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After 30,000 Voltage Cycles
Heat and Acid Treated vs. 30,000 cycled EDX Composition

Summary of Particles Investigated
Heated at 800° C for 6 hours Heat Treated: Loss of thick Pt-rich shell
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After 30,000 Voltage Cycles
No Cobalt Detected

Motivations: Pt-Co Particles for Fuel Cells

Placed in 1M HNO, for 48 hours

Heat Treated and Acid Leached:
Core-Shell Structure

One of the key challenges in developing Proton Exchange
Membrane fuel cells as an effective means of energy conversion is
improving the catalysis of the Oxygen Reduction Reaction in the
cathode. Recent studies have found that replacing pure platinum
with a platinum-3d metal alloycan produce up to a ten-fold
increase in the catalytic activity!. We investigated a promising
such candidate, Pt-Co alloyed nanoparticles. What follows is a
summary of our findings.
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CCD was at room temperature during this acquisition.
The streaks show the temperature variation. Data
from this condition was not used in any quantitative
analysis.
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ADF and Pt signals from neighboring particles shown touch
however Co signals distinct illuminating Pt shell.
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30,000 Cycled Particles Summary
* No cobalt detected in particles by either EELS or EDX.
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N"z EELS Maps: Fitting Line Profile across facets

Sample Fit

PEM Fuel Cell Diagram

ADF-STEM Image

Scanning Transmission Electron Microscopy
& Electron Energy Loss Spectroscopy

1 atom wide (2A) beam is scanned across the sample to
form a 2-D image at atomic resolution
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Bright Field Image

Many particles investigated to
build statistics

Particle Histograms
Facets index using

diffractogram and

known lattice spacing. 5 4 2 0 2 4 &6
Length (nm)

Line profiles were drawn through crystallographic facets in the
ADF, Pt and Co signals. The intensities extracted were then fit
as shown above. From the fits, the width was determined.
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Particle Histograms

lMean: 0'.212 nm'
StDev: 0.278 nm

St Error: 0.0279 nm —m

95% Conf Int: 0.156 nm - 0.268 nm
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Mean: 0.162 nm'
StDev: 0.225 nm
St Error: 0.046 nm
95% Conf Int: 0.07 nm - 0.254 nm
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{111} Facet Shell I

Thickness:1.6 + 0.5 A .
Statistically significant Stbev: 0138 I
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| Shell Thickness:

StDev: 0.139 nm
- St Error: 0.036 nm
95% Conf Int: 0.521nm - O.qSS nm
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EELS uses inelastic
K-edge

scattered electrons
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Diagram courtesy of the Muller Group
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95% Conf Int: 0.205 nm - 0.353 nm
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Pt-rich layer
(Agrees with calculations
for Pt;Co {111} terminated

surfaces?).

{100} Facet Shell

Thickness: 0.6 + 0.7 A

No statistically
significant Pt-rich layer

Heat Treated Particles Summary
*Weak Pt-rich layer seen on {111} facets but not {100} facets.

* 15t chemical observation of facet dependent Pt-rich shell in particles.
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T T T
Mean: 0.658 nm I
- StDev: 0.259 nm
St Error: 0.0748 nm
| 95% Conf Int: 0.508 nm - O.f? nm

Number of facets Counted

| dependence of shell
| thickness on
| terminating facet
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Mean: 0.581 nm
StDev: 0.236 nm I

St Error: 0.0373 nm

" 95% Conf Int: 0.506 nm - 0.155 nm
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Heat Treated and Acid Leached Particles Summary
* Thick Pt-rich shell observed; no statically significant dependence of
shell thickness on terminating facet.
* 15t direct observation of this Pt shell in EELS mapping.
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