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Fuel Cells
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Nanostructure 

Control of chemical and electronic structure

Nanoparticles vs. thin film materials

Role of substrate

Membrane-electrode interface & assembly

Fuel Cell Applications
Issues in Fuel Cell Electrode
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FCC cubo-octahedra: (111) triangle +(100) squares
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Methanol Electrooxidation
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PtRu-WO3 Nanocomposite Nanocomposite 
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Appl. Phys. Lett., 82 (2003) 1090.    
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Pt/Ru alloy thin-film electrodes

Pt/Ru(60:40) > (40:60) > (75:25) > (80:20) > (95:5) ~ pure Pt
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Pt/Ru Alloy Thin-Film Electrodes
XRD analysis :  Alloy formation with various composition
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Surface analysis of PtRu nanoparticle by XPS

80 78 76 74 72 70 68

4f5/2

4f7/2

(a) Pt4f

Binding Energy / eV

 

 

C
ou

nt
s 

/ a
.u

.

292 290 288 286 284 282 280 278

RuO3

RuO2

Ru
(b) Ru3d

 

 

C
ou

nt
s 

/ a
.u

.

Binding Energy / eV

-- Pt contains metallic state only while Ru consists of various oxidative 
- (RuO2 and RuO3) as well as metallic states

J. Phys. Chem. B 106 (2002) 1869, 104 (2000) 3518
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Comparison of Chemical States: Ru

PtRu(1:1)
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XPS: 2-3 nm depth

J. Electrochem. Soc. 150 (2002) A1299
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Pt 4f peak shift to lower BE 
PtNi ~  0.4 eV
PtRuNi ~   0.2 eV
PtRu     ~   0.09 eV

Pure Pt

Electronic Effect of Nanoparticles
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Binding energy / eV

- Modified Pt : AuAu--like?like?
- CO binding energy *  

Ir    Ir    >     Pt    >      Au>     Pt    >      Au
2.22       1.76         0.37 eV

Why?
- Electron transfer of 2nd metals to Pt
- Electronegativity

Ni(1.92)  <  Ru(2.2)  <  Pt(2.28)

J. Phys. Chem. B (2002)
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Pt-based Alloy Nanoparticles
Temperature-programmed desorption (TPD) of CO)

0 100 200 300 400 500 600 700 800 900

 

 

PtRu

PtRuNi

M
as

s 
Sp

ec
tr

um
 / 

a.
u.

Temperature / oC

 

 

PtRu

PtRuNi

Binding energy of the adsorbed CO by TPD spectrum ~ XPS Pt4f peak shift

: Pt/Ru/Ni(383 K) < Pt/Ru(388 K) < Pt (400K).

The shift of d electron density from Ni to Pt would reduce the Pt-CO bond energy.
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XRD & TEM for alloy nanoparticles

Pure Pt: 39.8º
PtRu: 40.5º

(111) plane
Pure Pt: 0.228 nm
PtRu: 0.224 nm

PtRu(1:1)
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20 nm

Carbon-supported Catalysts

Connectivity & Surface area 
for distribution of catalysts on support

Pore structure for fuel & product

Excellent crystallinity 
for Electrical conductivity 
(Crystalline & Amorphous)

Interaction of catalyst and support

5 nm

Supporting 
Materials

High 
performance

1. Dispersion
2. Structural modification

Photo & Electrochemical Energy LabPhoto & Electrochemical Energy LabSNUSNU



2666Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 2

화학공학의 이론과 응용 제10권 제2호 2004년

0.0 0.2 0.4 0.6 0.8
0

100

200

300

Commercial

Vulcan XC-72

CNR-CL7

Sp
ec

ifi
c 

cu
rr

en
t /

 A
 g

-1

 

 

Potential / V vs. NHE
0 100 200 300 400

200

400

600

800
a)

 

 

Current density / mA cm-2

C
el

l v
ol

ta
ge

 / 
m

V

0

30

60

90

Pow
er denstiy / m

W
 cm

-2

Carbon Nanocoil as a Support
(collaboration with Prof. Hyeon in SNU) 

Methanol oxidation: 6 times higher than Vulcan XC-72 or 
commercialized electrode materials

Twice higher DMFC performance at room temperature
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Modified Membrane 
for High Concentration Fuels

Electrochem. Comm. 5 (2003) 571.
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Dispersion of platinum nanoparticles in Nafion

oxidizing methanol at the Pt

Reduce of amount of methanol reaching the cathode

Modification of Nafion: Nanocomposite
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Pd Nanoparticle in Nafion
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MeOH crossover issue:
Pd Nanoparticle in Nafion
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Polarization curves Pd-Nafion and pure Nafion at 30 °C using (a) 
2 M and (b) 10 M methanol as a fuel.
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Nanoparticle Size & Distribution
Role of Chemical & Electronic Structure
Substrate Materials & Their Roles 
Thin Film Technologies for Fuel Cells
Electrode-membrane Interface
Methanol Crossover Tolerance

High Efficient Fuel Cell Electrode Design
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