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GEOC 9 

Surface Complexation: From Model Systems to the Natural Oxide Fraction 
Tjisse Hiemstra, Tjisse.Hiemstra@wur.nl and Willem H van Riemsdijk, willem.vanriemsdijk@wur.nl, Department of Soil Quality, Wageningen University, Droevendaalsesteeg 4, 6708 PB Wageningen, Netherlands, Fax: +317 483766 

Information on the reactive surface area of natural samples is essential for the application of surface complexation models (SCM) to predict bioavailability, toxicity, and transport of elements in the natural environment. A method has been developed that uses competitive probe ion binding to derive for natural samples the effective reactive surface areas (SA). The equilibration under specific well-chosen conditions has been interpreted with the charge distribution (CD) model, calibrated for a model oxide. Application shows that SA vary between ~1-10 m2/g soil and ~80-800 m2/g oxide, i.e. nano-sized oxide particles. Under natural conditions, oxide particles are partly coated by natural organic matter (NOM), acting as a competitor for anions. NOM is found to increase the anion concentration in natural systems by a factor ~10-1000. The surface loading with NOM is correlated with DOC and total carbon. The implementation of NOM in SCM will be discussed. 


GEOC 10 

Surface complexation of oxyanions: Unity of the inorganic and organic realms 
Dimitri A. Sverjensky, sver@jhu.edu, Department of Earth and Planetary Sciences, Johns Hopkins University, Baltimore, MD 21218 

Given the incredible variety of inorganic and organic oxyanions that could attach at the mineral-water interface and the fact that many attach in more than one way, the prediction of surface oxyanion speciation as a function of environmental variables is a major challenge. It can be achieved by taking account of water molecules in the energetics and structure of the interfacial region. First, we account for the release of water dipoles during ligand exchange involving the formation of inner-sphere complexes. This enables prediction of surface speciation consistent with in situ X-ray and IR results. Second, we account for the desolvation of ions approaching the interface. This enables prediction of the differences in ion adsorption from one solid to another. It results in equilibrium constants characteristic of the adsorbate alone and useful in linear free energy correlations to quantitatively link the adsorption characteristics of the inorganic and organic realms. 


GEOC 11 

Evaluating the thermodynamics of metal ion adsorption at the molecular scale 
Louise J. Criscenti, ljcrisc@sandia.gov, Geochemistry Department, Sandia National Laboratories, Albuquerque, NM 87185, Lynn E. Katz, lynnkatz@mail.utexas.edu, Department of Civil, Architectural and Environmental Engineering, University of Texas at Austin, Austin, TX 78712-0273, and Matthew C. F. Wander, mwander@wsu.edu, Department of Chemistry, Washington State University, Pullman, WA 99164 

In surface complexation models, the equilibria between surface complexes and aqueous solutions are described via mass law equations combined with an expression that accounts for the electrostatic energy of the mineral-water interface. The surface charge and electrical potential are treated as consequences of chemical reactions of the surface functional groups. With the triple-layer model, metal adsorption can be depicted as either inner-sphere or outer-sphere through binding to one of two interfacial planes – the 0-plane and the ß-plane. However, molecular modeling results suggest that alkaline earth metals adsorb as outer-sphere complexes because of a kinetic energy barrier, not because these complexes are thermodynamically most stable. In addition, recent molecular dynamics simulations demonstrate that the electric double layer and its properties (i.e., electrical potential, dielectric constant) are largely a function of water dipole orientations at the mineral surface. These results will be evaluated in terms of their impact on surface complexation models. 


GEOC 12 

Surface complexation models of ion adsorption in soils 
Garrison Sposito, gsposito@nature.berkeley.edu, Department of Environmental Science Policy, and Management and Department of Civil and Environmental Engineering, University of California Berkeley, 137 Mulford Hall MC 3114, Berkeley, CA 94720-3114, Fax: 510-643-2940, and Sabine Goldberg, Sabine.Goldberg@ars.usda.gov, U.S. Salinity Laboratory, USDA-ARS, 450 W. Big Springs Road, Riverside, CA 92507, Fax: 951-342-4962 

Surface complexation models were initially developed by James Leckie and others to describe potentiometric titration and ion adsorption data for oxide minerals, then were extended to clay minerals and to natural earth materials, including soils and sediments. These models use an equilibrium approach that defines surface species constrained by chemical reactions and by mass and charge balance. Our discussion will focus on three important features of the models: (1) their inherently metaphysical character, which appears in key concepts such as surface activity coefficients, electrostatic potentials, and capacitance densities; (2) model parameter estimation strategies, emphasizing applications to natural soils; and (3) use of macroscopic and molecular-scale data to constrain a priori choices of surface species required by the models. 


GEOC 13 

Sorption of trivalent metals on uranium(VI) silicates 
Stephanie L. Holbrook, slholbrook21@wsu.edu, Nathalie A. Wall, nawall@wsu.edu, and Sue B. Clark, s_clark@wsu.edu, Department of Chemistry, Washington State University, Pullman, WA 99164 

U(VI) silicate minerals are solid phases expected to form in the oxidizing environment of a nuclear waste repository. Transuranium radionuclides are expected to interact with the surfaces of these minerals, thereby affecting their dissolved concentrations and mobilities in groundwater. Quantification of this sorption and generation of equilibrium data that describes the interactions are important for geochemical modeling of the repository environment. Our lab has synthesized three representative U(VI) silicate minerals, uranophane (Ca[(UO2)(SiO3OH)]2•5H2O), sodium boltwoodite (Na(H3O)[(UO2)SiO4]•H2O) and sklodowskite (Mg[(UO2)(SiO3OH)]2•6H2O). The surface charge for each mineral phase has been determined as a function of pH, followed by sorption studies with the trivalent f-element cations, Am(III) and Eu(III). These data will be presented and discussed in the context of trivalent actinide speciation and surface complexation with U(VI) silicate minerals. 


GEOC 14 

Relative contributions of surface and solution reactions to the acid-base chemistry of gibbsite suspensions 
Athanasios K. Karamalidis, akaramal@andrew.cmu.edu and David A. Dzombak, dzombak@cmu.edu, Department of Civil and Environmental Engineering, Carnegie Mellon University, 5000 Forbes Ave., Porter Hall 115B, Pittsburgh, PA 15213 

Aluminum oxide and hydroxide solids are of great importance in the chemistry of soil, surface water, and ground water systems because of their adsorptive role and dissolution properties. Gibbsite is the most common crystalline form of aluminum hydroxide found in soil and aquatic systems. This study examined the extent to which dissolution of gibbsite (Al(OH)3(s)), influences the acid-base chemistry of gibbsite suspensions, i.e. whether acid-base titrations of gibbsite suspensions are affected significantly by hydrolysis reactions with dissolved aluminum. Results of modeling gibbsite suspension titration data with and without consideration of dissolved aluminum species indicate that aluminum hydrolysis reactions overall contribute only slightly to the proton balance compared to reactions on the gibbsite surface. The implications for surface complexation modeling of ion sorption on gibbsite are discussed. 

PAGE  
1

