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SUNTREIBERRE, REBREREY BFENEI
4bo Plieth [12] BB EALE, MRT Ag
Pb ZHEREERE (111) F 111) AR, FBEHEE
FRRESRERELBZRBEFEeBREIN, FRR
MEF (Ad-atom) , RERMEFEIREY &
BHRIHEVNE, DEEARETE. Conway[13]
BEES Cu. Ni EBNMHREENEEMZE, F
EHEELEENIREESESEE FEENLR
BN ERHEVNE L EE MR PERAR
o Vitanov[14]) BFR T B & Ag 3277 ERVTLARAIE,
B SETUNE TR RE M MR
FHPIRSZMREREZE, RKEERRRNERE
FHIRES, BHTEHEBEIMRESENRBPEESE
FAMER. B2, SR AREEE IR TIHERD,
ST T EL . X—HEEH T HRBME
MRS R BER/ BB ENEACERN. AFIR
BEZ, BRRNEERRR, UEREHRFUTHE
FZFRE, R/ EBRNSRARBEERIESE
RMEIME [15], FALRS T XNR/ BRI ERERE
FEANEBROINRFIBICARE. 5—HE, TE$
BFsMMEB BE R KRB AT s ERUTRNIERNET.

HENFREFRE LXRFREIEFRIEMIR
RFRWERE, TEEBET —FUTHER. 6
i, Mitchell E A [16] REAZEZRIER (DFT,
density functional theory) T+&EBH Cu FiRE
WEETSHARMENGEE, HEERBEHBEHE
WL ZRmETTE, R (100) EHIARELEM
MiBinZA TG, ER— 1%, REHELMNE
FROR AR BRAEFRANBEBFNEFREITE
tHHEIETIIBE: BAeFREIMENBLAZLRED
REERAE. TEBE. RESEWMY &=hE
£Z40HE, BFRENDFT HENMS TR HE
TWEIEHITHEBEARN TSR, SHRPDT
NN EX R AMEB AN ERtR=E
BFE, MEMESENT RFEHGITELERIES
NMERFHIBES ™. BAT, BXA DFI[17-19] =H
RERFE FR5MNEE TERREARFHEE

%o BX& DFT[17-19] HERR A EF DFT,
BIRKBALHE DFT, MM A ARSIt S B
REHFRIRK /AR st 2T MBREFEZIIRE.
BIANEE A [20, 21] RFABA DFT R T Zn 4R
R E Zn RFRIRHKT/MBE TR RS B R
BIR.

AR/ MR MRS 2EEEMEET
FAMIEINZOTE. BR2LMWDFTIHHES
EREMITERBFEMEE, EFIRMITEERR
HERBXAZHRRIBLMTERBEENERF
E%. f5180, Brensted-Evans-Polanyi (BEP) #H X
XERINMMBETRNIEFBRSMITESZE

B BE 8 X Z& [22-24]. Nilekar % A [25] }f EH =
Cu. Pt. Pd S BRAEABEANE. RERK
MR DFT HEERER, RTEEMHE L5
SEfteez B2 MELENLEMEXR, FE BEP X
Fo. Xu% A [24] ¥ H DFT i+ &, #8757 Pt(111)
1 Pt,Co(111) FRE £ O, BEARIEH, TE
DHRLMERREZ PIEFEFELMERR, B BEP
K Fo. Gomes F A [26] B DFT i+EXLE T B2
AT LB FIIEE TR FE Au(111)s Pd(111)
AMPt(11]) FErEEERENBRER XA BEP X &,
ZERBIRFWER BEP X R BEERBHI
MEBHRBERT, eREF/RFEFTRBRERABIIT
/R T 2S5 E BEP X & DA NIRE.

ASBY B/ BBERARERETE, iR
TEMBREMEFRFFES Ca(111) BREREA, &£
NEINER B & E TEEMEEAF AR/ R
BRI RE %, REARTAREMBBRETT
AR CuJRFFE Cu(111) mHIREY & A
MRERERRSEEN XB208EB0XR,
AR FEMAR MR ER T XA2F MR B R E
FEMNXR, BALETHRENBEZAEINERX
HFERIEK,

2. {RITE

FETEXRAETERERANE —HRE
FHRERAF JDFT[17-19], HABEERHABF DFT it
H, BRMERKHM DFTHHE, T4 REHA,
AT EBIRBEHRITRE. EMMERERR
RAFBEEEE, REFETEEBBED M. NEEH
FMERBLFRSG, BRER « MITIEBRRBELSE
Bou~ SEBEBRBEER L, NXREA:
lele = pg—p,, (1)

ZJDFT H, SEZBREXA—ITBTFAETE
FIBLERRRANPBELFESR, XNE u=0.
BUAFEANBAFERAERTEEYEFRR Fermi 68
%, BHRAFIHELBRA Fermi 884k p,,, BIA]
BEFERMEBIRER lele=p,. £ JDFTiHEH,
BEAT DAUBITIR B Fermi RER A HEIER LR,
BT RFHE, WA lBSERRERNRAE
FHBENAREMG, BE1EE Fermi B8R Wikt
HER, BEEMEFHRENARTUEITERS
S, AARITERBARBTFHEN TG A>T
HE. TESENEREN Fermi BERXT N BHAREE
HIE.

ASHET Cu BEENIR /B BB AR/
AT AT RER R, A 1 Fim. HIEAMERRN
D—-Q: BRCuBEFMUED (MHNE) HiZE
BT EEROHEH; BERARERAN: BTFEL
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AUBEO#HITREYT HEQ, BHUBEQRRIEA
RO . BmMNRARME LREMARST KM
RiEE. WFEEO>OMD—+Q, BMIERSR
B8 68N Cu BFHRNE O (111) BEHE
WREBRAFNAER Cu JBF, FRERHKET7E, F
BEESE RIDMETF, ETRESE41ETF,
MM HERE. BRO-QRATERE, H/LIL
75 (111) EAREBARE 20 NEFHEE, 52,
E41MEF. AIE Kk RIRERN 2x2x1, FE Kk 1%
B9 12x12x1, #HTEEAR T 598 eV FRBITHIEER
XA TRGENFRWE,
TEXABREEMERMYLRESE, B
HEEETHBRAEANEERNS12 A, HB7EMS5
EHBEREES SN 1215 A F182 A, FEiHRHER
A A R AR FUA RIS . FRBUS KA SaLSA
(the spherically averaged liquid susceptibility
ansatz) AFIEA [27], &RE 1 molL” A Na'
MF BFNaF AR AT XBEIEL (GGA,
general gradient approximation) HfJ PBEsol[28]
HITILA MR BEEEITE, CuEFXH GBRV
BRERER. EHABRFREE. BETFUNEMES
BRI MESAR SRR ZEN AN 2.72x107
2.72x107 F12.72x107° eV,
HANBREBHITEMMRL, BARHBR Cu R
FHEBRRARE % B BT P FA RIS i T @i%
KEMRFUERK, FEWETRER/IML. 2
R Cu BN RS ERALE, EBEBREMNES
WMA—D CuBF (B 1468K) , FREFN
BEAMBRHTEN R, REERDRERMME.
&E, NEABEINEY, BEERBRmeEREFN
NEB, THRTEREFSHERKRENEZMED
RERIEMBEAITEIEO>QOFMQO—->QRERE
%, IRO-QNFREY BRIt EERA
B Cu R R F-H-F, & B (WE 1 FR)
LB RFEMIEHATEAEER T FIRER

B1 BEAE (D—-0Q) fEEasg (D0, @—0) ~EHA
Fig. 1 Schematic showing paths for direct and indirect
dissolution/deposition

MABmBEHRRMNRZRESS, EFFAMHE
A PNIRIE=E{AL (threefold hollow site) o

ATHRRAGE, BINEXMBETEAZEN
C=Q/S, Q BB DFT it EA B R FHRMAE
B, BEEREFNRENRIFEF, SAHHE
HEREH. ¥FIEO—-OQ, 27AHEM 0. 5+ 6+
13lel BYEETT, W FIFEO—>Q, 2 BIHEM 0356+
12« 15lel HUERTT, XFIEO@—Q, 4 7IHEM 0.
1< 2¢ 3. 4lel HOERT.

3. BRE
3.1. EIE/EERRNBRHEE

1 Z2FWMARMRERIRER, H32
BEAR/MHRERE (O-Q) MEEA#E/ MY
B DoQMQ—®) E2a b M c AHERE
MBEFEZET, BRO-O, D-o@MO-~O
RIREE ML, FEMBBRAAE ISR A B
B IE 1. B 2(a) F (c) WELER Z RRAR
CuBF5E Cu BIRFREMER; B2 (b) HRIELE
FrR R %12 (Reaction Path) 2/&H Cu REFIAITE
HFRZEMFMNEBENEMEHRNE, E 1 <ER
s, Fis Hix M F, Z2=1MIEIEN=E4L, B,
B, Al E F, M H,« f& H, M F, Z B
AT EBEWM T RARRNEREY B REFr
HEMATL, WTIED-OMQ-QEXAE
MEBRFEEZET L
E.4= ESqaps co(EgatEcy—es ) 2)
HA, ES . BREMPBHEETEZEN CHEB
FRCu RFEMBEBRARCHIERBRNRS
HIBEER, (Egw+ Ecuoe )" BRI INE B EZ
ETARCURTFMALEFRBERENRFEN
fEE. TERR, YARCURFEEHRRER
MEBEAT 4ANEEEBEARERET (LB
2(a,d,c f)) , FAAEXAR Cu [RFIZE Cu BIR
18 AR N (Egap+ Ecue) ZH0, Z5RANE 2(d) 71 (£)
FroRo

NFHEOCQEXAEMBFEFTEZRET
EqwiEqn= ECslab+Cu_ECslab+ll 3)
HA, Ep.ce RREMBRFEABREN CHER
Cu BEFERET BN BN REMNEEE, Ewa
RENEMBEFEZE TAER Cu BFAT F, i
BNRGNEE, ERUE2 e Fiwo

BRLTURMERET B RETE A X EBUR
FREBRNGEESE 2, RARLAENED-OM
QeQHHIE—EHELE, RINEXABMTRITRE
DeQMOQ-QFANEH2H XNIFREEEN:
AG,= (Ea_Em)/Z
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B2 5Eam (O—-0) MEEag (0—~0, @—-Q) ETEMBRFATE THREHE. () BEAR (D-0Q) MEEHMLE,
HZ=0 BT—EBRERE; b) XRAYH (O—-0) WEERHL, KNEEE (Reaction Path) EREAR Cu B AIKRIE=EM F-H,-F,
EDTRZERN, ZAZENZBENFMAB MB,; () ARETFMNIEEREZERE (@—~Q) MENEEME E,.. (d) BEERE
(O—0B) WE, HZ; () REYH (D—-Q) M E,, ML ; () ARRFMNERREAZEER (0-Q) WE, HZ%. REELKIL 46
B NMEGELXNFCT = MHIVER FRREEEHT.
Fig. 2 Energy profiles for direct and indirect dissolution/deposition at different applied surface charge densities. (a) Energy profiles for
direct dissolution ((D—® ) ,where Z=0 is the nucleic center of the atomic layer just under the step layer. (b) Energy profiles of surface
diffusion ((D—+@ ) when the solute Cu atom moves along the reaction path of threefold hollow sites named as F,, H, and F,, as shown
in 1a, with two bridge sites B, and B, connecting these threefold hollow sites. (c) Energy profiles for the process of @ —>@® . (d)E,q of
direct dissolution ( D—=®). (e) E,,, of surface diffusion (D—®). (f) E,q of @—+® . The black, red and blue vertical lines I, IT and III
indicate their specific positions for energy analysis.

AG, = (E,—Ep)/2 FERAEERRIREMABREE N FRIE; Ex
Hrp, Ey Ep 23128 Cu R FERIREZER- E, RFIEL 12 . NE IMNE— P EERER.
HBRFUABRTENRFNER, £E2 (a, o dFf) AG MAG, BN XBEE2, IRRNEREBEFE
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#e, WHEABRLZ2NK/N. AG, M AG, HAE
NERTEEELHT. EE2 (o, dF) A, -
I XFATAEX AR R X . S48 REFE
BIRMER/NTF IZEXNUEN, RARERR
X, ZRRFREESIENEFHEHERENN
HER. FIED-Q, AG. AG, B AFRRNBR
Cu R FMO->OQ. Q-OEBEINRKREE,
E X AG;=max(Eg—Eg,Epy~Ei)~ AG,= max(Eg,—
Epy Egi=Em), Hr Ei(i=F,, By, Hy, B,, F,) HBBUR
FHIUNRANEER.
*1BEEOOHAEFMBRFTHEEE TE
R TUART XE2 AG,« AG, IR/ TERBITES,
MEENE AR EEEAEN, B250E/N, Hm
HERMEZEN0234 lel /AR, AG<0, B225H%,
BB Cu [ RFAINB L BB AR IR
OEF, BEMBAREZEENIEMN, 3255

X, MEMBEFEZEN O, AG<0, A
R Cu B FAI L E AR B AELIE

* 2 2EREO-QAREMEBEEZE T Ak
TR X2 AGw AG, FIR/N. MERHATUE
i B 2 0 2K FR 1T 1 25 A A 0 HF R BE SH R A iR Cu
BEFREmHBMNBENEL2. MYTFARCuRTFE
IR AR B HO T 22 5 N2 B T 1 225 A1 N 2
BRABETEAEEHEKX, BEAZL2ER/N.

RIZBTEQQQTAMPBBETEEZE A
B2 TR X2 AG,« AG, IR/ XA,
FEEMEBRTEZEENEN, A2 N REZRE
Ko XMMARLRE, MENRBTEZERR/N, B
L2EHBEREZEX. BETHERASIEDO
EAlo

B3ERTRI. 2M3IPBLHXHEL2E
MBEFEZENXREZL, FEREREZE

1 B3RO0, FEMABRFEZE TERIIRTXHE2 AG, M AG,
Table1 AG, and AG, at different applied surface charge densities during M+@®)

Surface charge density/le|/A” AG,/eV AG,/eV
0 3.87 -3.87
0.09 2.10 0.140
0.108 1.757 0.328
0.234 -6.856 6.856

®2 FTEO-Q, FRMBEHEZE TEBITRT XHL AG, F AG,
Table 2 AG, and AG, at different applied surface charge densities during D<@

Surface charge density/le /A AG,/eV AG,/eV
0 0.321 0.051
0.054 0.194 0.077
0.09 0.178 0.064
0.108 0.177 0.050
0.162 0.178 0.017
0.180 0.179 -0.002

®3 Ui2Q<0Q, TREMBAHAZE TABITR XH2 AG, # AG,
Table 3 AG, and AG, at different applied surface charge densities during @@

Surface charge density/le /A AG,/eV AG,/eV
0 1.575 -1.575
0.054 1.490 -1.490
0.108 0.89 0.22
0.162 0.375 0.90
0.216 2.2 2.2
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E3 B2y XELANMBBTEZENXR. () D>QAR AGI MMBAFEZENXR; Ob) RETHO—->O AG, N AT
BERNXR; () OQ—QARK AG, MIMEAHEEEMXER; (d) O—O MK AG, IMBBHEZENRXR; (¢) REYT HEO@—>D AG,
FMMBBEHFEZENXR Q=M AG, MM BHEZREN XA

Fig. 3 The relationship between AG, and the applied surface charge density in reaction paths of (a) D-®@; (b) D-@; (c) @-D, as
well as AG, and the applied surface charge density in reaction paths of (d) @ - @ ; (e) @ - @ ; (f) @ - @ . Points are calculated results by

using joint DFT and lines are fitting curves.

XEMBZERERX. B3@EBERERD>OH AG,
MMBATAZEMNXR, RN_RENESEE
AG,=259.126C,+ 6.522C + 3.847, SRR ARER
8 R = 1-Y(y-9) /X (y-y) tERIERERHIE (R
- 1HARENE) , MEBERNR=0993, C
AMBRBHEZE. E3((b)ZEED>QT AG,

MMBETEEENXR, AFEHAIREAG, =
8.924C*-2.34C+0.314 7R, BIARKE N R*=0.933,
HE 3(c) BRRQ—>QH AG, MMBFBRHEZBER
PAE F R B 8 AG, = -119.90C*+9.852C+1.460 &
=, PIEBEN R =09275. Ff1@i Lk AzAr
PUTEAEMB R EEZE TARNE AG,, B
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0 -L667
637 M0'6 10
605 0 Dissolution

. e e *T——0———@ = |e| /A%
Deposition 0 0086 0.105 0.135 0.159

| 3387 0.469
0.421 0486 513
-1.57  -0354 |0

1.862  3.152
0568  |[[l0.621
0.577 990

B 4 1RIEE 3 FTSEIN AG AG, MMBANEZENHREXRARL, HESIN—LEFMBAHEREENXNERRNT XH2E.

Fig. 4 Critical applied surface charge densities and the general energy barriers when energy barriers of @@ and @«>® become zero.

/f/r‘ E

N

E3@aﬂﬁ%%%%®*®\®*®ﬂ
Q- QMR AG, MMBETEZENXR. U
B 3d 2EEQ—O AG, IMEEBEFEZEENXR,
PLE R E A AG,=49.697C-4.28, HEHBE N R’ =
0.9769. B 3 (e) B EQ@—>DITRE AG, MINE
HEEZEMNEER, MEEREA AG,=-5.075C"+
0.582C + 0.053, A E N R*=0.8823. B 3 (f)
EEEQ>QMME AG, F1iNE B & %2 E /%
R, BRELMER AG=18.407C-1.937, WERE
# R*=0.9351,

AT HEELFTEIBEUATAR: F£—,
ﬁﬁﬁ%ﬁ%ﬁﬁ&ﬁ%ﬁ%ﬁf%¢%%%ﬂ

, ERASBENFEM. SMEBIPAE, ?%
m#&%&wwm&rﬁzﬁmrz@w&m1
5 4 R (Arrhenius equation) r o< Aoexp(AG/
(ksT)), HA, A RAIBEF, AGRRNHEZ2, k
Eﬁmz B, TREMNEE. £ZR T =300
KR, kT=0026eV, STEEREE, A WERA
10"m*s'[29], W FEEO->QKIITHB2ER/N
7017 eV, IWHAR Cu R FERET B RENT
0.001 A,, EIFE 10" m*>s"' %, KET BRI,
MmE@—-OFREY BN RARL7 0077 eV, &
=ET, RETHAREO-QF &K 10° 15, #
Bt ERE LNEERIKS, BIE 2 (b) ()
P IZAREEE/NT I EM I LAMEEE, EE
ERFBEYT BN SEENMERNT BAREE,
Cu EFERARBME#ITREY BEIMBELE. F
Z, RENYEEERLSRNYTRREEXR, —
BYIELA r o< C, AT ERIT IR RBEEEFE
%@TmuaﬂAwaTmuammgo

—J- 3 A LATS %D, /ﬁﬁ#//ﬂﬁ —J_-*EEP}_‘_X:%’

2MMBFEFTEZEETUFERABEHEN—IREI IR
XARRME. BIHXRALIITEAEMEERE
ZET. ARBARMBRAERNT XHB2. BRIE
B4 it ETEEO-QOMO-QH T XH2H 0
ROMBEATEZEE, RINERAEZE T/
FARIMIRARNNNT XB2K/N. 48R
EEMBEFTAZERA, SEO-OMO—-OMN
I XRAR2EFRHR/N, EMBERFEZERN 0.135
lel/A’ Bf, BRRO->OMALELET N0, HitE
MEEMBEKRTF 0.15 eV 22, WHHBEARE L
%ma&%ﬁMEﬁ%ﬁo%Mﬁ%ﬁﬁ§§m%
BHEERERE, @>OMO>QIEM X B 248
BATR/N, EMBEFTEZERN 0.105 lel/A” A,
HEQ-QMBLEETEN 0, XFHTEQ—>DH
Q—-D#INEEH L2, BEQ-DOMBL2FEE 0.058
eV, MM MIREABELALEELEEREA, RE
E—EMNBMRENRET B2, TREMEL,
BT EEAR B RRm Y B 2B ME B2
BTN, ENE B EZE R 0.086~0.105
lel/A” B, REY B B U AR AR A 38 2R PR A
S, MEBRFEZE/NTF 0.086 lel/A%, SRFRE
ZEQ-OWEEMMERE (FEETHMSIRE
HIERT) -

32. TAMBAKEHEET Cu(lll) REH
Brensted-Evans-Polanyi X &

AEMBFERFAEEZET, AREFE Cu (111)
EikFkEY SRR ABRIEFRYIGREE (S,
initial state) FIZLEEE (FS, final state) 437l
M EASEHESEEE (TS, transition state) Z [

KALERUWE S5 o —MBEERAIEX T :
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IS = [Ey=(Eqap + Ecu—)]/2

FS = [Epy~(Eqap+ Ecu—e)]/2

TS = [Ec—(Egap+ Ecu~)1/2
Hrp, E, @B R Cu R FAFRRFRE /MR
HeeE, ER2HPFERARGRL 1IRIE; Ep, 238

40 0 10 20 30 40 50 60
IS/(eV)

40‘* T T T T T T T T L

30+ g

20 .

7S/(cV)

10

10 0 10 20 30 40
1S/(eV)

12+ .

TSKeV)

-4 0 4 8 12 16
IS/(eV)

FiCu RFUTHRBRAERPHRTENHLLE
WMEEE, EER2PEALEEL IR (Eaw
+ Ecyoe) 3R 0 IRELF T T8 BT Cu R FIRAIT
EENBEBRNENRRZNEE, X TFIEO-O
MO-OUESKSHE ECRRBREL T

d

55 8
a4t g
S 33 1
Q 22 7 7
A ]
11F 8
0 L E
0 10 20 30 40 50
FSi{eV)
C
40 L T T T ]
30 R
@ 20+ -
=)
10 8
0 £ -
0 10 20 30 40
f FS/eV)
- "« 0.000e)/A '
15+ 0.054eA? s A
[ = 0.090|e)/A? 1
12 & 0.108Je)iA’ 1
r 0.162|e|/A
2 9« 0.180JeliA? 1
TX b e 0.216]g)iA?
S 8L <« 0234e)A2 1
Fitting line
3 L. o
0 L L 1 ]
0 3 6 9

FSi(eV)

E5 TEMHRFAEZE TS (IS). ReTESER (TS) MAL (FS) sEEBEMIERXR. BR CufFFh () BEOOQEMR. (b) 2§

FRO~QFREYT B (o) BREQ>OAME. (d) BEO>DOIMMA. (o)

NEMXFENBEER.

RO-OFEY WM (f) BREO>@NR. KA DFIx HHER, &

Fig. 5 Correlation among energies of initial state (IS), transition state (TS) and final state (FS) at different applied surface charge
densities. TS as a function of IS in reaction paths of (a) D—® ,(b) D@ and (c¢) @—>@ . TS as a function of FS in reaction paths of
(d) @D, (e) @D and (f) @@ . Points are calculated results by using joint DFT, and lines are linear fitted results by using the
equations TS=a;*IS+b, and TS=a,*FS+b, for the TS-IS (a, b, ¢) and TS-FS (d, e, f) curves, respectively.
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BRAZNFNEERKE MY TIEO-OK
i ff}? 75‘ = _l%-‘_ ﬁlé E EC 43—% ~ EBl(EBl_EF1>EBZ_EH1) E‘Z
EBZ(EBZ_EH1>EB1_EF1) ﬂ\ﬁ"] ﬁE%o ﬁ 2 %ﬁ'ﬂ];l‘%ﬁﬁ
THEEXNIRAITTERE.

B5(@eaRCu R FMANEBLEEER
FEBEBRP (BEO—-OQ) M TSIS fi %,
MEHRAUESNERANBETEEET, &
R Cu BFEARFPARE, RedESHEE
MUBREZELAMXR, RN EDEL T
TS=0.957x1S+2.483 HLEFEE AR’ =0.9999 E5 b
BARCu BFERAYTHIESR (BREO-OQ)
TEMBEFTEZE TR ISH TS Z B HI X R il
%, m/INZREWE LT TS = 0.998x15+0.313,
PEEENR=09999. BE50CERHKECulRF
MIZEMFH PR AR BRBEARD (8
7F@—-Q) MIS-TSHZ, Hm/N_FREREL L
TS = 0.808xIS+2.547, BEREE N R*= 0.9974.
5(d) BB Cu R FMMIEL EARE BRI
BREF (BREO—-OQ) MFSTSHiZL, ATE
AR Cu BFEARHAREN, RedESHEE
ENMXTHEELAMXRR, RNIRENEA T
TS=1.154xFS-1.717, #L& % E A R*=0.9979.
SemAdlCu RFHEXREYT B+ (BEO—-OQ)
FSAMTS ZEIMXRE, m/NTHREDELE TS
= 0.9989xFS+0.002 B 5B E A R=1. BA5 f &
[T Cu [R-FMIZ B2 B R R A S B R R
BERA (BREO—>Q) MFS-TS %, &/INT3E
SEWES B E TS = 1.429xFS-0.702, MEHEE RN R =
0.9866.

BEE S JRNERAEMBEBRFEZEET, WKk
MR BERER2MEIE, Cu(111) mAREF
EREY BN OB ERARPINR B BRIEES
KEBEP X &R, IIRNBER2EERTHEE
&M X R, XHEI L BEP XR2MIMEER AR,
A RITEREMNEBHEZE TAR Cu BFER
BERZANRSHERE AR EHRSEEHM
BN MBBFTEZE TLESHESE, KKE

DI
4. &

ROBE R EZ RMEST FHREMTA, It
BT TBEMEBER T HBFEUERPFEREMZMN
FeARE A Cu(111) ESHEAR BAR P A] GE AR R/
MEBEMREEML: MR ERIARNERS
FRAI M RN S HEIT R I Y B A AR R A (e 4
AR, EENMRMETEANBRTEABET, &
B/ MREENREY BMYIRSMTESEEZ
B8 T M BEP &t X R, T XE2MMER

FEPEZBNEEBEN—RETIRKR, BX
TR T Cu(111) BRI EEARIMNIBRE (5
SNNEBE) T, RFRIEFHRRNFAREY SR,
e ESEENVIARRSEERNXR, AR
W EREMNFRETEESE. ETHENEE
KRR, TESE: 1) NFARTRE, YHEm|
MEMAE 0.135 lel /A’ R, MM BRFEEIL
BEERABHOATNHEABRR, 2) NFARERE,
MERHEZEREN 0.105 lel/A?, BIAREE
RAEFRERE, BYERREHSBREY BUTR
EMEE, BIEENRAR; 3) YMEETEDR
E#—HREN R 0.086 lel/A” AR, SAFRFER
HR@®—-DEE M.
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Charge-Dependence of Dissolution/Deposition Energy Barrier
on Cu(111) Electrode Surface by Multiscale Simulations
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Abstract

Behaviors of electrified interface under different applied potentials/charges play the central role in electroplating
process and electrochemical corrosion. The mechanism, however, is unclear yet for a surface atom dissolving/depositing
from/on an electrode surface under an applied potential. The energy barrier along the reaction path is the key variable.
The present work conducts hybrid first-principles/continuum calculations to study the direct and indirect dissolution/
deposition of a Cu atom on perfect/stepped Cu(111) planar electrodes in an electrolyte under different excess charges.
Energy profiles present a linear relationship between the energies of the initial/final state and the activation state of
different reaction paths under different applied charges, obeying the Brensted-Evans-Polanyi relation. The activation
energy is also a linear or quadratic function of charge density per unit surface area during direct and indirect dissolution/
deposition. These simple relations provide a simple way to deduce the activation energy from the energy of stable states
under different charge levels. Analytical formula indicates the occurrence of automatic dissolution from step sites at the
applied surface charge density larger than 0.135 lel/A”. When the applied charge density is between 0.086 lel/A* and
0.105 lel/A’ the energy barrier for electrodeposition to the planar surface becomes smaller than zero, while there is a
small barrier for surface diffusion, indicating indirect deposition with surface diffusion as the rate determining step.
When the applied surface charge density further decreases to lower than 0.086 lel/A?% the concentration effects of the
available deposition sites on steps and planar surface are ignored, becoming mainly the direct deposition because of the
energy barrier of surface diffusion.

Key words: Deposition and dissolution; Brensted-Evans-Polanyi relation; Electrified interface; First-principle calculations;
Continuum electrolyte
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