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Recently, direct methand fud cdls (DM FCs) have been much attracted as portable power sources for mobile gpplications.  In
this cdls methanal uses as fud for the anode dectrode and oxygen in air as oxidant for the cathode dectrode. The methanal
oxidation and the oxygen reduction reactions are generdly caused by the Pt—based dectrocatayst supported on cabon.  In order
toimprovethe cdl performance, it isimportant to redize exactly the characteridtics of the Pt- catdysts because the catdytic adtivity

is afected from various factors  In this study we have invedigated the
dectronic dructure of Pt 5d-band and the locd a@omic sructures for P
catdysshy using XAFS,

XAFS messurements were paformed & BL16B2 in Soring-8.  The
XAFS data were collected around the Pt Lz-edge by the transmission mode.
The used samples were 50 wt %Pt / carbon catdysts with a vaious partide
szedf Pt. Theaverage patide Szeis determined from XRD data  Fig.l
shows the Pt Ly-edge XANES spectra for the P/carbon catdysts It is
found that the whiteline intengity increese gradudly and its pesk postion
shift to high-energy side as the patide size of Pt become smdl. These
results indicate that the 5d band of Pt aoms on the surface is different from
thet on bulk because the ratio of aoms on surface to totd aomsincressesin
Pt cadysswithasmdl patidesze
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Fg.1The XANES spectraat Pt Ls-edge
for Pt/Carbon cadystsand Pt fail.




Empowered by Innovation N E‘

PROGRAM OF 3'*SUNBEAM WORKSHOP

L ocal Atomic and Electronic Structur es of
Pt Catalystsusing EXAFS

Kenji KOBAY ASHI
Fundamental Research Laboratories, NEC Corporation




Empowered by Innovation N E'

| ntroduction

Dir ect methanol fuel cells (DM FCs)

a future power source for portable devices.
Anode electrode (Ru-Pt/C)

PROTON CONDUCTING
MEMBRANES (NafionO)
Cathode electrode (Pt/C

Technological improvements

Fuel (CH;0H) Air

W Catalyst supporting electrodes

M Polymer electrolytes
B Fuels for portable devices

M Design for portable cell
(ﬁ?)

Schematic drawing of DM FCs
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Electrocatalystsfor DMFCs

Carbon-supported Pt or Pt-based alloys ar e effective
electrocatalystsfor methanol oxidation and oxygen reduction.

We need overcome many problem. (ex. CO poisoning, overpotential, etc.)
Casel : Particle size effect
Increasing of surface areain small particle size
— Improvements of catalytic activity

Existence of optimum particlesize Pt/C:2 3 nm
below 2nm - Decreasing of catalytic activity

g

Catalytic activity Is sensitive to surface structure.
(arrangement, coordination, shape, electronic structure)
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Characterization of Electrocatalystsby SR-XAFS

V arious characterization tools for surface structure
(ex. TEM, XRD, XPS, FTIR etc.)

SR-XAFSisapowerful tool to characterize the structure of the
catalysts.

EXAFS coordination number, interatomic distance, disorder
XANES unoccupied state, chemical bond, oxidation state

i

Pur pose of this study

Asfirst step, particle size dependence of eectronic and local
structures for carbon-supported Pt electrocatalyts using EXAFS
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Sample Carbon-supported Pt electrocatalysts

preparation
Colloidal method

H,PtClI, solution
Il < NaHso,+H,0,

Pt oxide colloids

ﬂ — Carbon black

Adsorption of Pt oxide colloids on carbon surface

ﬂ — Reduction and annealing in H, atmosphere

Metallic Pt particles on carbon

Pt loading 50, 80 wt%
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Intensity (arb.units)

XRD of carbon-supported Pt electrocatalysts
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Pt particlesize
was obtained from Scherrer formula
Increased above 700 in 50wt% Pt /C.
Increased gradually with temperature in 80wt% Pt /C.
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XAFS measurements

Sunbeam BL 16B2 at SPring-8

S (311) double-crystal monochromator + Rh coating mirror
beam size: 0.5 (V) x 2 (H) mm?

Pt L;-edge

transmission method

lonization chamber gas. |,: N(75)+Ar(25) , |1 Ar(100)
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Absorption (arb.units)

XANES of carbon-supported Pt electrocatalysts (1)
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White-line -~ Pt 5d-band

Remarkable size effect
In the small particle
white-line intensity increase

peak shift to higher energy side
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XANES of carbon-supported Pt electrocatalysts (2)

White-line intensity White-line peak position
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Particle size dependence of white-line is corresponding to
ratio of surface atoms.

Pt 5d-band of surface atoms isdifferent from that of bulk FX.
- Increasing of Pt 5d-band vacancies in surface Pt atoms.
— Charge transfer between Pt 5d-band and carbon support, adsorption atoms.
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EXAFS ¢ *k’

EXAFS of carbon-supported Pt electrocatalysts (1)

EXAFSsgnd FT of EXAFS signal

A [\ Puc(=s3m)
L/ PUC(=34mm

Ve WA VA AWAV A A WAV _ Pt - ?

FT (arb.units)
. o

o%vv\/\M/\Nww

o, PUC (r=2nm)
S 10 O15 0 1 2 3O 4 S 6
wave vector (1/A) R (A)

Decreasing of EXAFS and FT amplitude in small Pt particle size.
Bonding with other atoms in surface Pt-site. (carbon supports or adsorping oxygen)
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EXAFS of carbon-supported Pt electrocatalysts(2)
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E,, A wasfixedto value obtained in Pt foil.

Reasonable CN calculated from Pt cluster model
with cuboctahedron'.

* R.E. Benfield: J. Chem.Soc. Faraday Trans. 88(8) , 1107-1110 (1992).
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EXAFS of carbon-supported Pt electr ocatalysts(3)

Coordination number (CN) for Pt-Pt bond
CN for the Pt-Pt bond decreased gradually below the particle size of 8nm.
- Thistrend is consistent with that calculated from the ssmple cuboctahedron.
The observed CN were reduced in small particles with respect to the
calculated value.
— We need to consider the cluster model with other geometry
or third cumulantsterm in Debye-waller factor.

Interatomic distance

|nteratomic distance for the Pt-Pt bond also decreased gradually below
the particle size of 8 nm

Existence of bonding with other atoms in surface Pt site.
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Summary

Remarkable particle size dependence of |ocal and electronic structures
have been observed in carbon-supported Pt catalysts .

XANES

Variation of white-line intensity and its peak position with particle-size

— reflect to the éectronic structure of surface Pt atom.
Increasing of Pt 5d-band vacancies (charge transfer to neighbouring other atoms)

EXAES

Decreasing of CN and interatomic distance in Pt particle size below 8 nm.

Existence of bonding with other atoms in surface Pt site.
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Future plan

Investigation for Pt/C below 2 nm

In-situ XAFS measurements combined with voltammetric technique.
Application to other catalysts
Ru-Pt (anode), 3dTM-Pt (cathode)
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