By: Peter Gu
PhD. Robert F. Klie
August 2nd,2007

Analysis of Au-CeO, Nano-
particles using TEM

By: Peter Gu
Professor: Robert F. Klie, PhD



By: Peter Gu
PhD. Robert F. Klie
August 2nd,2007

Background cuo/izno/aio,
4.4% ACeLa O,

 Water Gas Shift Application
- CO+H,0-> CO, +H, LS
— Hydrogen production
— Fuel cell power generation
 Drawback
— Only occurs at high temperatures
— Catalyst to lower activation energy

— Previous studies
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» CeO, (easily reduced and oxidized / stable / S
wide temperaldiCieEs L1 Seionce 301 (2003) 935, published enime 3 Juy
— Addition of noble metals increase its ability to (10.1126/science.1085721).

undergo reduction (Au)

— Doping with rare earth metals (La / Gd)
increases oxygen vacancies. Ce La 02

0.7% AuCe(La)O, leached
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My Project Goals:

« EXxplain variations in catalytic activity
— Size of Ceria Particles
— Lattice Parameter
— Structure of particle
— Leaching

« Samples to be analyzed
— 2.4% Au (CeGd)O,
— 1.8% Au (CelLa)O, Leached
— 0.5% Au (CeGd)O, Leached
— 0.75% Au CeO,
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Incident electron

beam SEM - b ckscattered
electron imaging
B F H ed

« Beams of electrons
transmitted

» Wavelength of electrons \
are smaller than atoms

e Electron transparent
specimen

X-rays

(bright field)
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d Spacing vs Orientation
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*J.M. Zuo and J.C. Mabon, Web-based Electron Microscopy Application Software: Web-EMAPS, Microsc Microanal 10(Suppl 2), 2004;
URL:


http://emaps.mrl.uiuc.edu/

By: Peter Gu
PhD. Robert F. Klie
August 2nd,2007

Lattice Parameter Comparison

Particle Leached Lattice (pm) £ 10
CeO.,* N/A 551.3
0.75% Au CeO, No 548.0
1.8% Au (Cela) O, Yes 557.5
2.4% Au (CeGd)O, No 550.9
0.5% Au (CeGd)O, Yes 540.9

*J.M. Zuo and J.C. Mabon, Web-based Electron Microscopy Application Software: Web-EMAPS, Microsc Microanal

10(Suppl 2), 2004;
URL:



http://emaps.mrl.uiuc.edu/
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O from Fig.7
—— Fitted curve
— — - Ad=0.561nm
—w— Tsunekawa, et al.

Diameter (nm)

L. Wu, H. Wiesmann, A. Moodenbaugh, R. Klie, Y Zhu,
D. Welch, M. Suenaga, Physical Review B 69 (2004)
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Summary

Perpendicular to Atomic Along Atomic
Sample d spacing (pm) Fringe (nm) Fringe (nm)
2.4% Au CeGd O, 550.9 3.7 3.6
1.8% Au Cela O, Leached 257.5 5.3 5.3
0.75% Au CeO, 548 4.4 4.6
0.5% Au CeGd O, Leached 540.9 4.1 3.7
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T
Conclusion

* There were no significant deviations in lattice
parameter; however there are some trend
speculations

« Particle size analysis indicates the 1.8% is
somewhat larger and the 2.4% is slightly smaller
compared with the remainder of the samples.

— Could be due to the Leaching process

— Not enough difference to be attributed to catalytic
activity variations
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Future Work

Collect more particle size and diffraction pattern
data

Measure gold particle size
EDS mapping on each sample
TEM In situ at high temperatures
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