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Geochemistry of marine ferromanganese crusts 
James R. Hein1, jhein@usgs.gov, Andrea Koschinsky2, a.koschinsky@jacobs-university.de, John R. Bargar3, bargar@slac.stanford.edu, and Tracey A. Conrad1, tconrad@usgs.gov. (1) U.S. Geological Survey, 345 Middlefield Rd., MS 999, Menlo Park, CA 94025, Fax: 650-329-5299, (2) Geosciences and Astrophysics, Jacobs University Bremen, Bremen D-28759, Germany, (3) Stanford Synchrotron Radiation Lightsource, Stanford, CA 94305 

Fe-Mn crusts occur throughout the global ocean on seamounts and ridges. Three main interests in crusts are their: economic potential for rare elements; use as recorders of oceanic history; and role in geochemical balance of the ocean. Crusts precipitate from ambient seawater at water depths of 400-7000 m. Crusts grow at 1-7 mm/Ma, have a mean porosity of 60%, and a mean surface area of 300 m2/g, which allow them to adsorb high concentrations of many elements from seawater. Rare elements (e.g., Nb, W, Pt, Te) are enriched in crusts 107 to 109 times their seawater concentrations. A first-order electrostatic model proposes that positively charged species adsorb onto the negatively charged surface of MnO2 and neutral and negatively charged species adsorb onto the slightly positively charged FeOOH. Crusts are composed of delta-MnO2 and amorphous FeOOH. Cobalt, Ce, Tl, Pt, and Te are concentrated in crusts over other metals because surface oxidation reactions strongly bind them to the main minerals. We are using synchrotron-based XANES and EXAFS spectroscopy at SSRL to address key hypotheses concerning enrichment of eight rare elements. 
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Biogenic Mn oxide production in the Guaymas Basin deep-sea hydrothermal plume 
Gregory J. Dick, gdick@umich.edu, Department of Geological Sciences, University of Michigan, 1100 N. University Ave., 2534 CC Little Building, Ann Arbor, MI 48109-1005, Brian Clement, Department of Environmental and Biomolecular Systems, Oregon Health & Science University, Beaverton, OR 97006, Sam Webb, samwebb@slac.stanford.edu, Stanford Synchrotron Radiation Lightsource, Menlo Park, CA 94025, JR. Bargar, bargar@slac.stanford.edu, Stanford Synchrotron Radiation Laboratory, Stanford, CA 20450, and Bradley M. Tebo, tebo@ebs.ogi.edu, Department of Environmental & Biomolecular Systems, Oregon Health & Science University; OGI School of Science & Engineering, Beaverton, OR 97006 

Deep-sea hydrothermal plumes represent a dramatic example of microbially-mediated production of Mn oxides in the environment, but little is known regarding the mechanisms or products of this biomineralization. At Guaymas Basin (GB) in the Gulf of California, hydrothermal venting injects dissolved Mn(II) into the deep waters of the basin where it is oxidized and precipitated in extensive hydrothermal “clouds” of Mn(III/IV) oxides. Here we present biogeochemical and mineralogical results that support a central role for microbial enzymes in driving Mn(II) oxidation at GB. Remarkably fast Mn(II) oxidation rates were measured within the plume, in contrast to background deep-sea water where they were orders of magnitude lower. Mn(II) oxidation was inhibited under anoxic conditions and by the presence of the biological poison, sodium azide, and displayed responses to temperature and oxygen indicative of an enzymatic mechanism. Extended X-ray absorption fine structure spectroscopy and synchrotron radiation-based X-ray diffraction revealed the Mn oxides to be amorphous, with a hexagonal birnessite mineral structure, strikingly similar to that of primary biogenic Mn oxides produced by laboratory cultures of bacteria. Overall our results indicate that Mn geochemistry in deep-sea hydrothermal plumes is intimately linked to microbial biochemistry and ecology. 
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Bioinorganic chemistry of bacterial manganese oxidation 
Thomas G. Spiro1, spiro@chem.washington.edu, Bradley M. Tebo2, tebo@ebs.ogi.edu, Alexandra V. Soldatova1, alexans@u.washington.edu, and Oyeyemi F. Oyerinde1, oyerinde@princeton.edu. (1) Department of Chemistry, University of Washington, Seattle, WA 98195, (2) Department of Environmental & Biomolecular Systems, OGI School of Science & Engineering, Oregon Health & Science University, Beaverton, OR 97006 

Manganese oxides are ubiquitous in the environment, and likely result from microbial processing, since the abiological oxidation of Mn(II) is very slow under most environmental conditions. Bacteria of diverse phylogenetic origins produce extracellular deposits of MnO2. Genetic analysis for several of these bacteria reveal that Mn(II) oxidation depends on multi-copper oxidases (MCO's). Since MCO's catalyze one-electron oxidations, the question arises as to how the two-electron oxidation of Mn(II) to MnO2 is mediated. Pyrophosphate trapping experiments with bacterial exosporium show that Mn(III) is an intermediate in MnO2 formation. Mn(III) pyrophosphate can also act as a substrate in this process. Since one-electron oxidation of Mn(III) to a mononuclear Mn(IV) complex is unlikely, given the available protein ligands, a mechanism is proposed in which Mn(III) accumulates at a multinuclear site on the enzyme, and disproportionates to MnO2 and Mn(II). The Mn(II) is then recycled at the primary MCO site. 
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Enzymatic and abiotic Mn(II) oxidation: Cooperative or competitive pathways ? 
Thilo Behrends, behrends@geo.uu.nl, Department of Earth Sciences – Geochemistry, Utrecht University, Budapestlaan 4, Utrecht, 3584 CD, Netherlands, Fax: +31-30-2535302, Sam Shaw, s.shaw@earth.leeds.ac.uk, School of Earth and Environment, Earth and Biosphere Institute, Leeds lS2 9JT, United Kingdom, and Liane G. Benning, liane@earth.leeds.ac.uk, School of Earth and Environment, University of Leeds, Leeds LS2 9JT, United Kingdom 

Oxidation of Mn(II) by oxygen was studied as a function of pH in abiotic experiments and in the presence of the Mn(II) oxidizing organism Pseudomonas putida. The goal was to demonstrate that Mn(II) oxidation in nature can be a combination of both, abiotic and biotic pathways. For this we aimed at identifying conditions, at which Mn(II) oxidation is initiated by enzymatic catalysis and successively taken over by the abiotic, surface catalyzed reaction. Based on the rates of Mn(II) removal from solution a combinatory pathway for Mn(II) oxidation was expected at pH 8.5 but X-ray absorption spectroscopy revealed that the interrelation between biotic and abiotic Mn(II) oxidation is more complex than anticipated. In contrast to pH 7.5, microbial oxidation of Mn(II) was inhibited at pH 8.5 and Mn(II) removal from solution was caused by Mn(II) binding to bacteria. The latter, in turn, inhibited abiotic Mn(II) oxidation. 
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Synthesis, Characterization, and Applications of Layered Manganese Oxide Materials 
Steven L Suib, steven.suib@uconn.edu, Department of Chemistry, University of Connecticut, Chemistry Department, U3060, 55 North Eagleville Rd, Storrs, CT 06269-3060, Fax: 860-486-2981 

This presentation will focus on synthesis, characterization, and various applications of manganese oxide based porous layered materials. Synthesis methods include precipitation, hydrothermal, reflux, and other methods. The important of pH, temperature, reagents, additives, and other parameters will be discussed. Characterization of these systems with X-ray powder diffraction, in situ X-ray powder diffraction, thermogravimetric analysis, chemical analysis, electron microscopy, conductivity, and other methods will be reported. Use of these materials in battery systems, heterogeneous catalysis, as synthetic precursors, as membranes, and other applications will be addressed. 
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Complex reactivity of manganese oxides and their significance to environmental mineralogy: A review 
S. Erin O'Reilly, eoreilly@nrlssc.navy.mil, Marine Geosciences Division, Seafloor Sciences Branch, Naval Research Laboratory, 1005 Balch Blvd., Code 7431, Bldg. 1005, Stennis Space Center, MS 39529, Fax: 228-688-5752 

Manganese oxides are typically thought to be the most important scavengers of aqueous trace metals in soils, sediments, and rocks through their seemingly dominant sorptive behavior, despite the fact that they are much less abundant than iron oxides. The reactivity and generally high surface areas make Mn-oxides proficient sorbents of many inorganic cations. In fact, the high sorption capacity of Mn-oxide structures has been attributed to their internal surface area (layers and tunnels). Mn-oxides also have the distinction of being the only natural, inorganic oxidizers in soils which gives them the capacity to change the availability and reactivity of redox active contaminants. Because of their complexity, less is known about Mn-oxide minerals than Fe-oxide minerals, and as thus research in this area has been quite active. This talk provides a review of the complex reactivity of Mn oxide minerals and their significance to Environmental Mineralogy. 
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Effects of Hoffmeister anions on nanostructure of cryptomelane MnO2and its transformation to birnessite phase 
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, and Shizhi Qian, Department of Aerospace Engineering, Old Dominion University, Norfolk, VA 23529 

Influence of the Hoffmeister anions SO42-, Cl-, and ClO4- on the morphology of birnessite and cryptomelane-type MnO2 nanostructures was studied using the reduction of KMnO4under soft hydrothermal conditions. They were synthesized by the reduction of acidic KMnO4 solutions in the presence of Hoffmeister anions and Hoffmeister anions and Mn2+, respectively. They were characterized using X-ray diffraction (XRD), transmission electron microscopy (TEM), and high-resolution transmission electron microscopy (HRTEM). The XRD patterns show the formation of birnessite-type MnO2 for the birnessite-synthesis and a mixture of cryptomelane and birnessite-types MnO2for the cryptomelane-synthesis. The TEM and HRTEM studies for birnessite nanomaterials show a transformation from nanoplatelet morphology for chloride-treated birnessite to low-dimensional nanofibrous morphology for sulphate-treated birnessite. XRD analyses for cryptomelane show a transformation of the MnO2 nanostructure from cryptomelane phase for sulphate-ion treated samples to birnessite phase for perchlorate ion-treated samples. Chloride ion-treated samples show an intermediate stage with both phases. 
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Electrochemical properties of different Mn dioxides : Application as electrode materials in energy storage devices 
Laurence ATHOUËL1, laurence.athouel@univ-nantes.fr, Olivier CROSNIER1, olivier.crosnier@univ-nantes.fr, Daniel BÉLANGER2, belanger.daniel@uqam.ca, and Thierry BROUSSE1, thierry.brousse@univ-nantes.fr. (1) Laboratoire de Génie des Matériaux et Procédés Associés, LGMPA, Polytech'Nantes, Université de Nantes, Site de la Chantrerie, Bâtiment ISITEM, Rue Christian Pauc, BP 50609, NANTES Cédex 3 44306, France, Fax: +33 (0)2 40 68 31 99, (2) Département de Chimie, UQÀM, Université du Québec À Montréal, Montréal, QC H3C 3P8, Canada 

Manganese dioxides are promising materials when used as active electrode materials in energy storage devices such as electrochemical supercapacitors. MnO2 compounds have currently focused a great interest due to their relatively low cost (compared to RuO2), the pseudocapacitive behavior in the energy storage mechanism (charge transfer) and the possible use of environmental-friendly neutral aqueous electrolytes. Moreover, Mn dioxides crystallographic structures present many polymorphs, which can strongly influence their electrochemical properties. Amorphous or poorly crystallized powders, or electrodeposited thin films have been synthesized and their use in either symmetric or asymmetric (hybrid) electrochemical capacitors were investigated. Recently, crystallized Mn dioxides, such as layered birnessites, displayed high specific capacitances (145 F/g during 1100 cycles), despite their low specific surface area. Structural and electrochemical results on birnessite-type MnO2 show the cations deintercalation/intercalation from/in the layered structure, as well as a unit cell “breathing”, upon cycling. The use of these compounds in a hybrid carbon/MnO2 capacitor has shown promising electrochemical performance, with a stable capacitance stable up to 17000 cycles. 
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Process and analytical chemistry of nano manganese oxide electrodes 
James T. Nurmi1, jnurmi@ebs.ogi.edu, Shu Feng1, Paul G. Tratnyek1, tratnyek@ebs.ogi.edu, Satyavathi Chinni1, chinnis@ebs.ogi.edu, and Bradley M. Tebo2, tebo@ebs.ogi.edu. (1) Department of Environmental and Biomolecular Systems, Oregon Health & Science University, 20000 NW Walker Road, Beaverton, OR 97006, (2) Department of Environmental & Biomolecular Systems, OGI School of Science & Engineering, Oregon Health & Science University, Beaverton, OR 97006 

The electrochemical properties of ultra-fine grained manganese oxide are well studied because of its relevance to battery technology and potential use in sensors, but very little of this work has been done under environmental conditions or on aspects that have baring on the biogeochemistry of manganese. Using both chemically-synthesized and biogenic (from Bacillus species SG-1) nanoparticulate manganese oxide, we have prepared electrodes in several configurations (packed powder disks, micro-cavity disks, spin-coated disks). Using the electrochemical techniques, linear sweep voltammetry and chronoamperometry, we compare and characterize the manganese oxides electrochemical properties and determine its ability to be used as a hydrogen peroxide sensor. It appears that the biogenic manganese oxide used in a spin coated disk electrode configuration shows electrochemical properties similar to the synthetic manganese oxide but shows an increased sensitivity to hydrogen peroxide. 
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