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LA HIEE R BRIV R PR SRR L Z N BRRE S X B 2R EBE B LR
RERNNEE, IMNSZTEARERNHEERTESBMERIERA T —MBRENNFR. KB L
FIHERE BRI Cu £ Au(111) ERTIREIEMBIRENA], 5iRERBAFIHBEEHARTLR
HENER, PRERKE. LREE. XRPEMEIEENS.
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1. 3| §

A B EE M K (scanning tunneling
microscopy, STM) E—fEFEFREIXMN
PSR, ERUSKH . RARRN REENE
HEMER, AINBZRSHENAEERABLS
BMERREHRT —MBEB NN FE. STM B IBM
AFNEZR G. Binnig A H. Rohrer F 1981 £
%& PR [1]o 1986 £, Sonnenfeld % [2] /K F1 3515
BEBABRAZNRET 2H STM B R K NaCl
KIBBRHIRET AuBEHI STM B, AR 7T STM
HERBEURRFHITNE, MNmATRAEFEH
RINFH. ARAFZIREHR TR STM IR AHE
L F B E 2 MK (electrochemical scanning
tunneling microscopy, ECSTM) , EaEfEERMER
BIRHPIRIG S = 8 4 PR FR AL AR R AR SR 454
ERMREEER NHETZ, HAI ECSTM E#/
ZNATFRAFEZPDINHR [3-9].

AXHEETARFBEFEZHFE ECSTM £
WRIEA E, B ECSTM BREE Cu £ Au(111) £
RUTLRYIRR BAT A ARG, 5i=E 5 ECSTM 5%
RMNER, PREREE. XIRTBENIEEM
%. XRFERIUES, ERNALREE, &
RSN TIEBRAE. SHRFIEMEH.

BREEREFSHATELRMATIERE, HX
Cu HTUFR YA R A SRIE BB 2561 4, DUERE
ECSTM HIE & B2 e D H N BEIBBTHER
=,

2. LIS JREE

STM EFEFREERNHTIIE. BEMN
MK RN —FRI, BIERLMEEL
WNFHREEXR, RIEBEETHZRE, NFFIdHE2
HIERLS—MHNNLEHT AT EXHERLT,
HFFBERSEZBEINRA 2R BRMBEE
Bi. SIMKEEER, E— 1T 2BHREFE
MANERZERN—MBE, SPEERNF1
nm B, WSFEATENARERR, ERIAXH
EERINT:

I=1,exp(-AD"* S) (1)

X, I, ELEFRE R EMERRE R KEES
MENRERSEE, © M ERHEL (BEURLEMN
SEIThERER., Bl eV) , SHEREHREZ
BRIBEE, BAIN A, A NGFERT (EEZHH
1.025(eV)™*A™)
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HAERRY e, AN —IMHER, EE2XME
RAEENSETUSEH STM BB R FRHZE
DHEREST .

STM X 28R AL B AR AT L4 A 18 H R AR AT
EgEEN. AEARERXT, BIERHESE L
MRERE, FELEFE, MIEoiERER L
FIREE XY FE B TR, $FRMEEmRZ B
BRE R AR BIUASRIUR, STIRAIRRIE B R
TR, EFREEES. ZEZEESREIEFA
H2g Z TR EERAKRS, BT LN Z
FEIRENEE, FiAsst Z a4 MY, Mm
R AEHRZENERE, FREERRBR
B, FMIEPIMEEE Z H e LML E BT
HAUIER TR, MR STM B&. ElESER
AT, ARREEETIN, SRANENEEERE.
LR T, BHREE XY FE AR, £
REHGRBAMABLNTEEESSERFIEE R
W, BEICRBFERRNE A REREASHENE
XHER. EREERNEA/NERRFOHRE,
AIPMEFAERAOFEERE, MMmE R UZER T RE
B, BREEXEERG, BAAEREPE
REEREART, BRROKEER (<1 nm) TTHE
SEErAMEERRE. (EASTM ERR—F
TEER, ERREXTHFRNEERG, WREK
ERABANER, BHTZE R IHRE BN IEE
RIPRS], FRAENRENEAERE.

SIMNITERBEZEKRER, TEREER
SEMASPIE mMBEEBRRBDIE T
ECSTM, HFHEHEBRIAERTIE, FEEMNE
IR EIER S, 5% A S B L33 37 o )45 Sa AN
AR TS L ERNEBEA, Bt rERIAE 1
Firme TR LS L ERLERE, MM
FEEERSERER, ERNERRANEEEFIRIRE
BRI, MTISSHE ECSTM MR, FEIESHE
EMER M. AL, FEREBR/NEMES L LR

AR ER, EERXREERSNIER R
Mo XFEHRFIITHREZVEHMMERATRE/NNIEER
MR RR/ N AN ERRNER T A BE
fe, RS ECSTM SEIRAIMINRNRZ B,
HamH &, SRR RARN T FEEX T %
SHUEEESHEREXER.

3. ECSTM SLRHEXHNRIE. REX
EBER

BT STM (X884 5, ECSTM NMIXH HZEH
. FABAMIZEFIRER (SrARAMER) |
XNERMS LR, TEES B IXILHSHTN
A, HEBNABIKEHIEREI,

3.1. BRLERES

R RERS ZERENS5H, ECSTM
MBETERSZ=E D, WEEFIMENESE
ERETESNER, Hit, SHEEBRZEMAETS
HHEEARMBABAKITESE, 81 0B,
B MBS,

FF i T ECSTM Hgm REE BN
|G (Teflon) K _AMIBE=RRZHEHEY
(Kel-F) , MEHEBRENLELFEREM. 8K
SLISHT, BN, OB, Pt ZXWHERIUALEUE
LIBBTFHTRR, BANTES: BENBA
FAERMBNEATREER, REERAREB
AR, REEMASE EMPVER, FEREMRE
SUKFMARERFE, TR A RRBEIKRE
#H, FENRRER.

AR A, BERL. OBE. SEMRA
MHERHERAGHER KT, BUNETRERES
HHBbEESRNARES. NREGEERRR
R ENNE, B/NETHRRREESSPAEE

STM tip (Working electrode 2)

Counter electrode ()

m—() Reference electrode

B 1 ECSTM Bt R EE
Fig. 1 Diagram of an electrochemical cell used for ECSTM

}

Sample
(Working electrode 1)
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SIARSHR . RECEFHI—F ECSTM B ML)
BRZHEEHE 1.

3.2. sHRMEE

ECSTM LB et B HREERENB RS L
NE LSO TEZYEx. FEBNS LM
HBEPtr €M W, BAFZMEEHTFARABE
KRR, HENERIRTTR; Ptir && 24K W
23R, WA SRAVIME NG ES &, AR
BB —mBEH— P NE, NEHNRRH
AR fEET SR

33. s

NERHTHEEOHMNMERTENNLE
R E—F T 2 BERAUB/ N R ERERIZE R
M TE, EEARNREERRNSNIER . kR
TR/ R E B R B E TR R NERIE R
MEIBRISN, EFEXE LA AR AT A
Z=H, NFARENEAMBURTRNBR®R, &
EATRENETRBA, EX—BAAFZEHES
ERBRPHNEFBRMAXE, Mm#E—ZRE/N
SERERRNEN. NHFERHITHRA, HEH
ZRUBHFHRN, TBELNERSREMEKE
IMRLEME R FEAENSTRBASERE. fi,
FERIIERER, IEAFEBRERINNERSSE
B, ERHAREBREHERIE ECSTM FTAMNE
s, BIEWERSRUME, e RBAEEE
HRBAZER/NT 10 pA HIBAKX[E.

BEMTEANZLEN, TENRRNIZER
b, UREIRAERTANGTRY. BHMHNES
FRRFES, FEHEERBRRPREFE. BH
HEHTREERERBE. BKR. Apiezon wax.
RIBR. WS, ERARRBKRETHER S,
SFMEEFRIE, BEALUKE ECSTM LRHE
Ko MENOHIRYEEEHE, AEHEEFHE
RER, MAEES, EERIATTER, EEEH
FHRBNERI IR RERA A 10 pAs

THEURBRAG, MREHERE. BHKE
WNE 2 FT7R [10], ZEBRRBRTAR 1 FHFEX
RIERMR S AR EkARE, AT ESSIE SN A
HKEMBE, BEETRE AN ERRE.
BB MAEER EN—MER, T ERRESE
PIBRMAEES, ITHEEASSEERRRmHR
N, HEERBRETRERHRERRE K. B
FHRERMEEXHEREEG M, FUBENIEES
MERENE—EXFR. Bz, EREENHEES
REEHMARLTFEENRES, MMEEHENE

HYR. GFE, FRHETELEEARCNEEM
B, RE—EHNE, FHASERERZHIET
WP, BREAZIENE LR, F—EKEMNS
KA, ZKEF KT ECSTM LI AR B
ANBRBRHRE, REEHROERMEFOTD
BBt . FEHVAERER, B HEF ECSTM
L. FRHBBREEEM Ptlr $HR SR N1
EEFE 2.

U]

© |—o

—0O

B2 st asEsmasdi@rsEmE [10]
(1) BBk, (2) #94%, (3)1 mm BEAVLE, (4) STM §H4R, (5) #2fEZR
(a) $FREARAVIRES, (b) $HARBHMIER, (o) BEHENER

Fig. 2 Tlustration of the apparatus/technique used for tip insulation

(1) soldering iron, (2) copper plate, (3) 1-mm-wide slit, (4) STM tip, and
(5) holder for manipulator. (a) The tip penetrates the glue along the slit,
(b) the tip gets insulated, and (c) the coated tip with the extreme end to
be exposed.

34. TIEHBNFENER

7T X3 ECSTM RF RS E 8 2 HRA7T
=, ECSTM MM R BRI EREFERH SRS,
XEREREBEFAARETRFENRT, FIAEE
SCES 8] R F K SR B FAR T LT 4540 5 AR A2 .

W—LEeE$E, W Au. Pt. Rh. Ir %, BB
SIS LR R ER B @SN, AT IR AR Clavilier B9 75
EBITH®E [11-13]. BITH&NERAEEEQ
MBERWBEIRZE, MM AT KRERE RLALR
BREHNIEENEERET [14].

AEZSAEE, FHEEEENRERE
FRPRER, SANLEBERESERNTXEE
B, LFEHMEFBR kS, BeFHktd
EAu. PtESRBEBAATNAESE, BEEOS
mol- L™ H,S0, A 5 V {IBAR BB E &1L 10 744,
SRIETE 1 mol- L™ HCLiERHEE 1 DA E S
ZHAIRRPERNELE, REHBAKH,
RIERRBERAEFEETEEN LERE, &EF—
RBEA 1 molL" HCLAR IR 3 5L Lo
RAREBLG//OPEE, BRAS4HERSWT.
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BEeERMESIEPIR IS, ATLERK
FENEISEY, HFEFRESRANEFREES
. BASREREENZEERS, TESSER
HEACRRERANEE, EBRNIEEH TR
ERH T, BESERAEAZFTHINKE, BET
BaIAER. XTEEBERFESIEARE, B
ESETEENE, TERUEHBRNEE. —
MR, RIFAENERE 2 2L ERIHAR)R X
FEMN. BAEHESRBERFEEBESE (N,
RArR) WRPTAHEEER, RERMEERE
ECSTM H fZsth A 475058 o

3.5. XEIRFIS L AR ERE

HTFZZI=ERIMRE, ECSTM H#hA R ~f
BN, MEMEBELEENEAFEABNARE, AL,
BEFASBALEATBERMSILLBER. Au £
Pt ZABRIFMBELFZREM, TTHIEXBER,
BB 22 UK S B ARt — BB R IR AT 48 K X FR AR Y
AR FEERSHEYS . SEERAERNBUR
TFEBRNAR, FTLAER Pt 223k Ag 221ER “f
SH” B, XES LR B A BUR T B @IRE
R, BEXIZV EMRIENES, FLFERXE
ARG EHTRE.

4. STBIBE

F A1# A ECSTM #F %% 0.05 mol-L™" H,SO, +
1 mmol-L™" CuSO, H #2 & f Cu 7 Au(111) R &
OB PG B Cu B2 A RBAITA
(underpotential deposition, UPD) F1id FE {7
R (overpotential deposition, OPD) P EL.
UPD 2% Nernst B IAIEE FF & B HRE K
() BRAREBEMIITRE, ™ OPD 2% Nernst
HuMlAgEERBAH. ERBRBE&RP, Cu
Au(111) RE R BAMRS =L T CulRFH
BELFRM.  (V3xv/3) R30° BFRH (SEFF
AREFHIN) RER (1x1) 2R

PtIr St RBE I &I EAREREH. &
ELERARFIFT B AR 2 B H Cu Z2H0 Pt 2. Au 3 &K
—A (111) NE A ELERR. Au(111) BIRE
ARIZBAFEEMEER A, SEASRP TR
o BB AR AR TTIFN Milli-Q B LKA H o

SRS BINT

(1) FRMRMEBRIBEKEE OB FFHM
Rt

(2) FlE&EE Ptr #REf;

(3) BfLFPFFMEIER A Au(11]) BBREE
R, FERSRPRFERLNEER;

(4) %% PtIr IREHEANIRET L, WFRIREH
@t

(5) FMAXZEHE, FoATREER
Au(111) 3R

(6) EHMBMS LR T N,

(7) REtEER Au(111) XE, BEEHRN
BT HIBFERIRE, 514050 pA;

(8) B ABAMMERR T IR Au(111) BARHY
MAERL R, MWE Cu WK BEAMT B AR
B. AR THRAUTHEETRBRANBZRERREFSH
ML E ECSTM BSHIFRE, ME Au(111) BARE
EEL, FIERE ECSTM EE;

(9) #HT3R1EHI ECSTM B

SEUS th— LS B H FIE T A E RSB T

a. TIERAIAIHE S

BE, BATEREBEARZIRHE LIEER
WA FAREEBRUFREHBAXE, 1 Cu UDP
PUEMEAKXE. REEWR—ENEBER, B5
HIET MBS LR EA, MSkTRBRRE
EMERNTL, ALRFPERUERTRBIE
Cu HITRRAIE R

b. $HREALRERIIE S

NFEEMBIAIET S, HBANIEGIEIZE R
MREFTARBRPRINERAMXE, UELEZE
HEM B R/INEARI B RRNEMm. miEm
HREAERBAUSNFEREMNBUNEE. W
EHENERSETAMENEXMEX. NI APEK
TMREFRIEIEE RN 50 mV, BEDEHL B EbiE L
EE50mV, FEEARBMNBHERBAELMEL.

c. BFEBRRIRE

ECSTM LEFERREXEN, BERRIEE
EEESHz— BEERARK/NRETEHR - HFMH
HIEIBE, R, FrR-HFmEERN. NFS
RMRENERS, BXRARBNER. BNEXREE
FIRES, RESRERR.

d. RESEREERE

ECSTM A & R 8 18 M K FAHESE B 2/ 3H5E
BIER SR THO R . DURENE2 2 AR 3R T A4
EEMAPRE, MAEEFRERILEK, WEL
BEREAMNFEEEURBEFEN. BLR/NER
TR AR/ NAFEE, WRERERE S 2PN
ECSTM Ef%, 0 Au(111) REM Au RFE %K.

5. BBIRITIL

WE 3 AR, CufE Au(111) % = UPD By
BIRRLZEETEZIMLIE A F1B[15]. HEBEAMIETF
I AR, ECSTM MR B &M ILE 3a, 2R
BAFHES . BMBENE 11 NEFZEREBR
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EHME, REBEZEMWEFEEN 0.29+0.01 nm,
Rt E PN ERR N EH R IZARE Au JFF. HH
fNHaBE0IRV, I FUPDERIEANGE,
ECSTM MM LML LT, WE 3b Fir, Ba
B EEE A 0.50+0.01 nm, FEBE4ETL, 2M
7 W3 xV3) R30° BFEM. M _ER, ECSTM
AT AR BR ER FR AR 2R T & R B 45 A B FR AR FR AL A 2
, BHERFRSIKEHREMAZERAEHNT
FEREAE N TR

FEREL, X (V3 x/3) R30° EMHITIAIRE
— I, BRAMTGERE T FABEIMAZ LT
BHHH CuBEE S STM $iEfs AN Cu TEE
BENBEEZ AFEEERE, IET (V3xV3)

R30° EMELNBEEE N 1/3, MIREREIAMAEZE
KENBHEENNNBEEEAN2/3, BiZEMN
REWIKIANA Cu TEE, MEENAFEHI
HTHETRENSEMNFTEERNEM. K&,
X- BY 4k 2 5 S IEIESE UPD BEIE A LA Cu R
FIRESIREMHES [16], EBENST AR
SO, BFM%EHA (V3 x+/3) R30°, Bl ECSTM
B &R = S SLkFE LR SO, BF. AXAR
Mg %TF SO, A1 HSO, BFHIEIM. IiZAERE
INFIEFEERAB, HTF STM BEHANEELFIRT
BEh, REWRMSFHRENEIEAIER, Rkt
STM RgBiTHE1EE, S6BKFNEESR
FARSIEISITEX FIEH@ET STM BB +H0EE.

10+
A 15.0 pm
S5
E |
L
EW -15.0 pm
-
o -
3 ff—
-5 40.0 pm
L A
s B
__10 | - 1 L [l 1 1 1 1 _
0 0.2 04 06 40.0 pm
V vs.SCE .
v Height 2.0 nm

B3 CuiE Au(111) Bi4& | UPD M{EERAZRE [15]-
1nA; RE: 50 mV; FA#EE: 5x5nm;
50 mV; FIEEE: 5x5nm.

(a) HAIIETHRIE AR, ECSTM MEZE Au(111) 3RE Au FBTEIE; BZFER:
(b) FAIBERRIE A R, ECSTM WERM (V3 x/3) R30° &#; BEFHER: 2nA; RE:

Fig. 3 Cyclic voltammogram of Cu UPD on Au(111) electrode[15]. (a) When the potential is more positive than that of peak A, Au
atoms of the Au(111) surface were observed by ECSTM; Tunneling current: 1 nA; Bias voltage: 50 mV; Scan size: 5 x 5 nm, (b) When the
potential is more negative than that of peak A, a (/3 x/3 )R30° structure was observed by ECSTM; Tunneling current: 2 nA; Bias voltage:

50 mV; Scan size: 5 x 5 nm.

6. & &

AXBAZHBEREEMARRE Cuft
Au(11l) ERIBRIEME IR A6, 1A
ECSTM LR ALK, BFEIRRIE. XREE. X
BHBNIRENS. EANATRRERE, 615
HEEtE. TIERRAE. STRFEEMEH. i)

BEURFSHATEFXRRATIETEI, X
Cu BIRHIIA M R SER BEIR B 2 4T, BRT
ECSTM K975 = [8) 72 ¥ RE 1 K B AR AT A X B I
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Electrochemical Scanning Tunneling Microscopy: Taking the
Initial Stage of Cu Electrodeposition on Au(111) as an Example

Zhuo Tan, Kai-Xuan Li, Bing-Wei Mao®, Jia-Wei Yan"

State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China

Abstract

Electrochemical scanning tunneling microscopy (ECSTM) plays an important role in the field of electrochemistry,
which can obtain potential-dependent structural information of electrode surface with high spatial resolution and observe
some reaction processes in electrolyte solutions, and provide a powerful way to understand the interfacial structure and
electrode processes from the perspective of high spatial resolution. In this article, the study of electrodeposition of Cu
on Au (111) by ECSTM is taken as an example to introduce the experimental methods required for ECSTM and share
our experience with other electrochemical groups. Firstly, the working principle of STM is introduced so that readers
can understand the imaging principle of STM. Secondly, we describe the process in detail and the points for attention
during ECSTM experiments, which include the cleanings of the electrochemical cell and O-ring, the preparation and
encapsulation of the ECSTM tip, the preparation and cleaning of the working electrode, and the selections of the counter
electrode and reference electrode. Thirdly, the ECSTM study on the initial stage of Cu electrodeposition on Au(111)
has been taken to demonstrate the experimental procedure of ECSTM, and shown its ability to obtain image with
high spatial resolution. We have analyzed the two interfacial structures obtained by ECSTM at two different potential
regions according to the cyclic voltammetric curve of Cu UPD on Au (111) electrode. The high-resolution atomic image
obtained at a relatively positive potential is assigned to the image of Au atoms. Further, it has been demonstrated that the
(V3 x4/3 )R30° structure can be observed after the completion of the submonolayer of Cu on Au(111) in the sulfuric acid
solution. However, the (v3 x /3 )R30° structure obtained between the two pairs of current peaks of cyclic voltammetric
curve should be assigned to the adsorption of sulfate anions, which occupy the centers of honeycomb lattice formed
by Cu adatoms. The ECSTM images demonstrate the ability of this technique to achieve high-resolution imaging in
electrochemical environments. The analysis shows that caution should be taken when analyzing ECSTM images due to
the lack of chemical recognition ability and that it is important to combine ECSTM with other experimental techniques or
theoretical methods to analyze the obtained data.
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