View metadata, citation and similar papers at core.ac.uk brought to you by ;{ CORE

provided by Xiamen University Institutional Repository

2R Yig: 10384 7RE %

2 2. 20520120153523 uUDC

B R}
m + % i w X

B AR R R E R MR E 4B
RS

Micro/Nanoelectrodes technique and Its Applications in

Surface diffusion

I3

BFEHTFHLE: B R FHEHR

A g
+ ¥ & M R K F
BXRXAM: 201545 9 A
WX EFFE: 2015 9 A
FARFAM: 2016 F A

ERERESER:
PO A

20154E 9 H


https://core.ac.uk/display/84989679?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




BiIRFEZMIL X FE SRR

ANEZZ WAL R SCRARNAE TR T R, IhOL5E IR TR -
ARNAERLGEF S HADN KBS R D2 R R AT TR, BIFESC
o DA =07 U R AR I, SR RF SR (T TR0 AR 22 RS

BITE GRATODo

AL, ZEFEALRION ( ) PR
(4D KW FURER, &G ( ) URE (4D & hEise
RERBEE, £ ( ) SIS = SE . (HEU FFES A

PR e R 11 57 N BRI A TR, R LA A A, AT R
AMEREA )

FIAN (8542):






B IXFEFAIR I EEUE R F A

AN R R E TR AR (bt N RS 267 25 8 AT S 706D
SR E DR B ANAE LS A28 00, I 1) 18 8 1 T B R B WU IEAE AL
Wi CEFRAUR AR T AR, RV SO R TR B 0 &
FOHE PR A B A 1) o A8 N RN R TR S R 20 SO 4 [ et
il = 2 A8 10 SO B B R AT R R, R AR S A RN 4
D iR, SR FIRCED . 4 Enel e 07 G B R H A 3.

RN SE T

( ) L ARETRPIRE DR o W B MR B AR 3,
i FOH BFEE, W RE N B

( ) 2. ARE, EH BRI

CEAELL EAH NSRS NET “ v 7 BUH BRI NS . PREF 2R L
NE OB TRFIRE R B w AR, REETTRZFAIRE
Z IS WAL LI AT AR S . B IR ANHE |, BROA
NATFHEIR S, Y& FIR AL

Eﬂ
(3

Sﬂ

FAN (3542):
£ A H






H &

B B ettt |
ADSTFACT. ... e i
g = s OO 1
11 FEEERARBEIR (..o e 1
O A EER e S il K RO 1
112 FHANEAIIZRIE oot 8
1.1.3 TN EAR IS P RS oo 11

1.2 BRI B oo 18
1.2.1 BT HIEIR .oooooeeeeeeeee s 18
1.2.2 RIMT BRBIMETTE oo 21
1.3COBBUZEEURBIMZTIER oo, 27
1.3.1 Pt HEAR I CO BAMUIE oo s 27
1.3.2 Pt BB BB B = COuds FALBN T FARRL L, 28
1.3.3 Pt HiAl | COuds FMH BUREAIIE oo 31

1.4 AT EBIFIIEIR oo 31
BETTBR oo 33
B LI EBaT oo 51
2.0 R R T S R .o, 51
2.1.1 HEZEART oo 51
2.1.2 SEUGHEM IR oo 52

2.2 ARSI EE R e 53
2.2.1 P-2000 BIEFLHIL 1ovvoveecesereceee et 53
2.2.2 BV-10 B EEAZIITEL covvoeveeeee e 54
2.2.3 EG-400 FEANBEEF X ovvvvveeieieiecece s 54

2.3 BRI ALERIUEE oo 55



2.3.1 UGN FEARRAE FEAT . .ooovo s 55
2.3.2 i B P BRI oo 56
2.3.3 SUZBEEETE IR E R cooo v 57
2.3.4 FEALEE TAESE oo 57
2.4 FRIEALBR ..o 58
241 EAHEIBE oo 58
2.4.2 FHE T IEAEL oo 59
SRR L i OO 59
2.5.1 B BLLIITEVETT I oo 59
2.5.2 AR AN B S B IILIETE J7V oot 59
2.5.3 HEMAITIALIE 775 e 60
2.5.4 AL SZIG TTVE oot 60
2.5.5 SEM HHFETTTE: 1ot 60
2.5.6 DT EAEIL T 3 oo 61
BEETTBR oo 61
EoEF WNEBERBIBIEERIE ... oo, 63
35 1 =SOSR U RO T TP 63
3.2 P-2000 BASERIBEILATER ..cooooeoeeeeeeeeeeee e 64
B2 L FEA AN o 64
B22 TEFBEII D oot 66
3.3 ERPAKERAVBIBIZIRIE ..o 69
B3 L AT o 69
3.3.2 P-2000 Z- s B B K BRI REII oo 72
3.3.3 BRI oo 76
3.4 ERBAKERAIBIBEIZIRIE ..o 82
341 FEALIITE oo 82
3.4.2 P-2000 BOEHIIHALIFE (ooovioeeeee et 85
3.5 AREEING ..o 88
BEETTHR.....coooooveeecece 88



H x

BT JRBRERMIFHREYT BITAMRRHORA............ 93
BRI covveveeeesesse et 93
4.2 SEWFTERAERIZERT ..oooooooeoeeeeeeeeeeeeeee e 95
4.3 Oags T Au ZAKEEAR EREY BITHMAR. ..o, 99

431 R BRBTIIE covvoeeeeeeeeeeeeeeeeeeeeeeeeeeee e 99
4.3.2 FRHT IR LI BEHIITE oo 104
4.4 OHags £ Pt AREAR EREY BUTHATAR .o, 107
4.4.1 RIT HURBIMIE oo 107
4.4.2 FERTIE T BAEALBEBTIUTE oo 110
4.5 SEIEEETRITEN oo 113
4.5.1 ZHAK HEARANE FRST Bl BRI BT IR L 113
4.5.2 IR RSB PR R T AT AT T s 115
4.6 UPD Pb £ Au KR EREH BARBRIME ..o, 116
BT BBEINGE .....ooooeee e 118
e g~ VTR 119

BHE WMEBRE COBUEFUNEMRPHEA ... 125
T - 1= 125
5.2 COuds IRHHRZRIEIE IR ... 127
5.3 COags ZEIFEEE 10 um Pt AR ERSHBHITAMR oo 127

5.3.1 R R I P TR BV 5 S X COuas ¥ HAT M BIREI oo 127
5.3.2 COuds "B BRI TEDX LV EHAT A HIFEIM oo 131
5.3.3 HL LI ZEI BN COuds VA AT AIIFEM .ccooooeceens 132
5.3.4 COuds V& I AR ZZ AR WEJE I 0T oo, 135
5.3.5 AT FEIRIEATF T COuds T AT N oveeecieseeeeee e 139
5.4 COats BB HITREI IR .cooooe e 140
5.4.1 Tafel BHR KB 1T T oo 140
5.4.2 FNTEBETLIE N oo 142
5.4.3 COuds ¥ B FTZEHWDBAEIUZE B oo 144



H x

SR = 7 TSSOSO 147
=l TR SRRSRRRRRN 148
e =i U= - 153
Lo s vl = ¥ - TSSOSO 153
(ST === - SRS 154
6.2.1 78 5 & e FLAh IR A R I BT AT e 154
6.2.2 TN EEAK 2 TV G T AR TGS B oot 154
B8.2.3 AN K N R T B oottt e e 155
vl N SR SRRRRRRR 158
TEBRIB) R BRI N oo 161
B BB e e 163



Content

Content

AN o XS] o - Te1 0 | IO a1 =TT |
Abstract iIN ENGLISN ......ocooii e 11
Chapter 1 INtrodUCTION..........cooiiiecic e 1
1.1 Introduction of Micro and Nanoelectrodes. ..........ooovvvveeeeei 1
1.1.1 Classification and Fabrication Methods of Micro and Nanoelectrodes........ 1
1.1.2 Characterization of Micro and Nanoelectrodes .........ocovvveii 8
1.1.3 Features and Applications of Micro and Nanoelectrodes ............ccccccuvene. 11

1.2 SUIface DIiffUSION ..o 18
1.2.1 Introduction of Surface DiffUuSiON ...ccco. i, 18
1.2.2 Measurement Methods of Surface Diffusion Coefficient...........cccccovenn.. 21

1.3 Research Progress of CO Electrochemical Oxidation ...............cccccvevviiennnn 27
1.3.1 Mechanism of CO Oxidation on Pt Electrodes.........cooovvveeeeeiii 27
1.3.2 Kinetics Models of COa4s Monolayer Oxidation on Pt Electrodes............. 28

1.3.3 Measurements of COags Surface Diffusion Coefficient on Pt Electrodes ...31

1.4 The Obectives anf Plan of This TReSIS ..o, 31
RETEIEINCES ...ttt 33
Chapter 2 Experimental SECtion ........cccocvviviiiiie e 51
2.1 Reagents and MaterialS .........cccccveiiiiiiiiie e 51
2.1.1 Chemical REAGENIS. ........oiiiiiiiieieiee e 51
2.1.2 Experimental Materials and ItS PUIPOSES..........cccveiiieiiieeiie e 52
2.2 Apparatus for Micro and Nanoelectrodes............ccoceovvvireininciseneceee, 53
2.2.1 P-2000 LaSer PUHIET ..o 53
2.2.2 BV-10 Microelectrode BEVEIET .........cccoovieiiiiiiiinieeese s 54
2.2.3 EG-400 MICro GIINET ......ccuiiiiiiiiieieieie e 54
2.3 Electrochemical Cells and Apparatus ...........cccevvieeiieeieeie e 55



Content

2.3.1 The Electrochemical Cell for Characterization of Micro and Nanoelectrodes

.......................................................................................................... 55
2.3.2 Single Room Electrochemical Cell.........cccoovoiiiiiiiniiie e 56
2.3.3 Constant Temperature Electrochemical Cell .........c.cccoooeiviiiiieiiciece, 57
2.3.4 Electrochemical WOrKStation ..o 57
2.4 Characterization INStrUMENTS.........ccocoiiiiiicee e 58
2.4.1 Metallographic MICIOSCOPE .......couveuieieieiiesie sttt 58
2.4.2 Scanning EICtron MICIOSCOPE ......covveveiieiieeiie e st esie e cie et 59
2.5 EXPeriment MethOdS ........c.ooiiiiiiiieee s 59
2.5.1 Metal Wire Cleaning Methods ...........cccooveiieiiiiciis i 59
2.5.2 Electrochemical Cells and Glasswares Cleaning Methods............c..cccce..... 59
2.5.3 Electrodes Pretreatment Methods ...t 60
2.5.4 Conventional Electrochemical Methods ............ccooviiiiiiniiieeees 60
2.5.5 SEM Sample Preparation Methods...........cccevviieiieii i 60
2.5.6 Platform for SIMUIATION ...t 61
RETEIBNCES ... s 61
Chapter 3 Fabrication and Characteriazition of Micro and
NANOEIECTIOUES ... 63
B L INEFOAUCTION ..ot 63
3.2 Introduction of P-2000 Laser PUller............coeiiiiiiiiic e, 64
3.2.1 BaSIC INTrOJUCTION ......viiiiiiiiieiieie e 64
3.2.2 Introduction of Program Parameters..........cccecveeveeiieeiieesie e 66
3.3 Fabrication and Characteriazition of Metal Nanoelectrodes ...................... 69
3.3.1 FabIICAtION STEPS....cviiiiiiiie ittt 69

3.3.2 The Influence of Program Parameters on Fabrication of Nanoelectrodes..72

3.3.3 Characteriazition of NanOEleCtrOUES .......cevveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 76
3.4 Fabrication and Characteriazition of Metal Microelectrodes ..................... 82
3.4.1 Epoxy Coating Methods ..........ccceoriiiiiiie e 82

vi



Content

3.4.2 P-2000 Laser Heating Coating Methods..........cccccvveiiiieiieniee e 85
B D CONCIUSIONS ...t e e e e et e e et e e e e e e e e e e eeaeeeeans 88
R O EINCES ... 88

Chapter 4 The Application of Nanoelectrodes in The Study of Surface

Diffusion of AdSOIDALES .........cooiiiiiiiiie e 93
4.1 INTFOTUCTION ...t 93
4.2 Experimental Methods and Model Establishment.............c.cccco e, 95
4.3 Surface Diffusion of Oads along Au Nanoelectrodes.............c.cccoviivniiniieinnnn, 99

4.3.1 Measurement of Surface Diffusion Coefficient.............ccccooveviiniicinnnn 99
4.3.2 Measurement of Pre-exponential Factor and Activation Energy............... 104
4.4 Surface Diffusion of OHads along Pt Nanoelectrodes............c.ccoovveiivenennen. 107
4.4.1 Measurement of Surface Diffusion Coefficient...........ccccoeveiiiiiinnnn, 107
4.4.2 Measurement of Pre-exponential Factor and Activation Energy .............. 110
4.5 RESUITS ANGIYSIS ....cuviiviiiiieiiire ettt re e nre s 113

4.5.1 Comparison of Surface Diffusion on Nanoelectrodes and Macroelectrodes

........................................................................................................ 113
4.5.2 Distinction of Leakage and Surface Diffusion.............ccocoviniiinnenennn, 115
4.6 Measurement of Surface Diffusion Coefficient of UPD Pb along Au

NANOEBIECTIOUES ...ttt e st e see e nreeneeenes 116
4.7 CONCIUSIONS ...ttt sttt ettt et e bbb e b e ne e e e 118
R E] {1 =] [0TSR 119

Chapter 5 The Application of Microelectrodes in the Study of CO
Electrochemical Oxidation Kinetics...........cccovvveviiniiiniiin e 125
5.1 INEFOAUCTION ...ttt r e e 125
5.2 Steps of COads Stripping Voltammetric EXperiment...........ccccccvvevvivennenn, 127
5.3 Study of COads Stripping on 10pm Epoxy Coated Pt Electrode................. 127

5.3.1 Regulation of Electroactive Area and Its Influence on COags Stripping ... 127

vii



Content

5.3.2 The Influence of Adsorption Time on COads StrPPING ......ccvvvrvrveeennee. 131
5.3.3 The Influence of Coating Material on COads Stripping.......c.ccoevvvvrvereennn. 132
5.3.4 Analysis of the Origin of Multiple Peaks in COags Stripping Voltammograms

........................................................................................................ 135

5.3.5 Study of COags Stripping by Chronoamperometry...........c.ccocevvvvvrveeennen. 139
5.4 Kinetics Analysis of COads StFIPPING ....ccerviiiriiiniiinieie e 140
5.4.1 Analysis of the Tafel Slope and Kinetics Theory..........c.cccccoenivniiiiiiinns 140
5.4.2 Kinetics Model EstabliShment ..., 142
5.4.3 Preliminary Kinetics Simulation Results of COags Stripping............c....... 144
5.5 CONCIUSIONS ..ottt bbbt 147
RETEIEINCES ... bbb 148
Chapter 6 Summary and ProSPect ..........ccccoveiveiiienieeieenee e see s, 153
5.1 SUMIMAIY ...ttt ettt e st e e s bb e e e be e e nnbeeesnbeeeas 153
0.2 PrOSPECT ...ttt 154

6.2.1 The Influence of Coverage and Other Adsorbates on Surface Diffusion..154

6.2.2 Combination of Micro and Nanoelectrochemical Methods with Spectroscopy

TECNNIGUE ..ot 154

6.2.3 Future Directions of Nanoelectrodes ........ooovvvveeeeeee 155

R B BN S .. oo 158
Publications during Ph.D Study ........cccccoceiiiiiiivicie e 161
ACKNOWIEAGEMENTS ....veciiiciieee et e 163

viii



S

R

“TRMMY B, MIERAEL” —5 M« RSN Ry BUE AR
TR T BRI 7T 2 —, FERERATRL . A2 T ANFR B (R4 45V 2 5 B 45Uk
PHE o HER A,

EIRHAT O 2L 7 208 LR RE S R R A B U B R R S
TR MY WU S8 T5% . SRR AL 22 J e, 6 R AR R T B B 0 S T
AR TR AL S P2 B e EARAR R B o S ARy B AL 24T
SR T R T B g P 22 ) RO T 239, AT VR 22 28 RS Bt B JEvk B
R ISR ANE RN Fa Al B R ARTE NS, B Qi B R 1 R i 9

ARV SE F A R B B 22 Pl e Al S B 5 9 DAL Sk 7 v ) 22 LA
R——ARE R Oads A1 OHaas 7353 7E Au Fl Pt YK MR b AR I 5T N
TEWT TR 2 o S S b N5 P AW R T PR PP b 2 T 7 S AR B & R 7 5
%o JFfEIEEE A b, WEFT Pt RoRAR B AR T O AR AR T OB, B COuds
EACHIBN 15247 9, itk COus AL B S i R SR B S0 AR YR . 122
DN EE S

1. SRHBOGRH 7RSI Aus Pt K HIAR . 3@id RGRE 58 i i 220
XK RN S S B S DU, A3 BB Aus Pt AR RES . ik
hEWIEH] 900 LA £, HARAEAR R /NE 10 nm. BIAREIDEE R TR R 2%,
R B PR ORI 2 O H R AT PO R AL, RN n] S S Nl 77 22 2 A
5E o fEH] SEM X FAR IS S RS REATRAL, AL g2 FEARAE H2SOu ¥
RS S EDR FAR I BB S DL AT Pl . G5 RRW], EIZJEMBHECT, B
il 2 15 2 B R ORI A LK

2. KW AQE R LK AR SR 7 HAN 10 um [ Au. Pt IR
AR EARDY 125 um ) Ag K. ARSIl druksR 808 LRGSR
SRR, MOTIES SR AR RAF. [, 227 PLSOG B R B 22 /R Jy i
VR TN Bt < e 22 O P AR R 4 T i DV T o, BT R B

3y EENL T AR G OK AN T A e B TR B e S AR R T S A
SR HIC R (0 R AR B O s B X T IR AR 5. A8 TS R I



S

EENFEBEE (Q) SHEM A pz—kI (v¥2) MEHXR. JEETRIE
BRZRMEC R, TR T 9K HAR b B R R T B R A AE

4. RS, MRAEIENER R, 193] Ouws 7£ Au GKHAR IR K
FAHUN Doadsiau = (5.3820.91) <102 cm?/s, OHags 7E Pt #K B R T BUREL
N DoHadsipt = (5.6821.75) <100 em?/s. I H., ik X} Au 9K AR /R AL Ph
JRF IR BUR BT IR, 53 LR BURECN(4.31742.614) <10 em?/s,
ML T 7 VE @ . ARYE Arrhenius 56 28, 38 e B AN [R)R 8 1 A & i
PHARE, 35 Ows 7€ Au KMk BRI BUNFEATH T Do by 1.8 x 107
cm?/s, JEALRE AEqit 9 43.81 ki/mol. OHads 7E Pt 442K HIAR 122 [ 501 48 11 51
Do N 1.61x107 cm?/s, JEALAE AEdis v 13.67 ki/mol. X825 (1) 5 v BT 5T H
fEfh (Flhn CO LA KHTBIT RN 2%

5. MRAEAIE, 193] T 90K Ak i) B SRR B 1 RE, B AR A T AR 1k
P B R I B sz L ) P PE T AR S5 LTI AR A LB . 25 SRR, AR RS,
RF BROK, 6 F AR /N 5 IRV % . DALk, b5V e S m] O Aok A
FLSETHIAR M RAESR At — ZB I B 2%

6 =TIy A b AT 30 S TR PRV S R B e 2 [X 3 5 PG /L 22
T () R THT 7 5 DX 34340 B AU i, GV AR ik . T B I DL R PR TG AL 1
J7i55%F COuts fEELTEA 10 um ML E Pt il b (0 A LE H 3h 2t fR il AT
THBEEI W AR 2 P B AL T B IR 50 0y 22— IROT AR
UL S HL N TR 2R R IR, AESE T COugs fE 2 i Pt AR F AL 3]
DI R AEAER Y WAT Jy, HRIY SR 508 . @A R o, ¥
A3 COugs IR HURHCH 1X1012 cms,

OCHETA]: AN RIEY G RIS COuts AL



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



