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Environmental surface science is an area of prolific research, and many studies investigating 

the characterization of soil particles and their interactions with organic and inorganic species 

have been conducted using X-ray, batch column, and attenuated total reflection infrared (ATR-

IR) techniques.
 

This research program will utilize surface-specific spectroscopic techniques, 

including ATR-IR and ultrafast laser spectroscopy, to obtain surface-specific molecular level 

information about interfaces, including molecular orientation, structure, reaction energetics, 

spectroscopy and kinetics of adsorbate interactions with an interface. The surface-specific 

techniques afford the sensitivity and time resolution necessary to gain a full understanding of the 

physical and chemical processes that are taking place in geochemical environments.  
 

Systems of Interest. This research program will encompass two main projects:  
 

1. Interfacial sorption processes between environmental pollutants, including toxic metals and 

endocrine disruptors, with the following geochemical interfaces:  
 

a) Planar single-crystalline and amorphous mineral oxides (SiO
2
, Fe

3
O

4
, FeOOH, 

MnOOH, and Al
2
O

3
)  

 

b) Colloidal particles of mineral oxides and clays, such as montmorillonite  
 

Species of particular interest are transition metal species that are concerns in the 

environment, including Cd, Zn, Pb, Ni and Cu, which are listed on the Environmental Protection 

Agency list of Priority Pollutants under the Clean Water Act,
 
and are ranked among the highest 

in concentration of metal emissions to soils.
 

Endocrine disruptors, such as diethylstilbestrol and 

various phthalates, will also be investigated due to their potential to feminize aquatic organisms 

and humans if they are able to enter ground and surface waters when released into the 

environment. 
 

2. Surface spectroscopy, binding and dissolution processes of siderophore-metal complexes 

(iron-hydroxamate, and possibly Cu, Zn, Cd, and Co complexes with analogous chelating 

organic compounds)  
 

Siderophores are biological ligands that are secreted by aquatic and terrestrial microbes as a 

means of solubilizing Fe(III) in the environment. Studies have been conducted that investigate 

the adsorption and surface speciation of desferrioxamine B (DFOB), a common hydroxamate 

siderophore, on clays and iron and manganese oxides and the resulting effect on dissolution.
 
The 

effect of siderophores on trace metal adsorption to these mineral oxides has also been studied.
 

In 

spite of these investigations, direct surface measurements of siderophore-surface complexes are 

lacking and the mechanism of surface complexation, such as whether polydentate surface species 

are formed, is still unclear. Surface-specific studies on siderophore/mineral oxide/clay systems 

offer a unique opportunity to gain molecular level information of the surface spectroscopy and 

binding processes of siderophore complexes that will lead to a more complete understanding of 

the adsorption and dissolution mechanisms of siderophores.   

 

Approach. Initial laboratory studies will be conducted using the surface-specific spectroscopic 

technique ATR-IR equipped with a flow cell attachment. This method will provide molecular-



level information on the orientation, structure, reaction energetics, spectroscopy and kinetics for 

pollutant and siderophore interactions with mineral and clay substrates. The flow cell apparatus 

provides a system that approximates the natural wet state of the mineral and clay surfaces in both 

terrestrial and aquatic environments and allows for kinetic measurements. The following 

experiments will be conducted to examine the molecular-level interactions of the pollutant-

mineral-clay and siderophore-metal-clay systems: 

• Surface charge density and surface pKa: Absolute surface charge densities will be determined 

by varying the bulk ion concentration of the solution flowing across the interface while 

keeping the bulk pH constant. The pKa of the surfaces will be determined by varying the pH of 

the bulk solution flowing across the interface. 

• Surface spectroscopy: Surface speciation of the adsorbed species will be determined by 

collecting surface ATR-IR spectra. 

• Adsorption isotherms: ATR-IR absorbance will be recorded as a function of increasing 

adsorbate concentration, providing interface-specific relative surface coverages, 

thermodynamic equilibrium constants, and free energies of adsorption.  

• Adsorption/desorption kinetics: Kinetic measurements will be conducted by recording the 

ATR-IR absorbance as a function of time for adsorption and desorption processes. These 

experiments will yield interface-specific adsorption and desorption rate constants. The 

experiments will also be capable of distinguishing between different adsorbed species by 

monitoring differences in adsorption/desorption kinetics for different wavenumber peaks in the 

spectra.  

• Adsorbate orientation: The structure and orientation of the adsorbed species will be 

determined by utilizing a polarizer in the ATR-IR instrument configuration. 

This approach offers the surface specificity, sensitivity and time resolution necessary to gain a 

full understanding of the physical and chemical processes that are taking place on the molecular 

level in geochemical systems. 

 

 


