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GEOC 76 

Surface chemistry of lamellar (smectite) and tubular (imogolite) aluminosilicates 
Laurent Charlet, Laurent.Charlet@obs.ujf-grenoble.fr, Environmental Geochemistry Group,LGIT,OSUG, Université Joseph Fourier, BP 53, F-38041 Grenoble Cedex 9, France, Fax: +33 4 76828101, and Alejandro Fernandez-Martinez, fernande@ill.fr, Environmental Geochemistry Group,LGIT,OSUG, Institut Laue Langevin, 38041 Grenoble Cedex 9, France 

The surface chemistry of aluminosilicates is dictated by the contrasted behavior of edge faces versus basal plane (for example, montmorillonite or kaolinite) or curved surfaces (imogolite) surfaces. In the present talk we will first discuss the surface chemistry of flat or cylindric external “gibbsite-like” or siloxane surfaces. The respective impact on this surface chemistry of bound distortion and isomorphic substitution (and on the respective adsorption of cations and anions) will be reviewed, in the light of recent neutron scattering data and preliminary DFT computations. We shall then inspect in detail the large variety of surface sites present on aluminosilicate crystallite edges, their remarkable reactivity towards cations and their impact on redox reaction kinetics. Finally a MUSIC surface complexation model for both types of aluminosilicates will be discussed. 

GEOC 77 

Carbonate mineral surface charge and potential re-evaluated 
Mariette Wolthers, wolthers@geo.uu.nl, Stratigraphy & Paleontology / Geochemistry, Utrecht University, Faculty of Geosciences, PO Box 80021, Utrecht NL-3508TA, Netherlands, Fax: +31-30-2532648, Laurent Charlet, Laurent.Charlet@obs.ujf-grenoble.fr, Environmental Geochemistry Group,LGIT,OSUG, Université Joseph Fourier, F-38041 Grenoble Cedex 9, France, and Philippe Van Cappellen, geochemistry@geo.uu.nl, Faculty of Earth Sciences, Utrecht University, 3508 TA Utrecht, Netherlands 

A structural based surface model has been developed for a large range of carbonate minerals, including calcite. The Charge Distribution MUltiSite Ion Complexation approach is used to extend existing surface complexation models of carbonate minerals, by including atomic scale information on the mineral-water interface. The model can simulate surface charge and potential development on, among others, calcite as a function of the aqueous solution composition (see Figure after Wolthers et al. (2008) Am. J. Sci., 308, 905-941, with permission). A critical assessment of experimental data and model output indicates that experimental artifacts, together with the high sensitivity of the model toward parameters describing hydrogen bridging and bond lengths at the mineral-water interface, currently limit the predictive application of the model. 





GEOC 78 

Modeling organic- and amino-acid adsorption on calcite 
Donald Mkhonto, mkhonto@wisc.edu, Geology and Geophysics, University of Wisconsin-Madison, Madison, WI 53706, and Nita Sahai, sahai@geology.wisc.edu, Department of Geology & Geophysics, University of Wisconsin-Madison, Madison, WI 53706 

Organic molecules from small carboxylic acids and amino-acids to humic/fulvic acids modulate crystal nucleation, growth, and dissolution. In general, these molecules inhibit calcite growth and promote dissolution preferentially along specific crystallographic directions, resulting in unusual crystal morphologies that may serve as biosignatures. We have conducted Molecular Dynamics (MD) simulations, using the Consistent Valence Force Field (CVFF) as implemented in the FORCITE© module of Materials Studio © (Accelrys, Inc. TM), to model the adsorption of citrate, succinate, aspartate, lysine, and leucine with charge-balancing ions on dry and hydrated steps in different directions on the {104} cleavage face of calcite. Step energies in various directions relative to vicinal steps are different (usually lower) in the presence of organics compared to water alone, explaining the unusual morphologies observed in the presence of organics. Adsorption energies of the organics averaged over all steps and the ideal {104} face scale with molecular charge. In detail, however, adsorption energy trends for a given molecule at different steps, and for different molecules at a given step do not depend only on step-edge geometry and molecular charge, but also depend in a complex way on step-edge and molecular solvation, flexibility and carbon-chain branching of the molecule, the number of carboxylate and amine functional groups, and position of the charge-balancing ions. Our results provide a caveat against simplistic rationalizations of experimental data (adsorption affinities and organic-mediated calcite nucleation/growth/dissolution rates) based only on step-edge geometry or molecular charge. 

GEOC 79 

Metal sulfide nanoparticles and clusters in the environment 
George W. Luther III1, luther@udel.edu, Katherine M. Mullaugh2, mullaugh@udel.edu, Mustafa Yucel1, myucel@UDel.Edu, David Rickard3, rickard@cardiff.ac.uk, Jeffrey M. Spraggins II2, jms@udel.edu, Douglas P. Ridge2, dougr@udel.edu, and Heileen Hsu-Kim4, hsukim@duke.edu. (1) College of Marine and Earth Studies, University of Delaware, Lewes, DE 19958, (2) Department of Chemistry and Biochemistry, University of Delaware, Lewes, DE 19958, (3) Department of Earth Sciences, Cardif University, Cardiff CF103YE, United Kingdom, (4) Civil and Environmental Engineering, Duke University, Durham, NC 27708 

Metal sulfide nanoparticles, particularly Fe, Zn and Cu, have been found in oxic and anoxic fresh and marine waters including those at hydrothermal vents. Here we review the environmental data showing their existence and stability even in oxic conditions. Molecular clusters are the likely building blocks for nanoparticles. The formation of these materials occurs via the nucleophilic attack of sulfide to remove water from the metal and subsequent molecular M-S bond formation. We will show how several analytical tools can give information on the formation and stability of MS materials. A particularly useful tool is UV-Vis spectrophotometry, which gives a fundamental measurement of MS sizes based on the quantum confinement effect for semiconductor related MS materials (where M = Zn, Cd, Pb, etc). Gas phase mass spectrometry experiments will also be shown that can demonstrate the early reaction steps. 


GEOC 80 

In situ precipitation in porous media: Simulating physical/chemical interactions in reactant mixing zones 
George D. Redden, george.redden@inl.gov, Idaho National Laboratory, P.O. Box 1625, MS 2208, Idaho Falls, ID 83415, Timothy Scheibe, tim.scheibe@pnl.gov, Battelle Pacific Northwest Division, Pacific Northwest National Laboratory, Richland, WA 99352, Alexandre M. Tartakovsky, alexandre.tartakovsky@pnl.gov, Pacific Northwest National Laboratory, Richland, WA 99352, and Don T. Fox, don.fox@inl.gov, Geosciences, Idaho National Laboratory, Idaho Falls, ID 83415 

Geochemical reactions take place when reactants are mixed at the molecular scale. Such reactions can be characterized by equations that describe equilibrium states or rates of reactions in terms of local activities of reactants. However, in many cases multi-component reactions in subsurface environments are driven by the injection or in situ production of reactants. Mixing and reactions occur within complex solute concentration gradients down to the pore scale. If mineral precipitates are formed, changes in pore structure and permeability dynamically modifies where reactant mixing occurs. The challenge in predictive modeling is to quantitatively link molecular homogeneous and heterogeneous reactions to scales where properties and processes in poorly characterized and poorly mixed systems are averaged. 

Using a hybrid numerical modeling approach and experimental models we find that in situ precipitation in mixing zones is characterized by precipitation zone focusing, reduced but finite permeability and in some cases reduced macroscopic physical heterogeneity. 


GEOC 81 

Exploring the potential of spinels stabilization for hazardous metals 
Kaimin Shih, kshih@hku.hk, Department of Civil Engineering, The University of Hong Kong, Pokfulam Road, Hong Kong, Hong Kong 

High incorporation efficiency for hazardous nickel and copper were achieved via spinels (AB2O4) formation through the sintering with aluminum-rich and iron-rich raw materials commonly used in construction ceramics. With the understandings derived from high temperature crystal chemistry, the potential of beneficial use of waste sludge, fly ash, and slag to stabilize waste divalent metal ions for value-added products will be discussed. Quantitatively X-ray diffraction analysis was applied to reveal metal incorporation mechanisms and efficiencies. Results of prolonged leach tests in acidic environments prove the superiority of metal immobilization by spinels comparing to other product phases, although with small variation among different spinel phases. While current cement solidification/stabilization technologies are not generally successful in preventing metal mobilization in acidic environments, this study has developed a promising strategy of blending different types of waste solids to trigger a preferred incorporation mechanism for more effective metal stabilization and a variety of marketable products. 
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A Fluorescence Spectroscopic Study of U(VI) in Hanford 300 Area Groundwater Fines 
Zheming Wang1, zheming.wang@pnl.gov, Jean-François Boily2, boily@pnl.gov, John M. Zachara2, john.zachara@pnl.gov, Y. X. Xia2, Dean A Moore3, and Chongxuan Liu4, chongxuan.liu@pnl.gov. (1) Chemical Sciences Division, Pacific Northwest National Laboratory, P.O. Box 999, Mail Stop K8-96, Richland, WA 99352, Richland, WA 99352, Fax: (509)376-3650, (2) Pacific Northwest National Laboratory, Richland, WA 99352, (3) Chemical Sciences Division, Pacific Northwest National Laboratory, Richland, WA 99352, (4) Chemical and Materials Sciences Division, Pacific Northwest National Laboratory, Richland, WA 99352 

The speciation of uranyl bound groundwater fines (GWFs) from the vadose zone of the south process pond (SPP1) at the Hanford 300 area (Richland, WA) was studied by liquid helium temperature time-resolved laser-induced fluorescence spectroscopy. These spectra were interpreted by comparison to the spectral signature of uranyl sorbed on a series of standard minerals including montmorillonite, Silver Hill illite, Michigan chlorite, North Carolina chlorite, California clinochlore, quartz and synthetic 6-line ferrihydrite. Chemometric analyses of the fluorescence spectra indicated that uranyl in the GWFs can be simulated by a combination of the fluorescence spectra of uranyl adsorbed at quartz (49%), Silver Hill illite (35%) and California clinochlore (19%). The spectra of uranyl adsorbed at quartz and Silver Hill illite were interpreted as the presence of primarily inner-sphere uranyl complexes at the corresponding edge site silanol groups at quartz and aluminol groups. The spectra of uranyl adsorbed at California clinochlore was interpreted as formation of uranyl tricarbonate complexes at either or both of the positively-charged brucite interlayer and the octahedral sites primarily occupied by Mg(II). 
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