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Cover photo:  Structural and energetic model of Cs+ exchange with K+ in a layer lattice
silicate mineral (e.g., muscovite).  Muscovite is a 2:1 layer silicate containing structural
layers of octahedrally coordinated Al(III) over- and underlain by layers of tetrahedrally
coordinated Si(IV).  Isomorphic substitutions in these layers lead to charge imbalance and
a cation exchange capacity.  These types of exchange reactions control the migration veloc-
ity of radio-cesium beneath leaked single shell tanks at Hanford and other DOE sites.

Environmental Dynamics and Simulation researchers have 1) developed molecular models
of this exchange reaction; 2) identified the key layer lattice silicates in Hanford sediments
controlling Cs+ exchange using advanced spectroscopic techniques such as synchrotron
X-ray microscopy; 3) studied the thermodynamics and kinetics of Cs+ adsorption and
desorption on Hanford sediments; and 4) collaborated on the development of a multi-
component reactive transport model to forecast Cs migration velocities beneath leaked
high level waste tanks at Hanford.



PNNL-13504 
UC-400 

 
 
 
 
 
 
 
 
Annual Report 2000 
 
Interfacial Chemistry  
and Engineering 
 
 
 
J. W. Grate, Interim Associate Director 
and the Staff of the Interfacial Chemistry 
and Engineering Program 
 
 
 
 
 
 
August 2001 
 
 
 
 
 
 
 
 
 
 
 
Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RL01830 



Interfacial Chemistry and Engineering 2000 Annual Report 

 
 
 
 
 
 
 
 
 
 
 

Contents 

 



Interfacial Chemistry and Engineering 2000 Annual Report 

1. Introduction 
Interfacial Chemistry and Engineering 
Program.........................................................  1-3 

 
2. Oxide and Mineral Films 

and Surfaces 
Surface Structure and Reactivity of 
Anatase (001) 

E. I. Altman, Y. Liang, and  
S. A. Chambers .......................................  2-1 

 
The Effect of the Chemical Identity of 
M(IV) Dopants on the Reduction of 
Oxygen at Hematite Surfaces 

B. A. Balko and K. M. Clarkson .............  2-3 
 

Electronic Structure of Pure and 
Al-Doped TiO2 

L. J. Brillson, S. H. Goss, and  
S. A. Chambers .......................................  2-5 

 
Controlled Deposition of Indium Tin 
Oxide on Plastic Substrates 

C. Bonham, P. E. Burrows, G. L. Graff,  
M. E. Gross, P. M. Martin, M. Hall,  
E. Mast, and W. Bennett .........................  2-7 

 
Scanning Tunneling Microscopy 
Investigation of the TiO2 Anatase (101) 
Surface 

W. Hebenstreit, N. Ruzycki,  
G. S. Herman, Y. Gao, and  
U. Diebold ..............................................  2-9 

 
The Influence of the Bulk Reduction State 
on the Surface Structure and Morphology 
of Rutile TiO2(110) Single Crystals 

M. Li, W. Hebenstreit, U. Diebold,  
A. M. Tyryshkin, M. K. Bowman,  
G. C. Dunham, and M. A. Henderson ....  2-10 

 
Surface Reconstructions of Fe3O4(001) 

B. Stanka, W. Hebenstreit, U. Diebold,  
and S. A. Chambers ................................  2-11 

 

Effects of Oxygen Plasma and Thermal 
Treatments on the Atomic Structures of 
the TiO2(110) Surface 

S. Gan, Y. Liang, and D. R. Baer ............ 2-12 
 

Surface Studies on TiO2(111) 
H. Uetsuka, A. Sasahara,  
H. Onishi, and M. A. Henderson ............. 2-14 

 
Surface Chemistry Controlled Nucleation, 
Growth, and Formation of Calcium 
Phosphate 

X. S. Li, D. Stevens, and  
A. Campbell............................................. 2-15 
 

X-Ray Photoelectron Diffraction of Polar 
MgO(111)-(1×1) Surface 

M. Gajdardziska-Josifovska,  
R. A. Plass, M. Pauli, D. K. Saldin,  
and S. A. Chambers ................................. 2-16 

 
Spin Polarized Photoemission Study of 
Half Metallic Magnetite Films 

S. Morton, G. D. Waddill,  
J. G. Tobin, S. Kim, I. Schuller,  
and S. A. Chambers ................................. 2-18 

 
Surface Structure Determination of Yttria-
Stabilized ZrO2(001) Surface Using 
X-Ray Photoelectron Diffraction 

S. Thevuthasan, Y. J. Kim, S. I. Yi,  
V. Shutthanandan, S. A. Chambers,  
and C. H. F. Peden.................................. 2-20 

 
3. Electronic and Catalytic 

Materials 
Growth of Thin Film Model Oxide 
Catalysts 

E. I. Altman, T. Droubay, and 
S. A. Chambers........................................ 3-1 

 
MBE Growth and Magnetic Properties of 
Epitaxial Co Ferrite on MgO(001) 

R. F. C. Farrow, L. Folks, M. Toney,  
and S. A. Chambers ................................. 3-3 

 

 iii 



Interfacial Chemistry and Engineering 2000 Annual Report 

Channeling Study of Barium Titanate 
Irradiated with Au2+ Ions 

W. Jiang, W. J. Weber, and  
S. Thevuthasan........................................  3-5 

 
Disorder Accumulation and Implant 
Migration in Au2+-Irradiated GaN 

W. Jiang, W. J. Weber, and  
S. Thevuthasan........................................  3-7 

 
Disordering and Annealing Processes in 
Ion-Irradiated 6H-SiC 

W. Jiang, W. J. Weber, S. Thevuthasan,  
and V. Shutthanandan ............................  3-9 

 
Characterization of Low Temperature 
Buffer Layer Deposition of GaN Thin 
Films Using Low Pressure MOCVD 

M. C. Johnson, K. Poochinda,  
and N. L. Ricker......................................  3-11 

 
Isotopic Labeling in the Dry Reforming of 
Methane 

D. C. LaMont, A. S. Chellappa,  
W. J. Thomson, and M. L. Balmer ..........  3-13 

 
Interplay Between Interfacial Properties 
and Dielectric and Ferroelectric Behaviors 
of Barium Strontium Titanate Thin Films 

D. Baer, S. Chambers, S. Gan,  
D. McCready, Y. Liang,  
V. Shutthanandan, S. Thevuthasan, 
Z. Yu, R. Droopad, J. Ramdani, and  
K. Eisenbeiser.........................................  3-14 

 
Channeling Studies of CeO2 and 
Ce1-xZrxO2 Films on Yttria-Stabilized 
ZrO2(111) 

V. Shutthanandan, S. Thevuthasan,  
Y. J. Kim, and C. H. F. Peden ................  3-16 

 
Hydrogen-Damage Interactions in Yttria-
Stabilized Zirconia 

V. Shutthanandan, S. Thevuthasan,  
J. S. Young, T. M. Orlando, and  
W. J. Weber ............................................  3-18 

 
Ion Beam Induced Slicing of Single-
Crystal Oxide Thin Films 

S. Thevuthasan, V. Shutthanandan,  
W. Jiang, and W. J. Weber .....................  3-20 

Accumulation and Thermal Recovery of 
Disorder in Au2+-Irradiated SrTiO3 

S. Thevuthasan, W. Jiang,  
V. Shutthanandan, and W. J. Weber........ 3-22 

 
4. Nanoscale Materials 

Low Cost Synthesis of Nanocrystalline 
Titanium Aluminides 

E. G. Baburaj, F. H. Froes,  
V. Shutthanandan, and  
S. Thevuthasan ........................................ 4-1 

 
Diffusion of Pt Nanoclusters on Highly 
Corrugated Anatase TiO2(001)-(1×4) 
Surface 

S. Gan, A. El-Azab, and Y. Liang ............ 4-3 
 

The Effect of Pt Nanocluster Size and 
Titania Surface Structure upon CO 
Surface Chemistry on Pt Supported 
TiO2 (110) 

S. Gan, Y. Liang, D. R. Baer,  
M. R. Sievers, G. S. Herman, and  
C. H. F. Peden......................................... 4-5 

 
A Novel Nano-Dot System for Electron-
Hole Pair Separation:  Self-Assembled 
Cu2O Dots on SrTiO3(001) 

Y. Liang, D. Baer, S. Lea, D. McCready,  
J. Daschbach, and J. Meethunkij ............ 4-7 

 
Formation and Characterization of Au 
Nanoclusters in MgO (100) Using High 
Energy Ion Beams 

B. Koempel-Thomas, C. Cooper,  
E. Adams, V. Shutthanandan,  
S. Thevuthasan, Y. Su, and  
W. J. Weber ............................................. 4-9 

 
The Discovery of New Crystalline Metal 
Oxide Materials 

S. Elder and Y. Su.................................... 4-11 
 

Advanced Thin Film Materials Based on 
Functionalized Carbon Nanotube 
Composites 

Y. Gao, J. W. Grate, J. H. Sukamto,  
D. A. Nelson, S. Thevuthasan, and  
G. S. Herman........................................... 4-13 

 

 iv 



Interfacial Chemistry and Engineering 2000 Annual Report 

Ion Beam Synthesis of Au Nanoclusters 
in Telluride Glasses 

M. Haller, S. K. Sundaram,  
S. Thevuthasan, V. Shutthanandan,  
and Y. Su.................................................  4-16 

 
Polarized UV Light Emission from 
Nanoscale Oxide Heterostructures 

A. C. Tuan, S. Thevuthasan, Y. Liang,  
G. Dunham, J. W. Rogers Jr.,  
R. F. C. Farrow, R. M. Macfarlane,  
B. T. Jonker, C. L. Aardahl, and  
S. A. Chambers .......................................  4-18 

 
5. Interfacial Properties and 

Reactivity 
Local Reactions on Carbonate Surfaces:  
Structure, Reactivity, and Solution 

D. R. Baer and J. E. Amonette................  5-1 
 

Hydration of Passive Oxide Films on 
Aluminum 

B. C. Bunker, G. C. Nelson,  
K. R. Zavadil, J. C. Barbour,  
F. D. Wall, J. P. Sullivan, 
C. F. Windisch Jr., M. H. Engelhard,  
D. R. Baer, and C. H. F. Peden ..............  5-3 

 
Scanning Auger Microscopy Studies of an 
Ancient Bronze 

E. Paparazzo, A. S. Lea, D. R. Baer,  
and P. J. Northover ................................  5-5 

 
Investigation of Surface and Interface 
Properties of Iron Oxide Thin Films 
Grown on Sapphire Substrates Using Ion 
Channeling and Monte Carlo Simulations 

S. Maheswaran, S. Thevuthasan,  
V. Shutthanandan, and  
E. M. Adams ...........................................  5-7 

 
Corrosion of Mg- and Cu-Implanted Al in 
3.5% NaCl Solution 

C. F. Windisch Jr., D. R. Baer, 
M. H. Engelhard, M. J. Danielson, 
and R. H. Jones.......................................  5-9 

 

6. Microanalytical Separations 
and Sensing 
Microfabricated Sensor Arrays 

J. W. Grate, D. A. Nelson,  
N. Anheier, and J. Price .......................... 6-1 

 
Microfluidic Renewable Sensing 

J. W. Grate, C. Bruckner-Lea,  
D. Holman, and R. M. White ................... 6-3 

 
Integrated Systems for DNA Sample 
Preparation and Detection in Complex 
Sample Matrices 

C. J. Bruckner-Lea, D. Chandler,  
J. W. Grate, B. Dockendorff,  
S. Gunaratnam, D. Holman, J. Kim,  
J. Stults, J. Price, J. Follansbee,  
D. Hopkins, T. Tsukuda, M. Kingsley,  
J. Posakony, and L. Bond........................ 6-4 

 
Biomolecular Interaction Assay 

C. J. Bruckner-Lea, J. W. Grate, 
B. Dockendorff, D. Holman, J. Kim,  
E. Ackerman, and L. Iachoucheva........... 6-6 

 
Microfluidics/Electrochemical Sensors for 
Monitoring of Environmental Exposure to 
Complex Chemical Mixtures 

Y. Lin, K. Thrall, C. Timchalk,  
R. Zhao, and J. Wang .............................. 6-8 

 
Laser-Machined Microfluidic Devices for 
Bioanalytical Applications 

Y. Lin, K. Tang, D. W. Matson,  
and R. D. Smith ....................................... 6-10 

 
Radionuclide Sensors for Water 
Monitoring 

J. W. Grate, O. B. Egorov, and  
T. A. DeVol.............................................. 6-12 

 
99Tc Monitor Development and Testing 

O. B. Egorov............................................ 6-14 
 

Spectroelectrochemical Sensor  
for Technetium Applicable to the 
Vadose Zone 

T. L. Hubler, S. A. Bryan,  
W. R. Heineman, and C. J. Seliskar ........ 6-16 

 

 v 



Interfacial Chemistry and Engineering 2000 Annual Report 

7. Environmental Studies — 
Waste Separations, Forms, 
and Chemistry 
Aluminosilicate Precipitates from High-
pH, High-Ionic Strength, Al-Bearing 
Solutions Exposed to Quartz Sand 

B. R. Bickmore, K. L. Nagy,  
and J. S. Young .......................................  7-1 

 
The Influence of Calcium Carbonate 
Grain Coatings on Contaminant 
Reactivity in Vadose Zone Sediments 

T. Droubay and S. A. Chambers.............  7-2 
 

Radiation Resistance of the 
Gd2(Ti1-yZry)2O7 Compositional Series 
Pyrochlores 

N. J. Hess, B. D. Begg,  
D. E. McCready, P. Gassman,  
S. Thevuthasan, and W. J. Weber ...........  7-4 

 
Surface Properties and Crystalline Defects 
of Hydrogen-Implanted SrTiO3 Using 
High Energy Ion Scattering Techniques 

S. Maheswaran, V. Shutthanandan,  
E. M. Adams, and S. Thevuthasan ..........  7-6 

 
High Energy Ion Beam Studies of Ion 
Exchange in a Na2O-Al2O3-SiO2 Glass 

V. Shutthanandan, D. R. Baer, 
S. Thevuthasan, E. M. Adams, 
S. Maheswaran, M. H. Engelhard,  
J. P. Icenhower, and B. P. McGrail .......  7-8 

 
Chemical and Thermal Stability Studies 
of Cs-loaded IE-911 

Y. Su, L. Li, J. S. Young,  
and M. L. Balmer....................................  7-10 

 
New Silicotitanate Waste Forms: 
Development and Characterization 

M. L. Balmer, Y. Su, D. McCready,  
A. Navrotsky, H. Xu, T. Nenoff,  
M. Nyman, R. Roth, and R. Ewing..........  7-12 

 
Electroactive Materials as Mass 
Separation Agents 

J. H. Sukamto, T. L. Hubler, and  
M. A. Lilga..............................................  7-14 

Plasma Functionalization of Electroactive 
Polymers 

J. H. Sukamto, T. Hubler, and  
M. Lilga ................................................... 7-16 

 
Ion Beam Modification of Spinel Crystals 
in Glass Medium 

M. Haller, S. K. Sundaram,  
S. Thevuthasan, V. Shutthanandan,  
and Y. Su.................................................. 7-17 

 
8. Analysis and 

Characterization 
Introduction of Environmental Samples 
for Analysis by Inductively Coupled 
Plasma and Ion Trap Mass Spectroscopy 

M. L. Alexander, A. Hedges, 
J. Davis, D. Weir, J. T. Dickinson,  
M. T. Taylor, G. Cardell, T. Moeller, 
P. Irving, C. Driver, and C. Aardahl....... 8-1 

 
Elemental Analysis of Astrosclereids in 
Needles of Old-Growth Douglas Fir Trees 

M. Apple, B. Bond,  
J. Young, and D. McCready .................... 8-3 

 
Sub-Millimeter Study of C and N 
Assimilation in Soils Using TOF-SIMS 

J. B. Cliff, P. J. Bottomley,  
D. J. Gaspar, and D. D. Myrold.............. 8-4 

 
Plasma Lysis of Bacterial Spores 

V. K. Kenning and J. M. Monteith........... 8-5 
 

Analysis of Gases Produced During 
Plasma Treatment of Surfaces 
Contaminated with Chemical and 
Biological Agent Simulants and the 
Effects of Treatment on These Surfaces 

M. Alexander, T. M. Moeller,  
and M. Luna ............................................ 8-6 

 
Thermal Analysis of Polymeric Materials 

L. S. Sapochak, P. E. Burrows, 
G. L. Graff, and T. Hart .......................... 8-8 

 

 vi 



Interfacial Chemistry and Engineering 2000 Annual Report 

Characterization of Ti-6Al-4V Forged and 
Heat Treated Specimens 

F. H. Froes, O. N. Senkov,  
S. V. Senkova, M. Cavusoglu, and 
D. E. McCready......................................  8-9 

 
Lanthanum Chromite Materials:  
Characterization and Development 

S. P. Simner, J. S. Hardy,  
L. A. Chick, J. W. Stevenson, and  
T. M. Armstrong .....................................  8-12 

 
Porous Silicon as a Versatile Platform for 
Laser Desorption/Ionization Mass 
Spectrometry 

Z. Shen, J. J. Thomas, C. Averbuj,  
K. M. Broo, M. Engelhard, J. E. Crowell, 
M. G. Finn, and G. Siuzdak ....................  8-14 

 
Cavitation Damage with the Dual 
Reflector Lithotripter 

D. L. Sokolov, M. R. Bailey,  
and L.A. Crum ........................................  8-15 

 
Coal Surface Charging Property 
Characterization 

S. Trigwell, D. Kumar, and  
M. K. Mazumder ....................................  8-17 

 

9. Appendix 
 

Interfacial Chemistry and Engineering .......... 9-1 
 
Associate Director ......................................... 9-1 
 
Interim Associate Director............................. 9-1 
 
User Coordinator ........................................... 9-1 
 
Staff ............................................................... 9-1 
 
Office Support ............................................... 9-7 
 
Postdoctoral Fellows...................................... 9-7 
 
Graduate Students.......................................... 9-8 
 
Undergraduate Students................................. 9-8 
 
High School Students .................................... 9-9 
 
Visiting Facility ............................................. 9-9 

 
Where IC&E Fits in PNNL............................ 9-10 

 

 vii 


	EMSL 2000 Annual Reports
	Interfacial Chemistry and Engineering
	Contents
	1. Introduction
	2. Oxide and Mineral Films and Surfaces
	3. Electronic and Catalytic Materials
	4. Nanoscale Materials
	5. Interfacial Properties and Reactivity
	6. Microanalytical Separations and Sensing
	7. Environmental Studies — Waste Separations, Form
	8. Analysis and Characterization
	9. Appendix




