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On the role of Mn(IV) vacancy in photoreductive dissolution of birnessite 
Kideok D. Kwon, kkwon@nature.berkeley.edu, Geochemistry, Lawrence Berkeley National Laboratory, 140 Mulford Hall #3114, University of California, Berkeley, CA 94706, Keith Refson, K.Refson@rl.ac.uk, ISIS Department, Rutherford Appleton Laboratory, Oxfordshire OX11 0QX, United Kingdom, and Garrison Sposito, GSposito@lbl.gov, Geochemistry Department , Earth Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 

Photochemical reductive dissolution of manganese oxides to soluble Mn(II) contributes to many biogeochemical cycles in natural water ecosystems. Hexagonal layer-type Mn(IV)O2 (i.e., hexagonal birnessite) is the most commonly found Mn oxide in nature and produced mainly by bacterial oxidation of soluble Mn(II). Structurally, hexagonal birnessite contains Mn(IV) vacancies, which have long been identified as strong adsorption sites of birnessite for metal ions. In this presentation, we suggest a role of Mn vacancies in photochemical reductive dissolution of hexagonal birnessite based on quantum mechanical density functional theory (DFT) calculations. Our DFT study showed that a cation vacancy reduces the band gap energy of birnessite, introduces more amenable optical transitions (i.e. a direct band gap), and separates photo-induced electrons and holes very effectively. Thus cation vacancies, always present in natural birnessites, enhance the semiconducting ability of this mineral, making it photochemically reactive and susceptible to photoreductive dissolution. 
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pH Effects on the Structure of Biogenic Mn-oxides 
Mengqiang Zhu1, mzhu@UDel.Edu, Matthew Ginder-Vogel1, mattgv@udel.edu, Sanjai J. Parikh1, sjparikh@udel.edu, and Donald L. Sparks2, dlsparks@udel.edu. (1) 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, (2) Department of Plant and Soil Sciences and the Center for Critical Zone Research, University of Delaware, Newark, DE 19716 

Mn-oxides play important roles in controlling the behavior of heavy metal(loid)s, nutrients, and organic compounds in the environment. Microbially -mediated biogenic Mn-oxides (BioMnOx) are believed to be one of the major sources of manganese oxides in soils. The reactivity of manganese oxides strongly depends on the mineralogy. Previous studies revealed that the structure of biogenic Mn-oxides is determined by the solution chemistry during formation, such as the effect of alkaline and alkaline earth metals. In this study, pH effects were investigated in CaCl2 and NaCl solutions at pH 6, 7 and 8 for 48 hours and one week reaction time during the formation of biogenic Mn-oxides (pseudomonas putida strain GB-1) using XAS and synchrotron XRD. After the formation of biogenic Mn-oxides at pH 8, the oxides were subjected to lower pH solutions (pH 7, 6 and 5) for possible pH-induced modifications, since pH changes are prevalent in the natural environment. Results indicated that at pH 8, triclinic birnessite or hexagonal birnessite with a high content of Mn(III) were formed, while at pH 6, hexagonal birnessite with low content of Mn(III) occurred. The pH 7 samples exhibit intermediate properties. One week reaction time favored the formation of triclinic birnessite or increased Mn(III) content in hexagonal birnessite. The structure of BioMnOx preformed at pH 8 in a CaCl2 solution was not modified by lower pHs of the CaCl2 solution until the solution pH decreased to pH 5. However, the structure of BioMnOx preformed at pH 8 in a NaCl solution was altered even by a pH 7 NaCl solution. This study indicates that the geochemistry of biogenic manganese oxides can be substantially affected by environmental pH. 
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Role of process conditions on the controlled conversion of nanoplates to nanoneedles in birnessite without structural change 
Marcos A Cheney, macheney@umes.edu, Department of Natural Sciences, University of Maryland Eastern Shore, Carver Hall 1103, Princess Anne, MD 21853, Robin Jose, Department of Chemistry, Rocky Mountain College, Billings, MT 59102, Arghya Banerjee, Department of Aerospace Engineering Sciences, University of Colorado, Boulder, CO 80309, Pradip K Bhowmik, pradip.bhowmik@unlv.edu, Department of Chemistry, University of Nevada Las Vegas, Las Vegas, NV 89154, Shizhi Qian, Department of Aerospace Engineering, Old Dominion University, Norfolk, VA 23529, and Sang W Joo, School of Mechanical Engineering, Yeungnam University, Gyongsan, Kr 

The role of process conditions on the conversion of nanoplates to nanoneedles in synthetic birnessite-type MnO2 was studied. H-birnessite MnO2 nanoplates were synthesized by the reduction of KMnO4 by HCl under soft hydrothermal conditions. The structure and morphology of the H-birnessite was characterized using X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), and high-resolution transmission electron microscopy (HRTEM). Both XRD patterns and FESEM images showed the formation of layer structured H-birnessite with nanoplate-like morphology. The effect of aging-temperature on the morphology of H-birnessite was also studied. FESEM and TEM suggested that the formation of needles increased with decreasing temperature. The HRTEM images revealed that nanoneedles had fibrous structure with lengths ranging from 100 nm to 1 µm and diameters of 10 to 30 nm. It is hypothesized that the mechanism for the conversion of nanoplates to nanoneedles is based on temperature dependent strains. 


GEOC 193 

The reactivity of siderophores at manganese oxide surfaces 
Owen Duckworth1, owen_duckworth@ncsu.edu, John R. Bargar2, bargar@slac.stanford.edu, Jasquelin Peña3, jpena@nature.berkeley.edu, Lauren B. Saal1, lauren_saal@ncsu.edu, and Garrison Sposito4, gsposito@nature.berkeley.edu. (1) Department of Soil Science, North Carolina State University, PO Box 7619, Raleigh, NC 27695-7619, (2) Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305, (3) Department of Civil and Environmental Engineering, UC Berkeley, Berkeley, CA 94720, (4) Division of Ecosystem Sciences, University of California, Berkeley, CA 94720-3114 

Recent studies have revealed that Mn oxides interact strongly with siderophores, biogenic chelating agents that strongly complex ferric iron and other hard metals, through a number of different reactions. For example, the siderophore desferrioxamine B (DFOB) promotes the dissolution of a variety of Mn oxides resulting in the pH-dependent formation of reduced Mn(II), and the concommital formation of oxidized DFOB, and Mn(III)HDFOB+. As with iron (hydr)oxides, the rates of DFOB-promoted dissolution are strongly influenced by the presence of low molecular mass organic acids, including oxalate and citrate. Additionally, siderophores and their complexes may sorb strongly to the surfaces of Mn oxides. These interactions have profound implications not only for the biogeochemical cycling of manganese and siderophores, but also for iron and other elements whose cycles strongly couple with siderophores or Mn oxides, in marine and terrestrial environments. 
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Kinetic modeling of oxidation of antibacterial agents by manganese oxide 
Ching-Hua Huang, ching-hua.huang@ce.gatech.edu, School of Civil and Environmental Engineering, Georgia Institute of Technology, 200 Bobby Dodd way, Atlanta, GA 30332, Fax: 404-385-7087, Huichun Zhang, huzhang@siue.edu, Southern Illinois University Edwardsville, Department of Chemistry and Environmental Sciences Program, Edwardsville, IL 62025, and Wan-Ru Chen, chenwr@msu.edu, Plant and Soil Science, Michigan State University at East Lansing, East Lansing, MI 48824 

Antibacterial agents are contaminants of emerging concern and understanding their aquatic environmental fate is critical. Several groups of popular antibacterial agents (i.e., phenols, fluoroquinolones, aromatic N-oxides, and tetracyclines) have been shown to be highly susceptible to oxidation by manganese oxides, a common oxidant in soils. However, due to high complexity the reaction kinetics were not fully characterized previously. A mechanism-based kinetic model has been developed to successfully describe the entire range of kinetic data for a total of 21 compounds of varying structural characteristics (with R2 > 0.93). The model characterizes the reaction kinetics by two independent parameters, the reaction rate constant (k) and total reactive surface sites (Srxn). The model fitting indicates that the reaction kinetics of antibacterials with MnO2 are controlled by either the rate of surface precursor complex formation (for tetracyclines) or by the rate of electron transfer within the precursor complex (for phenols, fluoroquinolones, and aromatic N-oxides). The effect of reactant concentration, pH, and co-solutes on the reaction kinetics was evaluated and correlated to k and Srxn. All the trends are consistent with the proposed rate-limiting steps. This new model improves the ability to quantitatively evaluate the kinetics of oxidative transformation of organic contaminants by manganese oxides in well-defined systems. 
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Interaction of several elements with biogenic Mn oxides formed by a Mn(II)-oxidizing fungus, Acremonium sp. KR21-2 
Tani Yukinori, taniy@u-shizuoka-ken.ac.jp, Institute for Environmental Sciences, University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan, Fax: +81-54-264-5797, and Miyata Naoyuki, nmiyata@akita-pu.ac.jp, Department of Biological Environment, Akita Prefectural University, Akita 010-0195, Japan 

Diverse bacteria and fungi oxidize Mn(II) enzymatically and produce insoluble Mn(III, IV) oxides. Biogenic Mn oxides have a high sorption capacity for metal cations and an ability to oxidize numerous inorganic and organic compounds, owing to their structural and redox features. Thus, the microbial Mn(II) oxidation process is of significance in both biogeochemical and biotechnological contexts. In this talk, we summarize our recent comparison studies on the interaction of metal ions [Zn(II), Co(II), and Ni(II)] and oxyanions [As(III)/(V), V(V), Cr(VI), Se(VI), Mo(VI), Sb(V), and W(VI)] with biogenic Mn oxides enzymatically formed by a Mn(II) oxidizing fungus. Acremonium sp. KR21-2 isolated from streambed pebbles encrusted with Mn oxide in the Kikukawa River system, Shizuoka Prefecture, Japan was used as a model organism. The observed sorption selectivity of these ions seems to correlate with the accumulation selectivity of the respective elements in natural Mn oxide phases. Thus, Mn-oxidizing microorganisms contribute indirectly to geochemical cycling of these elements. 
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Processes of Zn attenuation by microbial Mn oxides in mine-contaminated streams 
Christopher C. Fuller, Water Resources Division, U.S. Geological Survey -, 345 Middelfield Rd, Menlo Park, CA 94025, Fax: 650-329-4545, John R. Bargar, bargar@slac.stanford.edu, Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305, Yuji Arai, yarai@clemson.edu, Department of Entomology, Soils, & Plant Sciences, Clemson University, Clemson, SC 29634, and Sam Webb, samwebb@slac.stanford.edu, Stanford Synchrotron Radiation Lightsource, Menlo Park, CA 94025 

Mn oxide coatings and sorbed metals on streambed sediments from two circum-neutral pH mine-contaminated streams were characterized using a suite of chemical, X-ray spectroscopic, diffraction, and microscopic techniques to elucidate the processes by which metal contaminants, e.g. Zn, are sorbed and attenuated. At Pinal Creek, AZ, extensive Mn grain coatings are birnessite-like Mn oxides with dominantly hexagonal layer symmetry consistent with biogenic origin. XRD and TEM measurements suggest the Mn oxides to be nanoparticulate plates with individual particles exhibiting thickness as small as a single layer and sheets as wide as 500 nm. EXAFS analyses suggest the oxides contain layer Mn(IV) site vacancy defects. Zn was found to be primarily associated with the Mn coatings structurally bound to octahedral vacancies in the birnessite layer. Speciation of Zn sorbed on microbial Mn oxides forming in High Ore Creek, MT, at much higher sorbed Zn (Zn/Mn 0.3-0.6 molar) will be compared. 


GEOC 197 

Transition metal uptake by biogenic manganese oxide nanoparticles 
Jasquelin Peña, jpena@nature.berkeley.edu, Department of Civil and Environmental Engineering, UC Berkeley, Mulford Hall #3114, Berkeley, CA 94720, John R. Bargar, bargar@slac.stanford.edu, Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305, and Garrison Sposito, gsposito@nature.berkeley.edu, Department of Environmental Science Policy, and Management and Department of Civil and Environmental Engineering, University of California Berkeley, Berkeley, CA 94720-3114 

The chemical conditions controlling transition metal surface complexes on biogenic Mn oxides have not been clearly identified. Pseudomonas putida, a common soil and freshwater bacterium, precipitates a layer-type nanocrystalline MnO2 containing 16 % Mn vacancy sites. The negative structural charge induced by vacant Mn sites can be compensated by adsorption of protons and metal cations. X-ray absorption spectroscopy was used to elucidate the mechanism of Ni and Zn sorption by the biogenic oxide in the presence of organic biofilm components as a function of pH and surface coverage. Two pH-dependent coordination environments were identified for each metal: Ni was bound as a triple corner sharing (TCS) complex at vacancy sites or was incorporated into the octahedral sheet, whereas Zn formed tetrahedral and octahedral TCS complexes at vacancy sites. At pH 6, both metals partitioned to organic matter leaving vacancy sites only partially occupied and showing that protons and metal cations compete for vacancy sites. Our results indicate that small changes in pH may have a large influence on the metal binding mechanism and thus have important implications for predicting transition metal attenuation by Mn oxides in polluted environments. 
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Selective sorption of cobalt over nickel on biogenic manganese oxides 
Keiko Sasaki, keikos@mine.kyushu-u.ac.jp, Takuya Kaseyama, and Tsuyoshi Hirajima, Department of Earth Resources Engineering, Kyushu University, Motooka 744, Fukuoka 819-0395, Japan, Fax: +81-92-802-3338 

The preferential sorption of Co2+ ions over Ni2+ ions was observed on biogenic Mn oxides. Selective coefficient of Co2+ (áCo) on the biogenic Mn oxide was much greater than that on the synthetic Mn oxide, especially in the presence of high Ni2+ concentrations. The XPS data showed that redox reaction occurred between Co2+ and Mn oxides but not Ni2+ and Mn oxides. The biogenic Mn oxide includes high contents of Cu(II)-exchangeable Mn(II), Mn(III) and vacant sites as well as a large specific surface area. It is considered that Co2+ ions are preferentially sorbed by ion-exchange with Mn2+ on the surface of Mn oxides, followed by exclusive occupation of vacant sites and coordination with oxygen of edge in the octahedral unit of Mn oxides. Further the sorbed Co2+ species are favorably oxidized to CoOOH which sorbs released Mn2+ by co-precipitation. 
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Manganese oxide contribution to metal binding in soil systems 
Juan Antelo1, juarti@ceh.ac.uk, Ed Tipping2, et@ceh.ac.uk, and Steve Lofts2, stlo@ceh.ac.uk. (1) Physical Chemistry Department, University of Santiago de Compostela, Santiago de Compostela 15782, Spain, (2) Centre for Ecology, Lancaster Environment Centre, Lancaster LA1 4AP, United Kingdom 

Manganese oxides are ubiquitous in natural systems and they exhibit strong binding behaviour for heavy metals. Their influence in soil systems is believed to be important despite their low concentration compared with other reactive surfaces present in these systems. 

Copper and Lead adsorption studies were carried out with a synthetic manganese oxide and the results were compared with those obtained with iron oxides. The results obtained suggest the very strong role of manganese oxides controlling lead adsorption and a lesser role of iron oxides. The presence of manganese oxide has a bigger effect on lead adsorption than on copper adsorption, and this effect is higher than the observed for iron oxides. 

The previous results coupled with WHAM modelling calculations were used to simulate in the laboratory different soil systems. Metal adsorption behaviour was then analyzed in systems containing manganese and iron oxides, natural organic matter and aluminium. 
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