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Abstract

Platinum-group metal nanomaterials are widely used as catalysts applied in fuel
cells, petrochemical industry and other important fields. The key scientific and
technological issue of platinum catalysts is to further improve their activity, stability and
utilization efficiency. Fundamental studies of single-crystal model catalysts have
demonstrated that high-index planes of platinum-group metals exhibit generally much
higher catalytic activity and stability than those of the low-index planes, such as {111},
{100}, and even {110}, because the high-index planes have a high density of atomic
steps, ledges, and kinks, which usually serve as active sites for breaking chemical bonds.
Thus, the shape-controlled synthesis of platinum-group metal nanocrystals bounded by
high-index facets is a promising route for enhancing their catalytic activity and stability.
It is, however, rather challenging to synthesize nanocrystals that are enclosed by
high-index facets because of their high surface energy. Only low-index facets, such as
{111} and {100}, bounded nanocrystals of platinum-group metals have been obtained by
conventional synthesis methods.

In this thesis, we have developed an electrochemical method to control the surface
structure and growth of metal nanocrystals, and prepared successfully nanocatalysts of
platinum, palladium bounded by high-index facets. The study has illustrated the
synthesized nanocatalysts exhibit high activity and stability. The main results are as
following:

1. Tetrahexahedral (THH) Pt nanocrystals have been firstly prepared by the
developed electrochemical method. The surface of the THH Pt nanocrystals is identified
as {730} and {520} high-index facets by using HRTEM and SEM. The THH Pt
nanocrystals exhibit 2~4 times higher catalytic activity than that of commercial Pt/C
catalysts towards electrocatalytic oxidation of formic acid and ethanol in terms of current
density. The THH Pt nanocrystals show also high chemical and thermal stability, and can
maintain their shape and facets up to 800°C. It has confirmed that the key reason for the

growth of THH Pt nanocrystals consists in that the high-index facets of Pt possess a
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higher stability than low-index facets under periodic oxidation-reduction conditions
generated by square-wave potential. These above results were published in Science (2007,
316: 732-735), and were evaluated as “a breakthrough in the synthesis of nanoscale
catalysts” (Science, 2007, 316: 699-700). Applying the same method, we have also
prepared successfully THH, trapezohedral and concaved hexaoctahedral Pd nanocrystals
and concaved hexaoctahedral Pt nanocrystals.

2. Five-fold twinned Pt nanorods bounded by high-index facets of {hkO} were
prepared through the developed electrochemical method. Unlike the shape of common
five-fold twinned nanorod, the tips of the Pt nanorods are of decagon-based pyramidal
shape, and the side surfaces contain a series of concavo-convex subfacets. We have
observed for the first time the split of five-fold twinned nanorods at the twined
boundaries.

3. Five-fold twinned Pd nanorods were prepared by square-wave potential
electrodeposition. It has been demonstrated that the shape and surface structure of Pd
nanorods can be altered by varying the lower (E;) and upper (E,) limit of the square-wave
potential. Pd nanorods grown at relatively low E, show two ends of pentagonal pyramid
shape bounded by high-index facets of {hkk}; while nanorods grown at high E, give two
ends of decagon-based pyramidal shape bounded by high-index facets of {hk0}. It has
shown that the Pd nanorods exhibit higher catalytic activity than commercial platinum
black catalysts towards the electro-oxidation of ethanol in alkaline solution.

4. Pt nanothorns were prepared by square-wave potential electrodeposition. The Pt
nanothorns exhibit about two times catalytic activity as high as that of commercial Pt
black towards the electro-oxidation of ammonia. The Pt nanothorns have a very high
surface enhanced Raman scattering (SERS) activity. An enhancement factor of 2000 for
adsorbed pyridine was measured, which is about one order of magnitude larger than that
obtained from electrochemically roughened platinum electrodes. The Pt nanothorns also
show a high infrared enhancement: IR band intensity (peak height) of CO adsorbed on Pt
nanothorns is as high as 3%, yielding an enhancement factor of 17.

By developing the electrochemical method in this thesis to control surface structure
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and growth of metal nanocatalysts, we have prepared successfully not only platinum and
palladium tetrahexahedral nanocatalysts, but also other nanocrystals of various shape
enclosed by different high-index facets. The current study has enriched the contents of
surface structure controlled growth of metal nanocrystals and has deepened the
understanding of the growth habits of metal nanocrystals. The as-prepared
platinum-group nanoctalysts enclosed by high-index facets exhibit high activity and
stability, which have opened an exciting avenue to improve the performance of metal
nanocatalysts by means of controlling surface atomic arrangement, and made a big
progress in the design and preparation of practical catalysts guided by knowledge gained

from fundamental studies of single-crystal model electrocatalysts.

Key words: platinum-group metals, nanocrystals, high-index facets, electrocatalysis
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é(/ 0851 4
/\9 2 @53
0321 ®731
332 .432 0421 L
#532
®732 o721

1m 335 2t an an T 100
ZONE[017]

Fig. 1.1 The unit stereographic triangle of single crystal planes.
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(110)

(331) (511) (310)

Fig. 1.2 Surface atomic arrangement model for Pt low-index facets of (111), (100),
(110) and high-index facets of (331), (511), (310).

Pt £ ALt T A 2 R ey R 0t 1 7 B R B R ] 1.2 B (112)
A(100) fb G- 2E, RFHESIR S, RINBCA G 1 Foe il 45 B80T,
AT B BB SR 1o IX LS B IR O AR AR ZE e (110 dh T L) S
FHEAECH 9; (100)4TH 2y 85 (110), (33L)HI(5LL) Il b & B bt 1 IS A7 $d4 ok 75
(310)dhTH LGB R TR Hde b, A 6. FCA BB/ IR, B T4 S e
Yo, Aeeais e [23].

§1.2.2 BEEHIHL

H AT, 4 i Hll )32 T HCOOH, CH30H, HCHO 1 CO 45 Cy 43 T
AL [24-34], AIEJE [35-40], CO, AR [41-50] FiLe 5 HL/N 5 F I AL
[51-57] ZEWEST, IXLEWTITEE AT HI A F] R T IR HF 1) 285 A o) JRE Ak v 1 A sk ek
AIRKFE [58-60]. 5(100). (L11)IEAlAHIRIAHLL, wdadoiim & A m % B & b
ST B AN LIS T, XA IBLAI A (CN = 6, 7) b, (imtEem, AN S
RN FAREAR R, TR, O AR PR [61,62]. BRIBE, mdREi
T 11 5 17 3 e vy AR F 30 1
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o

TR B T R [63-67]. LEE [54,55]. £ B [68] A NN T AL
FILHARLF IO AL PE . Sun 25N [63-65] 5T T HIRRAEAN I Pt #4445
I IONE o TR i, LHRALTE PO 24 Pr(110) > Pr(111) > Pt(100); %Ki kf i
i, T Pt(210). Pt(310) & i _L 1 (110)BHf i 5 55 (100)°F & 56 AR, P9 4H H.
VeI AR, (LL0)AR R 1 n] S AR - & b 10 SR 14 R S A A R (R ST AR X R
PR FL A A R P B i oy TR B T o TR T PH(610)dhTHT,  FHTH(100) - & AHRTR
B, 5 (L10) Bk AR HAE RS, AL RR M B BT T Pt(100). Hoshi %5 A [66]
5% T Pd(111), Pd(100), Pd(110) 5 & FEL Al b R (P 4840 AT g, W45 FH R SA AL IR B K
FEL 5 B VR Pd(110) < Pd(111) < Pd(100). #}T- Pd(S)-[n(100)x(111)] (n=2-9)¥/
AT AR, Pd(911) n=5 (185 K LI 2 i L e D = HE 20%, 1fi PA(311) n=2 (¥
M /N . Baldauf F1 Kolb [67] 7& Au F1 Pt By EEAR b, HUTAAME AR T W0
JR M ZRF I P B, RIS T e AT R B A IR A PR RE 45 AR BRI
T Pt(hkl) TR Pd 5 F, A2 CO R )44 (1 I R 0 A, AR A 1k
BT YR Au(hkl) i _E 1 Pd IEFRIAS AR PA(hKI) & i

Tarnowski %5 [69] #WF5% T Pt(533). Pt(755)F1 Pt(111)%f £ ¥ 4 Ak e 6 1k,
WS B AWEAE PALL) Al T A e 8, A REN SRR, M Py(533)h i
ORI R B RS, SRR HBCRACH PY111)IM 1/3~1/4, KR A 5T
AR T Wi C-C 8, (L /e 4% k.

Markovic /NHEE [35-39] 5T T Pt FEAi o S T 480 S e FEL AL T 1, 45
Pt(110) (i IR AL TG PR LT o Feliu /NHBIFST T Pt (K [OLL] 5t b (5 — 2510 i 1 o
SR SR A TG M, 45 A IR AR IR 2 m R A B h s PY(211) i A (i Ak
T [40].

Hoshi 55 [41-44] I T — &5 Pt S il LK) COL i Iz Jy 2, KB AAT
SERT KR THINT COp 1A i 5 AH R 1 65 1 6 B 45 R AEAS LA L4507 (10 A B ot T
7 H B g 1 SN I, 9 HL CO 3 Ji PR S i A5 485 i1 85 FE OB i 34 K . AN )
Pt B [HDGS CO2 I JR AL TR PEMK IR Ry Pt(111) < Pt(100) < Pt(S)-[n(111)x(100)] <
Pt(S)-[n(100)x(111)] <  PS)-[n(111)x(111)] <  P(S)-[n(110)x(100)] <
Pt(S)-[n(100)x(110)] < Pt(210). Ju4liyitiss [49] WHYT Pt L4 (210). (310)F1(510) =
ANBBE A T T CO, LA K SR I R I R, T Ik 5 b B 4% P 3R B FEUR AR [ 14
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FIMAEH, I 2450 B R R T LR RF W ST HE S S5 I, X COp 38 Ji ¥ Hifi
A B i T (120) 65 1 B A AR T sk, B PE(210) > Pt(310) >Pt(510); 1724 =
A PR R T 00 1o A R B S S S R AL i, L LR A T T 2 AN R R 17
Pemo BARIETENE R & A2 ARk, (H(110) & i o7 55 1 A (10 2 T G Hh e A 375
IR R . XA RU Pt A rERIR R RIS AT, L A A TS M

RN
=]

o

e P T 22 AR A DR R I AR IR ffe AL 75 . Somorjail 45 RGEWFT T
FFh PSS TR S A I AR . IR AR DS B Al SN, RILE st
& H-H, C-H BRI 2L A7 M bty LSS JR 1 & C-C B 24 vg bty [61]
WiRk 3 Pk 77 G BT 2R, PH775) AL TG PR G Pt(111) fh iy 20 £ [70]:
Pt(10,8,7), Pt(755)dh1f L T e U HOd i 2 Pt(100) A1 Pt(111)fY 4 £ [71]. AbAITik
RIEAT 7 B G B R 711 Fe(111)F1 Fe(211) il (Fe AL L) Wik 4ify) o4
R AT PR LL I S AR A b, T Fe(L10) i (45284 T fee i
R ALY A ) FEAE A 1S [72,73]. Banholzer 25 31 Pt(410) 5 A ZE R
(1) 25 L) NO (R HEAL A i H AT S i RS I [74]

EHREUH I AME AR m A i, B TR R R SR B, KR T
AGE L, B AR A . TSR A A8 TS R I 2 I R e TR AR E
[62,64,75-77]. BlWixf T R HLEAL, Pt(210)F1 Pt(310) 4 i I Ab T %65 F24 ¥ 11 (110)
F A7 FEACHEAT P16 P(110) & TR AT 5 e IR AL TS PR ARG E 1% [64]- Sun 55 N [62]
BEFL T ANIF] ) Pt S S DN £ R IR e A S E PE R R e v, 220 10 SR ER AR 24
M5 1.0 V5, PH(L110) Fff4 1A B F 3 o A phige s i 2 B 25— A 2.44 mA cm?
A5 %5 0.95 mA cm?, LT 61%, i Pt(331) I 1 2.58 mA cm™2 48>} 2.33 mA cm™,
AR T 9%, XU Pt(331)MAs e i KT Pt(110). Sun % [75] i8I Au(210)
AIE AR R BRI (UHV) ZIEFR, AR EAAAERM, RO
P&k, RIVBAR e .

BAR R R S R I R AR m A TS AR e I, R e A B T
PR HIRAR AN, ASATRENE Ay SE PR R AT o DRI H 86 6 400 T 45400 (1 42 B 4 Ko 1
7 S A e S A TR RS E R DGR

Fisz b, ARG IR 4 8 AKRL 1 AR Bt AA AR T s Fe A T B A
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It

JI TR 2 2 A i S

B S IR, XA T AR ke fRI R R B A, R B AR D,
T H R AT P L [78,79]0 AR b 2 AT 1 s Mk B BT AL 71 (PUC)
if], Gontard & [80] Al HERZEHF IEHIAR, XHAAIKKLI T (6 nm) J115& 7 AA T
SYFRIA S IR IR S A A T WM (B L3 A), dEstiE e R A 1.3
B R IISL T JNIHARTE AR . W BLAR i, BAREAK KL AR — LGB R 1
S5 IR LA AL (Vacaney) &5, {H 268 G5 7 I 28 THE 14K TH 24 (111) « (100) 3% 1147,
XU A R, AR . BB R A i, A B R
TFET ol ) M KO 48 ey PR A 9% P D 2804 A

Fig. 1.3 Aberration-Corrected HRTEM image of 6 nm platinum particle and its
three-dimensional atomic model. [80]

§$1.3 SRARMBIBRNES SRR EELERE
§1.3.1 ARBUHREREHXR

X fee <plg,  FANTE] A I R B 2 TR AN 18] 1.4 P [81].  rh A i
FL RSP 20 T T AR LR 7 0, L1103 1 ] ke 1\ T4, {1007 &t 1 BBl A 37 7 &, {110}
AR T S TG T A F e R T P B 2 T A TR LU S 2, RS Ak LA 2
FJHJE T Catalan [ {4, 5% Archimedean X} ffif& [82]. HAi&fufE: {hk0} (h>k>0) #f
T R = DUTE A (PUoNTIAE), {hkk} (h>k>0) i Ifi Rl ) f 75 =\ 1T 44, {hhk}
(h>k>0) BB = J\ifi i, X = FTRRESEA =+ PUAN; {hki} (h>k>1>0) i i [
JRIRIS VIR, e RO )\ A 554k, T b TR B e Ak o] A Bl R AN [
W Z AR, {11038, 4% Oh sUBEFEI R\ i s 45 4% Td e, D FEL R DY 1
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2+ AR

Rhombic Dodecahedron

EWANITRE

Trisoctahedron .
£
Q..®

Hexoctahew&
_f :

A PY T A

s Tetrahexahedron

N

Octahedron

fiwJ7 = )\ T 44

Trapezohedron

Fig. 1.4 Diagram of classes of polyhedra bounded by different facets. [81]

2
Fig. 1.5 Model of cuboctahedron (a); truncated octahedron (b); icosahedron (c);
fivefold decahedron (d) and elongated decahedron (e).

7
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It

DA A8 FR P o T R R 1) 22 T it Ak, B — A A AR R B o R S D o —
P THIRRI, kA IR . s ) IR, e n] AR B 7 PRI A 4111}
b TR, TR RSN IETT B ) \AN IE= B (Kl 1.5 a); ks \ AR E B TR K]
A {1003 S TH T, TE NN IE A AN IE N (B 15 b)o X FRpAR
4D A AR 2 F {100 P AT L AL} 1 ol it 1T L 1t o

XTI foe 4xJ, TS B 5 R R A FL A L, AT A iR (B 15 ¢)-
+fE (B 1.5d) PSR (K 1.5e) &5, B AN G PALLL} 5, T mit AR 2R A=
MR [83,84]0 IR 1T # 2 {LLL T, BT A i I {111}
drr A, TR {1003 4 1 o

$§1.3.2 BIAEKME

AR ITE O R R 23 A PP B, B R A K o S i 1 TR B o — A i
FUE (R SO RIEE) B, (ST A M RS R Tl SR I, s
AT B RE ARG R R RE, AT KO i ARSME T 252 i ik
KI5 B D05, LARORBURL IR [T SR 45 50

AT R R BB A, X R AR AR I BRI T AN S 1 P A R R 2
Mrii ke, Jo)aditl 7 Bravais 0. Gibbs-Wulff (A4 K e . Frank 18324 FRig
A5 [85]. ARAARIMITEAR L5 i THI 2 1T A B o T AR A B % DA DG, T DA 3 10 T ¥
IRVEN [86,87] SdefiRe. ALH), WhARI B H AT AN R st BE SR 1K 2 Bl i TG . A
] it T )£ R 8 85 MR T 1 BH REAEAE 22 5, VR85 1 b TR 7 i) Ly A T e
ELASARIR] o r I 250 R (1 8 T2 T ARG, AR R Al o AR T £ <
4t [86,88], FEAKLIFEN, - SHI A I A OREEAAR, Wik 1.6 fiow, BBEShIm A
AR IR LG T B 12, T ab i A 55T B 4L 1 A 78 AR AR RO R
FEANA, DR AR KA PR 1 A THD B 7 it AR THT T o 1) L A1) 2 B 5 8 A 1 D32 k)
PRV I IR i AR K 3 B P AR KR R MR I A T A R A AR R A TR
F 25 A T R AR N AR RO B e, AR TR OB, 12000 T 7 5 28 = 2 THT AT o 1
EEB B R o andt T {111 {100 P di T, AR Gaoo/G111<<0.58 I, 557
Jitk: Gioo/G11=0.87 I}, 3777 J\MHIfA;  Gaoo/Gui=1.73 I}, & J\[HifA [89].
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(@)

(b)

JS@S

R=0.58 R=0.70 R=0.87 R=1.0 R=115 R=173

Fig. 1.6 (a) Hlustration of crystal shape evolution growing along different direction;
(b) crystal shape evolution from cube to octahedron with varying growth ratio along
<100> to <111> direction.

S IR R T RENUT hy: mdegimin >> {110} >> {100} > {111}, BAIULiriil&
1) 42 JeB AN KR K 22 kg T g B AR {1 LA} AL 10O & 1T B PRI A AR o SRAE AR A=
Ko R I AR LS 7] (R IAEPER R S W)AE), AT O K28 S 1™ AR R
B, DRI DA T BRI, AT S B AR R T IR A5 45 7 [90]

§1.3.3 WELFZEREHEGH

VBRI A% 0 T 2 146 A TR A KoL 1 B I — ik . e — O AE e @ 4k

AT IS, A< 8 B 1 I8 SR AR e AR LT A T SRR,
PP SNG4 ) R TR MR Bl L e s IR, d I bt D0 IR B B 1 1 M
Z TR, VR S TR A TR, (RN 1E e KR T B . H P A
AT LI bl (PVP). SRHEENIGIR., T/ kit = IR (CTAB). +
TR IR AN (SDS) LA KL B ZIhE I TENL I Fe*t. O, CI Brk, @
ok AR <5 o T K AR O 700 PR 55 RS A8 L R < S e i 32, gl ] SRS
B AR (¥ LR AN 2 THT 4540 1) e

Bt m AR R AL R AL YERE, e AT RS SIS B 2 12 A

s
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(1) Pt KA

HARTE I8 R PH(IT) B3 PH(IV) BTORAAATFE Pt BRI TAEMR gk O P46
[91], {H 1996 4 El-Sayed fff 5¢ /N4 K AT Science [¥116 3C TAEMARTZE T TR il
A P AKRL T BB ST [92] - At ATTFH Ha 38 J5 KoPtCly, LS I PRI R B 1y s 1) »
BT RS 10 nm ZE A 1K PEAZTT AR DUIA, BLACD RIS AR i
A5 TR PtRT O fA b5 2R TR NG RN (1 g, T US4 LA P T M4k - (80%)
e DLV AR 32 (60%), 41l 1.7 iR

El-Sayed K NEGFAEI AN L Z b (D PR —, A5 LR
I PEAKKL T (2) RN Pt IR R R I 5 AL I IR, o 3 1K
Pt 4RI T AL TR (3) FTIRAR KoPtCly AN Rase, EMEee, #HE —
WA H R OATE, PEGRA RN ESHEARIE . ik, AIERE MR Lf
(RASSE ) 3B FRUAN Pt RTIRARSE Ty 1, JFRE TR 2t — B I se LAk

Fig. 1.7 Cubic (a) and tetrahedral (b) Pt nanoparticles. [92]

Yang PD #5E4H [93] LA & R il Ana i 7], PVP Jfdse /), i n
AgNOs (Ag) AT, HKIRAFEI T TR — VR AF (1 Pt ALk 325 )Nk, )\
AARSEAK AR (=10 nm), A RIXAEHT Ag IS IR <100> 5 ) (1) A= 3
JE o ARAATR I, AgTaloxt PR B AE 41 PVP SR NAR TR R I IN N 2% . 25 PR
Pt AL AL PR RE, by e A AT T30k FH PR B 8 0 3855 1) Coa TABr DA€ 711, T 48
i Ji 71 NaBHs B IR, MK A3 2 1 527 )\ AR S AL 5 R T IR B Pt 4K ik [94].
L CouTABr S RasE I 11 Pt 3207 )\ TH AR S J5 AA06S 205 IR N (K A T 35

10
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B S T DL PVP R RRSE I Pt ST ARFD Pt s N, Ren 25N [95] HA/SH
g7, LA (oleylamine) hASsE /I, TEALKN Pt ETIRIA (LWL IERE) WRAE
N, il T {100} i FE AL T R AR P RTIRMAOREE T, il T A EOPEAR
If (RSD=5%) [t], JEARZEMLLF-57 )74k (filled octapod nanocube) [1 Pt 42K A, iX
BERIAR I ST A it A T A RS HE B B — KRR PR A1 o AR R T X
R Pt AR A4 FRAS RN Pt AT 9K A4 B -5 BUAN IR R A LB 5 R 11

ST RTIRAR e, TIm96%% [96-98] SKFIML A1 FiRE 1 KoPtCls {08 A%
SE KoPtCly, LIERHIEPGIRWIATEE R, WA Hy BEATIENR, 4l AHmc
KoPtCle ¥R I, EEAF 2 A AR TERT) Pt 99K KL T (~80%, 3-15 nm), #7
KoPtCle VT CBUKME S, TS 2] Pt 3751k (£ 80%).

X TREE A dE, B TR IE G IRIN, A2 T 2R N-J2t N 56 A A i
[99]. #il# [100]. A7iMRHH [101]. HERAF [102] %5. 40 Fu %A [102] DAEERAH
NEER, H Hy iR J5 Ko[Pt(C204)2], KB Pt ST 7RI TR FEE AT i5 90% L) I,
JTHB 5]

TR, AATE R TR TG B T3] Pt AR Sl AL A B #R DY TR S
Jitks AR Qe B, LKA 2 {1113 {100} M EEal St . BeAh, &
ST S TR Pt gk 45 ) [103-112], 1% # X [103-105]. 4Kk [106] A1
gk [107] 5, (HEAIR ARG MM EFH S, ROIT 2 MRIm.

KTAFTEAR Pt AUKRE TR RERI ST, T T T — SR G0 9T LAE
[113-124]. 1 El-Sayed /N4 [113-118] 58 1 Pt PUHIAA . 3777 44 S Bk a4 KR+
X LA N

2Fe(CN)s> + 25,05 — 2Fe(CN)g* + S,06° (1.1)
AR, RIS PRI an T« DUTHASERTE> L 7k . AR A AL 1 32
AR RL TR EAL TR A E R T (IRACAL) A%, L Pt DY A b Ab T4
PO B SR LU e R, DR L e A T e g v

Feliu Z5F 5T 1 AR R THI 45K Pt 29KRE 1% NHs AL AL TR PE [119]. NH;
£ PRI L AEAG A SR BUR SN, (100) &b R ALIS P de i [125]. ATTH]
AT T =R YRR, JEH Ge. Bi [FAN AT I W PR AL 5 Pt 49Kk 1
I (100)AT(A1L) R THAL I T 2080 RIS (100)F AL ELEI M 17%38 K4 65% (Pt

1
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SEOTAR) B, NHa AL R R E 2 7 65 (K 1.8)

1400 cube

1200 -

1000

jIuA em?

600
400

200

0.0 0.2 0.4 0.6 0.8 1.0
E/V (RHE)

Fig 1.8 Cubic Pt nanoparticles has the highest catalytic activity to the oxidation of
ammonia. [119]

Zubimendi Z¢ A\ [121] BT T ASIA] Sb TRTEEVEEC ] 1 Pt 4K~ ARG 4E0GE i 1
EALTETE, $8BAERRMEA b, S04 J5 A A v e FAT X ) ELAT e THT £S5 R 808
(LLL) it FT [0 (1) 29 KRSE - HL AR P A3 5T (100 s THI R[] PRI KR o 3Kt R T
SUR G, 7E(100) TR bas = R B 2 ik S S, AT T I AR R R T, SRR AR

R R o AR I FAL X)W A2 1R S R R

B TR, ASFDRAR B GKRL 0 5N AR 5% . Balint 55

N [122,123] Wi5E T 51 3AE AL, Os EAFRITEAR Pt KK+ CH, ik J5 NO AL 7%
PE, R N IR B EAFAE W 22 . AESLITARTEARI) Pt @oKoks 1 Bt m) T AE il 22
(] N2O 1 CO2, TAEAFEMIK 2 i Pt KL B ) T-2E i N2« CO I NHs.
Somorijai TFFTAL [124] KRILASIFTEAR Pt g Kb 55 A A g B 1R K sem,
7E Pt AL TR FAAE RO e, TTAE Pt 77 )\ AR L [R] BAR oA CUGE RT3 i o

(2) Pd K&k

Pd R —F0 R R IR RL, P GKRL 1K IR 1l et A 21 T )32 (R
5T [125-131]. A4k, Xia YN BT RA & /R )50k, RGTFE T Pd 4K dl ik
MR A . & BB IR, & ZRERIIN FAEW AR SR, st
IR 4 8 R AR R SR A KR T [132]. Xia SR 4 B JRYE L T S M Pd 4K

12
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R, IR Fe* B X P MAEZIIERT, Wb T Pd BEF ISR, SCELG Pd
SE PRI RS Pl SR Fe®t. CIRI O %) Pd IZI AT, FRARA K, AT
e A K = A TE RN TE T Pd 9K B, R {113 R R Fr i R
St Pd AACZI K BASVE A, m e RS T AR S5 Pd A
[133-136]. 3 #NE MR b BT 9 ARV, SIS B 1 X {1003 . {LLO% 45 1T )W B 14
F RO A A 2, SRR N B )%, 84S Pd A& etk AR,
& T AL Pd gk ks, HR R {100} AI{110} 441 [137].

Yang PD WF5T4L [138] KA L5 Pt AR 74 dFh,  FHBUIR R IA Jit
KoPdCly, 132INZJ7 AR PYP 258451 A RES R E PA(111) 5 1T ) N2O =,
U4 237 75 )\ T AR AR ) PUP A% 72858 . AhATTIERIE ST T 1K L gl s 1% IR
(AL S, A3 BT PRI S 32 5 A>3 75 N4> )\ T4, PYPd 777 14 11
SR Ve LR B B\ THIAAR (1 5 A 6

(3) Rh 4K fa

FXE Pt Pd I, Rh GUKRL T IR A i LA L T AR D, 3l G
(¥ Rh S BRTERLF- LA 2 f S5, Jo IR T R 1 HE 51 4544 [139-141]. Park 4%
LEH S O R IRIEEEAL A (Rho(COL)ClR) 45 T WUTRIA TR Rh 4Kk 1
ZENAEYAKTE, RV ARG T (170°C) 34T, SiAAKAb T3 ) %
P, 7930 Rh DT f: BEAE ROV T s, W ERIE Rh QKR 1. AT
JUT Rh KR (RIS PE, 45 SRR B DY HATZIRIK Rh 2K 5% 00 & S S [
AR TEELERIE Rh 9Kk T 5.8 fi% [142]. Somorjai WF5T41 [143] F & —F#ik
J5i2, LLPVP HASEF, 7E 190°C I8 J5L RhCly, 4% T 3 A AR TEARIG Rh 9K 1
B S AR REAIG, Rh di A ) 4% ) et AR, 7R 140°C IS5 AR (R A £
MK, 7E 90°C I TERLZ i X &R 6

(4) Au g0k fik

KT Au GEKERTIR R SRR 2, Pl & IR 2 S s & iy
[ SEI7ARL VIR 3277 NIRRTk, eKEE, 2 4E [144-150]:
TR AR T AR IR BRI (KRR K L) [151-153]; LA

13
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JeahKat [154], 4K fr [155-157] 450 Hor Au - HIA R 2 TR SR 0 KA 1) 98
S32ETH Jg {110} T [158-160], A% TR i 148 ) 2 T S A S {120 3401 {1003 145 o 1 1

e S AT N S TR PN A b P o 11 PR o) 1\ 1T NNIRVAY K NN SYAN T NS
IE i ARIE k. Kim 55N [161] B PVP M EGEH, AgNOs A #s N,
& R S5 BT LR R E 2 TR TR Au 2K St Ak, B F& DT, J\ I
ey ST A . VERIACHER NG AgTRENIE Au HE[100]77 1 AR, TN
T WE[L7 mAR K, AT A T 7. Seo 58N [162] AL 73, LUR =
B A7, PVP gasE s, FEIMAAIE LAl ) AgNO; (1/600~1/60), Kfi#F AgNO;
N, RS RED\EAS AR S5 )\ ST EEEART) Au gk
R T

100 nm

150 nm Py

Fig. 1.9 Platonic gold nanocrystals. [161]

Liu 58N [163] LA IR 95, DA Pl A 3de i SRR A 711 (Jr PidkNG, DA;

+ T LA, DDAB; -+ i = LG AL, TDAC), k4 T Au
- AR AR, RS SSILTEAK RS Rk, g Au - AR R
T {110} 44 T

Mg N [164] HI DMF AR AALL S50, L PVP WARE A, & BT EZR i A4S
P Au FTHA; M SRR K S 4.5 5, W& NLE Au A IINE T
RS, i NaCl A1 NaOH, i id 72 5~ B B {1003 & T SR T RE, AT & Bl T
A PVYIA LIRS TR Au K A

14
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EAF— 32002 Liu 55N [165] @ik i AgNOs, HIRP-Fiil 46 T Au 44K HE Al
Au ZRXUHE (JEARIEFENE ~30%) . 9HoKAE b 5 g4 ke, 2 r {1003 AI{ 1103 ¥ 1f [
Js KOBUHE R T E AR S g Al, AR CRR T AN 3 H 111} dhiid, i {711 4R 4
fnlfl. 5{111}. {100} kA, {110} AIL710} 01 i 45 0 LA T, B S E
JFF- o AEFUCRIX AN SR BOE T AgYE Au SRR B2 5 R AR R LA
PUBL (UPD), M FAR T 3% i i 7 1) (1 AR KSR B T S 800 I8BT4
DAy 1M T RO A 2738 DR A 38 e T 500 T 45 4 4 J KR T R

IAMNEA — SRR R 21 Au 2 14 s AR )9k IE . 40 Yakaman 55 A\ [166] H
PORMIRIE R A SR, B4 TR AEEN Au Z ISR BT 2 5IE 1=
AR ST TR AR ({000 T A = A, R IR I {11y s, e,
FFY A AR LA T S PR B T A K it A 5 T2 88 22 TR AL

(5) Ag K1k

Xia NHRGITRE T Ag AUKAR BRI % [167-176]. BT 2 — Ik
Jgik, LLPVP NAER, 4% 1 Ag SLT7HR [167]. & HHINLELZE AgNOs IR JEZH
i (0.125~0.25 M), PVP Xf AgNO; I EEBIAAG (BE/REE ~1.5), 320 Ag PR Bt
K, TR AR T . PVP 76 Ag {100} & 7 F iR B R bt 9dch2 7 {100} 4 1H
A KRR, MG 2] Ag 7k, 3 AgNOs IR k> 0.085 M, AR put%
W)y, ST EHERE M Z EAR R, SR RSN Ag ik
2, HAKARH WA 1000 [168-170]. 4K 2k i1 i A {111} Ah1H, 01 A {100} & IHi .
AL CIy O % Ag IIZITAEF , ARE T 50 8t 45 K40 1R A A Sy A 00 DY T AR 1) A
i [171): GBI Brovd 2R A S R AR, AT X TS TR Ag XUEE AR
fh, AREN IO (LIS, T {100} AR T [172]: A T ARAH{LLL S T SR Ag
YKk, AT IREACEE PVP, Seifil4 T 3.5 nm (1 Ag QKR T, SR AESK
B HRCAERT, Ag 4Kk 18t Ostwald Repining HLHE, 28 = £ Ag
YK (95%) K/ HE Ag 4K (5%), 1Bk HRTEM UEsE, HRMR#RA{111}4
I [173].

AL EIBETTLAE, FATT T 0 e A I R T e s, TR A L S,
A T80 1o 3 T ) S8 P R B S 1% e 00t T 45 0 1 4 S 0K i
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§1.3.4 RLFZRRETE SR

WAL 22T iR e i e R AR 1 I 8 T Tk e 2 VR AR T R
R B ARGA Ji  R AN AL A R, A B D AT R I LA R
FIF A AT I FaAb A TR B R E A 1 ) DR At i S i A iy (e
ML), AP K AR T . B, LSRR 1 I 2 K B e 5, AT 428
il <ex Je g RRE 1 I ARG [177,178] 0 BEAMHLTTRRIN <8 i 4 oKORL 4 [ 1 7E F A
R, R T HERILR, BOR T R IASINRGE R, XA AT AP REWT ST

WA AR TER . Mk R (R PORVESE . JE I )
DORHAL . IR B BB S LS b s IR (RRAR A 1 BRI PR 511)) )
LR i T A DU R o 55 ORI J5R AT L, 3l v R S B IR 28 1l (V0 ME AR
AR 38 3 RS 2 MR AR KL 7, IF FLECBCANN, e — L p kI &4
e 2 H AR RN 2 [ 8 R g K din A [177].

§1.3.4.1 BNFAEKER

TRV TE 4] (FEAERTH) BAEK . RIS RIR TSR Z R T2
(i) (RO AF E A DA B A DEERE S, A ORI R A K [179] (8] 1.10): (1) &
K (T4 K) B Frank-van der Merwe Z4E KA, (2) 44 Kg Bk K
i Fx Stranski-Kratanov 24E KA (3) =48R A= K alFR Volmer-Weber A= K,
@) 2K (5) HRRE AR @OUIUR) . Hrbisid Volmer-Weber £
AR B RGORNL -, oA % JE LI 7 Gy s, Wi IR AH B/, 25 5
13BN TE R IR SR o 2B KA R YT G 8 5 AR Z M ER i/, itz
AR, ARG R o DU BORT A% . — IR R IR SRR b, s e FA i
£ (HOPG), ¥ihx (GC). A7 wfit )y (H-terminated silicon) 2%, il [a] F4% I Fif
A K

16



JI TR 2 2 A i S T iR

e — i TP

Frank-van der Merwe Stranski-Krastanov Volmer-Weber
substrate — | ] I J
Polycrystalline Columnar

Fig. 1.10 Five electrochemical growth modes. [179]

§1.3.4.2 BInE \/fﬁ/'{k*:ﬁiuAﬁi

BIEA R I R, A RS, A I REEARL [180], XFELE YR,
RAEDGAE CUTRAM S8 ARG A%, TERZ a8 I TR 5 v 45 1R 41
W54 SR ARKAL T O 2 S A, B EANUTEAR, AR A S TR 5 — (1 5 kL
+ [181-184]. Lu Da-Ling %% [185-189] HfH AL 7V, LEmiRM) Au M EITER Pt
Pd 2545 S8 AR T, RIAEIAC I R B 5 25 5 A6 B 2R 5 R T TR
TIAGCRRL T, R AL TR T AR R o R TR SR, i
ol AR PER K, e i MR 228K, 51 3145 s RIFIANKRLF. 0
Xiao Zhi-Li 25 [190] FITEHLAZ vk, {E HOPG J&Ji L TR 4 T Pb 4KHi 1,
WEE B BEA DUR AT K BEAG, P 9K 135 S I I, A Uk A3 380 — kA4 11k
Ry IR NIE. ZME. BRIk, BPRE R, JF Bk EgyKoRi 7K Bk
b —.

I AR T E CupO TR FE & A TR KLl [191-194]. Choi 5T
TR B AE F VTR & T 327 R TEAR 1 Cuz0; 5 1) Cu(NOs) ¥R 1
ANt R R IR (SDS), TRV pH (E L5 SDS 7E CupO HO{LLLL} i e it
SRS, T4 1 it A < 100> R < 111> 7 [n] ARG A KT8, AR BN FTEAR (1 Cup0
WKk, 24 pH=3.4. 3.5, 3.7. 3.9. 4.1, MNAIIIR AL I BT,
Sz NTAR S A8\ THAR RN T A . 53 M TE I P iR s . iR R E LA
VORI, BSHEOIRAE K, MIMIERL Cu0 492KAE; ik CI, NOs, NH,", SO2 M %
T PE A SDS SRif4a Cu0 AW <111>. <100>F1<110> )5 [ (AR XA K 5, 4l
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# T ANFARIN Cu 0 4K T

IR LR FA K SRR, Hremiam R, I ARRE K.
R — SRR I, AR T AL AR T AR K S SR AR, Hh TR kK
FiF A5, T EMANARE A, I H AR BB 38 A B (1 di T 4544 o 40 Reisse
£% [195,196] &k HIRAE B AR bR s 85 BE 1 S IR Al oK k%, AR FE ke 75
BB b de A 1 AR T, () R AR T A B, SIS TR, TR
1S 2 Pt Pd SFEGKR - B — PR R AR A FH B, W Reetz A4 [197-199]
LA Pd B, Pt R A B3, LASH B8 - 3 v 4 ) DU = e A e M S P ik J R
FeE 7, WA R Pd R AEME, Pd 24 BRI AEIE R, AEFesE 7
VR R AR R A2 1.4 - 4.8 nm (1) Pd 9KRE 7, B FRLIRAROKR, Pd g Koh 1
e ETT I GE T AR B HAT L Hp 4R, n Au [200]. Ag [201,202]

fariy
~J o

§1.3.4.3 BUEFSULERIFREK

5 HIUBRARE, AR SRS A KR ARl SR R (WA IR = R)
AT, IS SO AR LAY, 1S 4R W R AR T S SR M R AR AR SR (R v
BB, TR, FEAR A S R BOE ), 75 A R T 2R i — e
Mgk &4 . Ariva % [203-205] 7EGR RN Pt Bkl (R ab 2 e 1)) i
ITRMIE AL B, WEH) Pt H AR RTRE AL, T AR eyl R &5, e T AT W
S IBRARI I, FLAGER R e 2 T A0 5 Wt B 0 1) Ll A9 B AR B 4 AR 1T 5,
I AT R S RN o AT TIN DA FEAR SR THT 1) Pt 29K G5 ) i 200 T i 15 45 it A S o
AT ARG T 73 b N BR LA 7 AR L AL IS TR0 Pt 3 [ KR RS L
PRI FE S0 [206-209], 45 RE WA (<100 Hz) AbFE<s ™ AR K
(FIRTREEE (R=50~100), difiREtANII s, RINA R BAER: S (>1 kHz) 4t
B, ORRE P ARAANK,  diIH G (L00)BROL I I, FEARR IR TCRG df HRER, (R A AE —1e
Pt Tl T3 AMBAITIE S5 & Ak ) ds S AE KRR PTRY, HAE Pt MR AE SUH IR
WP AT 7 B AT AR B, TR R AE BRI T IR AR e 1 SR B L v R A5 T 11
RRAE, 335 A F R CV VR REEL, Al ATTIA 2 f ™ 4 (210)+ (320)F11(430) i 1 )£
DRI s AdATTId P A B OB TE S IR Y v R AT 7 e rBL TR, il % T HA(100) B

18



JI TR 2 2 A i S T iR

(LLO0)LEHRIR ) (¥ Pt KK, A Do 40 SRR I AL I AR 1% [210,211]
TRATT S 5 (1 TORE R R A2 (30 Vs AbBEAA P [212-214], 7
HUR T AR K PR By, HRSHBEA AR RN R, 4 20 min B 4K U
4 43 nm, 160 min B4 860 nm;  FRAVIR A 53 HA7 (F=10 Hz) ALEEA{A Pt il
W, 55 PR IR o BRI PR, BEAE AR FERS R4 K, Pt AL d RS AL 150 nm
WK 2 - 3.5 um [215,216]; 4= 7R 7 i AT AL FRA A Pd B A, £35S IR A
FEAR P AoK Z5H) [217,218]0 3X =Fh K a5 K BRI H 2RI ZEAR 6 R AR, 1)
BEE KR 7 I RBESE N, WA CO LA I TR M IE S 1R 21 A MRS % A8 oA
Fano J6il (WML I, e i e A0 Ay iU 7 i 451 2 1) e 5 4T 4l [212-218]
Furuya 55 [219,220] A/ HALHIHE (0.5 V™), *F Pt il T B RR THHEAT I
IS TR FEAL 22 A AL IR AL B . PE(100) Hgd Ik 1000 J (IEFMR 22494 (AKX
FFX), R AR HATRUN £ BRI Ptaik i (8 1.11). i@id STM &
AR I, DER TRE A T L e TS TR 4K B TR A PR(310) Shifi. Al
ERGTSE T[001], [10], [OLL] 4% vt b A Pt 2 i 1R 28 3ot K Bf ) v A7 4148 1)
RIMAMAZA, WYEERER T IIG IR 2 R IERR H, PH(111) A LA i
A PH(110) K AR S A4 HAT Pt(320) = Pt(530) #hTHI4SAEZE T, Pt(100)
MR S THIAZ A Pt(310) AhTAIRFAE . 1XLL45 Ui Pt{hkO} & Ifl 7 AL 27 4 b id
JRIAEE o AR = (AR E IR o ARATTIA A X2 48 PRI S 32 MR it B3 20

Fig. 1.11 STM top-view image (a) and cross-sectional view (b) of a Pt(100) face after
1000 potential cycles. [220]
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$1.4 AEXHMARBMERE

Ao 25 T B IR 2 Ja8 AN AKOREL 1 1R R D D 1 HE B v R 3 i A M e 2 — AR
HATPRER PR, Wb, 2. PPRIRR: . RITRHE IR A5 5
P SUEFCHTI o SERIAIETCR I, B0 i F it R v P 00t T I R ) S 8 TR
FEB G T AEALTE PR RIS E M o DRI, 46 3 T Ay v i 00t 1 46 40 PR B R < R oK
i, o R S A R RIS E P R AR . AT, AR R ARAE KR, &
TR0t 18 DR A P e R TSR Bt T T 2k, e L RBfS B i {111}, {100}
SEARTEH N 1 R ) AR ik, HARTHR Z RN AR e 1, AR RR I T %k 4ok
RLF IR AR BE IR JS 22 5T
A2 D7 1k R LAAR 25 2 Mok 503 F AR P 1 0K AR (0 AR KO 2 o SR 4
R, KH A2 A JF A EE v LS S AR Bl PE 1 PR 20 T {H Arvia. Furuya
SR AR PR, SIS B DT, EERTRBUR/N, JoidfE b s e Ak A8
BT BRAT T2 50 5 A AR R R HE A 45 R B A 1) < B LA 2 R LA T 1) T
KA R, LLRAE 225 K PUR S B YK S M e 10 TAE, A8 SCE
N RN AR A GITTE, & m BN R4 0 Pt RS B AR SR AL
A, PR RN T A A TSR, BN CUR JUAN 7 TH T RERF I T A -
1S3 Pt KR 1 I Bk AR AR AR Pt Widle, i 77 AT Ak 2,
& SR B A4 PR SRR, IFRETTE N IR . SIS A LA
BN A AR A T

2. 1% Pty Pd shrOBEM D, EEE I Ty ik A AT A ORI 4 e PR T 54 B
B HAFHRIIRG PGS BAU KR, IFF ARG M R .

3. I ARG SR HIE AT, DHUEIREU AR KON LI SR, R UK
RER G R AR PR, YR A X 4 40K i A A KR A (R A
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§2.1 X7

FUHRER (KoPtClg): %[ Sigma-Aldrich, 99.99%

SALE (PACLy): F:[H Alfa Aesar, 99.999%

A& (HAUCI-4H,0): B — . hral
PUIRIMLER (CeHgOe-2H,0): & [ Alfa Aesar, 99+%

FrEER =8N (CeHsNaz0;-2H,0): £[H Alfa Aesar, 99%
R (HCOOH): :[H Alfa Aesar, 88+%

To/K LW (CoHsOH):  FE 2L Bk il A BR A W], 2042l
HIEE (CH3OH): L4k T—) 7, sr#ral

Wenilg (H2SO4): K[ Alfa Aesar, 98%

AR (HCIO,): Lifgdkifife L), kst

ALY (NaOH): L T2 sese — ) (E 1 502%e), fighiak
Pt/C 4L 71 (20%): %[H E-TEK AT

Pt ®{# 4k 57: 5[ Johnson Matthey, HISPEC™ 1000

Pd 4k 7): 3% Johnson Matthey, 99%

Nz: 99.99%, [& [ TAREE AN F]

CO: 99.98%, J&| JMAES AN H]

§2.2 BLEHKER

§2.2.1 BREFRMAALTE

B (GC) HiMl: HASZR A Takai Carbon Co., Ltd., & =6 mm. 3%k H B A FH ATk
KA 5. 1. 0.3 um ALOs B SR AF A, AR5 FH e /K SRR 2 7GRS 75 U

Pt(210) F i HI MG : AR A 14, A=0.0298 cm?. 7EASFHTAT, A T HRA50H 5 (1) Fa A
KM, % Clavilier 58775 [1], HESUARTIR KALEE, ShAEIE, 1
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§2.2.2 HULFEXE

A 2 S0 7 = PR B LI T R AT, B ECN B R AR, SRR T
FIH AR AR (SCE)o JTH UM HAT AN T SCE bR« 28, HUAIbAE (8 I AT 18
FES TRV R 5 ] Mili-Q B4tk (18 MQ) 78201t HE ¥4 H Mili-Q #B4lizk
Beilo SEEG IR =M N T,

HaAL 27 SZIG7E 25 [ EG&G A7) PAR-263A BUE HIA AL FHEAT . AL A IE MR 22
FAAE FH M270 B0, B IURURI 7 ipk PR A (1 35l e TSR Y 1 4 i # 4)  Fs 1

§2.3 BUFFRMLIIMN G HIELE

§2.3.1 ZI5pRILINEE

LI NGRS SO AE Nexus 870 (Nicolet) #3722l AN _EHEAT, FCA&HA
A MCT-A UG 28 A1 EverGlo™ ZL4MGYR . 5250 i R v 24 & i e B 257K
VAT CO, I3 1 2SR

§2.3.2 [ENILIIN G ik

WU I AL 7 R A £0 A0 IS D615 SEE IR LA RE A& 2.1 Fro. 3 B AT
SN BT, 204N I AL TR A S AN, B 5 B BN BEE (U, e
KRS COp XGERINTHE, YO BB ARAE o JsUAr £ AM 9258 o (¥ HUBR HLAT
PAR-263A BUTEHLA A, JEilId BAT R B SR 2 5 2D (R AR
TREEI)D

AN B8 BRSO A, ) DU R . T Y.
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W.E. connection

tlass cell body

R.E. (SCE)

/

C.E.
Solution bridge 77_ iK -
Pt single crystal electrode - : :Eﬂ Clamp
- A [ /

IR window

To MCT-A detector IR incident beam
<2 — .y -

Fig. 2.1 In situ FTIR cell design

RARLLAN GG A T 2 A 77, RIE3 FERF ST rAY. Es FIZ 25 HIAL Eg
REEFOE RO R(ES)AT R(ER), 45 A1 B4 D WA SCA & (AR X A2 4k, BRI

AR _ R(Es) - R(Ey)

R R(E,) (2.1)

R4 Fourier A4 2L AN AR TAE R EE, MCT-A Rl 2 i s 2 T I 4 5
IPF35 953647 Fourier 2R3 ik B BB o i PR AR e L b5 BN 34 1R B e Ok
WO PR BIELE, BISIN oo Wno O T3 RIE MR e, 5 2hmit 2 A
% 22 1) 1% I R S R

A SCHFFE - ER I ik FTIRS (MS-FTIRS) [2] J5 2UiE T Kk

MS-FTIRS Jeili ik an i 2.2 fizr, Bb BRI EAL By, FFREEA N 1
WRADEHE R(Es), B a B A BB E S WAL Er, JEREFOLHOGIE R(ER), 1%
WA (2.1) AR —RIBEFTRAL TS . FIH] MS-FTIRS J757%, FIRSEE
A LA B2 (B0, 8 TR A DU R 5 — X T A Bl 7 58 (R AR A
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Fig. 2.2 MSFTIRS experimental procedure.

JRATLLAM L CO AHREN 7, R Z D HAIER (MS-FTIRS) J7 RCRAELLAMG
e TELLAMHfE A, SR CO MR PHTEAK Pt MK (Ptin/GC) |, SRJ5H5H
R HIFE-0.10 V, A N5 b 1K) CO Bds. FERKE rbRfE (A CaF, % 1, (AR
FIVES Py 8] T B v 2 o R B I, A S HELA 1L CO AR W PR 1) FILAVZ X [R] (~0.25~
0.00 V), 1442 2% AL BAE CO B LI A7 0.75 Vo I TAEWTST HLAL B Al
B WA CO LML, THTES % WAL N CO 5l COp, LIRS
B (AL AR 5 5 RIS 2 T COp LT AN ARAE A 3K (2.1) 22l —1kmT A
7931 CO WP ) MS-FTIRS % &l o B 1437 (B 5 BUM AL B LD G RE IR B
IEFAR DU BT B N 45 An) (1) CO PR ik e R IE 17 (1) CO, PR IGIEE,  BB N 471 17
PR VR P R BT AR T COug 75 1% HIAE T £L A MRS 1 B S5 I

T E AT R Ptan/GC HR M SR ACR, AT H 2 RN 7o T A Pt
1 Pta/GC L) CO W SR, BAT@ELE CO 4 LRI CO, kb CO M.
LE R R 2 P AAEAE CO,y LIAMETEFTAS I B () CO, 4223 COw fESH A
B NEA A COp & VBRI, JLM OIS I I AR 73 9B (Aco2) 5 BRI K
IEHe. #k, FAiw X Pt HLR) I COw IMIISIERA S S E 5 CO, RIS IE R 4y 3 2 L
A COuq [MIH—AL RS i, B

(NACOad ) = (Acoad /Aco2 ) (2.2)

h T E R Pty /GC HLM _EWR I 2 CO ML ANMSRAN, WA Pta/GC HIbK
1) COuq M LT AN TR TR B A2 AR AR Pt HEAR b COauq 1 2L AN IR S R DR - 1) i
Xh [3-5]:
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COq co
— (NACOad)Ptnm/GC _ APtm:/GC . APt 2

- 2.3)
" (N Acoad )Pt Alst?m2 /GC Algtoad

:/H;I:Fl ’ Ct?;ld/Gc ﬂ':[l Ct?mz/Gc @\%Uﬂ‘j Ptnm/GC EEA*& E/(J MS_FTIR iﬁ% l:':l Coad %u C02 ijEtil‘h%E(J
PSR ;s A Rl ASY 2 A4 Pt HIAR K] MS-FTIR & o CO.q Fil CO, iU IR 4y

gﬁ\ﬁo E’Zﬁj&’ AIR ETD B/%T%%E Coad ?&E%E‘J%”ﬁl’ Eﬂ%%%%ﬂg COad E Ptnm/GC
HI B EAFDNS AR AR Pt AR b 2 SRRSO 1 5 AR N

§2.4 RSN IEKE

i 61 8 FEIAIR] Dillor 247227119 LabRam | 4366 3R X [6].
M RACRL % Olympus BXAO SEHS, 800 50 A0 KAHBEk, MU
CUBRAETEIE Y 200 um, BORBEK 6328 nm, BIRER 0513 3 mw. A &
S 0P G AR FFL XHID-11 LA (T TR%5)

§2.5 B TFRME (SEM)

H13RAE GC HAK L1 Pty Pd 259K R0 I TS g2 /0 i [ HL B (LEO) A4k
P LEO1530 3 & S 14 v 1 i BgkAT, NSRSt BT R nas B s Dk 20 k. X
WL REDE (EDS) RN AE % HL s B iEAT .

§2.6 EHBETRMNE (TEM) FMSoOPWEST B TR (HRTEM

WAEE U Au-Pt GEKRL T AESE 2B A 20 L, LA 300 H 4 7. T~ H 3
GC itk 1) Pty Pd SE4K KT, 78RR TR IN G K S8, P 1R &HG LA 300
1A PRI o 060 D00 SRR IS N 2R 0 44 PR I, S T e IS N 5 o+ A KORE1~ 1R T 300
H4E JEOL 2wl i) JEM-100CX 113 5 i 7 B4 (TEM) L3EAT, a2k 100
KV,
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Pt ZKEK. Pt 1 DYTHIARSE 9K 1R 451 43 R F 4r >% Phiilips-FEI 2w )
TECNAI F-30 40 #HE N o7 B sE (HRTEM) HEAT, USRI BT A 06 03 v Js Ay
300 KV =3 HHE M KAk X i AT SEBG I 7E HRTEM EidEAT

Pt DU T A (1) #AER 5 20 MR F R A HRTEM (JEOL 4000EX, 400 kV) HEAT,
L 7°C/ min ({38 T R AT HRTEM MLEE (S e vA 1031 1 K2 (1 F R bk
PR KAL) o

§2.7 ¥R X G475 (XRD)

AT GC AR 1) Pt Pd 2590 KR 1 X S A7 5 SE 560 7E X Pert Pro 4 £ 1
BERTETA _E3EAT, H Cu Ka K5, i 30~50 mA, & & 40 kV, F9353# 5 6° /min,
HHE H 30~90°
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E=F ZTHMEEF Pt KRBT E S5 MR

Pt 4oKAPRHE R L fr Al T V4R R A A iz A A A
[1-3]. BT PtIRRIEEE = . RS EA 0T, Tt — B4R Pt AR R REALTE PE
Feb s PERA AR — B MEAG AU S R OG B Il J . S, ARORE IR ik
TR PR A SR LA K [4,5] BUBAR [6-8] InLATE . FEREDTSTRIT, Pt
T4 o8 v R B T ) PR A P R AS e PR SR8 {110} {100} S5 Fia H it i [9-13]
DRI, % T A e P B T SR TR AN K R, i S0 4 o P AR P R AR e e 1
EERAR . SN, TR RE R, YR R R TS I 6 AR KR R R YR G
BT 7 m), AT B R BT TR, A BRI {111} {100}
ﬁ%ﬁ%ﬁ%ﬁ?[m]mM%6$E%ww¥%@ﬁA&%Ptiﬁ%\@E%
[15]. &4 M1k, SCikdkiE MM%*M%%ﬁﬁﬁﬂuﬁmmmmﬁmﬁw]Mk
WA B TS5 Pt KR 1 R IE . e 4 J@ ahokok R Tt K 2 4
{111}, {100} X {110MEFRE LS [19-22]. Ak, S$ghobivimgs M yss], b
% PR A I A MR AR RE e 1 — AN F KTk

HIAL 22 DT — M ST KORL T AR Pl B ) F B, A BAR A Sy i i
AR AR LA, BT K SR AR A KR . B SR LR A SR A 1 kA ik
A LIS S R O T, 1 Arvia S8 I 77k HLA T IR AL B PRI, il T A
AT PRI (R itk [23], AL R T i fehh i [24]. (R AR Pt AR H%
St HRIAUVN, EATHEATT R T 9B A R

RFERIRATRIE T — Tl S AR T 45 Aa 28 A0 AR KR8 75725, BA GC A BRI,
A3 5 AT AL B 4 SR AN ORI, ) e R S TR S < oK i . BRATIARI
RO R T Pt DU Pt MY\ AR K AR Pt DU T AR
R {7305 AR EUWIH, BETURM, X HIR. SESEAHURELN 7 HUA
WA IR m TS, A B IR G i g R 2 R I, R T e ARk
IS SHNNEL 5=
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§3.1 AiHBAIAZH & Pt Z+HEIK

Pt DY AR AR PP 3R G GC IR T FR TR i 26 1. A
JZIR PLAKER; SRJERIZLE Pt GPORERHE N AL, Pt APRER S IZHTA IR, /£ GC
AR THDBT I B i A% TR — - DU TR AR TR 9K i AR o IXASIERE T DU BL R

IR BRI

R B
o ‘M. il te’s
. @

‘ ‘ .. ®

Fig. 3.1 Scheme of electrochemical preparation of Pt tetrahexahedra from Pt
nanospheres. Under the influence of the square-wave potential, new Pt nanocrystals
of tetrahexahedral shape grow at the expense of the large nanospheres.

o
@
@

§3.1.1 TEEAE Pt 4KTkB$I &

L 25 I R A A A AN I R, B 8 Rl MR EHEAII Pt gk
R, T BoRE BRI AR Sy BN BEREAT o AT TR ik F OB U 1231 % PE gk
B, AR 3.2 Fis. 76 2 mM KoPtClg + 0.5 M H,SO, 4% Pt i, GC HibK
HYEAE 120V Ak s, TiiE R, SRS HEATERE] —-0.30V, f5R 5~20ms. fE
KBTI P PECle™ PR I, FHAE GC KB Pt A% o SR 5 FLAZAE 0.23 V 55 0.60
V Z AL 100 Hz (18 ) SE R,  JUARIS TR] 2 30 mine 1T Pt 7 GC L yiAR 1
HUNL B, 7E 0.23 VI, PCIe™ L HEFE Pt bk 3l sl i Kok, TANBERE GC
FAESOR IR 7E 0.60 V I, PtCle™ {5 iliR i, I SR B ) Pt 4l RER A
[¥) PECI6® [T FETAL Y B AR 7S, S BR TP Z MY R A & 1 [25],
DL % HL 2 HUT P AKER
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Y 12Vv1s

0.60V, 5ms

! f

0.23V, 5ms

-0.30V, 5~20ms

v

Fig. 3.2 Schematic illustration of pulse waveform for electrodeposition of Pt
nanospheres.

K 3.3 a Ay fikf L ORI IS K Pt ik ER () SEM B, H BG5S Pt 4K BRI
ORI Pt ARKER T AR IS, RifR4y 750 nm, A HIHR I A 2% Bk 2.1 X
10" AMem?. SRR, Pt gRKERIA/NSHAKE R AT A5, A
P RE R DLIE ok a7l . B 3.3 b o4 Pt 4KEkiiZx ¥ HRTEM K], MK Hra]
LA, PtAPKEREH L% 5~10 nm F/NRE 4k, XL/ ki1 K2 A<111>HL A .
A PACKERI P AT AR, FRRIVATSAERER B Pt AR ER A 2 S 4544«

Fig. 3.3 (a) SEM image of the electrodeposited Pt nanospheres on glassy carbon
substrate. The inset is an enlarged nanosphere. (b) High-resolution TEM image of
the Pt nanosphere. The ring-type diffraction pattern shown in the inset indicate that
the nanosphere is of polycrystalline structure.
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§3.1.2 Pt Z+ @RI &

St FLUBLHIAF Y Pt QR ERIE N5 9 iy, SLE N 3.4 BivR. 7Bk R R
A7 By AJE-0.20~-0.10 V X [A)Ag4k,, EFRHAL Ey=1.20V, J7iMii# f=10 Hz, 4t
PEISTTH] t 24 5~60 min, A 30 MM HLIAMLEE (AA) + 0.1 M H,SO4. {ET7 AL FE
AT, Pt YRKERRETAME, e GC HIMRIRIHTAE L8 — DY IR IR K Pt
AP N

v

Fig. 3.4 Schematic illustration of square-wave potential applied to Pt nanospheres
for preparation of Pt tetrahexahedra.

§3.2 Pt Z—+MEAFRYFRE

§3.2.1 Pt —+Mm{KHE SEM FRAE

3.5 a i 7 B A B Pt 40K ER 60 min J& BT IR K Pt - DU TR R A%
SEM K. Ko RSTHERIRL T B4 1) Pt 4K EK, ~PIRIRZ14 660 nm, B /)
TERM Pt gokek. HHIEY A PAPRRERIBORT) SEM B, MEFIAE Pt 4Kk
KB TR Z MBAFSLI, SO T b B R T, Pt goKek R4 TR, Bl
35 a PRI/ EERZ (M BT A U Pt ARk, W HBATIBOR, "W BE
FNEATEA =R IER . ¥ 3.5 b 24 Pt DU IRIAAIBCR Y SEM &, EAT TR
12k 217223 nm. & 3.5 ¢ Al d J3 ) o WL = B HNIDY B4k 07 1 04 Pt DY I
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e, 5 AP AR I LR R E AR (8 3.5 )o — T PY A TEARAN 2 a7
PRI B ANV HE, Mdt 24 AN, XPRIR I SARLE B R AU
IR T AN, SRR D, AT, ATESN FIH h R —
TPUHATEIR ) S [26,27]. 76 SEM EIrh, AWML 5 Pt — DU A E )Y
TIHEMIT AR AN — A A, R4 REk (B35 ), IXJ& TR AN T 8+ 1Y
THT AT A8 A A TH R N AN S T

Fig. 3.5 (a) SEM image of Pt tetrahexahedra (small particles) and residual Pt
nanospheres (large particles) after square-wave potential treatment. The inset is an
enlarged residual “skeletons” of the Pt nanosphere. (b) Low-magnification SEM
image of Pt tetrahexahedra with growth time of 60 min. (¢ and d)
High-magnification SEM images of Pt tetrahexahedra viewed down along different
orientations, showing the shape of tetrahexahedron. (e) Geometrical model of an
ideal tetrahexahedron. (f) High-magnification SEM image of a Pt tetrahexahedron,
Scale bars in (c), (d), and (f), 100 nm.
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XA IR BT AR Pt KR (R ARBEATSe v, RBUEEIE 90% (kL 11K
WA =AYk (18 3.6), Az AR5 = DUt PR R 11 28 1A LU — L AR AR
IR S AT

100

Percentage / %
H ()] (o]
o o o
1 n 1 1

N
o
L 1 L

0 % A« 2
THHs  agglomerated THHs irregular particles

Fig. 3.6 Morphological distribution of newly grown Pt nanocrystals. More than 90
percent of the particles are of tetrahexahedral shape.

§3.2.2 Pt —+ME{AHY) HRTEM FR1E

—A-PUTH A EAT Oh s BEXTFRYE, J&T Catalan JLAT A, kfi3tkpxt ik, —
DU TR I S AL T 24 A0 T {hkO} (h>k>0)FEl Rk ) [28]. b T #fisE Pt
DY AR S T TR R W AT HRTEM AE. 2495<001>77 1) (HETHT ) 08¢
N, - PURARIL S AR I B, e /)\LE (B 3.7 4iKE).
AR PR A7 S R U TR R A T DA 8 T FR . 1] 3.7 a L OHY [001] U5
i) NS IRH 216 Pt DY TR T TEM &, S Zkimi B BBk T /U B AR
] 3.7 b SEAHN AL X P ATHHERE, R DU FRE R, 28 Pt DU A 5
mn it . X 3.7 a TR RYRB B TIBOR, #3214l 3.7 ¢ st HRTEM EBl&,
AR 2 SUIR] IR R 0.20 nm, X R T+ Pt ({2003 I 11 EE o FRAT SR 002 1 S8 £ 1) 7
v, ke B Pt DU AR T KRR, B hy K IME. Pt DY AL S\ A
AT AR Pl 3.7 d Jar, Ul e 4 0t T AT N A TR B R 3.1 e i
X ECIN AR S B, AT, Pt - DUTRIA L I [8) (1) 2 £ 55 PH(730) b 1T 7] 1)
SefpApw B, Kk, BSRIXAS Pt - PU AR 1 T {7303
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Fig. 3.7 (a) TEM image of Pt tetrahexahedron recorded along [001] direction. The
inset is a [001] projected model of a tetrahexahedron. (b) Corresponding SAED
pattern. (c) High-resolution TEM image recorded from the boxed area marked in
(a). (d) The measured interfacial angles of the Pt tetrahexahedron.

Table 3.1 Theoretical interfacial angles of tetrahexahedron bounded by different
facets.

Angle
{hki} a B
{210} 126.87° | 143.13°
i {730} 133.60° | 136.40°
{520} 136.40° | 133.60°
{310} 143.13° | 126.87°

K] 3.8 a &y Pt(730) & I 1K SR FHEFIR T . Pt(730) & [ 1] 40 ok 9~ (210) o Bk 45
4 FRT 70 i TR A — A (BL0) X FR &5 M) (1 /N d T, 2 — P 22 I 7 i J5 65 B RO B B0 ot 1D
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[10], EMEMR TN 5.12X10M ANMem?, G R T 5 L R 11 43%. Al
{E53 b=/ Pt IR HRTEM BSOS 2] 7 F0(210) K (310) M &5 B (&
3.8 b, FE[EME A B T4 Bt E MBI LR AE) o TA O Foe — Lo S AT T
WML, R T {730} 514N, EA74E{520}, {210} FI{310}4% fhihi (K& 3.9), X iiiHH
AT 4 100 Pt - DU A {7303 A HL AT K 1 B B o

(b)

: <+— (310
(730) fdLiL. 4(—)(210)

(730) | [REERERIE AR £l -

Fig. 3.8 (a) Atomic model of Pt(730) plane. The (730) surface is made of (210) and
(310) subfacets. (b) HRTEM image recorded from another Pt tetrahexahedron to
reveal surface atomic steps in the areas made of (210) and (310) subfacets
(characterized by Prof. Wang’s group).

{730}

Fig. 3.9 SAED patterns and TEM images of another two Pt tetrahexahedra.
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§3.2.3 Pt Z+Mm{kBIEIMRE (CV) FTIE

HRTEM (X Ae4s A i /D HOR I g5 A5 R, T HLA 2% 75 v 00 mT LA A |
S A it () 2 T 2 R0 UL o SCHRES AR, AN Pt B8 TR AR FR VA VT IR AR 22
Hh 2R #A TRRAE (A R H 04 [29]. P 3.10 a JEASHA PH(210) M i FELAR 55 %2
A ER AR IR ERAR 22 2. AR PH(210) 50 iy HAR IR AUXCRFAE 55 2 R EREA, 41X
HFAEAE W 75 5% o 78 P1(210) L, S AE R HEAL I C AW R Y (181 3.10 @),
XK PY(210) A4 T A7 e % B BB IR, A BUR > (CN = 6), H2sid v,
AW [29]. Hede Pt DU AR 75 Pt 9KERIGMEIAR 2 ih gk (K
3.10b), AR AAERAR AN ©AE Pt PUTRR b 2% A B S BB, 3X 57
Pt(210) i I 1 FRIAT 49 A& S ABAIKD o LA b 45 HL 3B BT 451 Pt 1 DY 1 e i LA s %
B EM T, hefe i mngit, ST HRTEM 45 3 2L
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F (2)
100 |- —— Pt(210) :
- - - Pt(polycrystal)
~ 50+ 4N IV et 5
g :
U 1
<j_ 0 B i_
S~~~ : 4
) N N 2 W i
-100 | -
-0.2 0.0 0.2 0.4 0.6 0.8
100 T T T T

-1007

— Pt tetrahexahedra
= = * Pt nanospheres

-0.2

0.0

0.2 0.4 0.8

E /V (SCE)

0.6

Fig. 3.10 (a) Comparison of cyclic voltammograms (CVs) of (a) bulk Pt(210) and

bulk polycrystalline Pt cleaned by flame and cooled

in air, and (b) Pt

tetrahexahedra and Pt nanospheres on GC surface in 0.5 M H,SO,, scan rate: 50

mV s™.

§3.3 Pt Z+ME AR R~TZH]

Pt DYk A2 v] B 7 e A BRI ) R 4250 . 6] 3.11 a, b, ¢, d J2& 5 AL EE I [A]
354 10, 30, 40, 50 min 15K Pt DU THIA ) SEM K. AT TR 5l
& 53,100, 126, 144 nm. K] 3.11 e NAHNIF Pt — -+ DUTHIAR R A2 o0 AR B, R4 R AR
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W bR AEI 2203 Sk 12%, 10%, 14%, 14%, X3EHH Pt — -1 DU i ok 44 e 384 o
DD T AL BRI 1], AT PSR RS S /NE A DUTHNAR,  H AT TS R B N RLAR G Pt
“APUEAAZ K 20 nm (B 3.12). 5 2~5 nm KL P AL FIAEL, Pt DY THA

(R R AT K o
A (€)

100 nm
10%
126 nm
14%

144 nm
14%

100 200
d/nm

Fig. 3.11 Size control of Pt tetrahexahedra. SEM images of Pt tetrahexahedra grown
at (@) 10, (b) 30, (c) 40 and (d) 50 min. The insets of (a) and (b) is the
high-magnification SEM images to confirm the shape of tetrahexahedron. Scale
bars, 200 nm. (e) Size distribution of Pt tetrahexahedron in a, b, ¢ and d,
respectively.

Fig. 3.12 SEM image of the smallest Pt tetrahexahedra of ~ 20 nm. A nanosphere of
20 nm in diameter is schematically represented by a disc in the rectangular.
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§ 3.4 Pt Z+MmEALEITIERINIBAR

T Pt A DY A AL A F ) 2 2 AR 2 5 2 e B A
HAEEE . Pt A iHA R A R /g0y - SRl it 7 sz, Pt 4K ER
RAHER, A GC MR I b IR oA DU AR . XA RE AT AN G
B, R PEZRE WSO R ? A ARSIk 72 = DY (BRI
T RO ? Dt BATEEE T A DR I AR R, DU T B AR
RSP DL TP

§3.4.1 Pt Z+MEAAR B K TFE

3.13 S IR ALHE IR R Pt AR ER A H AL i) — DU THIA) SEM P, A FE R
(B IR A 5, 20, 30 min. R LLEHY, BEAE 7 s AL i i () (385 0, Pt g oK BRI
VR, R ARk Z . R I MR ATFLIR, Pt - DU AR 8K K

Fig. 3.13 SEM images of Pt nanospheres and tetrahexahedra obtained at different
square-wave time. (a) 5 min, (b) 20 min, (c) 30 min. Scale bars: 200 nm.
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MAKIRAR B DU THIAA, Pt LA R IT R WE 2 AT DU S 3147 L6 S b 72
HIB R TR Pt AR ERYTRR X388 o] LA H R B P - PU {4, 3X L% Pt
A VYA S B EAT B 1) Pt g KEk 2 [a) ()EE B2 ATk 50 um (& 3.14). X AT
REE B AN AT el Pt sl 7AE GC RIMITAZIA R, kA rlae il Pt & 1178
AR IR ORI o Rk, FRATINS 7 U AL B S (R A T 5 0 I R
(ICP) Z3#T. A T HEBR Pt 4HoKER 1] B M H AR I B0V 5 B B P (R s, AT

A& T RAR TP ERREAL (0.60 V, BEES Pt AS R AR PG FIEE R AE A %)
Et (/&1 3.15). 14 3.15 HPAe s 1 i BRRFRA O 1.20 V, RS 2 1Y EBR A7 0.60
V, AL R334 20 mino #4501 o Pt RIREEZ RS 2 H ) 19 £, BT Pt 7E 1.20
VIR AR B IR AR A R, T PE B TR B . DRIk, Pt DY TR
B R A7 B AL, BRI 1,20V, PtyRKERRAES AL, 45 PtIRT
WA, TERCT VR Pt B 1 IR0 HEE s 7 N BRAA7 (-0.10 V), X
S Pt B FHOA IR, 7F GC RME MM ZIFK K.

Fig. 3.14 SEM images of Pt nanostructures after square-wave potential treatment.
(b), (c) and (d) are the magnified SEM image of the rectangular-marked area in (a).
(b) Pt nanospheres; (c) newly grown Pt tetrahexahedra. (b), (c), (d) are of the same
scale bar.
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20+

15+

10+

Cm/au.

0 % 4
Sample 1 Sample 2

Fig. 3.15 Comparison of Pt concentration in the solution after square-wave potential
treatment analyzed by ICP. Sample 1: E,=1.20 V; Sample 2: E,= 0.60 V.

Fig. 3.16 SEM images of Pt tetrahexahedra grown at different upper potential of
square wave. (a) 1.10 V; (b) 1.00 V; (c) 0.90 V; (d) 0.80 V. Scale bars: 200 nm.

JTUR I R EAL XS Pt AR BRI A A A DY A 1) A% - A A RR I 5%
M. [ 3.16 A LRFE I R I -0.10 V AR, B FBR A il #1521 Pt 4Py
IR SEM B (7 S (A5 2 10 Hz, ARFRE A 30 min, ¥ 30 mM AA +0.1
M H;SO4). ¥13.16 a, b, ¢ ) ERR A2 %108 1.10, 1.00, 0.90 V. wJLUEH, R TT
P b BR AT PR, Pt - PUT AR R ETAE /N 76 0.90 V I, %30 W B
Do X BE EBR ARG, Pt gRKERC AR NS, AR Pt B T,
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PRI Pt - DU TR 1 A B D> AR K B st . oK 75 B LA ARk 0.80 V
I, PtAREREEARA R AW M#, 8 GC HUBAR W S A28 A= ki 7 (& 3.16 d).
Woods [30] MAIFFTEN], Pt HIAR/EHAL R T 0.85 V IR R AR, X 5 3ATTM)
S 45 A —BUR

TR WAL BRI RE ey, ¥ U R AR /IR, 3% Sl R CRL A8 R . /b
Fi A2 /ME) Ostwald Ripening SV AH K« BATA KA AR, 2767 N PR
PEI, PSS TGRSR, AR KA T 8 ], BRI /R AR 1 1) A T (dl r/dit)
KL 7 SR [31,32]; R RME5 AN [33], Pt -+ PUMIAA T HELL Pt BR AR
fift. FRHESCHR 33, Komanicky 55 NIHTFTR W], 7RI IHAL T (1.15 V vs. RHE),
T i85 LR AR PH(LLL) R i T PR V5 e d EE AR PR, T 2 T8 Jit 7 B2 57N ) PE(100)
S PY(LL0) T, FH T8 20 W AL, VAR P W AR . H AT BRI G T iR
fie TR v A S AAAT W IF ST, (HERAT T H1(200) S (110) & i ¥4 B L kO v
FREUTTHT, R HI IR 7% 5 L (100) S (L10) dv IR/, 8 v FEAE N 1A ¥ gt dt 5 v AT LA
XK. {hk0} < (110)~(100) < (111).

§3.4.2 Pt Z+ME KB EAHIE

§3.4.2.1 MIFMERHIER

FEAURRL 7 (ARG e, 82— L8Pl IR, i PVP. SRFEER
WlR e . EAIBR TSRS N A, Bl §h RO B, e o T AR AR AR
W, PR S A BTN = DY T A (1] o 75 B ke AR e 2 e
I1Z07E 0.1 M HoSO, L (RIJEHUIAMLAR) BEAT Jripe A BE , 5 ILAE R A I ) A )
SRAT LA AF 25/ (~ 60 nm) Pt —PUTHIA (K] 3.17 @) HM7ELEK P sk 3
I TRNINF,  JU) Pt i A SELABT ) -3 <1007 ARG, AR Rk (] 3.17 b). X
Lo RV PR LR AT B Pt — DU T A RARAS B AL, (BT Ord =+ DY i 44 14
A EEAEH, YU MR T RERBLE Pt 3R, 908 T Pt MDIBURIE, KT
AU O S AR A R s, DLk B8 5 1 4% BRI Pt - DU T 44
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Fig. 3.17 SEM image of Pt nanostructures obtained at different growth time in
ascorbic acid free solution. (a) t = 10 min; (b) t = 30 min.

§3.4.2.2 SHIRERMIX SiEEEmFEER{ER

DY TS T B AT S5 DR AS S AR IR (P R B, e B 5 7 3 LA A O
Ji EBRELAI A 1.20 V, R ER LA N-0.20~-0.10 V, £E 7 FELA it i R e,
Pt e 1hi 2 & A I I AR S, RITAEAE PR TS SR BE B

Furuya %5 [34,35] fFFT T S 1 (1 0B M3t B AN [ P B i T 342 1 45 440 (1 56
2 LRI 4y P A T 28 e K ] PR AU e B S R T 4% D {hkO PR 450
JHIRFAE, 41 Pt(100) S FEBHT dh 1A o HAT PBLOYRHEI R 1H,  Pt(111) S HBHL i
22y AT PHB30)RAE AR, 1T Pt(210) Pt(310)=5 b U RFFAAE . BTl &
¥y Pt — - DYTHI /A& 1H 11{730} {520} {210} {310}45 & i Fel i, H:A {730} F1{520}
AT AT Ak A F {210} S5 {3100 R &5 K 1 /1N S T A A i ), RIS AT TR T B,
SR B BV E A DG o 4807 PR TR PR T AR AR A28 S B R s

FEJT ) ERRFAY. (1.20 V), PtERIIAESRA, TR A AELL R W [30,36]:

Pt+H,0 >PtOH_, +H" +¢ (3.1)
PtOH,, > PtO,, + H" +¢ (3.2)
PtO,, + 2H" - Pt* +H,0 (3.3)
Pt — Pt* + 2e (3.4)

PtO,, + H,0 > PtO,+2H" +2¢°  (3.5)

Hr, PtOHa 5 PtOyq 235 1E Pt LMW N A AR, P IEVTRAN S T, PtOyq tt
g e HAVAE 4 PtOy A] LLIE I 52 W (3.3) A 77 Uik o
TEIT I FBRELAY (=0.20~-0.10 V), KRAELLR id J5 | v

57



JI TR 2 2 A i S TR EUA IS5 A Pty Pd QORAEAL R A2 2 S VERE

PtOH,, +H" +e"— Pt+H,0 (3.6)
PtO,, + 2H" +2¢" > Pt+H,0 (3.7)
PtO, + 4H" + 2" > Pt* + H,0 (3.8)
Pt* +2e > Pt (3.9)

FH T 777 B A T R B At » A2 e 8 (3.1)-(3.9) S S AT o iU 19 (3.1)-(3.5),
7E 1.20 V N Pt 4K ER AL ELAT B2 PR 73R R P, T R (3.9), Pt ]
LIE GC EIRE %, H % al LB PEIRARIHE R Kok, W (3.1)F1(3.2)
Xof R TAEAE P BB, 1T s . (3.6) AT(3.7) X N T4 AE Pt BN o 75 B 45
&, Conway %5 A AAIFIT T AE R WA AE Pt 2R 11 _E IR B m] 43 Sh w3l W B ARTAS T 3 i
Bf, ATEANAERANE PR W, WREAR T (L T=R): ER AR TS
Pt Jf 7R AEACH, BEERENY), XTI SE, 75 1000 N, 2R
P, 2 g MR Ik ) 0 5 fE e B [36-38]

SRR VBTt B 0 AN ] Pt B0 Bt T 3 [T 25 A4 PRI S e AN [R], a] HTAR os & B R s

disturbed
Pt(111)
+ — —
__ Pt(730) Loy & ordered
90+ R 9. 001 SOSRP -
® pt H,0 OH 0]

Fig. 3.18 Schematic illustration of different effect of oxygen adsorption/desorption
on the surface structure of Pt(111) and Pt(730). The dashed line presents the first
layer atoms on the surface.

XM S Furuya %5 [35] #2 HE BRI A0 IR BE BRHAT 4 £ 225 Pt SRt TR
(R T S T A S G, PRLLL) IR THT T IR B 5 (CN = 9), AL H R
R FAERESS, i TRAKI, KA Pt s 7B (BRI R): 44
7 5 7 Sl R 5 0 N A BT /207 0 VA B = 7/ QT SR A 2y
i1 Pr(hkO) Fh 1T, 41 Pt(730), &I 1 HIBCAT ARG (CN = 6), 2] T7ER
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T VR B (B RT SR BE) AT H A B B I AN S SO EL R TR, A S5 A A LR £
[35,39]. BIESE SR SIMENR B B 2501 |, BEMERCUE A7 A5 12 {73055 mda Buii i, if
AT {111}, {10034t ST . I, FEJTBORALAAT T, GC AR IHFTAE K
K] Pt AL 1y {7303 4% vy 45 Kt 1 [ ke () — - DY A o B Arvia 558N [23,24] B
R TT BT, AHAATE AR P RAR, 1T Pt AE Pt HIARER T F oM AER A K
B, o %, Ry 2 AR, R evA A 2 Pt DY iR, i A 1R
FRARTHREN) GC Hibl, Pt 4KK77F GC R ALK J7 300 IR, k% % %
B, Rp 2 BRI N, Wit 2 58 2 1 din g [40,41]

§3.4.3 HIIEWIE

MEL by LA Pt DUTHIAR (s FR s ) TR R A 5T Ji AL AP
SRR o wf DUHEDN, AR Pt 9okER, BT IR PP TS
P APORL, N AT LA ) Pt A PUTH k. AR GC b, 7R 8 Pt (20
UM KoPtCls + 0.1 M H,SO4+ 30 mM AA) T 77 i FETRR, 7% 1K L BR AN T R Ha
R535)48-0.20 V A1 1.20 V, My 10 Hz, JURRFIE]Y 60 min. BTS8Pt 40k
R B DU R R, WK 3.19 a B, o ik ik EBR AR 0.80 V, Uik
) B A T AN 22, 13 B2 T RTEAR I P 4Kk 5~ (1 3.19 b). iX 78
SUF BT 4RI B FH 2 T P e i T AR AR AR S5 DR o 3 i AU T ol 4% Pt
DT AN B TR PR, PR, RS TR e M R A
A T 25 R KR T

Fig. 3.19 SEM image of Pt nanostructures electrodeposited by square-wave
potential in solution of 20 uM KjyPtClg + 0.1 M H,;SO4 + 30 mM AA. (a) Pt
tetrahexahedra, E, = 1.20 V; (b) irregular Pt nanoparticles, E,= 0.80 V.
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§3.4.4 Pt Z+EABRLERFHH—FHRE

§3.4.4.1 Pt PRIKM S A EEXN Z+OEERZ-E KT ME

Fig 3.20 SEM image of Pt tetrahexahedra (small particles) and residual Pt
nanospheres (large particles) after square-wave potential treatment, t=30 min.

Y Pt K BRI A0 35 1.0X 107 ~1.0 X 108 AN em?, 75 GC K IHI W7 25 5 A
5~15%If, LLEATFI T4 Pt DU fA. Pt 4KBRo A BRI, ART
- DUTRIAR I iz -AE K o B 3.20 S 7 i AR EE Pt 42K ER 30 min J& TS0 H B 2 1 PO
fir SEM [&o nLAMER R, 4 Pt GKERIN /AT RATIEN, GC R KmM —
TV AR . ABAL T SEM BT A1 Pt AKIRIG 70 A % JE R (FHARTEAE
Prih), FEREXASXIRIEARRAT Pt DU THAA A B TRATTEGIRIIT T Pt KBk A%
JEE IR R /NI Stk 4 DU [T A A% - AR K (R s

(1) Pt YRR EEIEEKX

3.21 It o3 A B FEAR K I PLARKER (9036 BEZ) 2 6 X 10° Nem®) 14T J7 ik
AbFE 30 min JE 43 2 R T SEM &, FTLALEES], 75 Pt PKERZ A EA —
T DYTHAA A B (H Pt AR BRI AT I — L8/ SR, X8 i R AS - AT = F Y
FOOARTE, AR RALT DU AT TR AL, BOH Pt AURERA Gk, i) T4k
A DYTRAR R EAR o
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Fig 3.21 SEM image of the resultant Pt nanostructures after square-wave potential
treatment of Pt nanospheres with high distribution density, t=30 min.

K 3.22 i PR MR, BPALAE 0.1 M HpSOy4 H X 43 A B 4E 1¥) Pt 4K Bkl
ITTT AR BRI ) SEM I, AT RIS 2], Pt 4K ER W [a) T-28 4 — -+ DU THAAR AR
LA 3.22a 5 b, bRl RILKIARE/N (WTkide < 200 nm) () Pt AKEKEE 538 4 —
T DU AR o

Fig 3.22 SEM image of the resultant Pt nanostructures after square-wave potential
treatment of Pt nanospheres in 0.1 M H,SO,. (a) 15 min; (b) 30 min.

(2) Pt RERRIDHEEIEE /]

M Pt APKERIG AT B B AR /N (O35 FE L0k 1X10° Aem?), 785 3 HA
REERRII, RIS RARE AN - DY IRAR A s (HBER TE K, N DU TR 4
B A A ARG o B 3.23 Dy 3 AT B AR ) Pt 4K BRIEAT T A AR P 60 min
JE i) SEM &, AT EE R, AR TR AR I H — 2 f IR S5 R (1) Pt KA. &1 3.23 ¢, d,
e, £ 235 A AN R A ML SE Pt 4ok AE, T LR AR G5 2 — 1 DY T4 70 v it
FEHT<111>T7 1) ARG B = DY 75 HE TR S R A 3 i, 7E<100> 77 1) JE Rl — A
BRIV HEs W<110>07 mERAMER, RGP R (RIR).
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Pt T DUIAR I R AL B RSP i AT K. fdilse Pt —HDUIHARIN, &
PR IR DU R R BT A AT REAT o KL Y R 2 9/ AR 1 1B
FRRBIARXT AT O 2 PtAPRERI AT BRI ,  FARR IR LT Pt & MR R
%, HUE TR BB SE AR R, DU A b i A PR NI AL S, TRl
PR BRI EEROR, A th iR, AR R I i i, RN KR 6t
TR PR R ST AL, AR N TR, R IE T K
AT ARG o T J7 B AL A IR N, S8 PR e B F 45
SATLNKOY b A REASE A A, IAAEARIR S A 15 2 /s — A DU TR AR (1 AR

Fig 3.23 SEM image of flower-like structures obtained from square-wave potential
treatment of Pt nanospheres with low density, E;=—0.20, E,=1.20 V, t=60 min.

K Pt gl K IRk 127 B 5k /D 5 AR B Pt = DU TR IR ok 25 B, AT LLYR S
UL O AR AE K s, AR DY AR T AN AR S50 o g 7 B
PR FEAY FH-0.20 V 50N —-0.10 V, 1 DAJ/D ik % 1, A4 20 TEAR 58361 Pt — DU 44 .
§3.4.4.2 KBFE) AR AL IR 3T PS8R B =2 M

71 § 3.3 R, fE—EMIT A (W1<60 min), 7] L4565 A B
(AR Pt - DYTHAR I AR . (R Pt AKERIE N 77 B AL IS TR G, ) Pt
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Fig 3.24 SEM image of the resultant flower-like structure after two hours of
square-wave potential treatment. (E;=—0.20 V, E;,=1.20 V, =10 Hz, t=2 h)
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Fig 3.25 SEM image of the transformation of Pt tetrahexahedron to flower-like
structure.
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