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Abstract

Abstract

Glycine is the simplest structural block of protein and the smallest amino acid
molecule. A better understanding of adsorption and oxidation properties of amino acid
on electrode surfaces is of significant importance to elucidate the mechanism of
complex metal-protein interaction, and to explore fundamental of interaction of
different functional groups (-COOH, -NH,, -CHx, -OH, etc.) with electrocatalytic
surfaces as well.

The adsorption and oxidation of cyanide, glycine and serine on Au electrodes of
different structures in alkaline solutions were studied using cyclic voltammetry (CV),
in situ FTIR spectroscopy (in situ FTIRS) and electrochemical quartz crystal
microbalance (EQCM). The main results are listed below.

1. It has revealed that the electrodeposited nanostructured thin film of Au
electrodes (nm-Au/GC) exhibit abnormal infrared effects (AIREs) for CN™ adsorption,
which manifested 3 anomalous IR spectral features: the inversion of the IR band
direction, the enhancement of IR absorption and the increase in the FWHM (full
width at half maximum) of IR band. The study has extended the AIREs from Pt group
and Fe group metals to coinage metal. Furthermore, the enhancement of IR absorption
for CN™ has increased significantly the sensitivity of determination of the interaction
of amino acid with electrode surface.

2. It has developed the knowledge concerning the reaction mechanism of amino
acids. The C-C bond of glycine and serine can be broken at low potential (-0.8 V).
The CN g species which derived from -CHxNH, group are stable on Au electrodes in
the potential region from -0.8 to 0.0 V, and can be oxidized to cyanate (OCN), and
concomitantly, Au was oxidized to aurous cyanide (AuCN) and aurous di-cyanide
(Au(CN),) species. The formation of Au(CN), anions may initiate a dissolution of
Au(111) surface atoms, which has been confirmed by a loss of surface mass
determined in EQCM studies. The -COO" or -CH,OH group was oxidized to CO,
(HCO3 and COz%).

3. It has found that the Au(111) electrode exhibited a much higher activity than



Abstract

the polycrystalline Au electrode for the oxidation of glycine and serine. The high
electrocatalytic activity was promoted by the adsorption of OH" species and attributed
to the orderly arrangement of adsorbed OH species on Au (111) .

The results obtained in this thesis have revealed the surface structure of Au
electrocatalysts and their properties, and have thrown a light on elucidating the
interaction mechanism of amino acid molecules with Au surfaces at molecule level.
The current studies are also of importance in electrocatalysis, medication and

bio-sensors applications.

Keywords: Au electrode; Amino acids; Adsorption and oxidation; EQCM; in situ

FTIRS



H %

B S e I
Abstract.......... I
B I e, 1
§81-1 B RERIFEIR e, 1
812 SBRBEREBMFMBEUMAR. .., 1
§1-3 CN-BYIR RN T AR R e 3
§1-4 EQCM#ZARTERMAEMAFMBELPILA.. ..., 7
§1-4-1 EQCM 7EHBRAR TR BT IR FH o 7
§1-4-2 EQCM 7r& @ R WA TR Ui N .. 8
§1-4-3 EQCM ZEH B T THIKII o eeeeeeeeeeeeeeeee 8
§1-4-4 EQCM HH B AR ..o 8

§81-5 EEBSIE R R .., 9

81-5-1 EEBRAIE AR ..o 9
81-5-2 REBEFEMRS TFHBEAFWRMIESEHHAR........................10

81-6 ISR EHBIE IR 14
B I R e 16

$-% % B

§ 2-1 ATt e 25
§2-2 BALEIR R 25
§2-2-1  HLBH e oo 25
§2-2-2  HMTL. .o 27
§2-2-3 A e 27
§2-3 HUZFEMFTIR AT ... 29
§2-3-1 ZLAMHMEM ... 29

§ 2-3-2 L AN e 29



H %

§2-3-3  JRAL FTIR A o 29
§2-3-4 ZLAMEIM. ... 32
§2-4 B FRERIRBIERT ..o 32
§2-5-1  FEAJEHL ..ot 32
§ 2-5-2  HMR A FEMRIIAIE ..o, 33
BEZETTMR ..o 35
=5 SHBRECNRMBEMFTIREIEFIEQCMBE. ... 36
§3-1 FRMEARMR Au B EBTEIRMRRIAR ... 37
§3-2 BRMIZE nm-Au/GC AR ERIEIMARIR ... 41
§3-2-1 nm-AU/GC FEARIPIHI A FIRAE ..o 41
§3-2-2 nm-Au/GC Hil b ANAT 30 B IR MR LT 42
§3-3 nm-Au/GC AR A AT IR M & A RS LTSN R G B R .. 43
§3-4 Au R ERAEIRME A EQCM BT .o 49
R BN 53
BEZETTMR ..o 54

FNE HRBRESRREBERMAMELREFAR.........oo BT

§84-1 WHENRPEHIERAE Au(L1) BN EBEIMARIAR. ..o 57
§4-2 WM RPHRBRE Au(111) B AR EIRMIFNE LB RAL FTIR #5R......60
§4-3 WHENRPEHIERAE Au(L11)BEHR ER EQCM FIZE....ooe, 66
84-4 TN R EHEERE nm-Au/GC BR EBITEIRMALFREALFTIR #3%..69
84-4-1 MNP HZ A nm-Au/GC HLRE L IIEIRR L RAE. ... 69
§4-4-2  H2RAE nm-Au/GC HLIK B BRAL FTIRBEIE. ..o, 70
§4-5 HEBRAEARNRPBIWMFAEUIR. ..o 75
§4-5-1 HERAEAFN T IIEIMR LTI oo 75
§4-5-2  HEREMRFN T EQCM BT .o, 78
RN 80

B N e e e 81



H %

ERE 4FRAESHEREMBEERMMSETERR. 83
§5-1 £ RERTE Au % @0 Au(111) BB AR E R B AN S LS IR IEIMA R AR 5R...83
§5-2 £ FELTE Au(111) BB AR LR MIFNE AL BYRAL FTIR EiERF R ... 86
§5-3 N P £ RERTE Au(LID) IR ERY EQCM SR ... 94
§5-4 A[E Au BB E4 | BRI RER b 9T
RN 97

B I R 99

B 100

EBBURM B A RS ZHBILI oo, 101

B 104



Table of contents

Table of Contents
ADSTFAaCE 1N CINESE. .. ee e e e, I

Abstract in English..........ccoooiiiiii el

Chapter 1 IntroducCtion.............coeiiiii i 1
81-1 Preface of electrochemical surface science................coovveiiiiiininnnnns 1
81-2 Electrochemistry and electrocatalysis of metal single crystal surfaces......1

81-3 Adsorption and oxidation of cyanide.................ccoiviii i3
81-4 Applications of EQCM in electrochemistry of metal surface and
BlECtrOCAtalYSIS. ... ettt 7
81-4-1 Applications of EQCM in surface adsorption.............cccovevvennnnn
81-4-2 Applications of EQCM in UPD and dissociation.................c.......... 8
§1-4-3 Other applications of EQCM............cocoviviiiiiiiiiiiiiiiee e eenennl8

§1-4-4 Combination of EQCM with other techniques................cccccveene.e. 8

81-5 Properties and progress studies of amino acids..............ccoevviiiieinnnen. 9

81-5-1 Properties 0f @min0 aCidS.........c.ovuiieie e e 9

81-5-2 electrochemical adsorption and oxidation of simple amino acids...... 10

81-6 Objectives and plans of this thesis..............cooi i 14
RO I ENICE. ..o e 16
Chapter 2 Experimental.............cccoiiiiiiiiiiii e, 25
§ 2-1 REAGENES. ... et ettt e e e e 25

§ 2-2 Electrochemical systems..............ccoceviiiiiiiii i e a0, 25
§ 2-2-1EIECHIOUES .. .o ettt et et e e e 25
§ 2-2-2 Electrochemical cell.............coovviiiiiii 027
§ 2-2-3 Electrochemical apparatus.............ccoeeveeveniiiineeeenieieeeanannnnn 27

§ 2-3 Electrochemical in situ FTIR SPECtroSCOPY.........vveueriirieneiiiininnennn. 29



Table of contents

§2-3-1INSItUFTIRS Cell..u.vieiii e, 29
§ 2-3-2 In situ FTIRS @pparatus...........cc.oevuevuvnvnernernesnssnnsnennnnsn. 29
§2-3-3INSIHUFTIRS. ..ot e e a0 29

§ 2-3-4 Transmission IR Cell..........covviiiiie e, 32
§ 2-4 Electrochemical quartz crystal microbalance................................. 32
§ 2-5-1 Principal of EQCM.........coiiiiiiiiiii e, 32

§ 2-5-2 Electrode and cell 0f EQCM.........covveiiiiiiiie e eeiieen.33

RTINS . .. o et e e e e 35

Chapter 3 Adsorption and oxidation of CN- on Au electrode using in

situ FTIR spectroscopy and EQCM..............................36

83-1 CV features of CN" adsorption on bulk Au electrode.......................... 37
83-2 CV features of CN™ adsorption on nm-Au/GC electrode....................... 41
83-2-1 Preparation and CV characterization of nm-Au/GC electrode.......... 41

83-2-2 CV features of irreversible adsorption of CN™ on nm-Au/GC
BlECHIOE. ... e 42

83-3 In situ FTIRS of irreversible adsorption of CN" on nm-Au/GC
BIECEIOTE. .ot a0 A3
83-4 EQCM studies for irreversible adsorption of CN™...........ccccoviiiin. 49
A1 1101010 = Y2 PPN o X

R (=] 2] [ T 54

Chapter 4 Dissociation and adsorption of glycine on Au

BlECtrOe. .. e BT

84-1 CV features of glycine on Au(111) electrode in alkaline solution........... 57

84-2 Adsorption and oxidation of glycine on Au(111) electrode using in situ
FTIRS inalkaline solution.............ooooii i e, 60

84-3 EQCM studies of glycine on Au(111) electrode in alkaline solution....... 66



Table of contents

84-4 CV features and in situ FTIRS of glycine on nm-Au/GC electrode in

alkaling SOIULION...... i e, 69
84-4-1 CV features of glycine on nm-Au/GC electrode in alkaline solution......69

84-4-2 In situ FTIRS of glycine on nm-Au/GC electrode in alkaline solution...70

84-5 Adsorption and oxidation of glycine in different pH solutions.............. 75
84-5-1 CV features of glycine in different pH solutions............................. 75
84-5-2 EQCM studies of glycine in different pH solutions......................... 78

SUMII A Y e e e e e e e e e 80

RETEIENCE. ... et e 81

Chapter 4 Dissociation and adsorption of serine on Au

RleCtrOde.. ... .83

85-1 CV features of adsorption and oxidation of serine on poly-Au and Au(111)
12T o8 0[PP -
85-2 Adsorption and oxidation of serine on poly-Au and Au(111) electrodes

using iNSitU TIRS......ooi i e e i e0nn. 80

85-3 EQCM studies of serine on Au(111) electrode.............ccvivivineiinnn. 94
85-4 Comparison of different Au electrodes upon oxidation of serine .......... 97
SUIMIMAIY . et e e e e e e et e e e e et ettt e et e e e e eaes 97
RO O ENCE. ..o 99
CONCIUSIONS...... it e e e e e, 100

Publications list during M.S. study.............ccoooeiiii e 101

ACKNOWIEdgemMEeNtS.........coiiii i 00, 104



A

B i

§1-1 HU4ZEREFZFHELE

PR AL 2 T — AN T4 57, WSO T SRR B T SR RIS
JL AT — T TR . 20 AL 70 AEARLL, sk 1B A 7 ) KR
— 7T AL 55 R R R A SRR T R, Bl i fye . PR, R p
G L AT T T A MR OO . MR 15 5 A4 T
TRV 8+ NATT T 45 ol 5 3 T B A b 3 AT 45 o 0 A0 i s
e i) A R PR R 78 MOUL 2 RN 43 7K T PR 2R T 2 T 5 R R I % 2
HLET . AL AE R SR A2 K — AN TN 32, 7L T CRUBR T AL S,
Aelf. MPBE FRRRIVE ARl S U PR S T A 6, 18 ARBIERIFU A
A 308 R DAL

e A2 BT 907 12 1 LU S A AR I B, S . L
ISR M | VR T S K . AL RSN B ) 2 MR A B BARIX L
5 AT v R A E R W 2, e LUK ) T4 22— 2 R e, (R0
T AR R TRIERE S . M TEIRN, AR LR | B
I FRL B T £ 4% PP 18015 B, 20 120 60 4FAR T A K JREAR K 11 S A57 e i Ak
MR, R R (BEANAT UV-vis. F 1894 2 B SERS . £0AMEIEIR
sy LAl T A s ST T 1 LA 2 SN HEAT I ) I PR | i
TEIERL R, FRES TR B, 80 ARARARFIb 1 L AksE (STMD HiARIM
RN PR A S22 W) SR g p i 2 T4 R o T D). Eah, JLE ik HoR
PO BALE S (DEMS). HLFREIEIRE (ESR) A5t iR 4k 17 P 51 [ | v 57 1 1
JEREBFE, AOAAL T X HAk 2 2 T LR B it R KA, 1T FL R T 3%
T FRLA 2 2 1 PR

§1-2 EEBBEREBELFMBEELHAR

< R T HAT IR R R, R R A AR AR CRrAt Ll
AL S SRR SEAR BRI, LA R T IR is
S R T IS, IR G5 2 DO PR I S M ol . R TRCA

1



BRI 2A i 3 BRI A 0 R R A AN [R) 45 ) < PR AR M AN S A A

AR B A S S FE A A . s b, &) S ANV TR
FA 27 R v G54 S AR (T, B0 B R A T 0o & i 11871 &5
PR T A2 SO, U D) ML SO ST, SRAS R T 250 55 S S 1
IR RS, TIHE T SEBR R COEN s AR B T R i S s LA AL,
HIAED o

MR~ 2 4 ok S AR IE 2 (R SCIE SCAE FE A0 A B gt MY, n 7 1-1
Fizre WTLAER], 1990 4FLARTREFE R R IR ST U, 5 1991 FFERIE S 143
R, BHJG JUSEP R EEREE R R 150 RiZiAT, M 1995 SEFFARMIRF SR P K, 3]
2005 5 341 fo AT LUREUCR X — KR A =AM B

BB ARG R I R IR, IRAR G SIS R A 10 B
M R E L A 20 4D 80 fEAR, TEANEL TR AR AL -8 S 304 (EC-UHV)
R HARIT P, SRR FATSHE (LEED) 7E{8] 5) 4% 1) WL 5% B i i b 26 1] Jit
THEB S5 K J AR o 22 R K Clavilier5U 511 80 41 A2 B 1 4 Ja8 B 14
KIGREIR SR TTiE, DR R T AR A Bt AR AR PR s IR P& tty
FNTCV B T A O v 3L, AWK O AERS) T 8 B 1A A7 3 45 K0 J 2 T Je i F
T 1) A R0 S FH A5

BB 1990 AFELUS RSO S KRR N, I OREOH R BUR = AN 1
(D FIHHRE GRS (STML AFMD 4 8 FH Fpb 2 S Js e et o7, DRI
CARMERAALEIAR, WA A SRR (EQCMD . U . G4
% (NMRO . 377 J XU S RSOt g A 45 F R A e P Dl 27 6wt — i i R A v
(SHG). FSik A% (SFG) ZEIARAR I, R4S S 5 717KV 2
PO SEREN S R AL T T RE. (2) SR BARTIN, JeHEIRGEE (i (a] 43 7%
IRV WAIRIGHEAE), ARORHLR AL T XF 5 o R 2 TR B e s O
S IR R N 8 324 NI (3D BIFFE I 2804 RERIER N, B FELRR A e
M4 8 F 9 e R e E A G S i, WFUAN TR BT 5 5 ri AR R T 454
M HCE G, MR B OGER MR AR ARSI 2T R Y. R
R VAL RERMEHASR Mz Jyag) U520 Sk e 50k [ 3 7t
HLAL AR 0 AN -3 ¥ e B OUL R R T HEF 458, R e T AR IR SR B i

BB AN 1995 EFFARIFFERER MG, B BRI ZR AN, w4 Tk



A

R

KB IREA . — AN BT R AEGOR AR G R R i 42 e
T HFD gy, BE—DidRm ) gl schbr it s, KREDHT
SURAEN], AR A Al S SR RE AR KR T AR RURR ) B, DR i 4
KA S B T ol 0 ¥ w428 1 5 P TR LA 79 PR T AN 32, A s A K Lt 2 g
PR CRRRLM, SURESD B il CRA O« ZE A MIAEE (R 2A AR 2O
SEE AU 1 A i

Counts of papers

1980 1985 1990 1995 2000 2005

Year

Fig. 1-1 Counts of SCI papers cited by “TS = single crystal electrode*”.
Up to 2006-10-31. Sorted by Ref. [11]

§1-3 CN R MFNE L ZIEAR

KRB FWICN T SCN'y N385 ] 773 Y 4 s o AR 100 T ot R e PR
7E FAL A FE R ORI N, R 5 b AR o SRS e AT R R 47, H
TG 8 S5y, SRR 43— 2 TR A ELAE F R S M Bh A T F o i) 2
TEACOEHTFAAIMICN,  th TSR BN S AE 2y b 2 A4k 1Tk (i
HAE, S5 PN, JUHRCONTE N A RREAu. PORI I 4 8 R 2
W B R P 4K, 4581 T2 0. Huerta REHEST T AN A T4 CNZEAR B
SANER T EARALSEIE MR 22 (CV) FILEAMGREERPER22, 48 BUER B CONTE
Pt(111)FTPt(110) LBl _FARX RS 2, ZEPY(100)fh AT LTS, $a il AL AN,
HAUL =B AR] o FERIE A BT AN AL IR B PRI CNZE AN FLA L 22 X TR A A, 0
LIE i CVEF M H AR R T 5 A A B2 S5 FTIR G . SERS. SFG. J5AY
STMATHLAL AT (CV. MRS IIFTTE: SR W], CN5 AuH R £7 7 o

3



JEZ TR 22 i S BRI A 0 R R A AN [R) 45 ) < PR AR M AN S A A

A AR, S0 T B R R A A e 3R T B, I HLCONC IR 4 i
B Bt Al (s >

TV 4 JE R T W B A R mT A Tk, A&l 1-2 45 7. av b EALR
B, E R T AR, A8 I o B 43 i DA C-di FIN- ity ST IR B 4 )
KIs ol LLC-Im 5 A< Jol 1A I sCB BB doA DI ARSI B A2 2,
NMRR AU Me byl w5 5 It 7B IR Bt o B FRAL 2R R EETS, Wi
THT DU b B X SRS A 4R, {HSERS. IRFISFGIIMFFT 45 BBk iCN7E 1t
S BRI S LIS ek 7, KRR AU AR E s e B 5SCNTE L
LA L R b R R S d s 3 s B PY TRE el  LAE E R
[ Cul T RTPAR oI T RS o AR FA DA R L R B T IR IR B 38 T
LA 548 R ICON B IR R (A8 Ak o ATA5PWIE 9T & DLBE AT F Rl AT AR, Pt
T PR I CNAAAEC-3i — BFaX — PO R m AR s A8 2 gy FLAZ BT
W BT PR At I T AR CON 4 2 AN -3 AN C- i M TR O 854k . EXAFSHIFST S B
fig B AR T | O T B SRR B ) 48U iR 2 3 BCPAT R T Cu(111) 1R R CNT A A2 L
[ (e (2500 PR iy 2L B (R HUS 7 BROH th 23 7 — 52 [ FRLSE X ) 52 i CNVIR
B Frg E i B 3% 491,

N C N N

[ II1 A

N C\ ¥ C=N

a b ¢ d e

Fig. 1-2 Five adsorption models of CN™ adsorbed at metal surface: (a) C-end,
and (b) N-end linearly adsorbed; (c) bridge bonded; (d) semi-bridge bonded;
(e) flat bonded.

H T R PRI B AR BLC-3im S R PR O 243, DR DA 35 ST i ipie
21 Stark VAN ST FE o
LACHitg .37 B A < R T A CNC R ) BERIL AR 18] 1-3 Bz C NJgL 32 18]



A

BoE 4R

B — Do nit, Clity# Ly 5 e m R mRE g —oft, XHC
AR BEAL, H T I A AT daE L H L RE S ONCTR) I R B T
AEAHUCHL, 4 n] UK FL a2 B 7 R BICN ¥m” S B 1o AR R i3t
von B HC, NI T Il RCSEAUE L (R 3t s 24 el b AL 42 7,
G JE XL RS |3, AL R BTBICN R UE B, AR SEC. N
S RN, AELLAMERE ERILY vor INIERS . RZ, AHAR AL AR,
S JE LT RS g, ARSI T S B BICN S Al B, $3C. N
SR RS>, AELLAMERE RN o IOLTRS o IR SIS B FL A H Ao
AR T A% B LGy AL A stark R8O, i e 67 B FRUASE FELASE 1R AR AL A R stark
FH oAb DR 2 G F AR T R SRR L R pHAE S5 AR 2 5 W stark R AL A
Kunimatsuiz FPM-FTIR GG WA LA — € ARHEAZ B, BEAuR T CON 2 73 )%
HIsn, JLUEALIER  ANE RS T R A7 2200 R IR TR B A (AR )
Z AR AR Gl B A5 mC-NIR e B g A 1,

M ”\@g,
.

Tr‘

Fig. 1-3 Simplified model for interaction of CN" with transition
metal surface. Model adapted from Ref. [27].
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Fig. 1-5 Proposed adsorption modes of amino acids at metal surface.
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Fig. 2-6 Scheme of transmission IR cell.
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Fig. 2-7 View of EQCM electrode.
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Fig. 2-8 EQCM experimental setup (a) and cell (b).
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§3-1 HRMIEARM Au Bk EMBEIRMRRHR
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Fig. 3-1 Cyclic voltammograms of bare (------ ) and cyanide-covered
(—) bulk-Au electrode in 0.1 M NaOH solutions. Scan rate: 0.05 V s™.
E,=0.0V (a); E,=0.6V (b).
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3 3-1 B & 3-1br BEAG 14 A E R 0, PRI A T PR A A L R i L
(ARG Bl o 2 P AU AR F 0 B3 A THT 404 R 118 R B R 56 B ) Pl 5 53 310 4y
368.4 #1178.9 uC cm?; MZEAT I HCN 2 Ja, TR 1. 2 4, H4A
L B Qox M U 476.6 FiT 440.9 uC cm®, S5t I (134 J5 L B Qrea I IS AT YD : HKIK
4 156.2 Fi1 158.0 uC cm®. B#5 FAL I AR SEETT, Qoxl A I/, 1] QreallIFE
IARFEAAS . R AR E I 1 Qox Ml 401.8 puC emy 475K T il Wi Wi B CN 2 1if
f¥) 368.4 wC cm®, ] WL I X [H] f) 34 4 oA F I AN e A B s A e R AN AT 3
BT CNZ BT IIATARIRAS , X AT REH LA R IR 33 1. AuiRIHICN oo 1) 28U A I Bt
A DU AU T R T HOW R, AT s T B R T 454 2. AR Skt
M BB E A T, CN s fE BN BT X T A7 A B s RS S P4
At DLREAE L 58 e b o eAb, TRk PRER 2 i CVith 4, AHMER HCN &
TP B A AR R 222 1, BIEECH 0.6 V, WMFFEHIHE 10 B A4 A T3k
P E R IAMR 2 ih 22

Table 3-1 Comparison of Qox and Qgeq (WC cm™) before and after

irreversible adsorption of CN".

Number of Cycles Qox QRed
0.0->0.6 -0.05 > 0.25

1 476.6 156.2

2 440.9 158.0

3 446.3 158.1

4 423.1 158.2

5 421.9 158.2

6 419.5 158.4

Stable Curve 401.8 162.2
Stable Curve 368.4 178.9

before CN" adsorption
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B2 HARGR T AT R 4 T &0 B Ab B3 (I GCHIARAE 0.1 M NaOH¥E I ICV
RAEUNEE 3-2af778 o MK G 1) 40 i Pl MR S PR 24 AR R 2 4 7 GC L IR
YU o 7E 0.5 M HaS04 + 2 MM HAUCL B, T-- 0.2 ~ 0.5 VIX[A] L 50 mV

A AR Y UR 30 A, Bk R B (K A bR i nm-Au/GC . ] 3-2b%5 Hi i il
#Inm-Au/GCIYCV I ZE, T+ 0.28 V1 IE [ AL IE AT 0.10 VK] £ [n] 348 i e 53 3 %k
AP AEnm-Au/G C HIARE THT IFI VR R AR B PR, 2 1T BT 1) 4% (K b K G B8 el Al L A
Au IR AL RTIE S5 oL,
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Fig. 3-2. Cyclic voltammograms of GC (a) and nm-Au/GC (b)
electrodes in 0.1 M NaOH solutions. Scan rate: 0.05 V s™.

Prifil % 18] nm-Au/GC Fa iR IR IES A 3-3 i) SEM EHGF7r, T Lo
223 nm-Au/GC HLIR A 73 AT 3420 (1 Au AR 18, o123 U2 2 200

nm.
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Signal A= InLens
Gun Yacuum = 2.4Fe-009 mBar

Fig. 3-3 SEM images of nm-Au/GC.

§3-2-2 Nm-Au/GC BAR _ERAT % M SR TEIRMA LR

ANHIR I CN S FRInm-Au/GC HEARAE 0.1M NaOHY R I CV it £ i 14 3-4
FroRe Az =T 0.0 VIR, ANATB AEnm-Au/GC LML EIICNITIR%AL,
I3 nlAE 0.15 VI 0.42 Va5 A FIEE, 1TV 8 T AuOaq) FEI I A 0.28 V
EF 3 0.42 Vo BEA AR RGN, BRI CNEET A, £ T
0.41 VI FRLIR B HT IR/, 7T 0.28 VI FLIAT WA B3 o % i b 2% 1 R 5 1 3-1
AR AURL R LR 45 B8, BICNZEnm-Au/GC HLIK - 10 IS ZEA B Az 4k 7 H,0
HNOHE F AR IH PR WR Bt A v A U 1 SR T S8 R R JE B T 32 GCAE NS
UL LR 50, fEnm-Au/GCHLKL F-0.12V BT K BE WL 52 11 W IFOH TH)
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Fig. 3-4 Cyclic voltammograms of nm-Au/GC electrode in
0.1M NaOH solutions after irreversible adsorption in 0.01M
KCN for 5 min. Scan rate: 0.05 V s™.

j/ pAcm?

§3-3 Nm-Au/GC E#R L A7 i I M S 8Y R ST 20 9 5 5 A iE i 7

3-5 WM A SE K 41 AE AR AURInm-Au/GC FE R A AT 30 I B CNCF)
SNIFTIRSY: LU . % AT ER=-0.8 V, JRJg AR N HLMAEIB IR T FEL A,
FUHATESH-0.6 Vo CNTEIXRAN AL T I ReAs E Mt Tl ki . 18] 3-5 i -
2110 cm™ B3 A RO e T 4 DA Ay 42 T LA City 2 U B (o s A0 7 2, i
StarkZ( ., CNagfE-0.6 VIR FIZLANESARRS 1--0.8 VIJLLAMNR O iR, Rtk
RAER (2-3) AE RGN E S, SNIFTIRS it b UL A2 G0 184 (%
WHO B g, X5 CNEARRAURRR TR S AMEEARI & o A
PRAURILE, W B £Enm-Au/GCHLAK FCNIZLAME IR I J7 [ A S . 204N
S (W SESR N 72 61 fF)  HPUswi BN e O RRAE,  RIE I PR AR 2
HRL O 1 4% (10 b A T Pl A LA S 2 b ot . 3 s AR R (R e 43 T
(CO. CN'\ SCN'. PoPD%%), IMIMITTFT/NA RS IRAMBIST Tl by
PEIMR 22 PIRE AT GCHE AR THI il 45 I BH % 2 )& (Pt. Pd. Rh. Ru) f54 (PtPd.
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PtRu. PtRh%5) LA RBIE (Niv Co) AR5 i AR 1 [ [ 5 1 F Ak 27 A A
NS LLANU N (AIRES), A AR B R 7 5 AN B T ik e, Xt
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7 FIRRITE G, XA W7 AR e R A A 1 5 P RE R AR B AR MU A o 2
Mo y—J5thl, BT AEnm-Au/GCHE I [FICNTH A T S 58N, DA AR K
Sy 1R T W B b 18 RABBSERT R SE A S 3K Je e I 2 IR 71 [ i R
B B T (A
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Fig. 3-5 In situ SNIFTIR spectra of irreversible adsorbed of CN" on
bulk-Au and nm-Au/GC electrodes. 0.1 M NaOH solution, 1000
interferograms, 8 cm™ resolution.

3-6 #7H 0.1 M NaOH# - CNZEnm-Au/GC HL K b8 ml f W B 1) B A
MSFTIRI% &, Er4-0.8V, Esh- 0.7 VERRE 0.1 VEHi T & 0.5 Vo AR (2-3)
(1) 58 SLRnm-Au/GC HLAR HATRRE S5 20NN, ) L [P I8 W Es | CN o)
LA, 1) T U4 WY 5 Er FCN 2RI IR ZL M. M 3-6ah ] LA
HBEAREST i, T LUWECHEIAL T 2110 om B ik I i i 7, 1 1) 1 U428
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TR KU WA Sy 67 i (1) B e, 36 ) R T IR PR S SRR T #E . MEsii T 0.3 V
I, 75 2145. 2169 F1 2230 cm B (B = ANF IR S a) i (A&l 3-6b), 435
U1 T-OCN FIAU(CN), B 55 1 FIAUCNIIFH IR £ ), &A1 15k 0 T-CN w44k
LK CN a5 R AU FIITE R &Y, T BB EsIIAk ST i HARR I A K A
ol BT ARFHE B AAFAECN, K A 3-6 HIRATTILEEM 0.3 VIT U 52 2]
JRENEA Y. MHZEER (HEAR, 2205 WP T = A 1
CN AL W) FAT T T AR 20 A5 B B SR A% 2], R OC T-CN I A il BE FRAT T
K AE DU B P AT VR R
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Fig. 3-6 In situ MSFTIR spectra of CN" - covered nm-Au/GC
electrode in 0.1M NaOH solution. Ek= -0.8 V, 1000 interferograms,
8 cm™ resolution. Inset is the enlargement of the spectrum at 0.3 V.

HAFSZCNZENM-Au/GCHLIL | T--0.8 ~ 0.0 VEEAZ X 8] & Fa e W, %11 Rt
FRWE 3-7bfiR, RIS HLAIESM-0.8 VITFLELL 0.1 VINTEIRE, IEE-0.1V,
ARG FFETERE- 0.05 V, = Z LR iknl- 0.8 Vs 2 JEEE HELHMILE 04 V.,
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MG ELT AN T S . 18] 3-7 ay 0.1 M NaOH ¥ H A T 33 W B 7 CNTf
NM-Au/GCHLR (K1 T AN o B Ay T 2110 om ™ BRI AR % D BRIY S W B A CNT
[FIC— NIRAEHRBN LA, FERISCIEAT B RHES A6 ] 3-8 s, MK 3-8
ALAEH, HERMEARZILE (A—B—C), ZIAMEN A5 A Rtk FR, 1E1
AN [ 348 1 Stark R B0 X 25.6. 26.1 1 26.2 cm™ V', i ICN #Enm-Au/GC
AR b IR B L e ] o M ERyms T+ 0.0 VT CN IR IR AL U A7 *E5 ol H A7 1) AR 4 G
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Fig. 3-7 In situ MSFTIR spectra of CN" - covered nm-Au/GC electrode in
0.1 M NaOH. Eg=0.5V, 400 interferograms, 8 cm™ resolution.
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Fig. 3-8 Potential dependence of CN 54 frequency on nm-Au/GC electrode.
Data obtained from Fig. 3-7.
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Fig. 3-9 Potential dependence of CN g4 band intensity on nm-Au/GC electrode.
Data obtained from Fig. 3-7.
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Fig. 3-10 Cyclic voltammograms and simultaneous mass responses
of EQCM-Au electrode in 0.1M NaOH before (I, 111), and after (I,
IV) irreversible adsorption of CN". Scan rate: 0.05 V s,

51



JEZ TR 22 i S B A 5T P B B R AN ) 445 460 <5 P A I B R 4 Ak A

% 3-2 45 3-10 Hh Bt AT AT FIA BRI I,  EQCM-AuFEARAEANF] HL AT
DX 1) () 0 R AR A B o Bt 5 EQCM-Au HL AR 2 [ CN g [P AL G B, Ame iz i
65.92 Jf/> 4 19.02 ng cm?, FAEIEFAE N AmrA-16.41 ng cm?; TR 4 0.0 —
0.6 Ve 2 [ A AT S CN ag AL B DX TH] - Amoy JUI 1 11.24 328715 i 4% 86.07
ng cm?, LA FIRARLE I Amoy, Tk 99.43 ng cm?; Bfi5 7 0.6 — -0.1 VIX ],
T2 T 5L 1 2 T R 02D Ameeg (i 1 88.30 284 % 102.02 ng cm™
CHEAZ RS — R, FERE SIS A F T g A 3G 0, R IEAEE I Amgea h
114.86 ng cm™®, X WIBHA CN ol BEBR, X TR 2 ThT S At 1y s 4/ PR % ik
990 MHAFERE ML, WAL — RN Amox X 11.24 ng em®, /N 1Bt i 413
IR AMox B, P I AAH 28 — FEIX T R T A A (R A o . Tl
X B AN BT 39 B CNRIT S ASE 1 ot i AR A ith e ke I JT AN BE 78 Wi 2 B 9) 4 IR
A, XA GG R RS LOA G I TT 4 B30 RI7E B AT 0 b2
FIe, AuFLAR R [T FRICN oo M LA I FRAL 22 441 56 4 AR TR AR I P

Table 3-2 Surface mass changes (ng cm) before and after irreversible
adsorption of CN'.

Amt Amoy AMRgeq
Number of cycles
-0.8—0.6— -0.8V 0.0->06V 06—>-01V

1 -65.92 11.24 -88.30

2 -48.36 61.09 -102.02

3 -35.17 74.65 -102.84

4 -28.93 82.84 -106.65

5 -19.02 86.07 -107.07

Stable curve -16.41 99.43 -114.86

Stable curve
before CN™ adsorption -15.80 108.72 -125.62
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Fig. 4-1 Cyclic voltammograms of Au(1l1l) electrode in 0.1M NaOH
without (-----), with 10 M Gly. (—). Scan rate: 0.05 V s™.
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Table 4-1 Comparison of peak current densities of Gly. oxidation on Au(111) for
different Gly. concentration in 0.1 M NaOH.

Caly, / mol L jer / pAcm? jeu / pAcm?
0.001 222.0 88.2
0.01 263.1 160.3
0.05 269.5 207.1

Kl 4-2 LU T Au(L11) 54 FAR AN 22 di AuFE AR 7E 0.1 M NaOH + 0.05M Gly.
AT AR R 22 8. SR Au(LLL) AR AE B AY FEAE-0.8V I NS, -
0.8 ~ 0.0 VIX [454 5 min)5 i sk [R5 — JHCV Il gk, Al 0.0V, HE
R BT Pl (A8 AR AE 0.17 VARES H—ANRBLI AL FL % (269.5 pA cm™) , b
JEAE 0.38 VT B B0 —%5 55 (I FEIALIE (207.1 uC em™®). ZJG7E 0.5 VILEL — 5 I
WA 3R] ~ 2 0.0 ~ 0.6 VIX [a] ) H i o 2% (I3 Au(111) 2R T ¥ 484k
HiF ol 355.9 uC cm® (I 4-1 fB4k) 5 1024447 0.05 M Gly.I, HA bR
1771.6 uC om™ (P 4-2 524%) , LR T R HZ R Rk, At
MHEBRBS S TEMN. S iR, Au(111) 3R TSRl R4 5 i
270.1 uC cm™® (& 4-2 52£%) , L2 (I 1) 285.9 uC em?Ei/h (K 4-1 jE4k)
I Ji P T ARG 150 B R B 28 T R A v B (R AL S T A AUSR THT (W A,
BUAIE R B D I H 208 53 IRV B 4 AU T A A5 B 4 i1 1 4
mID, L S EEE R R T 6%,

FHIF) S 4 AF R H R BRAE 2 dhAu AR EIR B AL INCV Il 2 1] 4-2 22k
B, HAu(LIL)ARARLE, e RIS, #AEN 0.25 VIHIEM—NH I, £
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(MR RS 2k) n] LU Y H 2 R A 2 R S 0 b ot S AR FEL R 8 s R AR/ Y, R 1%
PRl A R IR IR R

jPI

-1.0 -08 -06 -04 -0.2 0.0 02 04 0.6 0.8
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Fig. 4-2 Cyclic voltammograms recorded in 0.1M NaOH + 0.05 M Gly.
Scan rate: 0.05 V s*. (——) Au(111) recorded after a pretreatment of
potential cycling between -0.8 and 0.0 V for 5min; (------) Au(111) recorded
between 0.0 and 0.6 V without pretreatment; (— — —) poly-Au electrode
subjected to the pretreatment.

§84-2 MM RDPHEEEE Au(111) BIR ERBHFISE LAY in situ FTIRTAR

T A HOUL SR Au(110) R AR R TR B A A, 1 56 AE-0.8 ~ 0.0 VREA X [
KAESNIFTIRS)G, W18l 4-3 flizn, Z%HUAER=-0.8V, R4 RIS A HLf#
[P AT s WFIT AT ESHK IR 49-0.61 -0.4. -0.2 F1 0.0 V. ARHEME 3-5 14 IR,
AT 2110 om™ BT (18U B 4 DA A 2 THT R PR S PRI CN s £E Es FIERIFIZT AN,
KT H 2R T AE K AL PR B o X FEr R IRICNTIR LE 1) 21 4 NI AL U 7
FrA i s 0 T 2106 om BT s A R T Es HA T W B ARCIN AR 471 1) i DU X
-0.6 VI 2121 em™Z i IER % 0.0 VIR [#) 2129 cm™, f7F 1560 cm™ 4k () 1E i i U
FEUCH IR 2R 4 FRIE (0 SO BRIP4 sh ™, JLig A BHESTH 2 AR
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AR, (HSREEEETH N, RV EE B H 2R M R W RE . RN, A7 1385
oAk [f) R () U4 U 8 4 COR% B 7 1 AR ™, okl T H 2R h-COO e 1k
WAL ELLAMGIR SR, EESICT 0.0VIN, AT DA H 2R EAu(111) K 1R
TR S

.
CH,+ COO +60H — CN +COs* +5H,0 +4¢

BH SR 5 4 AR R AEMT AR, R AEC-CREITER, ECNHICO 11
e, R 4 HT.

HyEan i B an v

NH,CH,COO + Au — AuUNH,CH,COO" (4-1)
AuUNH,CH,COO" + Au - AuCH;NH; + AuCOO (4-2)
AUCH,NH, + 4 OH —> AUCN 5 + 4 H,O + 3 & (4-3)
AuCOO - Au+COy +¢ (4-4)

B A A I C O, LA C OS2 FIHC O8I 85 T A7 18 -

CO, + OH — HCO3 (4-5)
HCO; + OH™— COs* + H,0 (4-6)

4-3 H7E 1400 em ™ BT AL EL 0] BT H 2 R 2311 -COO T FE i % Fk i
YadREl, XA e T AR R CORZ A AR W 5 AT B AR, 1 F 7 FF i b AH
HHRIH T EL 1560

AR/R=2.0 x 10™
—
SN N

2121

2000 _ 1 1500
v/cm

Fig. 4-3 Insitu SNIFTIR spectra of Au(111) electrode in 0.1M NaOH + 0.05M Gly.,
Er =-0.8V, Es is indicated on each spectrum.
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RN TRBEE A b H 2R AR Au(110) E T _E AL HLEE, SRIIMSFTIRK
W, R JE7E-0.8 ~ 0.0 VIX 414 5 min, {df AR 1HT B AL (1105 R4 ol
J&, PRSI A AL, WK 4-4 Bk, KPS HEAER=-08 V, W5
HIAEsH-0.6 VITURIE T %2 0.5 Vo LU R ARIEESI AR AT [&] 4-4 v ()i i kAT
RIS HT -

(1) MESMKT 0.0V, BT AT 2110 cm ™ Bz (XU 641, 7 1650 om™ Abid ]
W FIH,05> T H O —HIAS TR N, L it ide st F I el 37 T o8 T HF 4 8, 3R 1
2 H 093 1 I RE S AE -

H,0 = OH + H* (4-7)

(2) Es=0.1V, £7T 2110 cm™ B3 (K XUNLIE (# 1F [ 85 7> Fe AR AAE (R TER N
CNHILLANRBO, Ty S #8202k, X WAEEs T CNaFH#E. HeAh, B 53
ZLAMEIE I E W RN, B IR 6 ANt ik g sy A T 2168, 1583, 1483,
1402, 1382 F11305 cm™. BHAFESTFw, X85 [ 1 (¥ 5 A 35 1, R G0y
A, RUIXLEREIE ok 1 T3 2 b s A AR R R . MEs=
0.2 VI, 2168 cm™4b HyBL G 1) (LT A1 i e 6 1 T WK B & CN R 42046 72 ) OCN
(cyanate) i 5 T I 204, 7T 1402 emn™ i1 1305 em B3 (14 471 [ 138 U6 43 1))
J& T-COZ FHCOs IS 71 2L AN, 1583 em™ st 7 Ttk A 5% - NH. [ 3 )
AR, T 1483 5 1382 cm™ WT YR A CHalfI FR AN RO R As T PR, 3%
AR IR BAE 0.1V T SRR AR 25 T2 101 AUCH NH A Bl T ik — 2D 4 Ak
7= 1 CORI-NH R, I
AUCH;NH;+ 6 OH — Au + CO, + -NH, + 4 H,O + 6 & (4-8)

AUCH,NH, 1 7] 58 5 Au& [ & 40P AH B AE F 2B 5 CH3NH,:
AUCH,>NH, + AuOH — Au + AuO + CH3NH» (4-9)

(3) Es=0.3V, fii] 1583. 1483. 1402. 1382 Fll 1305 cm™ 3L (KL #hi i
SRJE RGN, il T 2230 F1 2146 om BT TR AN 1 1) 21 AN e . 3
2146 cmi% g )H & Au(CN), (aurous di-cyanide) [ 741 C-NKI4EHRzh
101, 2230 em it N T-AUCNYFh (aurous cyanide) H1C-NFI 43R5,
AUCNTEAURE I 1] T L2k #Y ...-Au-CN-AU-CN... K55 B Ao s i1 i 93¢
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HLAR 2 T S IS PR ELE A SIS 45 R TR 4 AUCN RT3 — B AL A
AU(CN), 4 B BIARARAS B, REE LU e 35 MR G 0%E, RIkAu
H B R T LA e v P, X B mT LUK 4-4 1 AUCN R e 5 5 28 /N T-Au(CN),
RIBREE . DA 4-1 vh e for i T 0.3V ATV Bk I 1) H 42 19 1 S A P 4 B
52, OCN (2168 cm™). AuCN (2230 cm™)FIAU(CN) 2 (2146 c™ )13k B H 2 1R ik
B AR ICNT 4L, RN IR

AUCN 3¢+ 2 OH —> Au+ OCN + H,0 + 2 & (4-10)
AUCN 5g — AUCN + & (4-11)
AUCN + AUCN g — Au(CN),” + Au (4-12)

IR AN U IR 5 B FELAT T RS N, H 2 MEsh 0.5 VI A SEA LR
A,

(4) 4EsH 0.4 7% 05V, £/ T 1583, 1483, 1402. 1385 Fl 1305 cm™ i/ &
(LT A1 D i 5[] N Sk 2084 00, 87 204N 2 v 2 A S v ) St g —
SRR, AU S R Ak s B AN, £ T 1402 T 1382 cm B ANLT A
WA T B B A T 1385 emt k) — ANk

TR IS, MEsmT 0.3 VI, Z04MEET e, XEEHLIL
THEESFB: 1) AAHER TR EEE L 2) WZRRETOH 2 T AR
R4 T RFEE G, FBHO0M BT IE M 5, 2 MH" (Eq. 4-9),
SRR I pHAE R 3) -NHIM BT DI PR 3k 0% (1583 cm™) HIH,Of)
AT AR SG 06 (1650 em™) TEEs, St A BIKI-NH K3 Va8 B i, DASSOHE
HFIFEIR T E [0 T A HO MM AR i 72
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Fig. 4-4 In situ FTIR spectra of Au(111) electrode in 0.1 M NaOH + 0.05M Gly. solutions, Er= - 0.8 V, Esis

indicated for each spectrum.
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DA KA T, JoKEsE N 0.5V, ARG FFHERF-0.8 V, WFFTHZ
IR H SR AR 4o s P S S TE [ — AL R (-0.8 V)IZRAL TG B, &l 4-5 Jir
Ne AT EL 05 VAE, BT 2146 cm TR e, RIEZH
AU(CN), 177 SR I 1) P SR AN A A PAAH VA, T AT FLAT I FEURR R 1T
57 DA AU TR B AR FRICN 5

AU(CN); - Au+ CN (4-13)

££-0.8 VI AUCNIIFIANZE A Wi I, DRI BRAT T ARAG D 2 2230 e 7 & 1)

g, MM HE— 2B UE SEAUCN ] B4k FL A 2R 10

1.0 x 10°
>

AR/R

0.5

-0.8
2168

2200 2100
v/cm®
Fig. 4-5 In situ MSFTIR spectra of Au(111) electrode in 0.1M NaOH + 0.05M
Gly. Er=-0.8V,Es=0.5V, and -0.8 V. Interferograms 1000, resolution 8 cm™,

DA ESS RAITHIR R, H 2R ATy FAL I UL 25 5 B0 2 3 ) pHAE %
iC. &l 4-6, HESCRFFAE 0.5 V, BlAE SNSRI I, ml DUYLSE 2138 2
HISAL P PIAU(CN), - OCN AR 2 1~ 1 [ A9 Y, AUCNA 114 H) A 32
W% AU(CN)y (Eq. 4-12). 7T 1650 cm ™Ak frIIAHE I B2 10, JHP T2
HIK IR S FE « £0 MG (1) 35 2% 1 T 7K 2 T AE RN 2L A1 S S 5 AR A T B et
s EL IS 7E 2345 em M SR TN AS BV WO T COL A 2B 1o ARBIBR A 5 H
AMRAMN B ZIR L PG, H A E LMETF-COO %k 9 LLCO B 2
B, 1 S LLCOS  FIHCO B & 1 I T A7, RV A 4k Kk 54 min
WAL A BIEAHCO,, KWW ASR T2 T E R 18 1) 22 2 B 1 44k
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Fig. 4-6 In situ time-resolved FTIR spectra of Au(111) electrode in
0.1 M NaOH + 0.05 M Gly. solutions. Eg=- 0.8V, Es=0.5 V.

§4-3 N RPHIBLAE Au (111) AR LAY EQOM FF 5

Ba H FIEQCM 4 UM H A U I (A1) Hi 1), IR b ] 4 Dy Au(L1L) 5 i FE KR
(405 W 2-1). K 4-7 45 HUEQCM-Au(111) iM% AE 0.1 M NaOH(a)#1 0.1 M
NaOH + 1 mM Gly.(b, c)# ¥ id K AR E ICV Il 2R, K] 4-8 2 AHMN [ AmAZ AL il
2. MW 4-7arprf DO SR T 0.12 VX R AU(111) 26 [H A7 - OH B HL TE A
AU-OHaq 155 FELILIE , F10.26 VI IH i S AuZ& T S8 ) I IR B (AuOaq) 1 LI
e, 25 5 ] 4-1afEAu(11L) K10 FIRAG 145 SR L. 751K 4-8arfr, HiA7H\-0.80
#-0.45 V (A - B) R WA BURERD, OIS ARTERRIE AT (KOH.
NaOH) ()% Hafif A7 Epzc, auZI 4-0.6 V (SCE) » 4 5 TEpzc, ault, FEARZE
iy IE FLAr, 90 20 7 RSN IOHT I B8 15 ru AR R T P A= S i AH BLAE A, 346
SR T > T REBORIIBI T (Nah) FIH0%: 776 HIHR 2 1 (W Bt . 117 7E-0.45
0.0 VIX[H (B-C) , MK FEFEARANL, BHIKD T HOHTEIXX AR LA
BASEIAF. N 0.05]0.6 V, HIMRIEAHLE L KAU-OHag AU, FELFLI &
PN T 120.0 ng cm™.

e H 2wt (8 4-7b), HiA7 A -0.80 F14 £1-0.45 V (A - B)id F v,
AR R T BT R RE AN AN, UEBICNT AT LA RS e W MY Tl i, JFAE e b
FNHIOH TP o T RRAE AL T T LATEEpzc, a1 — & HIAL Y8 1 P4
W, DRI, FRATTA R 7R SO DX RN AR b H 2R 3 1 7 2 TH AR 43 Ho O 1 I
B o AR SCRRMS, sk AL X T H 2R A B T (CHo(NHZ)COOY) h mf LA i b
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W TEAUSK T o 7£-0.45 ~ -0.10 VLA IX [H] (B — C) H B [H1 5 122 (¥ s 4y 9 /b )
TOH 5 AURMAATE Lok A AR, #850BUR T 20 774K CHo(NH2) COO
FEAR T AWM o 24 HAV 55 1°-0.10 VIS, H 2 BRI FI T a6 %804K, {HM\-0.10 £ 0.60 V
HA B 3 T T AN 8 55.1 ng em?, HE A I NaOH A PR AR AL 51 - 116 2 I o =
3 I y%> T 64.9 ng em?. AT T-RUF =AM R M IERER: (1) %
P X ) T 2 R S A 25 = I CONCE R L PRIV BE s o 0 T eI A, AT 410
77K 53 F FIOH 75 & UM R TR PR, T 7B 9 8 S22 AuOg I TE J R B
VAU (K 7K BCOH 7 43 THI 1 W B AN 484k, DRI A sy FASE DX ) 484 A B P AUO g
PIEDs  (2) WP ASCNAA LB A OCN1E AW BA A 4 LABC & I Au(CN),
TR (3) TR B AR AL A0 N T BE B J Y0 T IR 11 75 R T 4
tbo BbAh, B 4-8bH7E 0.27 ~ 0.45 VAT AuOag B I FELALIX [R], 1 W 22 3] F i 35
TR D . TARYELLAMEIESE R, Au(CN) IEZEL 0.3 VIJTURAE K, #E—
AR WIAE I A X TA) 3 1T Au it 1~ AR S 08 s i oy = R 3R

ER LTI PR BRAGAS 0.25 V(K 4-8c) TR 5 (1 v A7 A 3R 4 4o e
r, AR B AR R, BRI A AR . FUE S B A bR
T-0.25 V. BIFFUR A= Au(CN), I A4 5 ke HO AR S 5T (1 (8 2 b o [R] I 2% 1
FIAU(CN), G R E IR #FsEtE (logp = 36.6, TLph ERFE W) » &,
AT TIA A AU(CN )2 1 A2 s 3 S50 F B 3 T o S8 35 kD (1 32 2 S PR o SR A FTIROG 1
g (Kl 4-5) KM, EHZWWT, Au(CN), 1 E-0.8VIRHE R AU FICN 5,
M EEQCM LM, AU(CN), —2E BRI B BIMAAHE b, Db AT T ml LA U
FIEQCM-Au(11L) R Bl A T 2. 35 i i b

X T1# 4-8afi1&] 4-8b, {7 0.6 4% 0.2V, FLIMERBIAMBEALREF
fEE, XHCVIZ (K 4-7Tafl& 4-7b) FRIEAEAN BT Ji HL UL AR 45 RATRE Y. o
ERABE— 25 S £5-0.0 VA AT, AuR RIS IRIE SR, G 80 IR /D .
4-8a1Am = -144.9 ng cm?, &l 4-8b 1 -106.3 ng cm?. Xt HLA F [ 3
I E S H SRV AuO g ARSI D IR 5 R AR Y o £t — Fl L7 4
M2 J5, 752 FANaOHYE I F A T TR AL kb 13.2 ng em™®, = BH A T-E 6
PRV AR R T D R PR AU T IV R . BAE S TSR IV, AR
JRESEAD T 62.2 ng em?, B RS AR A S b SRR B4 5 R T
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R ORGP AN, B Rt AN T RES S ik 2y 4.7 f5 A iR e . A,
i T AU(CN) IR 2 AN i 3 B30 R T T (1R b o
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-0.6 02 00

E /'V (SCE)
Fig. 4-7 Cyclic voltammograms of EQCM Au(lll) electrode, scan rate: 0.05 V s™

(@) 0.1MNaOH (b, c)0.1 M NaOH + 10° M Gly.

j =200 pAcm™
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Fig. 4-8 Simultaneous surface mass changes of EQCM-Au(111) electrode, scan

rate: 0.05V s*
(@) 0.1MNaOH (b, c)0.1 M NaOH + 10° M Gly.
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* 4-2 45 HHEQCM-Au(111) AR AE & A AN R B H 2 R s b, el —
AT 2 G R AR nTLLE I, B Coy A3, AR HI T & (1 9%
B ICK 62,20 87.6 F192.3 ng em?, XU B IR E I H 2R E AR T HA
2 1RV B R4 AR, I FLAAART 0 T 2R 11 P AU A R 38 T 3 1 k2 A A B
Table 4-2 Variation of surface mass change of EQCM-Au(111) electrode for different

glycine concentration in 0.1 M NaOH in a complete potential scan from — 0.8 to 0.6 and back

to-0.8V.
Caiy. / mol L’ -Am / ng cm
0.001 62.2
0.01 87.6
0.05 92.3

§4-4 TN RPHIBEE nm-Au/GC AR ERTEIMRLFNRAL FTIR AR
§4-4-1 W/ RSP HEELTE nm—Au/GC AR _F BTEIRR R RIE

4-9b %5 HIE FH AL E AR IR 200 AE GC FEJE (& 4-9a) L UTR 4 BT i
nm-Au/GC HL (AR 2 -2, A7 T 0.29 V AL L AT 0.11 V (1938 SR HL i 2
KT R TR FIAE nm-Au/GC R AL RIIE [ R, TR HS 22 i AR ) P
1245, ] 4-9¢ 5 nm-Au/GC HLHAE 0.1M NaOH + 0.05M Gly. i 1% Sid
SRR AR 22 i 2k, AT 0.20 VBT (1 SE VAR F A 40 50— R P RIS 2k B
LA A R3S 0, 12T 0.43 VAL A BT IERS 22 0.45 V, I Hg
PRI TF i, HLT 414 28 2 DU R I RS A R
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Fig. 4-9 Cyclic voltammograms of nm-Au/GC electrode in 0.1M NaOH
without (b) and with (c) 0.05M Gly. (a) GC substrate.

§4-4-2 HEEETE nm—Au/GC FAAR _EBYJE{I FTIR #F53

4-10 A nm-Au/GC HLH%2 fE 0.IM NaOH + 0.05M Gly. % ¥ i) Jii £7
SNIFTIRS i . H AR AE A% Ha A7 R -0.8VAE N LM, 58] 4-3 rh Au(111) HH% 1)
S AATRI o AT 2100 e ™ BT AU 18 068 U8 Sy TR B A5 [RICN ag FEE s 11
Er FINLIAMBYL, 5 E 4-3 ffrH & BRIEAU(LLL) A 28 A 1 W B A5 CN g LU
20 TR UEE 7 T 90 i+ A DR R P2 U S RO~ e 5 8 T ) S 20 AR AN AR AIE

£ 1000 ~ 1600 e [X [d], FRAT7EAU(111) 2 R M 523 — M7 T 1560 cm 1)
I [ 0 T —A 1385 em™ BRI ) £ i) 1 06 (P 4-3), 1Mo H &R AEnm-Au/GCHLMK |-
o T (R LD AN B BT BRI 6 A I [ 1% 04 43 JA T 1650 1427, 1396
A11306 F1 1034 cm™, b4k, IE4F 1592 cm ™ T 4h 47 )ik . 2MEs - 0.7 V
I, AE B SO S BICN o XK 5 0 s BT Es- 0.6 VITURIEHIT iy, X LY IE A
L TSRy | (BN VAo o N NG N E P 33D S S RERE e di Pt
THAREB DIAR S R AR 6
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Fig. 4-10 In situ SNIFTIRS of Gly. at nm-Au/GC electrode in 0.1 M NaOH
+0.05 M Gly. Eg = -0.8V, interferograms 500, resolution 8 cm™.

DL AE B 4-11 1 4-12 53 B 5F CN oo B IE ) 35U BT RN 437 o

e | ik AR, ol T RO T A i AR A, B LT AN S
WAE AR, RIEAE — R AR R K SO OGS AN 2 WL 2 B ) b (R 2L A M
T, ARG A ZE 1WA Be g2 o 17 BT CN oo ?Enm-Au/GC HIL AR H AT 1Y 550,
PR BRATT R AZE [RS8 v S L 2T AR o T 38— U A H R 7 PR
H 07 -0.8V I BV AT 2 26 it W BT, Kf nm-Au LB #E-0.8V B N FEL i il i B R 2 -
0.8 V- 0.6 VIS ROk, Frfd i s ot aniE 4-11 Pros. iz KR ET
KJGFATTAT LA oW 82 247 T+ 2110 om ™ BRI 15 14 CN a0 57 3 MR 1 0 o A DA Ha
PRI RO RE, B] 4-11 (45 R W H 2 MR 7E-0.8 VIR RITA] i AEC-CHEE I
WA FECN AR, DI BRATTHEN 2 R 73 1 5 Au AR % THT HAT 2 ¥ AH B A
H.
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Fig. 4-11 In situ single beam spectra of Gly. at nm-Au/GC electrode, data
adapted from Fig. 4-10, E is -0.8 and -0.6 V.

it — 552 K1 4-10 1000 ~ 1600cm™ X [A] 6 AN IF [ I I, 1 SER
££ 0.1M NaOH + 0.05M Gly. i W £L oM &S G, i 4-12afw. B el LW
B E 5 LA, B304 T e R 7y T AL A ZEAMRSURFAE o G T FE A T R Y
L ANE LR S R AR, R4 T 1425, 1404 FI 1315 cm )i 4y 4y
555 B 4-10 1) 1427 1396 F1 1305 cm AT N, BE— 25 R WX LL LT SN ok
AT HEARS TAS . £ 4-2 % FRilbgiAT 745h: 1566 F1 1404 cm™ 45 i 4
J&T-COO I A FR RIS A i3k 5l 1425, 1342 A1 1315 em ™43 51k -CHL 25
MRS BIUIRSI AR IR S thoh, P 4-1307P() 1034 cm™ b (¥ 04 ) g T-H
SR T C-NIR 43RS A7 T 1650 e ™ Pz i1 iF ] 55 06 I J& A H,0% T
O-HINAEFEYRZ), R WIHEE 1k B H 2R R B H 0% #E . A7 T 1592 em Ak (¥ 7 17
TSR R B A BT -NH R BY U AR TR0, % T Au(111) 54 FLAR 14 4-3
1583 e [FI TG B, FRAR VB AP -NHa R A (K 4B 1o
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b Reflection

d Transmission

2200 2000 1800 1600 1400 1200 1000
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Fig. 4-12 (a) Transmission spectra of 0.1M NaOH + 0.05 M Gly. between two
CaF, windows, resolution 8 cm™; interferograms 1000.
(b) Data from Fig. 4-10, Egr=-0.8 V; Eg=-0.2 V.

Table 4-2 IR spectra assignment of Gly. In 0.1M NaOH %%,

Frequency / cm™ Assignment
1566 COQO" asym str
1425 CH; sciss
1404 COQO sym str
1342 CH; bending
1315 CH, wag
1034 CN str

4-13 /& 0.1M NaOH + 0.05M Gly. i, H & /Enm-Au/GC FE K 1) J5
FIMSFTIRY G . SAU(LLL) FEARAT L, H 2R AEnm-Au/GC R [ 1 i 4846 7= 1)
B HAEAu(LLL) AR 2R, 77 4EOCNT,  [A)INHEEBEAUCNATAU(CN), . COs% .
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HCO3\ -CH3MI-NH AW T fle W95t 2 IR XA T T 2R IR B M B 42
FHCN o fENM-AU/GGR I 45 H 5 4 41 Atk bée . pR T3 5RIBIC, I FInm-Au/GGH
A T ARSI 20 58 22 06 T H AR T AR L B o XA AT R — 51, HA
TR 5 U TP CNZENm-AU/GC HLAR [ 45 HE 55 204G, I S 25 4 v 17 A
RS 5—J5, 2R 1 o1 T HA — @ 2 M R R, T gk R
AU TR A B 2 (S PR AN s ), DR AT R T 2 R vh 5 S A1 5 Al R T A
HAE, (ERE RS EET . A ASRAUR I, fEnm-Au/GCH I H 2R MW 45
A= 1O T SR IE R B AR A IR B, 3 Ok AT T S R N T 7 B 5 2 1 VB B R 4
WAL T 3R

cé CH CO>
- — 3

é_ /\W\M&\/\/\—/ 0.2
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Fig. 4-13 In situ FTIR spectra of nm-Au/GC electrode in 0.1M NaOH + 0.05
M Gly. solutions. Er=- 0.8 V.
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NG ORI AUHLER R A R R, AT A3 B R S A Qe AT A 5
Jifl, S EESE, £ MAUHEAE 0.1IM NaOHE St (HiZka) A, 53
LA Qo | Qred” = 1.82. T 7 0.1M NaOH + 10°M Glywaw (hZkA)
AT A A H B A B FE 5 0 ) R Qox M Qreas  WIHE 2 T 2R I 445 & Fh AUTKT AR
L EE N 1.82QReds  HHULTF B H 2R A FEE QN = Qox — 1.82QRed-

AN P R QNI R 4-3 P, BEAE VA MpHIE il 13.1 f£ 4 10.7, #H
I [ QnAR T 0.74 [44I% 0.65 mC cm®; T 7L 3 R YEpH=0.9 (A5, Qi & FAIK,
04 0.17 mC em™®. Al WL H SRR IR 15 404k R e B v P e, RIVBRPE A R
H G R LA B e 1) LR AL

Table 4-3 Oxidation comparison of Gly. at poly-Au electrode in different

medium.

Medium 0.1M NaOH+10°M Gly 0.1M Na,SO,+10°M Gly 0.1M HCIO,+10°M Gly

pH 13.1 10.7 0.9
Qox’ / Qred’ 1.82 1.67 1.11
Qox /MC cm™ 1.40 1.21 0.82
Qred / MC cm™ 0.46 0.47 0.59
Qn/ mC cm™ 0.56 0.43 0.17
Am/ ng cm™ 85.3 61.4 0

Qox’, Qred’, the quantity of adsorbed oxygen in the medium without Gly.

The net oxidation quantity of Gly, Qn = Qox — (Qox’ / Qred”) Qred-
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Fig. 4-14 Cyclic voltagramms of poly-Au in 0.1M NaOH (pH = 13.1); 0.1M
Na,SO, (pH = 10.7); 0.1M HCIO, (pH = 0.9) with (1), and without (11) 10° M

Gly. Scan rate: 0.05V s,
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Fig. 4-15 Mass response of EQCM-Au in 0.1M NaOH (pH = 13.1); 0.1 M
Na,SO, (pH = 10.7); 0.1IM HCIO, (pH = 0.9) with (a) and without (b) 10°M

Gly. Scan rate: 0.05V s™.
79



JEI TR 2R 22 A0 S B 5T R R PR AEAN [+ 5 K < R ARG PR B A 4 M

KENG

AwIE F AL AR IR 22 A7 FTIR S AT EQCM F5 T AR Sh Ji rh T 4
FRAE Au FEBIR T PR AP B W B AN 284 o A3 B LA R E 24518

(1) BREEA B H R BRAEAR A (-0.8V) BIT A C-CHEMI Y, il By A ik
T B S RICN g 7E-0.8 ~ 0.0 VIX[1], CN o R/ RUEAFAE T AR M . 247 it
—35 T, CNaak B AL 4R 2E BOCNT,  Jf H.CN™ 5 AuAf 4k 58 AL T I AUCNAT
AU(CN),, A AU(CN) B &1 1R O S B R AU I f# . AR T
R RN R TR AR B A T L R
- COs%, HCOy (7“#1CO, LA 85 T T XA AE)
|

CH,+ COO —» CN° — OCN + AuCN + Au(CN);

CH3NH, %%

(2) AuHLH R T OHBH &1 (1R 1 B B fhe 0 e R P 1) e 2 W PR A 44 o i
15 OH B &1 R PE IR B de it A SEAT A 2 IR I AL . 5 2 A AU
FLE, H2RAEAU(LLL) Ak B A S e A S R R, 3X 2 A DR Tk A
JoTH AU(LLL) Pt 3 1 v B A (R OH B & 1 R M IR BA

(3) fEnmM-Au/GCHIAR FH 2R M fift 1 WS PR 0k CN a2 HH 5 U6 D75 TR 8 e« 1%
WA it P55 8 RO~ 08 8 1 P S 5 ZLANRFAE T 08 s DAL, A Al nm-Au/GCHIAR n] 3k
FHRER RN EEEES . FHnm-AUGCHIK I = A /NS, W 8w T
AN 2 H 2 P 1 AE L A 1) SR B AT vl S

80



SEDUTEE T R A < HUAN L PR M A SR R

SEHk:

[1] K Ogura, M Nakayama, K Nakaoka, Y Nishihata, Spectroelectrochemical and EQCM studies
on the oxidation of glycil-peptides in alkaline medium [J], J.Electroanal.Chem, 2000, 482 (1):
32-39.

[2] Ogura K, Kobayashi M, Nakayama M, Miho, Y. Electrochemical and in situ FTIR studies on
the adsorption and oxidation of glycine and lysine in alkaline medium [J], J.Electroanal.Chem.,
1998, 449: 101-109.

[3] J Zhou, Z H Guo, J A Parkinson, Y Chen, P J Sadler, Gold(I11)-indued oxidation of glycine,
Chem. Commun, 1999 1359-1360.

[4] M T Rosado, M L T S Duarte, R Fausto, Vibrational spectra of acid and alkaline glycine salts,
Vibrational spectroscopy, 1999, 16: 35-54.

[5] K Arihara, F Kitamura, T Ohsaka, K Tokuda, Characterization of the adsorption state of
carbonate ions at the Au(111) electrode sruface using in situ IRAS [J]. J. Electroanal. Chem.
2001, 510: 128-135.

[6] V B Paulissen, C Korzeniewski, Infrared spectroscopy as a probe of the adsorption and
electrooxidation of a cyanide monolayer at platinum under aqueous electrochemical
conditions [J]. J. Phys. Chem. 1992, 96: 4563-4567.

[7] K Arihara, F Kitamura, T Ohsaka, K Tokuda, Characterization of the adsorption state of
carbonate ions at the Au(111) electrode sruface using in situ IRAS [J]. J. Electroanal. Chem.
2001, 510: 128-135.

[8] D Lin-Vien, N B Colthup, W G Fateley, J G Grasselli. The Handbook of Infrared and Raman
Characteristic Frequencies of Organic Molecules [M]. Academic Press, 1991 p.173; 373.

[9] K Kunimatsu, H Seki, W G Golden, J G Gordon Il, M R Philpott, A Study of the
Gold/Cyanide Solution Interface by in Situ Polarization-Modulated Fourier Transform
Infrared Reflection Absorption Spectroscopy [J]. Langmuir, 1988, 4: 337-341.

[10]N M Vegter, R F Sandenbergh, L C Prinsloo, A M Heyns, Infrared spectroscopic analysis of
the sorption products of gold di-cyanides onto activated carbon [J]. Minerals Engineering,
1998, 11: 545-550.

[11]A Tadjeddine, A L Rille, Adsorption of cyanide on gold single crystal investigated by in situ

visible-infrared difference frequency generation [J]. Electrochim. Acta, 1999, 45: 601-609.

81



JEI TR 2R 22 A0 S B 5T R R PR AEAN [+ 5 K < R ARG PR B A 4 M

[12] T Sawaguchi, T Yamada, Y Okinaka, K ltaya, Electrochemical scanning tunneling microscopy
and ultrahigh-vacuum investigation of gold cyanide adlayers on Au(111) formed in aqueous
solution [J]. J. Phys. Chem. 1995, 99: 14149-14155.

[13]Lori J A, Hanawa T. Characterization of adsorption of glycine on gold and titanium electrodes
using electrochemical quartz crystal microbalance Corrosion Science, 2001, 43(1): 2111-2120.

[14]S M Barlow, K J Kitching, S Hag, N V Richardson, A study of glycine adsorption on a
Cu{110} surface using reflection absorption infrared spectroscopy [J]. Surf. Sci. 1998, 401:
322-335.

[15]V Humblot, C Me’thivier, C M Pradier, Adsorption of L-Lysine on Cu(110): A RAIRS Study
from UHV to the Liquid Phase [J], Langmuir, 2006, 22: 3089-3096.

[16]51RFAE, RS, SZB, BAK, BZ, XIBERT, WAL o SRR N FH AN
TSN [3], 24k, 2008, 33(7): 931-934.

[171 N Y Gu, L Niu, S J Dong, Simultaneous determination of both the calibration constant in an
electrochemical quartz crystal microbalance and the active surface area of a polycrystalline

gold electrode, Electrochem. Commun., 2000, 2: 48-50

82



BRI AL IR A HUAN L R I A SR R A

EEE SEBRES DR OREERRE LIRS

225008 (HOCH,CH(NH,)COOH) @& 2 JEMR 2 ik H I B — 01, "Bl BER DL
BIAAEEAE-CH,OH, B T H 2R 7 7 h CoJi 1 BIIH, Hoar 72y L H 2R
2k, WIGIN T AR AR b AR AR I e B 2R i S R B2 e . AR
FUT I 55 4 -COOHAI-NH. ) H 28 55 4 AR I AR FIBLEL S, B 42 501
HXE, FRATA AT AT T FR R0 2 B 19 7 rEAR R T ) 4eU A R e T 1 S )
1117 HLIE P AR =y 8 [ 2 1) 1R B R R0

§5-1 £ FERTE Au % BT Au(111) B4R LR FRE LS FRIE IR B R

5-1 45t Au(111) A 7E 0.1 M NaOH (A1) #10.1 M NaOH + 103 M Ser.
whCViihgk, ElrhsRg s AT R AT DU R g, A AR R AR E
k. 0.1 M NaOH¥ H Au(111) 0 i AR FCV I 2 b, A7 0.11 VA 0.29 VH
NS FL U 73 ) 00 I A THT AR5 PE IR B FJOH  (Au-OHag) 1 1T O A 14718 i
(Au-Oug)M HIPISZEEnT WL, 55— B IE 43D, 2 SR LR AL AT
-0.4V, {HYHATIEF-0.05 VIR A Ak HL A KR S B FLA IERS 19 I, %8 0.1V

700-
600
500-
400-
300+
200+
1001

01 -

-100+

-08 -06 -04 -0.2 00 0.2 04 0.6
E/V (SCE)

Fig. 5-1 Cyclic voltammograms of Au(111) in 0.1 M NaOH + 10 M Ser.
The 1% three cycles (—) and stable curve (----); CV without 10° M Ser
(----). Scan rate: 0.05 V s™.

83



JEI TR 2R 22 A0 S B 5T R R PR AEAN [+ 5 K < R ARG PR B A 4 M

I &85 HY A SR AL LU 563.2 wA em?, Bl B 2Um) . % ELAu(112) AR 7E 4
PR I CVARFAE, %06 H A b5 3 T8 48U R M R e (1 58— A Ve v — 35
A WWAU(LLL) AR R I A P ORI R G F T 22 2 MR M4 Ak . tk4h, K 5-1
H R BRI TR FELAE LE e T~ AU THT 5 A DR TR W B U0 WA s P o 7 A
(R 1T B e M LG T 22 AR M AR [ Y HEAZ B [ F48 22 0.1 VAE A I, Au
PO BT R FBCRE TR » 22 IR AT IR B A4 Ak , DRI 0.04 VA HE —AMIE{E 206.9
HA e RS LT, T A7 1A F AT AT (1 0 H A 5 00 1) RS T e A (i
FHAT, 56 B I ) PR 4 o 0 A PRI 0 8 7 2 T 1 4 A R A8 2 W T 40 ol
(CNa) WAL fEFRBTEAS, 2% R IAEIE R 0.0 VAT 0.03 V45 i
S HLIRIGE, K IRl 257.5 T 89.4 pAcm?,

Bl 5-2 45 HHAU(LLL) BT 2 A AN [RI 9 B 22 S8 IR P Sk R i 58— )
CVilhgk. Bl L2 R BEMBE N, IE m R b s B AT IE A%, iR fl
jeli N, KKk 563.2, 3646.5 H1 7346.3 pAcm?. AR, LSRR T A
R PR R4, I8 O PRI IR A8 A B DIAR G o

2.0 mAcm™
——p

j

C/mol L
0.05

e \““73001
_H/Q:2>===,oom

0.0
x5

T T 1

T

-0.8 -0.4 0.0 0.4 0.8
E /V (SCE)

Fig. 5-2 Cyclic voltammograms of Au(111) in 0.1 M NaOH containing
different concentration of Ser. Scan rate: 0.05 V s™.
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Fig. 5-3 Comparison of Ser. oxidation on Au(11l) and Poly-Au under

the same experimental conditions, in 0.1M NaOH + 0.05M Ser. Scan
rate: 0.05V s™.
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Table 5-1 Comparison of Qox. of Ser. in 0.1M NaOH with different Cerine

Cserine / Mol L 0 0.001 0.01 0.05
Au(111) Qo (anodic) / mC cm™ 0.48 4.60 12.87  38.45
Poly-Au Qo (anodic) / mC cm™ 0.47 3.98 7.72 10.60
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Fig. 5-4 In situ SNIFTIRS of Au(111) electrode in 0.05M Ser. + 0.1M NaOH. Eg =
-0.8 V, Es is indicated on each spectrum. 1000 interferograms. Resolution 8 cm™.
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% 12.37 (0.1M NaOH + 0.05M Ser.), 1] W22 S B2 I In AT pH E 1 52 EE 00
WATH% &,

2 LRI ZY A S S0 T B R T PRI VR R pH AR s D T I R v
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P22 A A I AR AR A, Bt B R 7 e WAL Es E5ERT RS 0.3V,
1M MY ERIEL- 0.8 V, S ERZEWITAF I 45 ROt i an i 5-6 o, HTWFF s
L@ RAE A A A S, AR — AL (-0.8 V)IARARIE DL . 3 K TP AR s
5 COMAAT Kt 7 B . 2345, 1378 F1 1305 cm ™43 1) VA & T- % P (KIC O,
COs* FIHCO3 B 1. W/ LAF I, 4l 0.3 VIUSELLIG, 7T 1378 A1 1305cm ™
T b nm FE I, AR, 7T 2345 BT L0 A I I o S B, R
A7 N AR 2 A AR T I A R

CO, + OH — HCO3 (5-3)

HCO;3 + OH— CO5% + H,0 (5-4)

M H AL R AL B A R B AR AT =R Cnf&l 1-5), i AEm S i, X
MR A AEAFER > TS, o-REES SRR /R A feoi, BRI HER
BH 1 DRSS AR A 1 A4 i LA E A P 7 B B AR A v«

(H)R NH>
N

/@\

&HAuN
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Fig 5-5. In situ MSFTIRs of Au(111) in 0.05M Ser. +0.1M NaOH, Eg= - 0.8 V, 1000

interferograms, Resolution 8cm™.
Fig. 5-5b is the amplified part in the region 2000 ~ 2400 cm™.
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Table 5-2 IR Band assignments for Serine upon oxidationl’™?

Frequency (cm™) Direction Assignment
~2110 Bipolar CN str
1036 T C-N sym str
1560 T -COO™ asym str in Ser. Molecule
1253 J CH def
1332 J -COO™ sym str
1580 J -COO’, asym str
1433 \! CH, sciss
1149 \! CHj twist
1096 d CCN as str
2345 { CO, asym str
2169 J OCN  str
2230 \? AUCN str
1378 \! COs” str
2146 J AU(CN); str
CO, + OH «> CO5* + HCO3
S |
X
S 234—5 /03
el
% ,_,\/_83
f \
1378 3%

2400 2200 2000 1800 1600 1400 1200 1000
v/cem?

Fig. 5-6 In situ MS-FTIR spectra of Au(111) in 0.05M Ser. + 0.1M NaOH. Er =
-0.8V, Es = 0.3V and -0.8 V; Resolution 2 cm™.

91



JEI TR 2R 22 A0 S B 5T R R PR AEAN [+ 5 K < R ARG PR B A 4 M

WE BRI LALLM G LR, SR IE A T 22 2R A2 Au(111) FiK
AT RER S NATLEE SR .

225 IR 73 2L S A
Bb
NH, NH;

I I
HOCH;—CH— COO" +50H——> '00C—CH—COO" +4H,0 +4¢ (5-4)

7
e
‘00C+CH+ COO™ +7 OH—> CN +2CO;* +5H,0 + 4 ¢ (5-5)
ISyravEw Il
e
HOCH,~CH+ COO" + 12 OH— CN +2CO3* +9H,0 + 8 ¢ (5-6)

BB A 5T 2 5 R 5 AUHRCR T AE ARSI AR LA, R ZEC-CREIRT Y, B
AN A CN FICO i R, JLHHE 8 AN HL T

A FFEHEA T 0.1 VIR, IR T F B R T CN ] 1 — 2D /E FiOCN'
AUCNFIAU(CN), 254 Flr
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Table 5-3 Reactive mechanism of Ser. at Au(111) in alkaline solution

a. LE AR AL T AR AECN
OH NH;
CHy+CH+ COO' — CN+COs”

b. LB PEM

The local pH value decreased upon further oxidation

>
1378 1305 2345
o A COs* —» HCOS", CO;
CH—CH—COO — '00C +CH-+COO —
1333, CN°  — OCN +AuCN + Au(CN);
1580

~2110 2169 2230 2146
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§5-3 W R DL SBR7E Au (111) B4R Y EQOM 73T

K| 5-7 25 HEQCM-Au(111) H1# 7F 0.1 M NaOH(a)#10.1 M NaOH + 10° M
Ser.(b, )R EMCV Lk, K 5-8 AN AMAE L L. MK 5-7a
] DU EE B2 T 0.12 VTR Au(112) £ A7 _EOH I HL B i Au-OHag (111455
HILUEE, 1 0.26 VBFHUE IH JE ok AuZ T A A0l 1) B (AUOg) I FRLIAT IS, A5 AL
K 4-lafr Au(L11)ZTH bR 045 FAL. 75 5-8arh, {7 A-0.80 AR £1-0.45
V (A-B)I R, Au i Bl Cand EARAERE/ BT (KOH. NaOH)
¥ 25 H fuf FELAV Epze, avZ 49-0.6 V (SCE) , 4 A 15 T-Epzc, aullf s FEAR R THIAF 1E HA
i, R T AR /N OH B - 5 s R T = AR S SRAH ELAE B HUAR T
Ir FRERIIE 1 (Na") FIH07) 171 R R i AW o 177E-0.45 %1 0.0 VIX.
i (B-C) , FMRIMIREILAARA, BIH/KS T HIOH7EZX ) n] LU AR E JE
ffo M0.0E]0.6 V, HIHIIHIZEE BAU-OHag AU, 5 EHL MK 2 T i 5 189
T 116.4 ng cm™.,

TEEAT TRV (K15-7h) , ff7 A\-0.80 4941 5-0.4 V (A - B)iL F2 i,
HIARR T BT RE A AN, UEWICN AT LU ARG e IR Tl i, IR — e e b
FNHIOH TIPS o 225 RRAE AN T AT LATEEpzc, a1 — & HOAL Y8 1 P4
MR, PRI, BRATTIA A 7 L DX ) s A P 22 5208 7 3R TR 43 HL O 1
Bt o 75-0.4 ~ 0.0V HIAZ X ] (B — C) F B 11 T 7 1) 320 T IS J-OH 5 AusK I 7E
SESRMA ELAE L, 40 BUR T 40 5 K I HOCH,CH(NH2) COO 7E 2 T 1R f :
Ubah, WIEAL LM gE v %0 (K] 5-4, 5-5), MFFTHAT & T- 0.2 VIR, 224
PRIT A W Ak, AT DG 28 F AR SR T, 5 b A SR T s (PR . KT, AA-0.20
) 0.60 VLA X 7] B 2 1 B A% 0 8.7 ng em™®,  HL2% (A NaOHE s A Au,
A5 | PR 2 TR T (P 88 n R vs /b T 107.7 ng em 2, AT UM BL R = AN 2 i 3k
[FIVEFEARRE: (L) AR HA DX ) 22 2 R S Uit B9 = ) CNAE e B bt 4l 77
SR, T T 7K 40T FIOH1E 4 HUAR R 1HT ARV BHT, i A B 9
J7: AU 11 T J R I T 1 7K BROH 7 4 1T R WR BT RIAEUAE, DAL IbG  vo LA [X
)5 ZE B AUOG KT D s (2) MR B ASCNTEUA I B A BROCN HE AV LA
G AL APIAUCN), TE R (3) 2RI A AR S,
22 S TR PR BN o IR Ak, BT AT 2 IRV B, FRATTINE T ] 5-7brh-0.1
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# 0.6 VIX 1] (IAMIE 25T 14.5 ng cm?, TIAE S H 2RI T, 18 X 1] ) o
1IN 55.1 ng cm? (& 4-8b), X B i T 2GR A AL AT AR, I
HIHA A B, XA 4-8b7F7E 0.30 ~ 0.48 VIX [0 15 AuO.TE i, 23 Hy
W T TR b i A I P A X T) 3R T At 1~ ARG & 008 s i Bl 323

5-8czy it LA HI4 RN 0.3 VIR iR AAb th 4, frgeid — i 44z
JG& AM{Eh 10.6 ng cm?, XTSI FAE 0.3 VIN AR I 4 R 7 IT 46 L
Au(CN), B & 1 I

X} T 5-8af&] 5-8b, HIAZA 0.6 FHI% 0.3V, n USR] AMBEA LR
FRfEE, X5CVlliZk (K 5-7aflfE 5-7b) HAEA M ZAN ik J5l B Uit 19 45 S AH XS
No AHHALE— P M 2-0.1 VAL, AuRINEIFNEIR, S3ERIN T E
Jb. B 5-8arhAm =-138.2 ng cm™, i [ 4-8bH 4-74.2 ng cm?. X 5 B IE
[r) 414 I A 5 22 28 BRI VR T AUO g R A G EEAEDOS /D IR S5 1R R N, o 83— i LA
P25, 625 FINaOHIE W - UM R [T 5 698/ 13.2 ng em?,  (HAE G 424
WL IR, FR S T B R LU/ T 53.5 ng em?, 31X 1 BHA 2 T AU(CN), R AE
SRV i B30 R TR T () 9D
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j =200 pAcm™
| 1 i
QD

T T T ! I I ! I ' T

08 -06 -04 -02 00 02 04 06
E /V (SCE)

Fig. 5-7 Cyclic voltammograms of EQCM-Au(111) electrode, scan rate 0.05 V s™.

(b) 0.1 M NaOH
(b. ¢) 0.1 M NaOH + 10°M Ser.

100 ng cm

11.8 B C

-08 -06 -04 -02 00 02 04 06
E/V (SCE)
Fig. 5-8 The simultaneous mass responses of EQCM-Au(111) electrode, scan

rate: 0.05V s,
(a) 0.1 M NaOH
(b, ¢) 0.1 M NaOH + 10°M Ser.
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§5-4 [ Au B L4 BB S LI

ATEHRFSE T Au(111), AuZAAFInm-Au/GC = Fi ELAG A [r] R 11 25 #4 ( Au g
W) 22 A PR (1 fift B I A48 Ak o 18] 5-9 45 Y Bk =R Al 7 0.1M NaOH + 0.05M
Ser BB T IR ZLAMGHE, AR T Es? S 0.4V, I L, RINLZE
FRAE = ol eEU R )t 2 WO B AR A AR LR = 2R AL, S [ 22 Ak 2 BB/ (i Ak 3
Pk DA R e R R 25 T, 2 S DX AR B B AR s R e 2107 A1 1378 em i
T 53 531 A CN oo R WM TP HC O3 (2T SRR, 1560 em A 1) I 1) e g 22
12531 Hh-COO (¥ ROW B i ¥ 8y, Fron 2SRRI AE: 1 1580 em ™ (#1350
-CHOHA LA i-COO™ ) [N A i B8 o ) LALEE 2]
1 SRR BT R CNZENM-AU/GCH HI 45 Y S 40 aieleg, AT b 42
e 1R R A
2 22 SURIEAULLIL) A B R A B 1 AL TR PR, RILTESR R 2 SR FE I
1560 cm™ {07 & (] 1 [ iU R, DABSE AR T 1580 om Ak () 471 [ i o
FHNHE, -COO M) EZELICOJERAFAE, M AEAUAAANINm-Au/GCHIMK |,
-COO Ak =4 3= B LACOS” M T HC O3 BH B8 1 T A7 A4E

KENLE

AT IS A AR ST LA S G A B A 2 A0 0 S AR RO A 5T
TR A T 22 S RAE Au AR THI ) PR 27 i B W PR RN AL, B T S AL
FRRNLUT FE L8

22 S RATARFAL I (-0.8V) B RJ R AR 125 S B 7= AE R T FICN e 225012
R4k A T C-CHEMIBTZY, 42 CN 2 FICO, (COs*, HCOy), 45Tty s+
0.1VHS, CNailf — P44 A OCN, I H CNagtd Auf 4k [z B A= il AUCN F
AU(CN)y', H T AU(CN), B 1) AR U 5 3 A R T AU Tl FEUR R T
e AU HIV RS

22 Z IR AT AU(LLL) P OB FL A 58 e T FEUARE AL 1 U BT Tk A 5 OH 7
Au(L11) KA eI o JEIMR 2 SRR, 222 R AEAU(111) R 1 ) AL I HE
WAL A 2 S A 1) 4.3 1%, ALY 3.6 15 JRAZZLAMNEIES: BgR i, w s
I 22 2 TR 1) A8 AL 5 B0 S M pHEL A, 2800k 74 = 22 DL CO B AT AE
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Fig. 5- In situ MS-FTIR spectra of Au(111), bulk-Au and nm-Au/GC electrodes

in 0.05M Ser. + 0.1M NaOH. Eg = -0.8 V, Es = 0.4 V; Resolution 8 cm™.
Fig. 5-b is the amplified part in the region 2000 ~ 2400 cm™,
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