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(1) HAADF-STEM(high-angle annular dark field scanning transmission electron microscopy)

Al 2¢] Meso-PtNi_29] HAADF-STEME =743te] = 4o Yetlilet. = 49] (a)ollA MSN BEH o] ES} A}
& FH(S, TR} AVIE e veA vizTxe] PNiSZF @49 S AT F 9la, = 49 (b) ¥
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(c)oll A Meso-PtNi_2¢] HAADF-STEM ©o]n]A]+=, Meso-PtNi_29] Atomic-resolution HAADF-STEMolA, &=
disordered fcc ¥ 73 fct FZF(ordered face-centered tetragonal structures)o] &t EAsE AL gl
st 4 gk, olgdk #E fet tE+, [010] AW FH(zone axis)ol wel YElH FFT(fast Fourier
transform, = AP o) ule] (001) ZAAe] o3 F7l=E FRlett.  E3, & 49 (d)olA
HAADF-STEM Z-contrast ©]"|]X]2] alternating intensity profile, Pt (high intensity) 2 Ni (low
intensity) €=} 3%94 F71A RS gl o dnk. B, = 49 (o) B (DHE, = 49 ()9 &2 Ab
Z+ e [010] Foll up&, 29l =23l 2 Projected unit cell®]t}.

(2) XRD(X-ray diffraction)™ &l

A 19 Meso-PtNi_1 @ AAld] 29] Meso-PtNi_29] XRDZ =43} 3L, Meso-PtNi_lolA Ni-f=% AR <
Foll 93 Meso-Pto} mluajr, o H& Zto=z olFd 3d yAaE zt=, Pte fcc(face-centered cubic)ol
Asshe IAE A5 Y. Meso-PtNi_29] XRD #{H-2, +43IF PtNi “J(intermetallic PtNi phase)<]
(100), (110), 2 (111) Wl A&} 24.8° |, 33.1° , % 41.8° 37} F712 QA

(3) Mz+x 9 u34

) me] 19] Meso-Pt=, Brunauer-Emmett-Teller (BET) ¥W-L 56 m g oli, 7% Z7]% 3.3 mmolv, Meso-
PINi_2%, 717} BET WA 39 m g ©% 727 ZAHEARL, 7% A7= 247 4.5 m 2 10.7 mz ZSH AT}
(4) ORR A7]5w] &%= 3 W4

Meso-PtNie] ORR A7]&Fw] A E+= RIESAHOZE A3 tt.  AAlo 1 YA Ao 32] Meso-PtM Zuf, 20
wt% Pt/C (Johnson-Matthey, Hispec 3000) Pt black (Johnson-Matthey, Hispec 1000)2] ORR & EE =74
shoAtt.

ORREA ==, 270 &% 20 nV s o 3)d 4% 1600 rpmoll A O,-saturated 0.1 M HC10, W9 linear sweep
voltammetry (LSV)Co = FA3}le] &= 50 YeRATE.

= 59 (a)x= #A71="l2] ORR polarization curves®|™, (b):= half-wave potentials (£)2] ®} 1g]Zo|t},
Meso-Pt Wi, Fyp = 0.877 Vo], kol Pt black (0.864 V)ol™, Meso-PtNi_1i=, 0.889 VO & Meso-Ptoll
vt S7he A FA S Arh. Meso-PtNi_2%, £y, 0.904 VOR 7HF %2 ORR FHEE AF

2721 A7 89 FA Ayolry. =3I, = 59 (¢) ¥ (D)E AHEWA, Meso-PtM_2(M2 Ni, Fe, Co, Cu)&,
AAE Pt/C Fwi(Eyp = 0.890 V)oll nlate] A5atA S7Hd AS &0 = AUrt.

b, ol

olr

=, 22 & dAPE, MesoPtM_2Fmje] %= 7ol Fed adE Algshs AS FAT 5 A, O]Eﬁﬂ'
272 & dAYe, A4 5ad 2 2B a3E skl Meso-PtM 2 Frje] S4%= S7RAZIY. Ed, v
Z7EE ORR AEE T7HA7Isd, o348 F2A7F k&9 S5 W k(collision frequency)E 7}/\]7]

(5) =vi W4

2MEE 50 mV s 2 0.6-1.0 Vo] 'l He o] Ale]EH e o3k ADT(accelerated degradation test)E
sto] Fwlje] Y-S Rlsiglth. 1 Ade= & 69 UrEPHi’iDP

Pt/C, Pt black, % Meso-PtNi_1 Znujj+=, Fiyo kol 2z 24, 21, 2 16 mVZFA] YIAEBA o =R
o]F3FF omE | 30,000 potential cycles ©]%-o ZFu] &Ao] A3, wWhHO| | Meso-PtNi_2+, 50,000
cycles o]%o F7tel ORR &4 =5 YEldaL, o= £y bel 18 mvelA 0.922 VE F7kd Aol &1 4 9}
=

ol X 69 (b)olA ADTs o]Fol 0.9 VoA Meso-PtNi_29] ul+4le] d%siA d&dd AL el
Meso—PtNi_2 o] A A %=+=, 50,000 cycles ©]Fol 75% Z7}5 i, & Znu=, 30,000 cycles ©]
61% A28, o)yt A=, ADTs o]Fo Feje] W] 7]1s Aoltk. = 69 (¢) TEMo|w XA Pt
Yi=9lxte] 7o) ludrt. Meso-PtNi_2% ADT o] o 2 o] dolux ¢gh+= t&ol, & 69 (d)el
2] Meso-PtNi_2+= 50,000 ADT cycles o]z 2 o]3Zof Pt Lsy-edge X-ray absorpt1on near edge structure

tlo
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spectra®] ghel A9l Fdsta, ol A Fx Wl glvte AS BHoFErh. Meso-PtNi_2 FHvljo] 43
WS, B4 XA flo] ZVP—X] Ay wzTz D S5 o] ESAEtER, ga-FAd mE TAFo] ¥
AstA] ¢, 3D AEddd Fxv, Pt ey 38 2 83E AAaAE 4 dok. ESE, MesoPtNi_2
o] F4:7F FZ(intermetallic structure)o] AL, WA 7l F23 7]oE 3o},
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2 orge, At

L
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A, Wz2Fz29] PtM(Meso-PtM, M2 ZHolH%) Yidol Ful& A5 a, 47 Fule,
I4d% ORR Fvl 54& 7HAW, PEMFC AAEe] Ful2 addox AHLs 4 vy, HEg, 2 Wy ¢
Meso-PtM:=, 01%@4 &7 A, 2 3D Asdd wExgxe B8 o7 Pt black @ Pt/Col ®
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=1 |
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