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Two types of surface complexes, inner-sphere complexes and outer-sphere complexes, can be formed
between sorbed metal ions and clay surfaces. The formation of different surface complexes is controlled by
sorbent, sorbate characteristics as well as solution conditions. The experimental conditions in this study were
varied by different ionic strengths, background electrolytes, and pH values. Different clay minerals, kaolinite,
illite, hectorite, and montmoriiionite, were used to represent solids with different structures, surface areas, and
cation exchange capacities. Different surface complexes may be investigated by EXAFS which provides
information about the local coordination environment between metal ions and solid surfaces. The results from
EXAFS studies will be presented that distinguish between inner and outer-sphere surface complexes with
clay minerals under different solution conditions.
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S o i l m i n e r a l s u r f a c e s a r e c a p a b l e o f s o r b i n g a n d r e t a i n i n g h e a v y m e t a l I o n s a n d
a r e t h e r e f o r e i m p o r t a n t i n a s s e s s i n g t h e f a t e o f h e a v y m e t a l c o n t a m i n a n t s i n t h e s o i l
environment. Most x-ray absorption fine structure (XAFS) spectroscopic studies of
h e a v y m e t a l s o r p t i o n h a v e f o c u s e d o n p u r e c o m p o n e n t s , w i t h l e s s e m p h a s i s p l a c e d o n
m i x e d s y s t e m s . H o w e v e r , s o i l c l a y f r a c t i o n s i n n a t u r a l e n v i r o n m e n t a r e r a r e l y , i f
ever, composed of only one pure mineral component. This study examines Ni(II)
s o r p t i o n k i n e t i c s / m e c h a n i s m s o n t h e c l a y f r a c t i o n ( < 0 . 0 0 2 m m ) o f a M a t a p e a k e s i l t l o a m
a t d i f f e r e n t r e a c t i o n c o n d i t i o n s u s i n g X A F S . T h e d a t a s u g g e s t s t h a t i t i s p o s s i b l e t o
p r o p o s e s o r p t i o n m e c h a n i s m s r e s p o n s i b l e f o r N i u p t a k e i n t h e s o i l c l a y f r a c t i o n s b a s e d
o n t h e X A F S a n a l y s i s , t h e m i n e r a l c o m p o s i t i o n o f t h e c l a y f r a c t i o n s a n d a n u n d e r
s t a n d i n g o f t h e s o r p t i o n m e c h a n i s m s i n p u r e c o m p o n e n t s .
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Many of the molecular scale processes that control the fate and transport of contaminants in the subsurface can
be probed using X-ray absorption spectroscopy. These methods are especially effective at probing the uptake
and transformation of metals in the environment. Theoretical methods have been developed which allow us
to predict and interpret experimental XAFS spectra on complex systems such as, metals at mineral/water
interfaces. Our theoretical approach combines classical mechanics simulations with the ab initio high order
multiple scattering theory implemented in the computer code FEFF7 to determine the effects of thermal motion
on EXAFS spectra and to deconvolve the EXAFS signal into contributions from individual scattering paths.
This paper will present a description of the method for studying metals at aqueous/mineral interfaces and will
discuss applications of this approach to systems in the soft and hard x-ray regions. The results of studies on
transition metals (Co, Cr, Fe) at the a-A1203/water interface will be presented.
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Synchrotron X-ray absorption spectroscopy (XAS) is a useful spectroscopic probe for determining
the local bonding of toxic metals in soils and sediments. These materials contain mixtures of
crystalline, amorphous, and disordered solid phases, low concentrations of metals (10's-1000's


