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Post Hg Radiation trapping

✶ Help with the energy crisis? 
✶ Begin exploring options by attending 

American Chemical Society meeting 2002 
in Boston, MA
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2003 NREL Sabbatical

✶ Moved family to Lakewood, CO 
✶ Worked with Dr. John Turner 
✶ Spectroscopic evaluation of porphyrin 

surface treatment



The Electron Economy

Inputs: 

Solar Energy 

(which also powers 
wind, waves, etc.)

Outputs: 

Electricity, Heat

High 
Performance 

Battery



CO2 Economy Closed 
Energy Cycle

Oxygen

CO2

Inputs: 

Solar Energy and 
Water

Outputs: 

Electricity, Heat 
and Water

Liquid  
Methanol



Hydrogen Economy 
Closed Energy Cycle

Oxygen

Stored  
Hydrogen

Water

Inputs: 

Solar Energy and 
Water

Outputs: 

Electricity, Heat 
and Water



House



2017 Hydrogen  
cars

You can buy three 
fuel cell cars in 
California:

!15

Toyota Mirai

Hyundai Tucson Honda Clarity



Safety

▪ Fuel leak simulation 
➛hydrogen on left 
➜gasoline on right 
●equivalent energy release 

▪ Hydrogen has safety 
advantages as well as energy 
security and environmental 
advantages.

1 minute

3 seconds
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Unshifted energy diagram



Shifted energy diagram



Brief review of PEC water splitting

✶ The ideal semiconductor must: 
✶ have a band gap ~1.6-1.8 eV 
✶ have band edges that straddle water redox potentials 
✶ be stable against corrosion >10,000 hrs 
✶ efficiently transfer charge across surface 

✶ No such semiconductor has been 
identified!



Project Goals

✶ Modify the surface of GaInP2 to 
✶ Shift the band edges and 
✶ Catalyze charge transfer so that it will 
✶ Split water using only sunlight



One Surface Treatment

✶ Iron tetrakis(N-methyl-2-pyridyl) porphyrin 
{FeTMPyP(2)} is among the best performers 

✶ Mixing different porphyrins enhances the effect
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Raman Overview

http://hamers.chem.wisc.edu/techniques/raman/ramanmmm.htm
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VOTMPyP(4) on glass slide



VOTMPyP(4) on wet GaInP2



Ellipsometry overview

http://ellipse.kyunghee.ac.kr/intro/Opti.htm
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FeTMPyP(2) 4 day soak



Attenuated Total Reflectance

http://www.micromemanalytical.com/ATR_Ken/ATR.htm


ATR spectrum of MnTAP



AES depth profiling

✶ 3 keV Ne+ ion gun 
sputters into 
sample, then Auger 
Electron 
Spectroscopy is 
performed 

✶ Composition as a 
function of depth 
for all elements 
>1% mole fraction

http://www.analytical.org/aes_tb2.html


AES depth profile – ME067-2

✶ FeTMPyP(2) w/ 3M H2SO4, 1 week soak
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What we learned from what didn’t work:

✶ The porphyrin layer is probably very thin, 
likely 100 Å or less 

✶ Acid etching does not seem to harm the 
sample very much 

✶ Optical detection of the porphyrins is very 
challenging!



What we learned from what worked:

✶ Electrodes should soak in buffer before 
making Mott-Schottky measurements 

✶ Mixing porphyrins amplifies the effect 
✶ Results from RuOEP treatment highly 

dependent upon technique 
✶ H2SO4 seems to prepare sites for porphyrin 

deposition 
✶ Porphyrin treatments shift the band edges 

but do not facilitate charge transfer enough
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What we’ve tried at UWSP

✶ Adding nanomagnets to the interface 

✶ Use RuS2 for anode 

✶ Etching GaInP2 to make it porous 

✶ Adding nitrogen to the surface 
✶ Building a dual photoelectrode system 
✶ Explore Fe and W oxide semiconductors 
✶ Explore Ni and Co oxide semiconductors 

✶ Deposit BiVO4 as protective coating
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Solar Energy Activity Lab 

✶ Goal is to quickly measure photocurrent 
from oxide semiconductors.



Spotted plate

✶ Each plate can hold up to 64 unique recipes 
✶ Most have 15 recipes with redundant spots



Bismuth Vanadate

Photocurrent scan of a bismuth 
vanadium plate. Corners are the 
reference spots and the greatest 
photocurrents are observed for the 
[1:9] and [2:9] Bi:V mixtures.



Heterogeneous Anodes Rapidly Perused for 
Oxygen Overpotential Neutralization

✶ Goal is to quickly measure ability to 
catalyze oxygen production.



Spotting plates



HARPOON 
scan



Fe:Bi plate



Fe:Cr plate



What should be done next

✶ Improve consistency between the two 
measurement techniques 

✶ Quantify the overall suitability of 
candidates 

✶ Fabricate semiconductor nanowires from 
the best candidates



What I learned from Jim

✶ Work steadily to collect good data but also 
keep a venturesome spirit 

✶ Develop and sustain collaborations 
✶ Cultivate a broad array of interests


