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GEOC 31 

Interaction of Zn(II)aq with mineral nano- and microparticles, bacterial surfaces, and biofilm-coated metal oxides 
Gordon E. Brown Jr., gordon.brown@stanford.edu, Department of Geological and Environmental Sciences, Stanford University, Stanford, CA 94305, Fax: 650-725-2199, Juyoung Ha, Department of Geological & Environmental Sciences, Stanford University, Stanford, CA 94305-2115, David M. Singer, Deparment of Geological and Environmental Sciences, Stanford University, Stanford, CA 94305-2115, Yingge Wang, Surface & Aqueous Geochemistry Group, Stanford University, Stanford, CA 94305-2115, Alexandre Gélabert, Department of Earth Sciences, University of Paris VII, Paris, France, Francois Farges, Muséum National d’Histoire Naturelle and CNRS UMR, 7160 Paris, France, Thomas P. Trainor, fftpt@uaf.edu, Department of Chemistry and Biochemistry, University of Alaska Fairbanks, Fairbanks, AK 99775-6160, John R. Bargar, bargar@slac.stanford.edu, Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305, Peter Eng, GSECARS, University of Chicago, Argonne, IL 60439, and Alfred M. Spormann, Department of Civil and Environmental Engineering, Stanford University, Stanford, CA 94305-5429 

We have examined Zn(II)aq sorption on hematite nanoparticles (HN) (avg. diameter = 10 nm) and microparticles (HM) (550 nm), biogenic uraninite nanoparticles (UN) (5-10 nm) and uraninite microparticles (UM) (500 nm), and Shewanella oneidensis strain MR-1 (wild type and genetically modified with inhibited EPS production), using batch uptake experiments and Zn K-edge XAFS. At < 196 micromol Zn/g hematite, Zn(II) 4- and 6-coordinated Zn surface complexes formed on HN, whereas at >385 micromol/g, Zn(II) formed 6-coordinated species only. Selective chemical extractions showed that 9-14% and 37-40% of sorbed Zn(II) was released from the Zn/HN and Zn/HM sorption samples, respectively, suggesting a significantly greater amount of weakly bound Zn on HM. Evidence for 4-coordinated Fe(III) was found on HN particle surfaces, but only 6-coordinated Fe(III) was found on HM particle surfaces. In contrast, little difference in Zn(II) speciation or uptake on UN and UM was found, indicating little difference in reactivity with respect to particle size except on UN coated by organic matter. These results will be compared with Zn uptake results on S. oneidensis and S. oneidensis biofilm-coated hematite crystals. 


GEOC 32 

Role of Molecular Scale Approaches in Advancing Frontiers in Surface Speciation of Metal(loids) 
Donald L. Sparks, dlsparks@udel.edu, Department of Plant and Soil Sciences and the Center for Critical Zone Research, University of Delaware, 152 Townsend Hall, 531 South College Avenue, Newark, DE 19716, Fax: 302-831-0605 

The use of small spatial scale in-situ techniques has greatly advanced our understanding of surface speciation of metal(loids). Using approaches such as X-ray absorption spectroscopy (XAS) the type of adsorption complex, mineral phase, and oxidation state of metal(loids)on natural surfaces can be directly determined. It is also important that the reactivity and speciation of metal(loids)be modeled over a range of temporal scales as there is often a continuum of processes. In this presentation,advances in understanding surface speciation of metal(loids) will be discussed with emphasis on real-time molecular scale investigations of surface complexation, mineral transformations, and oxidation-reduction dynamics. 


GEOC 33 

Sulfate sorption and incorporation into iron oxyhydroxide minerals 
Glenn A. Waychunas, gawaychunas@lbl.gov, Lawrence Berkeley National Laboratory, Earth Sciences Division, 1 Cyclotron Road, MS 90-1116, Berkeley, CA 94720 

Spectroscopic analysis has shown that sulfate may sorb onto mineral surfaces as either an inner sphere or outer sphere complex, depending on protonation state and surface charge. Ab initio calculations have shed more light on the nature of these complexes, but there remains uncertainty in the nature of surface binding, and the mode of further structural incorporation. In acid mine drainage situations sulfate can bind with coprecipitating ferrihydrite, and also form the mineral phase schwertmannite. However the structures of these phases, despite some recent new models, remain problematic. In particular, the added degrees of freedom on nanoparticulate surfaces may allow for a range of sorption states incorporating water in different ways. This is discussed taking note of recent simulations of water structure near nanoparticle and bulk mineral surfaces. 


GEOC 34 

Uranyl-chlorite sorption/desorption: Evaluation of different U(VI) sequestration processes 
David M. Singer, Deparment of Geological and Environmental Sciences, Stanford University, Braun Hall (Geo Corner) #118, 450 Serra Mall, Building 320, Stanford, CA 94305-2115, Fax: 650-725-2199, Katherine Maher, kmaher@stanford.edu, Deparment of Geological and Earth Sciences, Stanford University, Stanford, CA 94305, and Gordon E. Brown Jr., gordon.brown@stanford.edu, Department of Geological and Environmental Sciences, Stanford University, Stanford, CA 94305 

We have used batch sorption/desorption experiments combined with U LIII-edge X-ray absorption spectroscopy, SEM and TEM, synchrotron-based microdiffraction, and surface complexation modeling to investigate the dominant sorption process(es) governing uranyl uptake by chlorite. Sorption was independent of ionic strength and dependent on pH and the presence of CO3 and Ca. Sequential chemical extraction steps indicated that there is little or no weakly bound U(VI). EXAFS-derived structural parameters were used to constrain the type(s) of U(VI)-bearing surface species and were combined with the observed batch sorption trends as input for a diffuse double layer surface complexation model (SCM). Long-term exposure of chlorite to U(VI) under anaerobic conditions resulted in 25% U reduction, which did not occur the presence of Ca. This study provides new molecular-scale information on uranyl sorption processes on chlorite as a function of pH and solution composition, including the reduction of U(VI) to U(IV) under anaerobic conditions. 


GEOC 35 

Uranyl adsorption at solvated (010) edge surfaces of kaolinite 
Alena Kremleva, Sven Krueger, and Notker Roesch, Department Chemie, Theoretische Chemie, TU Muenchen, Lichtenbergstr. 4, 85748 Garching, Germany, Fax: +49-89-2891 3468 

Extending our computational chemistry studies of actinide adsorption at mineral surfaces using a density functional plane wave based approach, we investigated the sorption of uranyl at edge facets of kaolinite in contact with aqueous solution. Two terminations, suggested to be more stable, were selected to represent the unknown relaxed structure of (010) edge surfaces. The surface models accounted for solvation via a layer of adsorbed water molecules. The calculations showed a charge rearrangement where SiOH groups are deprotonated and AlOH2+ groups formed. Comparing the stability of inner-sphere complexes of uranyl at (001) and (010) facets of kaolinite, edge surfaces are classified as more reactive. Among the adsorption complexes studied, bidentate coordination of uranyl at partially deprotonated sites was determined to be most favorable, in agreement with indications from EXAFS results. Uranyl adsorption complexes at Al-related sites were favored compared to complexes at Si-related sites. 


GEOC 36 

New insight into arsenate adsorption on iron and aluminum oxide surfaces 
Jeffrey G. Catalano1, catalano@wustl.edu, Changyong Park2, cypark@anl.gov, Zhan Zhang3, and Paul Fenter2, fenter@anl.gov. (1) Department of Earth and Planetary Sciences, Washington University, 1 Brookings Drive, Campus Box 1169, Saint Louis, MO 63130, Fax: 314-935-7361, (2) Chemical Sciences and Engineering Division, Argonne National Laboratory, Argonne, IL 60439, (3) Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439 

Development of thermodynamic and kinetic models to predict the behavior of chemical species in environmental and geological systems requires a fundamental understanding of the underlying mechanisms involved in adsorption reactions. Our recent work investigating arsenate (AsO43-) adsorption on iron and aluminum oxide surfaces demonstrated that the accepted conceptual model for this process has been missing a key mechanism: outer-sphere adsorption. Using a new element-specific surface X-ray scattering method called resonant anomalous X-ray reflectivity (RAXR), we observed that arsenate simultaneously forms inner- and outer-sphere surface complexes at pH 5 and 0.01 M ionic strength on both oxides. We have begun to explore the dependence of this behavior on pH and ionic strength, observing that the ratio of inner- to outer-sphere arsenate surface species is independent of ionic strength at pH 5 but is strongly pH dependent at 0.01 M ionic strength, with only inner-sphere complexes observed at pH 9. 

GEOC 37 

Speciation, sorption, and precipitation processes in arsenic attenuation in subsurface sediments 
Peggy A. O'Day, poday@ucmerced.edu, School of Natural Sciences, University of California, Merced, CA 95344, and Dimitri Vlassopoulos, dimitri@sspa.com, S.S Papadopulos & Associates Inc, Portland, OR 

Biogeochemical processes that influence speciation and solubility serve to naturally attenuate or mobilize subsurface arsenic. Mechanistic understanding of arsenic sequestration processes in aquifers as a function of hydrogeochemical conditions can be used to predict or enhance attenuation. A primary mechanism for As uptake at sites with limited dissolved sulfate and iron is pH-controlled sorption. Interrogation of aquifer sediments by XAS and analysis of uptake data suggest that sediments have limited capacity to sorb and abiotically oxidize As(III), which can be attributed to Mn(III,IV) present in sediment minerals. With increased dissolved Fe(II), oxidation and precipitation of Fe(III)- or Fe(II,III)-hydrous oxides can sorb dissolved As, but also consumes natural aquifer oxidation capacity (from dissolved oxygen or other oxidants) that can be exhausted in the absence of an oxidant source. At sites with bioavailable sulfate, production of sulfide by microbial sulfur reduction leads to the precipitation of As-sulfide phases that remove dissolved arsenic. 


GEOC 38 

Metals at oxide/water interfaces studied by nonlinear optics 
Franz M. Geiger, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, Fax: 847-491-7713 

We discuss recent advances in nonlinear optical studies of environmental interfaces. We discuss the quantitative aspects of label-free approaches to studying metal ion binding at aqueous/solid interfaces, and demonstrate that nonlinear optics has now assumed the role of a Swiss Army Knife that can be used to dissect, with molecular detail, the fundamental and practical aspects of environmental interfaces and heterogeneous geochemical environments. The environmental implications of the thermodynamic, kinetic, spectroscopic, structural, and electrochemical data are discussed in the context of Sr, Ba, Mn(II), Zn, Cd, Cr(VI) and U(VI) geochemistry. 
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