochemi-
cal mechanism outlined in our earlier work, the crucial step is
the transfer of electrons between the semiconductor and sorbed
reactants. As pointed out by Morrison (1990), electrons can
only be transferred between those energetic states in the semi-
conductor and the electrolyte that are at approximately the same
energy level. The energy level of energetic states of sorbates
undergoing an electron transfer can be approximated by the
standard redox potential (E0), whereas relevant energy levels
for a semiconductor are the top of the valence band (EV) and
the bottom of the conduction band (EC). The relative energet-
ics of EV and EC vs. E0 is the fundamental property of an elec-
trolyte/semiconductor system that dictates whether an electron
transfer between the semiconductor and sorbate is feasible.

Although band gap (Eg) is well known for most semicon-
ductors, unfortunately, EV and EC have not been determined ac-*E-mail: mschoonen@notes.cc.sunysb.edu


