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I. EDUCATION AND EXPERIENCE.  Indicate all degrees, when and where received.  List postdoctoral appointments, previous 
faculty positions, and other principal positions, when and where, in chronological order. 
 

B.S. Geology, University of Illinois at Urbana-Champaign, (1995-1999) 
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Ph.D. thesis title and supervisor with current mailing address, including email: 
 

Ph.D. Dissertation Title: Molecular Scale Studies of Uranium Speciation in Contaminated Hanford, Washington Sediments 
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Advisor: Prof. Gordon E. Brown, Jr., Department of Geological and Environmental Sciences, Bldg. 320, Rm. 118, Stanford 
University, Stanford, CA 94305-2115, E-mail: Gordon.Brown@stanford.edu 

 
Postdoctoral research topic and research supervisor with current mailing address, including email: 
 

Topic: Research focused on fundamental aspects of geochemical processes occurring at mineral-water interfaces. 
Advisor: Dr. Paul Fenter, Chemistry Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439, 
E-mail: fenter@anl.gov 
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If not, please explain the nature of your position and attach your Department Chair’s letter as page 3a stating that you meet 
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II. STATEMENT OF OPPORTUNITY TO CONDUCT RESEARCH AT GRANTEE INSTITUTION. 

A. Highest academic degree awarded to students in your department: _____Ph.D.____ 

B. Available facilities - space, equipment, and supplies. 
Catalano’s research facilities are located in the new Earth and Planetary Sciences building and include a general 
purpose wet chemical laboratory, equipped with standard equipment needed for solution chemistry and sample 
preparation.  This equipment includes an anaerobic chamber, pH meters, analytical balances, UV/Vis 
spectrophotometer, deionized water system, etc.  The laboratory also just received a new Agilent Technologies 
(formerly Molecular Imaging) atomic force microscope (AFM) model 5500, capable of imaging mineral surfaces 
under aqueous conditions.  The laboratory also maintains computing facilities needed for analysis of spectroscopic 
and diffraction data and geochemical modeling.  Other facilities available at Washington University include three 
SEMs, two TEMs, two ICP-MS systems, two FTIRs with ATR attachments, two Raman microprobes, an electron 
microprobe, a BET surface area and pore volume measurement instrument, a total organic carbon analyzer (also 
measures total inorganic carbon), a SIMS ion microprobe, a NanoSIMS ion microprobe, a Scanning Auger 
Nanoprobe, and a powder X-ray diffractometer. 

C. Research support by or to be expected from the department or institution, including startup funds. 
Startup package: $100,000 for setting up an aqueous geochemistry laboratory, $180,000 for an atomic force 
microscope, $49,000 for a CCD X-ray detector, $25,000 for research travel support, $20,000 for computer hardware 
and software, and summer salary support for June, July, and August 2008. 

D. Teaching duties - list the courses you are expected to teach next year and give contact hours per week for lectures, 
recitations, and laboratory. 

Fall 2008: EPSc 444 Environmental Geochemistry, estimated contact hours: 4/week 
Spring 2009: EPSC 413 Introduction to Soil Science, estimated contact hours: 4/week 

 

Percentage of time devoted to research during academic year: ______50%________. 

Percentage of time devoted to research during summer: ______100%____________. 
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IV. OTHER RESEARCH GRANTS.  Include titles, amounts (annual direct costs), sources, time periods of awards, and 
relationship to this PRF proposal.  Use separate page if necessary; indicate “none” if applicable. 

A. List any previous or current financial support received for research. 
1.  Startup package from Washington University, $373,000, no time limit.  Supports the establishment of the 
laboratory facilities the proposed work will be conducted in, including the purchase of major equipment. 

 
 

B. List any other applications pending. 
1.  “Water Ordering and Complex Oxoanion Adsorption behavior at Iron and Aluminum Oxide-Water Interfaces”,  
$276,884, September 1, 2008 to August 31, 2011.  No clear relationship to proposed work, although some results 
will be useful for interpreting observations made in studies funded by this proposal. 
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VI. PROPOSED RESEARCH. 
 

Iron Oxide Morphology and Composition as Possible Indicators of Sedimentary Redox 
Cycling 

 

ABSTRACT 

Iron oxides commonly occur in sedimentary deposits, having both detrital and authigenic origins.  These phases have 

been thought to undergo either complete reductive dissolution or phase transformation during sedimentary redox cycling, 

which often generates aqueous Fe(II) as a byproduct.  Recent measurements indicate that iron oxides are chemically active in 

the presence of Fe(II) even when no obvious phase transformations or dissolution is occurring.  My collaborators and I have 

recently observed that Fe(II) activates dynamic surface processes for one common iron oxide, hematite.  These observations of 

coupled dissolution and growth of different crystallographic surfaces, along with the known ability of iron oxides to 

incorporate other trace elements, like Ni, into their structure, suggest that morphologic and compositional changes in hematite 

may occur during sedimentary redox cycling.  These changes may potentially be useful indicators of past redox conditions in 

sedimentary systems, including as indicators of past flow of hydrocarbon-bearing fluids.  I propose to further investigate the 

effects Fe(II) has on hematite morphology and the incorporation of trace elements.  Studies of both monodispersed hematite 

particles and specific crystallographic surfaces will be investigated to connect molecular scale surface processes with 

observable growth and zonation features.  The proposed work may lead to new methods for identifying paleoredox conditions 

in sedimentary systems. 

 

PROJECT NARRATIVE 

 Sediments frequently contain detrital and authigenic iron oxides, occurring as primary grains, overgrowths, cements, 

ooids, and concretions (Cornell and Schwertmann, 2003).  Sediments often experience variable redox conditions during early 

diagenesis (e.g., Van Cappellen and Wang, 1996) or later migration of hydrocarbon-bearing fluids (e.g., Beitler et al., 2003), 

and these conditions may affect iron oxides in a number of ways.  Iron oxides may undergo complete reduction (e.g., sandstone 

bleaching, pyritization), poorly ordered forms may recrystallize to highly ordered forms (e.g., ferrihydrite conversion to 

goethite and/or hematite), and neoformation of iron oxides may occur (e.g., iron oxide cementation).  All of these processes 

involve either complete dissolution, sometimes followed by reprecipitation, or solid state transformations, and the products of 

these reactions provide information about the redox conditions experienced by sediments and sedimentary rocks. 
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 My collaborators and I have recently investigated the interaction of aqueous Fe(II), a common byproduct of 

sedimentary redox cycling, with iron oxide surfaces.  This work was initially motivated by the known ability of “sorbed” Fe(II) 

to rapidly chemically reduce many environmental contaminants (Charlet et al., 1998; Liger et al., 1999; Chun et al., 2006) as 

well as the apparent fractionation of iron isotopes that occurs during microbial dissimilatory iron reduction and Fe(II) 

adsorption (Crosby et al., 2005; Icopini et al., 2004).  Our studies, along with other recent measurements (Williams and 

Scherer, 2004; Pedersen et al., 2005; Silvester et al., 2005; Larese-Casanova and Scherer, 2007), indicate that Fe(II) activates 

dynamic surface processes on iron oxide surfaces.  On hematite (α-Fe2O3) dissolution occurs on the (110) and (012) surfaces 

along with simultaneous growth on the (001) surface, with Fe(II) likely serving a catalytic role (Figure 1).  This appears to 

indicate that a previously unrecognized iron oxide transformation process may occur during sedimentary redox cycling: Fe(II)-

catalyzed dynamic reshaping of existing iron oxides through coupled growth and dissolution. 

 
 

 
Figure 1.  (top) X-ray reflectivity (XR) measurements of three hematite surfaces before and after reaction with aqueous 
Fe(II).  The midzone intensity changes on the (110) and (012) surfaces after reaction (blue arrows) indicate dissolution 
of a few molecular layers of the surfaces.  In contrast, new oscillations appear in the XR data for the (001) surface after 
reaction (black arrows), indicating the growth a surface film ~1 nm thick.  (bottom) Schematic model of the simultaneous 
growth and dissolution process that occurs in the presence of Fe(II). 

 

Our measurements to date have focused on the early stages of this behavior, with dissolution and/or growth being 

limited to a few molecular layers on the surface.  However, I believe that this behavior continues as long as Fe(II) remains in 

solution, and that the rate of transformation may vary with Fe(II) concentration, temperature, or other factors.  If this behavior 

does continue then hematite should take on an acicular morphology, elongated along the c-axis.  Similar lengthening along one 

crystallographic direction has been observed for goethite after Fe(II) reaction (Chun et al., 2006).  This suggests that if the 

couple growth and dissolution processes that reshape iron oxides can be understood then it may be possible to gain insight into 
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past redox conditions experienced by sediments through examination of iron oxide crystal morphology. 

An additional consideration is the effect this dynamic growth and dissolution process has on other elements in the 

system.  Trace elements compatible with the hematite structure, such as V, Mn, Co and Ni, would be expected to incorporate 

into the growing surface if contained in the fluid phase present during redox cycling.  These and other elements are known to 

incorporate during synthesis of iron oxides (Cornell and Schwertmann, 2003).  A past study of Ni(II), Co(II), and Cu(II) 

adsorption onto goethite in the presence of Fe(II) observed increased uptake compared to Fe(II)-free systems (Coughlin and 

Stone, 1995), suggesting that trace element incorporation during coupled dynamic growth and dissolution of iron oxides is 

likely.  Incorporation of such elements in iron oxides may thus serve as an indicator of the type(s) of fluids present during 

sedimentary redox cycling.  This process would be expected to result in compositional zonation of iron oxides along the 

growth direction.  Multiple redox cycles occurring in fluids of different trace element compositions should produce multiple 

compositional zones in an iron oxide crystal.  Incorporation of Ni and V are of particular relevance to the energy community as 

many forms of crude oil and bitumen contain elevated concentrations of these elements (Mossman, 1999). 

I propose to investigate possible morphologic changes and composition zonation in iron oxides after reaction with 

aqueous Fe(II) in controlled laboratory experiments.  Ni(II) will be used as an example trace element to study compositional 

zonation and also serve as a tracer of growth, as it readily incorporates into the hematite structure (Cornell and Schwertmann, 

2003).  These studies will be comprised of two separate set of experiments: (1) Fe(II) reaction with monodispersed hematite 

particles of known size and morphology, and (2) Fe(II) reaction on specific single crystal surfaces.  Both sets of experiments 

will be performed under strict anaerobic conditions to ensure Fe(II) oxidation by dissolved oxygen does not occur.   

Monodispersed hematite particles will be used in the first set of experiments as they have a uniform morphology and 

size distributions, making detecting changes in these properties straightforward.  The starting size and morphology will be 

characterized before reactions using transmission electron microscopy (TEM), and these parameters will be determined again 

after reaction to characterize the morphological effects of Fe(II) reaction, including the crystallographic directions along which 

growth and/or dissolution occurred.  The concentration of Ni in the fluid phase, measured by inductively coupled plasma-mass 

spectrometry (ICP-MS), will be used to monitor whether hematite growth processes results in its incorporation into the solid 

phase.  Extended X-ray absorption fine structure (EXAFS) spectroscopy will be used to determine the local coordination 

environment of Ni after reaction to identify the mechanism through which incorporation occurs.  Powder X-ray diffraction 

(XRD) measurements will be used to verify that other mineral phases do not form during these experiments. 

More fundamental information on the mechanisms involved in this process will be gained by studying reactions 
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occurring on specific surfaces of hematite.  Oriented single crystal surfaces will be studied by in situ atomic force microscopy 

(AFM) to watch changes in the surface morphology and to confirm whether growth and/or dissolution occur.  Multiple 

crystallographic surfaces will be examined to investigate how these effects vary with orientation.  AFM measurements will 

also identify the formation of any nanoscale precipitates and/or films.  I will use nanometer-scale secondary ion mass 

spectrometry (NanoSIMS) to measure the composition of surfaces that display growth in AFM measurements and to verify the 

incorporation of compatible trace metals.  NanoSIMS has improved sensitivity, compared to electron microscopy methods, to 

the composition of growth layers that may be only a few monolayers thick on samples that cannot be thinned for TEM 

measurements.  Surface structural transformations and trace element incorporation will be further investigated using 

synchrotron-based X-ray reflectivity (Fenter, 2002) and resonant anomalous X-ray reflectivity (Park et al., 2006).  These 

studies of single crystal surfaces will help explain the features observed in the monodispersed powder systems and provide a 

fundamental understanding of the processes involved in these dynamic iron oxide surface processes. 

The studies proposed here will improve our understanding of new possible iron oxide transformation processes that 

occurs during sedimentary redox cycling.  These couple dissolution and growth processes in the presence of Fe(II) may result 

in clear morphologic changes and compositional zonation.  These features of iron oxides grains in sedimentary system may 

serve as additional indicators of past redox cycling.  Possible applications include examining marine sediments undergoing 

early diagenesis, as iron oxides may record past redox states that are not reflected in current pore water compositions, or 

tracing the past migration and trace element composition of sedimentary fluids. 

A grant received for the proposed work will fund personnel and research expenses.  Over the two years of the 

proposal, funds will be used to support a graduate student researcher during the summer as well as two undergraduate students 

as part-time hourly assistants during the school year and full-time research assistants during summer.  Remaining funds will be 

used to cover laboratory expenses, including TEM, AFM, NanoSIMS, and ICP-MS costs, and will fund one trip per year to the 

Advanced Photon Source for EXAFS and X-ray reflectivity measurements for the PI and one to two students (within the $2000 

annual limit on travel expenses). 
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