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John Bargar,
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the Stanford
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Radiation
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received his BS from the Ohio
State University (1990) and his
PhD in geological and environ-
mental sciences from Stanford
University (1996). Bargar’s research
interests lie in the areas of geomi-
crobiology, low-temperature aque-
ous geochemistry, and mineral–
water and membrane–water-
interface geochemistry. His current
research focuses on the structural
chemistry and environmental reac-
tivity of bacteriogenic minerals,
with emphasis on elucidating their
roles in the biogeochemical
cycling of metals in the biosphere.
He uses synchrotron-based scatter-
ing and spectroscopy techniques
under in situ conditions. 
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Boyanov
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degree in
physics from
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of Sofia and a

PhD in physics from the Univer-
sity of Notre Dame. In 2003, he
joined the Molecular Environ-
mental Science Group at Argonne
National Laboratory as a postdoc-
toral researcher. His PhD work
focused on using synchrotron 
X-ray techniques to study the
molecular binding of dissolved
metals to organic ligands, both on
the surface and in solution. His
current research aims at linking
the molecular coordination of
ferrous iron to its reactivity,
which has implications for the
biogeochemical cycling of iron
and the removal of contaminants
from the environment.
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applied to geochemistry and
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microbe interactions. All of this
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environmental science. He is a
former president of the Geochem-
ical Society and has received the
Dana Medal of the Mineralogical
Society of America, the Alexander
von Humboldt Research Award,
and a Senior Fulbright Fellowship.
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structure (EXAFS) spectroscopy.
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interaction of uranyl with
calcium and carbonate in solu-
tion, the incorporation mecha-
nism of U6+ into the crystallo-
graphic structure of calcite, and
the interaction of U6+ with
microbial exudates. 
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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. potas-
sium 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 tran-
sition 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 inter-
face 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 cova-
lent or ionic. Inner-sphere com-
plexes can be monodentate (metal
is bonded to only one oxygen) or
bidentate (metal is bonded to two
oxygens) and mononuclear or
binuclear. Inner-sphere complexa-
tion can increase, reduce, neutral-
ize, 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 com-
plexation is usually slower than
outer-sphere complexation and is
often not reversible.

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-

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 polymer-
ization 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 molec-
ular entity called a surface complex.
The overall reaction is referred to as
surface complexation. 

Surface functional group – a “chemi-
cally 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 phe-
nolic (Ar-OH, where Ar is an aro-
matic ring) (Stevenson 1982;
Sparks 2002). The major inorganic
surface functional groups in soils
are (1) the siloxane surface associ-
ated with the plane of oxygen
atoms bound to the silica tetrahe-
dral layer of a phyllosilicate (clay
mineral) and (2) hydroxyl groups
associated with the edges of inor-
ganic 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 prod-
uct on a surface. 

Glossary of Terms Related 
to Metals and Natural Surfaces
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multidisciplinary research group making use
of third-generation synchrotron radiation for
environmental research. Since 1997 he has
been investigating mineral–microbe–metal
interactions and their role in affecting the
mobility of contaminant metals and radionu-
clides. In 1999 he received the Presidential
Early Career Scientist Award and the DOE-
Office of Science Early Career Scientist Award.
In 2000 he received the International Union
of Crystallography Young Scientist Award. 
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in the Department of
Environmental Sciences at
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Zurich. He received his
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North Carolina State University. He and his
students are investigating the biogeochemical
processes controlling the behavior of trace
elements in soils and sediments. Colloid and
surface chemistry of clays and oxides and
colloid-facilitated transport of trace metals
have been important research topics of his
group. He has published more than 40 papers
in international peer-reviewed journals and
several book chapters and reviews. Currently,
he serves as a division chair for the German
Soil Science Society, as an editorial board
member of the Journal of Plant Nutrition and
Soil Science, and as associate editor for the
Vadose Zone Journal.
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University and his PhD at
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Geoscience and Techno-

logy Laboratory. He was awarded a National
Science Foundation Graduate Research
Fellowship in 2001. His dissertation involved
experimental studies of the geochemical
reactivity of hematite nanoparticles as a
function of size, along with the development
of Nano2Earth, an environmentally relevant
curriculum designed to introduce nanotech-
nology to secondary school students. He is
currently a postdoctoral research associate at
the Environmental Sciences Division of Oak
Ridge National Laboratory.

David McNear received
his BS and MS degrees
from the Pennsylvania
State University and
currently is a graduate
fellow with Dr. Donald
Sparks at the University
of Delaware. His research

interests include the biogeochemical processes
occurring at the plant–water–soil interface and
how these processes influence the mobility
and bioavailability of heavy metals from
geogenic and anthropogenic sources. His

current research focuses on the ways in situ
remediation methods impact soil metal
speciation and on the biochemical mecha-
nisms of metal acquisition, transport, and
storage in hyperaccumulating plants. He will
complete his degree in December 2005.
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received his Bachelor’s
degree in biology from
Cleveland State University

and his Master’s degree in environmental
microbiology and his PhD in environmental
chemistry from Ohio State University. His
research interests are in the area of contami-
nant fate and transport in aquatic and
terrestrial environments. He focuses his work
on biogeochemical processes affecting biotic
and abiotic transformations of a range of
organic and inorganic contaminants, includ-
ing aromatic N-heterocycles, halogenated
hydrocarbons, heavy metals, and radionu-
clides. 
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He received his PhD in hydrogeology from
the University of Mainz (Germany) in 1998.
The research of his group focuses on the use
of spectroscopic and microscopic techniques
to elucidate radionuclide mobilization and
retention mechanisms in geo-engineered
barriers and natural host-rock formations.
He has authored or co-authored more than
20 articles in peer-reviewed journals on the
topics of radionuclide/lanthanide sorption
and incorporation processes in nanoscopic
secondary phases, colloid characterization
techniques, and up-scaling of colloidal
transport from laboratory to field scale.

Donald L. Sparks
is S. Hallock du Pont
Endowed Chair of Soil and
Environmental Chemistry
at the University of
Delaware. His research
focuses on the kinetics of
soil chemical reactions and

the surface chemistry of soils. He and his
group have been leaders in employing
synchrotron-based techniques to study metal,
metalloid, and nutrient reactions in soil
minerals, soils, and biosolids. He has advised
and mentored 60 graduate students and
postdoctoral researchers. A fellow of AAAS,
the Soil Science Society of America, and the
American Society of Agronomy, he is the
recipient of numerous awards and honors,

including the Francis Alison Award, the
University of Delaware’s most prestigious
faculty honor.

Garrison Sposito is
a professor in the
Department of
Environmental Science,
Policy and Management
and the Department of
Civil and Environmental
Engineering of the

University of California at Berkeley.  His
research interests include the surface chem-
istry of natural particles, the molecular
simulation of clay mineral and metal oxide
structures, and the chemistry of humic
substances.  He is a fellow of the American
Geophysical Union, the European Association
for Geochemistry, the Geochemical Society,
the International Union of Pure and Applied
Chemistry, and the Soil Science Society of
America.  In 1997 he was elected to the
French Academy of Agriculture and in 2004
he was awarded the Horton Medal of the
American Geophysical Union.

Ryan Tappero is a PhD
student in environmental
soil chemistry (University
of Delaware). He studied
geology at Sierra College
and earned his BS in soil
science and MS in soil
chemistry from California

Polytechnic State University. His current
research focuses on metal speciation in bulk
and rhizosphere soil and hyperaccumulating
plants. He utilizes multiple analytical tools
(e.g. synchrotron-based spectromicroscopy
and X-ray absorption spectroscopy, electron
microscopy, and liquid chromatography)
along with geochemical techniques to
understand metal cycling at the plant–
mineral–water interface. He is the recipient
of a USDA National Fellowship.

Mario Villalobos has
an undergraduate degree
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in Mexico, where he
currently holds a full-time
researcher position; a
Master’s degree in soil
chemistry from

Wageningen Agricultural University in the
Netherlands; and a PhD in civil and environ-
mental engineering from Stanford University.
He worked as a postdoctoral researcher at the
University of California in Berkeley for two
and a half years. His research area of special-
ization is the environmental biogeochemistry
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environmental molecular chemistry and
surface chemistry of natural particles. He has
published fifteen research articles in the field.




