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8:30 — Introductory Remarks. 

8:35 —8. Influence of surface chemistry on the transport properties of multi-walled carbon nanotubes in porous media. H. Fairbrother, B. Smith, K. A. Wepasnick, W. P. Ball

8:55 —9. Formation and persistence of cadmium sulfide nanoparticles in aqueous solutions under various conditions. K. M. Mullaugh, J. M. Spraggins II, D. P. Ridge, G. W. Luther III

9:15 —10. Characterization of iron nanoparticles stabilized for enhanced delivery to TCE source zones. B. M. Jung, N. Sakulchaicharoen, D. M. O'Carroll, J. E. Herrera, B. E. Sleep

9:35 —11. Influence of natural organic matter on deposition rate of single-walled carbon nanotubes. N. B. Saleh, L. D. Pfefferle, M. Elimelech

9:55 — Dissussion/Break. 

10:15 —12. Surfactive quality of humic substances for stabilizing carbon nanotube disperisons. M. Chappell, A. J. George, J. Mao, G. Bourne, C. L. Price

10:35 —13. Influence of co-solutes on the adsorption of Cd(II) onto oxidized multi-walled carbon nanotubes. H -H. Cho, J. Yang, K. A. Wepasnick, H. Fairbrother, W. P. Ball

10:55 —14. Partitioning of nanoparticles in octanol and water. K. D. Hristovski, P. K. Westerhoff, J. D. Posner
ABSTRACTS

ENVR 8 

Influence of surface chemistry on the transport properties of multi-walled carbon nanotubes in porous media 
Howard Fairbrother1, howardf@jhu.edu, Billy Smith1, bsmith90@jhu.edu, Kevin A. Wepasnick1, kaw@jhu.edu, and William P. Ball2, bball@jhu.edu. (1) Department of Chemistry, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, Fax: 410-516-8420, (2) Department of Geography and Environmental Engineering, Johns Hopkins University, Baltimore, MD 21218 

Oxides grafted into the surface of carbon nanotubes (CNTs) during routine purification, deliberate functionalization strategies or incidental oxidation profoundly affect the CNTs' behavior in aquatic environments. Recent studies conducted in our laboratories have shown that the concentration and distribution of surface-oxide functional groups play an important in role in both the CNTs' aggregation properties and their sorption properties towards hazardous metals and organic contaminants. Following the methodology developed in these earlier works, we present results on the role that surface chemistry plays in the transport properties of oxidized, multi-walled CNTs (O-MWCNTs) in beds of packed silica beads. O-MWCNTs were prepared by refluxing the pristine nanomaterial using different oxidizing conditions (e.g., HNO3 (0–70 % w/w)). X-ray photoelectron spectroscopy (XPS) coupled with chemical derivitization was used to quantify the concentration and distribution of surface oxides on each O-MWCNT. Step-input deposition profiles were acquired for different O-MWCNTs as a function of electrolyte (NaCl and CaCl2) concentration and pH. Using the convective-dispersion equation to attain alpha and plotting it as a function of electrolyte concentration, critical deposition concentrations (CDC) were determined for each O-MWCNT studied. The extent to which functional relationships could be developed between the CDC and the surface properties (chemical composition, surface charge and electrophoretic mobility) was assessed. Information gathered in this study could be used in the development of models capable of predicting the fate of surface modified CNTs released in aquatic environments. 
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Formation and persistence of cadmium sulfide nanoparticles in aqueous solutions under various conditions 
Katherine M. Mullaugh1, mullaugh@udel.edu, Jeffrey M. Spraggins II1, jms@udel.edu, Douglas P. Ridge1, dougr@udel.edu, and George W. Luther III2, luther@udel.edu. (1) Department of Chemistry and Biochemistry, University of Delaware, Cannon Lab, Lewes, DE 19958, (2) College of Marine and Earth Studies and Department of Chemistry and Biochemistry, University of Delaware, Lewes, DE 19958 

Recent research has shown that naturally occurring nanoparticles are widespread in the environment and among these, metal sulfide nanoparticles are important species with regard to metal speciation and mobility. However, factors controlling their persistence, such as pH, salinity, oxygen levels and organics, are poorly understood. Using cadmium sulfide (CdS) as a model species, synthetic solutions have been prepared under various conditions in the laboratory and monitored using spectroscopic and voltammetric tools. Based on quantum confinement effects, we use UV-vis spectrophotometry to show how solution chemistry dictates nanoparticle size. Data will also be presented showing how aquatic conditions control the formation and long-term persistence of CdS nanoparticles. The stability of CdS nanoparticles against aggregation and sulfide oxidation will be discussed. In addition to identifying the geochemical processes CdS nanoparticles undergo, this work aims to highlight analytical tools currently available to characterize both naturally occurring and manufactured nanomaterials in aqueous conditions. 
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Characterization of iron nanoparticles stabilized for enhanced delivery to TCE source zones 
Bahng Mi Jung1, jung.bahngmi@gmail.com, Nataphan Sakulchaicharoen2, nsakulch@uwo.ca, Denis M. O'Carroll2, docarroll@eng.uwo.ca, Jose E. Herrera3, jherrera@eng.uwo.ca, and Brent E. Sleep1, sleep@ecf.utoronto.ca. (1) Department of Civil Engineering, University of Toronto, 35 St. George St., Toronto, ON M5S 1A4, Canada, Fax: 416-978-3674, (2) Department of Civil and Environmental Engineering, University of Western Ontario, London, ON N6A 5B9, Canada, (3) Department of Chemical and Biochemical Engineering, University of Western Ontario, London, ON N6A 5B9, Canada 

In-situ dechlorination by direct injection of zerovalent iron nanoparticles (NZVI) into the contaminated subsurface is a promising technology to treat chlorinated hydrocarbons including trichloroethylene (TCE). However one significant problem is the delivery of the reactive NZVI to the chlorinated solvent source zone where they can react. There are several reports in the literature indicating the use of different polymers to stabilize both commercially available and synthesized iron nanoparticles. However a systematic study on the ability of different polymers to form stable suspensions has yet to be presented. Moreover reports indicate that formulations used to achieve stable suspensions vary widely. This contribution investigates the ability of a variety of polymers (CMC, PSS, PAP, and GUAR) to stabilize NZVI synthesized from sodium borohydride reduction of ferrous iron (Fe/B) and commercially available nanoiron particles (RNIP). Results were interpreted in terms of iron particle size, surface area, viscosity and zeta potential. Stability of the obtained Fe nanoparticles suspensions depends on the concentration of the polymer in the solution, its molecular weight and nature of electrostatic and steric interactions between the polymer molecules themselves as well as between the iron nanoparticles and the polymer. Zeta potential of the particles was measured over a wide range of pH values (5 to 10) and ionic strengths (0.01 to 10mM), and size and structures of particles were investigated by Zetasizer and transmission electron microscopy (TEM). Selection of appropriate NZVI source and polymer type will be discussed, as they will depend on site conditions. These will be discussed with regards to optimum conditions selected for remediation at an industrial site with chlorinated hydrocarbon contamination. 
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Influence of natural organic matter on deposition rate of single-walled carbon nanotubes 
Navid B Saleh1, salehn@engr.sc.edu, Lisa D Pfefferle2, lisa.pfefferle@yale.edu, and Menachem Elimelech2, menachem.elimelech@yale.edu. (1) Civil and Environmental Engineering, University of South Carolina, 300 Main Street, Columbia, SC 29208, Fax: 803-777-0670, (2) Department of Chemical Engineering, Yale University, New Haven, CT 06520-8286 

Deposition of carbon nanotubes (CNTs) onto surfaces is key to their fate, bioavailability, and reactivity in aquatic systems. The deposition of CNTs can be strongly influenced by natural organic matter (NOM) and its heterogeneous chemical structure. This study provides a systematic evaluation of single-walled carbon nanotube (SWNT) deposition kinetics in presence of fractionated NOM using quartz-crystal microbalance (QCM-D). Suwannee River NOM was fractionated to obtain hydrophobic, transphilic, and hydrophilic fractions. CNTs were characterized using Raman scattering (for state of defect), thermo gravimetric analysis (for metal impurities), transmission electron microscopy (for length and diameter distribution), Fourier transformed infrared spectroscopy (for functional groups), and electrophoretic mobility (for surface charge). Deposition experiments of SWNTs were performed using QCM-D on NOM coated quartz crystals for a range of ionic strength and composition. The results indicate that presence of NOM had a significant effect on deposition kinetics of SWNTs. The change in deposition rate varied with the type of NOM and the ionic composition of the solution. Specific interaction between the chemical structure of the NOM fractions and the SWNT graphitic backbone is hypothesized to be responsible for the observed deposition behavior. 
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Surfactive quality of humic substances for stabilizing carbon nanotube disperisons 
Mark Chappell1, Aaron J. George2, aaron.j.george@usace.army.mil, Jingdong Mao3, jmao@odu.edu, Gerald Bourne2, gerald.g.bourne@usace.army.mil, and Cynthia L. Price1, cynthia.l.price@usace.army.mil. (1) Soil & Sediment Geochemistry, Environmental Laboratory, U.S. Army Corps of Engineers, 3909 Halls Ferry Rd, Vicksburg, MS 39180, Fax: 601-634-3410, (2) SpecPro, Inc, Vicksburg, MS 39180, (3) Department of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 23529-0126 

Soil humic substances (HS) stabilize carbon nanotube (CNT) dispersions by surfactive mechanism. The work in this paper is designed to study the surfactive nature of HS with respect to their capability of to stabilize CNT dispersions. Experiments dispersing multi-walled CNT in solutions of dissolved Aldrich humic acid (HA) or water-extractable Catlin soil HS demonstrated enhanced stability at 150 and 300 mg L-1 added Aldrich HA and Catlin HS, respectively, corresponding with decreased CNT mean particle diameter (MPD) and polydispersivity (PD) of 250 nm and 0.3 for Aldrich HA and 450 nm and 0.35 for Catlin HS. NEXAFS and solid-state 13C NMR characterization showed the Aldrich HA contained highly surfactive domains while Catlin soil possessed a mostly carbohydrate-based structure. This work demonstrates that the chemical structure of humic materials in natural waters is directly linked to their surfactive ability to disperse CNT released into the environment. 
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Influence of co-solutes on the adsorption of Cd(II) onto oxidized multi-walled carbon nanotubes 
Hyun-Hee Cho1, hcho25@jhu.edu, Jin Yang1, jyang59@jhu.edu, Kevin A. Wepasnick2, kaw@jhu.edu, Howard Fairbrother2, howardf@jhu.edu, and William P. Ball1, bball@jhu.edu. (1) Department of Geography and Environmental Engineering, Johns Hopkins University, 3400 N.Charles St., Baltimore, MD 21218, Fax: 410-516-9866, (2) Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218 

Multi-walled carbon nanotubes (MWCNTs) are attracting interest as high-surface area sorbents for a wide variety of potential aqueous contaminants, including not only organic contaminants, but also heavy metals. Functionalization of CNTs with oxidizing acids is often used to tune sorption properties by introducing a variety of oxygen-containing functional groups, such as carboxyl (-COOH), hydroxyl (C-OH), and carbonyl (C=O), into the CNT's surface. These surface oxide groups are known to significantly affect the sorption capacity of MWCNTs with respect to the uptake of solutes from aqueous solution. In this study the competitive sorption and desorption of Cd(II) with Zn(II), Ca(II), Mg(II), and Fe(III) onto pristine MWCNTs and oxidized MWCNTs were studied. In the presence of co-sorbates, the sorption capacity of Cd(II) decreased. The Cd(II) sorption isotherm was found to decrease with increasing ionic strength and decreasing pH, consistent with the idea that carboxyl groups play a particularly important role in metal sorption, although sorption of Cd(II) onto graphenic carbon atoms present on the surface of O-MWCNTs also contributed to the overall sorption capacity. 
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Partitioning of nanoparticles in octanol and water 
Kiril D. Hristovski1, kiril.hristovski@asu.edu, Paul K. Westerhoff1, p.westerhoff@asu.edu, and Jonathan D. Posner2, jonathan.posner@asu.edu. (1) Department of Civil and Environmental Engineering, Arizona State University, PO Box 875306, Tempe, AZ 85287-5306, (2) Department of Mechanical Engineering, Chemical Engineering, Arizona State University, Box 876106, Tempe, AZ 85287-6106, Fax: 480-965-1384 

There is a recognized need to understand and predict the fate, transport and bioavailability of engineered nanoparticles in aquatic and soil ecosystems. Recent research focuses on either collection of empirical data or precise nanoparticle characterization. However, it is difficult to transition from these precise measurements to models suitable to assess the NP behavior in the environment with complex and heterogeneous matrices. The U.S. EPA has developed and applies basic partitioning parameters and models to predict the environmental fate, bioavailability, and toxicity of organic pollutants. As a first step in prediction of the fate and transport of engineered nanomaterials in the environment, the octanol-water partitioning of several nanoparticles are presented. These materials include functionalized and unfunctionalized silver, C60, and hematite nanoparticles. The experiments conducted in model waters suggest that the partitioning of nanomaterials depends on the pH and may partition at the octanol-water interface under some conditions. 
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