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Introduction
Q EHEFHBRATREENOMAELZE
0 ERAEZAREICT A EMBEIROFECIE, ZEBERRBICEHET oM
BEEREOBEEINROSA TS
@ “x-ray in” and “x-ray out” EHE AT FiEH RTINS
WA AEF AL REERMIED in situ YT ILEA LIRAIFiE
B Hard (high-energy) x-ray diffraction (in situ XRD)
B Time-resolved XRD
B /n situ x-ray absorption spectroscopy (XAS)
B Time-resolved dispersive XAFS (DXAFS)
B Fast quick-scanning XAFS (FOQXAFS)
In situ 7 L3 A L8R RI O A5

@ Electrochemical oxidation/reduction behaviors at Pt nanoparticles” surface
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In situ characterization methods

B “x-ray in” and “x-ray out” characterization methods are superior
to electron- probe methods for in situ measurements in aqueous

solutions
Methods Probe Detection experiments in
“ i " “ out aqueous solutions
XAFS X-rays X-Tays O
XNRD X-Tays X-rays @
TEM electrons electrons x
SEM electrons electrons x
AES x-rays/electrons electrons X
XPS X-Tays electrons ®

—

XRD & XAFSHhoEon S8 :EIZET 515K

X -rav diffraction X-ray absorption spectroscopy
.[,{1I1-j;."['ill1‘l_ll:, periodic structure EShort range, local structure
ECrystal structure EBond {cng‘th
F Atomic distance B Coordination number
B Fraction of atoms in a certain B Atom selectivity
crystal structure B Valence state

B Number of unoccupied states

i

Surface:

disordered , amorphous structure - Core:

g " crystalline, periodic structure

R AR TOCRADPOFREELZEEELIL. 218EO BHENL
ﬁ%ﬁiﬁ#iﬁﬂﬂﬁ%bﬁé:&'& SHITHLGRHAHIEN
A
—




HEfELERIEFE I

H—iR B a g
B EHRHFE ca.2nm
B PtIERE 50 wit%
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. 1 ) 3 2 nm
(thickness: 120um, Area: ca. lcm?) 11 Pt layers
'%ﬁ‘ftﬁﬂib Counter -

B 3EFERIEFEEIL electrode
(CE: Pt wire, RE: Ag/AgCl)
® 0.5M H,S0, EfR&

Reference (AglAgCl)

Carbon electrode /ux—ray window

Pt nanoparticles  electrolyte

Hard x-ray diffraction measurements ; Experimental setup

® Static measurements :
Counter ey Imaging Plate
—

electrode 'Y .
Synchrotron radiation Reference (Ag/AgCl)
X-rays
30keV ——
Carbon electrode /ux'm? windo
il "Debye S-::herre.r ring”

B Time-resolved measurements
CCD camera

Polentiostat
Counter __ (1T'me resolution: 0.5s

electrode
Synchrotron radiation Reference (Ag/AgCl)
x-fays ‘v"snhFe Ilght
30keV —_— .
K-ray '.I'.I1'ndi:.ml.f"l ‘
Ciarbon slactods L J Csl sintillator

Pt nanoparticles  glectrolyte




XRD 7A774 )LD ELRAKFM (in situ XRD)
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The potential variation of x-ray diffraction profiles for carbon-supported
platinum nanoparticles in 0.5 M H,SO,
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Time-resolved high-energy x-ray diffraction at BL16XU

CCD camera
Counter __ Potentiostat f‘\T!mE resolution: 0.5s
Synchrotron radiation Reference (Ag/AgCl)
X-rays "u"|5|ble Ilght
30keV — ,
Heray window,
Carbon electrode Csl sintillator
Pt nanoparticles  glectrolyte
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BRIEFHER1EBFE (at 1.4 V vs, RHE)
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Intensity decrease for PL(111), (200) peaks Increase in background intensity
Plus, peak shift to lower diffraction angle { amorphous PtO,)




BRIEEETTAFE  (after oxidation at 1.4 V)
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Intensity increase for Pt(111), (200) peaks decrease in background intensity
Plus, peak shift to higher diffraction angle ( amorphous PtO,)

Summary of in situ and time-resolved XRD measurements
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Step-scan XAFS and energy-dispersive XAFS

Conventional step-scan XAFS Time-resolved
energy Dispersive XAFS
monochromator ,\_":._
sample

X-ray (white) [:[ ......L...

# L
0 : Bragg angle Tl

15~30 min for one spectrum :
i BL28B2 SPring-8 o/ 50
Position sensitive
B Real time XAFS measurements (60 psec) detector (2D}

Ermpowered by trovinion NEC

DXAFS & FQXAFS: potential step oxidation at 1.4 V/ reduction at 0.4V
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Dispersive XAFS : potential step oxidation at 1.4 V

T _— Oxidation |
‘;: ML, .:.hu.r;uuml-'nlm-l PPt = _|:u.'n = t
‘é‘ g Ofoummrmse VXD — in—im7 Fundamental Features:
= ‘Er &6 NN — 1Pt-Pt bonds (the first nearest neighbor)
E_ % al - 2Pt-O bonds (ca. 2A)
S %2t plus, (1) Pt-Pt satellite peak
3 2 B 3) Shorter Pt-O bonds (after 50 sec)
5 et s " ) longer Pt-Pt bonds (ca. 3.1 A)
T Atomic distance®'V
2] —— %
e Reduction
'E“J T i T T
E RD!.[I.I.L‘“UI'I Procoess - b — 5 Curve ﬁtli.l'lg
£ gH14Y =04V RHE [ I
E 6+ 2(k)= Coordination number
g2 ar
£ ) LRy -‘"“r-'f("—-}exp{— 2k’ Jsin(2k - + ¢ (k)
¥ 2t ™ kr
. -
Atomic distance

Oxidation process : Time variation of surface structure
coordination number Bond length
E 2 % : Pa-0)
51' ppr O i -E 2} . Pt-0 (2) short,
Fraction of surface % [ = B B B ?i 1'3"“"1'3 PO (1) long |
Atoms ; 40~50% 2 — PIO-Pt R PR o S e . S SR
= 100 200 Wg = a 100 200 300
Z4 ; - = 24L P-0'(1) long
%3 .--...P’.G.P'... %z-m""f."f’"
¥ e ].]__;. e E fu' ) Pt-0 (2} short
L =3 100 200 300 % 100 200 00
Teme: (sech Tiree {sech
(@) Pt-Pt (1st shell): BRI #TH L (Z@1ES)
@ Pt-O (1) ~2.2A :HEEI—BEFLT(~30s). @
@ Pt-0 (2) ~2.01A: HI, 30 secLlff. HAEHBK
@ longer Pt-Pt ~ 3.1 A: 85 &%, 80 secklf#




Structure models
Bond length for Pt to oxygen-containing species
1.T. Jacob, et. al., J. Am. Chem. Soc. 126,
specics plane sites Pt-0 (A) Ref. i g S e
o " DFT 2. A P. Seitsonen, L al,
O e Fantop = [P R 2 2 . Am. Chem So. 123, 7347
OH Pe(l11) on-top .20 £ LEED{UHY) (2001)
A T. Li, ev al., 1. Phys. Chem. B10S, %943
0 Pt(111) bridge 1.89 3 DFT (2001)
0 Pt(111) hollow 2.04 FOFT
Pey bulk 2.02
Pto, bulk 1.99
@ ™ on-topsite Pt-OHH on-top site Pt-OH  hollow site Pt-O
® ©° 2,2-2\,3!. ; 2 11""' ~2044 amorphous P10,
@ K
+4+444 - -
+4+4+4++
pre ~20s ~50s 100s ~
Structure of the surface oxide
Ea ® Experimuntal dat art=130s | IMNNP- Ind NN JstNN 2nd NN
E Sinualation Phase P PP L) P
E i - 1A T Mo 3040 34278 2023
E | N‘ | MO 16423 2576
£ :' S w0 L1 155
EEM =i I-ly\ T f-Fri; 1136 34545 1,980 20034
E -
£ gl L ! WV Table. Bond lengths of Pt-Pt and P1-O bonds
1 2 3 4 3 in bulk platinum oxides
(A

The radial distribution function measured at | 50s
after oxidation, and simulated assuming a Pr-P't bond
(2.74A) , Pt- O bonds (2.0A, 2.2A)

-,

[P0,

® Clear discrepancy around 3.1 and 3.5 A
— Pt-Pt bonds in surface oxides
— P-PtO, like amorphous oxides
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Pt-Pt bonds Pt-O bonds
Pi-Pt

ki v - V& |
0o A i £ B
i __}e.;.:-!-;'-.--_- S——P—a—F G 4_4 f;: zil
Ed Pt 1 L Pt-0 (2) short |
k! Iz 2 1}y Pt-O (1) long |
E PI—U—FI:1 | L#"!HH S SRy
=~ 4 o o H—I—'—aﬁ o L i i
_ 0 100 200 o 100 200 300
= 4 T v = -
| | Pt-0-Pt & geloatts = = E[ ? ‘-] I_lﬂu‘_l_l.
§ fo— PL-P1 g™
5 Tescsascss—6—6—6—5—5—5—5— e 7 - = e g
| g Pi-0 {2) shont
-8 L . =

0 100 200 300 0 100 200 300

Time (sech Time [s5)

@ P1-Pt (1st shell): RAMTETHOLA)VIZEET S
@ PO (1) ~2.2A :#BEHEEM (~50s )

@ P1-0 (2) ~2.01A: 100sec#IZil§%

@ longer Pt-Pt ~ 3.1 A: 30 secLlBIZili%

Summary of in situ and time-resolved measurements
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