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Formation of Nanoporous Structure on Pt Plate Surface by Alloying/Dealloying Technique
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For the application of high-surface-area nanoporous platinum (Pt) to catalytic device, electrodes and sensors, dealloying
technique, which can synthesize nanoporous Pt, was combined with surface alloying technique. As a result, nanoporous structure
with ligament and pore sizes below 10 nm was successfully fabricated on the Pt plate surface. Cyclic voltammetry in H,SO, indi-
cated that the nanoporous structure increases the true surface area by 170 times. The approximation by spherical pore model sug-

gested that the nanoporous surface layer has a thickness of 200 nm.
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Fig. 1 Fabrication of nanoporous architecture on Pt plate
surface by alloying/dealloying technique.
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(a) Scanning electron micrograph of nanoporous structure fabricated on nanoporous Pt plate surface by alloying/dealloying

technique. (b) and (¢) Transmission electron micrograph of powdery nanoporous Pt fabricated by dealloying of Pty,Cuyg for

comparison.
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Fig. 3 Energy-dispersive X-ray spectra of Pt surface (a)
alloyed with Cu by hot pressing and (b) subsequently dealloyed
in HzSO4.
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Fig. 4 X-ray diffraction patterns of Pt surface (a) alloyed
with Cu by hot pressing and (b) subsequently dealloyed in
H,S0,.
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Fig. 5 Depth profile of Cu concentration at alloyed surface of
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Fig. 7 Estimation of increase in surface area by spherical pore
model.
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Fig. 6 Cyclic voltammetry curves for (a) flat and (b) nanoporous Pt surfaces measured in 0.1 mol/L H,SOy,.



46 H A & & ¥ & 28011

Thb. SEOEETIIR=170 TH YV, RICKILXp=0.7

L (MG E LIRS CCuREIR Fig. 5D X 51
EIHMICEAL TWbH70, etk THELNST
S R—=F ABOZHE DRI FFAICHEML T B EEZHD
BEZUBTH L5, HOEEE L TH /R—5 2A48B T
ICEBTRE R SR A AT 5) & LI13§040 LB SN 5.
Fig. 2 LA E%#Ho5mm &+ 5¢F /R—5 ABOE XL
5x40=200 nm £ & AfFb b1 5.

Liu 53 Pt-Cu - A& LT HFETT /R—
SAPtEMERL, CVIIEDRER, 700 %82 % £ mEY
MEZEB L TWAHY. SEOXRBEBINEOHE 170 i3 Liu
DOREREIEIFRICHNS L/hSwWp, ZhnidEe LT/
R=F ZABOBRINEL LT LICX B0 LN 5. £
HESEDOEEEEZ THEBESI X IV KRESFTHI LIS
FOBRENCE OGNS T/ R—F ZAEMAEOBE I L AkEL T
i, FHEEELY ILICKELTELLDEZELZLNS.

4. #

il

WEMEEFIH L oaeb/BaeEc 10, PtiEm
I 10nm U FOIREE T 5 =)k T /R —5 Ak %
TR T E /. CVIEDRER, F/ R—F A Pt i
DOFERHFME T T Pt R I A 170 fFiciikan T
WABZ ERDroTe. COfRRE L SICRILAERTELIL 72
KEPEHA TR, T/ R—5 2AFAERBOR X3 200 nm 2
EThsbEHAED LN,

AWHFED— I 6 B A IR B S BT 788 i) 5 (BRE

75 &

#5 22656155) DI & Z T TEM S h 7z,

X

1

10)
11)

12)
13)

14)

15)
16)

17)
18)

19)

ik

D. Jollie: Platinum 2010, (Johnson Matthey, Royston, 2010) pp.
4-5.

R. M. Rioux, H. Song, J. D. Hoefelmeyer, P. Yang and G. A.
Somorjai: J. Phys. Chem. B 109(2005) 2192-2202.

D. V. Pugh, A. Dursun and S. G. Corcoran: J. Mater. Res. 18
(2003) 216-221.

D. V. Pugh, A. Dursun and S. G. Corcoran: J. Electrochem. Soc.
152(2005) B455-B459.

A. J. Forty and P. Durkin: Philos. Mag. A 42(1980) 295-318.
M. Hakamada and M. Mabuchi: Mater. Trans. 50(2009) 431-
435.

M. Hakamada and M. Mabuchi: J. Alloy. Compd. 479(2009)
326-329.

M. Hakamada, K. Tajima, K. Yoshimura, Y. Chino and M.
Mabuchi: J. Alloy. Compd. 494(2010) 309-314.

U.-S. Min and J. C. M. Li: J. Mater. Res. 9(1994) 2878-2883.
J. R. Hayes, A. M. Hodge, J. Biener, A. V. Hamza and K.
Sieradzki: J. Mater. Res. 21(2006) 2611-2616.

M. Hakamada and M. Mabuchi: J. Alloy. Compd. 485(2009)
583-587.

R. Li and K. Sieradzki: Phys. Rev. Lett. 68(1992) 1168-1171.
S. Parida, D. Kramer, C. A. Volkert, H. Rosner, J. Erlebacher
and J. Weissmiiller: Phys. Rev. Lett. 97(2006) 035504.

S. Trasatti and O. A. Petrii: J. Electroanal. Chem. 327(1992)
353-376.

M. Hakamada and M. Mabuchi: Nano Lett. 6 (2006) 882-885.
D. M. Artymowicz, J. Erlebacher and R. C. Newman: Philos.
Mag. 89(2009) 1663-1693.

S. Koh and P. Strasser: J. Am. Chem. Soc. 129(2007) 12624—
12625.

D. T. Sawyer and J. L. Roberts, Jr.. Experimental
Electrochemistry for Chemists, (John Wiley and Sons, New York,
1974) p. 67.

H. Liu, P. He, Z. Li and J. Li: Nanotechnology 17(2006) 2167-
2173.



