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Abstract

In the evolving field of materials science and condensed matter physics,
first-principles simulations have become an essential methodology. Rooted in
quantum mechanics and without empirical parameters, these simulations offer
insights into the behaviors of materials at atomic and electronic levels. Their
strength not only comes from eliminating experimental input but also in
delivering reliable predictions. With the rise of artificial intelligence (Al), the
collaboration between Al-driven algorithms and first-principles simulations has
initiated an era of rapid materials discovery and design. This combination aids
in understanding complex phenomena and in designing advanced devices. The
collaboration between first-principles simulations and Al is reshaping how we

explore, comprehend, and utilize materials in the 21st century.

Part (I) Dielectric Profiles of Tin Ilodide Perovskite

Tin-based perovskites hold great potential as a replacement for traditional
toxic lead halide perovskites, but their instability has limited their luminescent
performance. However, two-dimensional tin-based perovskites have the
capability to enhance exciton binding energy and, consequently, improve
photoluminescence quantum yield (PLQY). Additionally, the difference in
dielectric constants between the organic and inorganic layers in two-dimensional
tin-based perovskites also affects exciton binding energy. This study employs
density functional theory to investigate the dielectric constants of the following
two-dimensional tin-based perovskites: (TEA)2Snls, (PEA)2Snl4, (p-FPEA)2Snl4,
(p-CIPEA)2Snl4,and (p-BrPEA),Snl4, and explores their relationship with PLQY.

The results demonstrate that altering the cation composition does not



significantly impact the dielectric constants of the cation layers but induces

variations in the dielectric constants of the anion layers.

Part (II) Field-Dependent Explicit Electrochemical Simulations

This study presents a systematic assessment of the explicit modeling of
electrochemical CO dimerization on the Cu(l11) surface. Solvation
configurations were sampled at room temperature in the presence of adsorbates
and the Cu surface. The study characterizes the energetics and work functions
along the CO dimerization pathway, considering plate-type electric force fields.
It is observed that the activation barriers and reaction energies for the CO
dimerization process remain relatively constant, around 0.95 eV and 0.35 eV,
respectively, even when external electrostatic perturbations are introduced, using
the constant-potential correction. This finding, supported by explicit simulations,
reaffirms that CO dimerization is primarily a thermally-driven process.
Furthermore, applying electric force fields ranging from +0.2 V/A to -0.2 V/A
leads to effective electrochemical potential changes from +1.766 to -0.565 V vs.

the standard hydrogen electrode under pH = 7 conditions.

Part (IIT) Kinetic Analysis of Single Cu Atom Catalyst on Pd surface

This study is primarily concerned with the computational characterization of the
electrochemical formation of C-C bonds via the coupling process of CO and
CHO, utilizing a dioxo-coordinated Cu single atom site ([CuOz2]) supported on a
Pd(111) surface. A stable intermediate, denoted as [CuO2](CO)., was identified
as a tetradentate and tetrahedral species that forms when exposed to CO gaseous
molecules. Electrochemically, the hydrogenation of the carbonyl group to CHO

was found to require only 0.87 eV of energy, which is conceivably lower than
iv



the corresponding step on conventional Cu surfaces. This study also observed a
significant charge transfer effect from the top layer Pd atoms to the adsorbate
moiety, particularly at the transition state (TS) structure. As a result, an accessible
barrier for C-C bond formation at 0.67 ¢V was observed. Furthermore, the
reaction energy for C-C bond formation was found to be exothermic at -0.21 eV,
indicating a favorable chemical equilibrium condition. Taking into account the
temperature and pressure effects of gaseous molecules (CO, COz, O»), the
[CuO2]*(CO), intermediate was found to be substantially populated at room
temperature and exhibited chemical resilience under dry ambient conditions, as

suggested by the results of kinetic modeling.

Keywords: DFT, Dielectric constant, CO dimerization, Single-atom catalyst,

Explicit solvation model, External electric force field
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& 1011 o Walter Kohn % 1998 +# ¥2 John Pople % I+ £ 18 i* £ b f & >

BAY 0 E Pl TRHPAEF T NERE T R DFT S 435089 &
EERTFEZ - o

DFT €732 A M 2L Sn¥ic» &£ & a9u2 E 2 — §_Walter Kohn
4v Lu Jeu Sham % & 71 Kohn-Sham = 4% o H - #3840 @

2

h
_ﬁ & +Veff(r) l/)i(r) = gilpi(r)

6 l/) (T')p KOhn Sham mlﬂ eff‘?’ F i%iﬂb ’ 'n L g i ?]\%K%ﬁ‘
it ~ Hartree(® + -7 F # %)% a0 L &2 LM BN o D0 S BRI R

v

R EAEH M- A ER IR PR AFRT IS (B

% DFT ® > R MELSE, [p] 4- BHitES > v 847 535

o 2 [

KEY AFRT SRS AT R o g R ALA T o F S T

~



BT SR BLS T E o & ahd K/ INF A 1T 1 (Local-
Density Approximation, LDA) » ¥ 1 & §32 > 3t353 § 3 § hil BEXRA
BRFa Pl EEAAINT S BRGNS B ABHMBIL T LS
B0) = [ exc oGP r
Exc(P())EF BT F MM - THRTNHNTI RREME
Woch s o 3t > YRR E Y > DI RAS R 5 PH
BFE R s o
BEHRETNGCAL&-H f1 hithARM R KT HAE DY

BoBIAHEMB T AL

BE10) = [ FG0@) 00 &r

flo(),Vp(r)) A - B3 ZF P 5 - Bk T3 BA 2 EH A
fico B ENEP T GGA FArmd B p r B3 R A PHAE KIFE
LDA shpn 4 » J€m asF SR T8 8 0 BmAk o e FH LA L L hd
EREARD  HulLHME T I RARE [P AR

{ AF FEerE S0 o 4oyl £ 945 0 % GGA #7 Hartree-Fock .34 ¥ — 3% 4
FEPRGERE R AF IR TRE T LB EER - K 0 ERH LS
BE AP E AR AR R AT B LS A AR & R

)=

SE R DFT B 8@ L3 foff 2 chbist» & £14 F6i 49 o

FHAESHEDEE > LR FF ROz - REFTF S
RS LA R TR GE SRRk SR S B R A MEE R
oA hAf e Aol /R F i R 0 2 B HAPE > P E o
ks R R O CRREF B - HREPE R R S E

B A LFE (AD) GRS A S A F - BATE R

9



R N PR R o B 2-1 4T R R E
BEEBBEVEULM G2 Ke 0 HORUTRAR - G E i
€ RSP TR R £ S5 - BARE L PR R

-

B IR AL AF KB hR A R DFT 325 ¢ 7 0 9 4p ] & e
% o

Computational, experimental or theoretical verification

\& omputauh

Sucncc

Elements

Machine Learning

Materials Prediction
AN

Applications

i
! b

Theoretical models

Bl 2-1. % S dcyir 3

Graphene

d DFT 35 A4 ¥ § fdf ™ S EFVHA RHFAFRR
Ao PR BEEY S VA IR E Y BRE ek X

MiE DFT A 47 i35 o fhT § 7 B@P 1 35 B g enplirie

.\

o4 Rat- B OB G B R AT o

EhBwme Y o AP DFT k355 | FATEFHL#7 F 3
B Rz REME 2 W PAd(11) 5 AR 4FE R+ LI B2 - F LR -
BV F & 3. % & 43 4 B (Molecular Mechanics) > ;2 i {7 & Cu(111) %

ﬁ—r%ﬁ_;\: ﬁ‘w—qll7 _$ ILEI‘I\ /%’/\fb};},@o

10



FIRGA P EEFITREA
¥

3-1 3

‘é\';

) 1t 447 45 T (CsPbXs, X = Cl, Brand )2~ #7 & 5 Jp4* & 1 B o0t
ERPAL > T E Rd WH QARG E A X ORAML - pE
S T ORI 208 KA E ARFIR 0 RE v PaE B E T 21
HERBF I E TS CLEDfr B T XA A BRI o it 4S
4T 45 THF F o A%k 53 & (Photoluminescence) % . » & 358 £ Rk £ &
+ A ¥ (PLQY, photoluminescence quantum yield) ~ B % 4z % #ic(Absorption
coefficients) ~ & §“ /it + ##z & (long charge carrier diffusion lengths) ~ %
* A3 R EAR S oV B & it M (Band Gap)'310 o Tt szt 4 i F
@ngﬂﬁ%@%ﬁ%@f&@%@#iﬁ%%ﬁ?%ﬁﬂ%%iﬁ
oo FEdrgt > LG HEFEFE SRS 3 - B FORE B

FABOEAF R PR AT REET O S T
Bt 1118

SRR FT A RBEE AT 2 b4 4T £ T (tin-
based perovskites) » #-Pb*' 3% & Sn*" » $F7 3 7 7 el s kit
BALKHHALRF - ERAT-XRERRFET et P20 ke > &
AT AT EE & PR L Sn(IDF 1 i hA £ 2> E3 0 Sn(IV)$ 4o h
Ao A RAEAFHHREY A2 BRARALE N AR ERAEZLE
| F hPLQY ™ 2 fE w4 2L 2o

B RJRGF RS FH NI EIPREE > TR BT RO
Fliodfriih o a3 & il o @ (2D) vz & (3D) 454
oo doBl 3-1 977 P o - BAFARATETD T IR BE B > A
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SR ERR c SRS R R ED DR el
7 Sn(Il)w Sn(IV)ehi 4z > j&a & 8§ 1 R T o &1 = g idp
o - A A EBEF A RN FOPLQY  HRTFE C HREHL TR

% g+ & & i (Exciton Binding energy, Ep)**2 -

=
I
w

A
=
I

=

I

N
A
FHACA
89 V' X

¢ c

L

=
I

24554

AN
ACAL
AA

AL AL
A
3uhd L €
HEHACA
A
2
A&;
43;
AP“.
(’("
.0

A A
AR

AL

Y St

AFHA
P04
P54
P

A
ACAS
A

i 18

2D (N 3D

Decreasing Perovskite dimensionality
Increase Ej, (increase PLQY)

e.C
AT
’(’FA,

ASAS

B 3-1. 4P ASTETH2 AR Eb2 B 5 B

B S AEEFHORER > FATE B IBATA Y kL
(light absorption) ~ =+ 4 #t(exciton dissociation)fr#§ #+4f & (radiative
recombination)fi ik & ¥4 o 4B 3-2 “1F 0§ KBTI X B T FE(E
(@) L5 &2 BRI T T7 0 @ RS AAEFEILD G LR
I A& 4 T+ -7 F H(electron-hole pairs) » 7 3+ (excitons)(Bl(b)) * & & >
B oo AP DT F ok A pod FEE(Bl(c)) 0 B KR TN
Ad e 2P FRHR LTI RIRRER > DR E
(Bl(d) > A LED %3 R £ ¥ chd & 84 o Jr+ & & iv (Exciton Binding
energy, Ep) &% kgt #-3 F -k A HTF R D E 0 Flpt o o &
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RATE T B 2t AEN > TR B RTI-TREAY KO

B L i > Fla E3k 0 { 8 PLQY & -

(@) (b)
-~
,’ \\Electron
! \ Exciton
I'Hole
= Valence
Solar Cell Band

Light Absorption Exciton Formation

(© (d)

© w

/@ @\

Oy o

Exciton Dissociation Radiative Recombination
Bl 3-2. ki k4] QMR ckkm (b) 3 A4 (C) I A

(d) #5544k &

Yol 3-1 9957 0 AT AR T RS T A g
13



PLQY » £ & {&- H#% = PLQY » = M4rscdpe S50 Higrdo
o BATETH Y o e+ L (Ev)E 4 R B Ui (Dielectric confinement
effect)2. FFefp ML E 3 £ E L &> Fla vV EBPRoe Hpak T
e AR RIE-EIRE BF AN T I TR H IR T EY 4%
Mz e A MATATHERY AU E EREDIR VK
BARR BRI EEL Y oAR AL - B UEERF LN
TRB o BUIRE S FREEF LG R AT W B ERE B
THF-THRHZFPEFTET S > g @RFAEaH o

AT R Z M A BT REN o B2 2 2 47 ¥ KT
VIR P S gk N Ry k30

h

2D _ €wN2 3D
EpP = 42 B
b E””2Dﬁh% e hEa 0 ERP L H 2 3D AT T2

B+ R o g, % &y » £ 8% (well layer) 2 5 8 & (barrier layer)2. /1 T %

Boo PSRN T BN A ER AL AR EHRT £ 52

(quantum well)en% & 5 % » & ® £+ i Fi(quantum barrier) & 2+ 30 -
RPN Mg N A D e, v PR G ER gk T A
SEFHT BB WL EWE AT VS (-

PLQY » @@L & & > A7 % 87 1 d 38 2 #F 5 4p B (static and
frequency-dependent)fe. = » de T B3l orm 0 ABHE R R T EFRIIKE

B P bk P B R AT e
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atomic _
electronic

: : | | | |

103 100 10° 1012 1000

f—lmicrowavej infrared ’—\J/IS [JUVL‘
Frequency in Hz

B 33 AR FHL RIS AIAT R T ML 4T S

Ra o AR ¥ B g (BExciton)fosk 505 sk »xF (PLQY) 2 B ehbd 12 3
EARG  TRENT R ABIENEI AT VRS B2 MR ¥
WL ERE RO e d o T Bedit 0 A B AT Y ER] F
20 ELET RO B A A T e BAR Y R G
D RAREER MG AR IR Vi E s B

Ep > ¢ #531 En 2 PLQY 2 B (% o
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(@) Inorganic semiconductor
Si (e=11.9)
Exciton Diameter: 9.0 nm

(b) Organic semiconductor
Ceo (e=4.4)
Exciton Diameter: 0.50 nm

1 nm

@

Dissociation hardly occurs

Dissociate easily into free carriers

Bl 3-4.() A2 Mz 4 E ¥ B <] 2 (b)F 52wz 42
Bt s 4] B

IR A AW A R AT BEEHMEE G R
£% 4 2 4 Fig 17 & & 45 i (Surface Passivation) 7 ¥~ &3 sxeisg 3
3% o Alivisatos & A SR %7 > F Fde 7 G A_SCN 8 dA ks » 245
FHOIMAHALEFGY 2 FARIF L ARS R0 R
rashe > B SCN ehig &F e RAFFE 3 A H 3k B dvck > F)
Be oo ARV AL AT AN T 0 47 AT AN P AT SCNTIZ AR s ARIEHP I 4F ek
B, ¥ P T iR Sn?t2F oo

RARE Y 0 AN PRILER G B K- k7T B 4ets 37 (organic

ammonium cations) > 143} B = B AL FH Y i T BTk (dielectric

confinement effect) o S PP ML mI P B A B AL F T & > N E AEF G

FHRETDHTE L L o 00 AP RhAS 4T BT A Y PLQY 2
B Bl » 12 % 3538 SCN 12 47 (5 2 47 e 4T 457 & i @ % B2 PLQY B 1%
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AT Bth o he MR AT T HNRS - ST B L

Ao XROARE LY 0 AR D HEER SRR -
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3-2 3 B ¥
3-2-1 38Kk R

* g e DFT 3+ % #0 @ * VASP (Vienna ab-initio simulation package) 4
8> % * GGA-PBE = %R B v ;25 » PAW potential * K $5 it a4z & %%
Pty ek 0 20k 5 £ (cut off energy) & 500 eV 0 K 8% $# Monkhorst-
Pack mesh k-points 3x3x1 » it £ Jcac s 10°eV s 4 Jeaci 0.05eV/A 5 i
Ly Bd g LR R A .

* k#3812 T (TEA)2Snls, (PEA)2Snls, (p-FPEA)>Snls, (p-
CIPEA):Snls 14 % (p-BrPEA)Snls 47 7 4T 4x T » B B+ & W] 5 & 2-
(thiophen-2-yl)ethylammonium - phenyl ethylammonium - (para-
fluorophenyl)- ethylammonium -~ (para-chlorophenyl)- ethylammonium %
(para-bromophenyl)- ethylammonium {8 4 #-12 TEA -~ PEA -~ FPEA ~ CIPEA
2 BrPEA fi# o 2 A B-AIPEA Bl4c®] 3-577 » ¢ 77 8 B3 #1534
+ 3 4 B[Snly]>HS+ o oA F IR 2 S HEdc B 3-6 A1 e

Inorganic Anion
Snl,*

Organic Cation

Organic Cation

Inorganic Anion
Snl,*

Organic Cation

Organic Cation

Bl 35, & orat B 2 - AT AT AR e S P 4 W]
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HEREFHEBEME7E 31 B 3-7 v #7 § 5% £ 8 TEA 2 XRD
21 5 DFT %43~ % 2 TEA ~ PEA 2 FPEA 223 XRD » 17 1 % % &t

FREDGEEF RAPY -
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® 3-6.(a) TEA ~ (b) PEA - (c) FPEA ~ (d) CIPEA fr(e) BIPEA 2 i it

o Fhd s~ @K G v weed SR 94 53 - A ;F;
Fodod ~8%d S a2ird iiko
I ATERFHL LRI EEEFTHRE -
Calculation Experiment
PEA FPEA CIPEA BrPEA TEA TEA  FPEA
a(A) 8.612 8605 8577 8581 8556 8591 8.605
b (4) 8596 8596 8573 8582 8570 859  8.596
c(A) 32.419 32.812 34.197 34.683 31.555 31.361 32.812
Alpha(&) 85.472 87.136 89.266 89.574 96.595 96.786 87.123
beta(Z) 85.580 87.145 89.192 89.507 96.634 96.814 87.145
Gamma  89.496 89.819 89.940 89.825 90.127 90.222 89.819

(&)
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(002)

Exp. TEA
e (004) (006)

L " TN S
> Cal. TEA
=
é _JL A M
3
= Cal. PEA

. " AN A

4 6 8 10 12 14 16 18
20

B 3-7 % %(TEA)# 2+ ¥ (TEA » PEA % FPEA)z XRD * #&
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3-22 AT ¥ & ¥

e

AARE P AR ¥ ik p % iF independent particle approximation (IPA)

v

% 373837 1113+ & frequency dependent dielectric constant » H 4 5 F 303

-~

Bt B AT 3 ol PHML AT H K LA ZAT R 0

{w,

MR > HPER R 4T TR THATR G R

B4 e e H? it M T RE ML B KA R

yy €yz| = Dielectric Tensor

22



33@&@&%&?%%%

% Chiu % + 2727 ¢ ¥4 # 1 TEA ~ PEA - FPEA ~ CIPEA %
BrPEA % - @48 4T il > % 548 X U8 % 54 (XRD) A
WAERT T K 0% A 3 (Nano Disk) et o #7F & & el AT 2
FAARE - P A (001) A 0 $HRST D BB fop B i
ot e AL o aPR BB EFAL P4
Tz N @001 e hk BFEEd 5 B RF o A FE > HP hed

3-2 #ro1 » TEA o7 D &) ik FFEES 1.563 nm -

# 3-2. TEA ~ PEA ~ FPEA ~ CIPEA % BrPEA z. § % € Pl & ' iE

XEA R & ¥ d-spacing (nm)
TEA 1.563

PEA 1.624

FPEA 1.643

CIPEA 1.706

BrPEA 1.788

FoHRBRPBEFI A TEFHLEHER LR R T BHERF a5 Bk
2 BT F B hE R oo AN BB 0 F Lk Sk IR T A AT AR R oD
A T % #'4|(Dielectric Confinement) 7 -k 4= 12 4 B2 fF chaff & o %7 R

]

FFWHERSFEDNT D 0 51 PR S Bl Sy e - BT

il

B AR o drd 33907 o LB be 2 Vol %ih3-7 F 7 ko PEA fhik
®EXEFAF (PLQY) 7 11K 2.7%# % 7| 6.4% - PLQY kg ¥ #% 3

LARF A7 oF A S @AY S # ] 0 ne
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# 3-3. TEA ~ PEA ~ FPEA -~ CIPEA % BrPEA z pai* & A pc it PLQY

R
i et PLQY (%)
TEA 5.80+0.25
PEA 2.7040.28
FPEA 3.67+0.14
CIPEA 1.734+0.23
BrPEA 1.2640.08
Y4
TEA 18.85+2.17
PEA 9.94+1.23
FPEA 6.40+0.42

i3]~ 1.5 Vol. %e14-7 3 A fEde 0.1 Vol. %A i > & ] F 30
FPEA (J£_3.67%3§ 4t ¥] 9.94%) fv TEA (f£_5.80%3 c 7| 18.85%) &

PLQY % %% % > @ CIPEA 2 BrPEA Fl% H 43 4F > s A B-F R T

Chou % A SR 3 7 A (TEA)Snls ¢ itz L - # B4 90, ¢ %
to A SCNTifh ik sz s+ > B T30 300 & A4 @ 2 &4
BB R A AR L o & (TEARSnIsAp > 4 f5 2 PLQY 4%
34477 o i By I 4 B SCN it 53§ »ede® PLQY > & H % & % 3

W0 3 B AN AA L A 0§ 3l 0 % 5 SCNPF» ¢ #r| PLQY o

24



# 3-4.5%-9% z. SCN-; Tﬁ*“ TEA & 2 PLQY

% of SCN- PLQY
(TEA):Snla 5.8
(TEA)zSnls+ 5 % SCN- 15.3
(TEA):Snls+ 7 % SCN- 22.9
(TEA)zSnls+ 9 % SCN- 16.4

d PR FHREES BT R A PLQY 2 28 Ba A Y
FEEAHT B LA EEAFHL AT U] > TR HRP Hew B4
Bk B o A E g Bt ﬁ%b;ﬁ,g]wt SCN- 2 47 2. TEA $i=
2] #EF A kR SCN 2 B4 » fit BHLFE AT ¥ ot @ 3

# SCN™i2 47 ¥+ PLQY 2 #2558 o
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3-4 XEA P 4T 45 Fh2 #0313 8
3-4-1 XEA SEEkF K2 1TV & ¥

TR SRR B GE 4T A s Bk R AP
DFT 3+ 5 7 a4 sc il 2 A ¥ e o B =i 4 4
AP LR ATV EDOPE TP A PRZEZH P F 5 P
2tk B S WAT IR VRS2 Mk
BT Y HCAl o 1 TEA 5 bl @ BRI Bdg K 2 IS5 R A
B 3-8 #77r o i & (TEA) mey_ﬁ]ﬁ%— BEF o TaAK
REAHF 8B - HTIEYRS K Snly> APR-Ha R+ & i > BEd

O N R L ZAE LT =8 BN TS Sy S

B 3-8. TEA 2§ & Ho2 (= B)& & 48 & #0311 (+ W)
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AR ¥ B2 235G IRl & REP > AAF Y fe s
B BhiEB 1.94¢eV it L3k £ » TEA ~ PEA ~ FPEA - CIPEA %2 BrPEA
\ﬁﬁﬁﬁ%#&&@%ﬁ%@39%ﬁ’Q%%ﬁiﬁ&%@3mw+
TR AR W EEESAFE A 350 A WIS > BEARR S B
RABr-CHEFRA ATl LT BH M blkE LB 5P
Bofkm o AadAmI R ZLE > F- 452Br~Cl-F 2 HH&

Ao G FIBEAT ) AT F Y D) A o ARSHE B
=\

HRFE AP FILEYS R LRSS GRE A A L
RAABEAT il v P ESEFER BRI EF A BE

Coded B A ERET K2 T R R IRRET K2 AT

¥lcd E R

203650 T ML ZoR IR 2 A AT ¥ 2 i e
Pt e PEA kP2 ARV EEBHT < L3 » BFRF
BB 2R @ 0§ 4BiE > TEA &2 PEA 5712 5 % 4 7 ¥ Siclici@dpig -
TEA ¢ PEA 2 K B pE4pf > R g A R ¥ EfrZ2 B & < > g dd
TEA B3+ 5§ FiBit o @ & 2 B ey PEA 557 b o igBhd 4
3-lz Hf ¥ T FRE BRI AR o d 27 i TEAZ B #s £

PREPE ey A ponr RH H a4 R ¥ i BiiE o
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26 | 1.94eV
24 | (From emission
22
—_
A
w
1.8

wavelength)

0 0.5 1 1.5

2 25 3 35 4 45
Frequency (eV)

—PEA

—FPEA
CIPEA
BrPEA

—TEA

® 3-. TEA - PEA - FPEA ~ CIPEA 2 BIPEA 2 4 % 4 © ¥ #ic? 21

A 5 BR T 1B

e'(w)
bH N s o = N W A LU o N

1.94 eV
(From emission wavelength)

[=]

0.5 1 1.5

2 2.5 3 3:5 4 45

Frequency (eV)

—PEA
—FPEA
——CIPEA
BrPEA
—TEA

Bl 3-10. TEA -~ PEA ~ FPEA - CIPEA % BrPEA z &5k /1 & % 7 %

CEE Ry
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# 3-5.TEA~PEA-~FPEA-~CIPEA 2 BrPEA 2 5 8k B2 m 8 k& 11 T

Wl HESTIE S 1.94eV

€b Ew
TEA 1.645 2.884
PEA 1.648 2.042
FPEA 1.616 2.267
CIPEA 1.733 3.593
BrPEA 1.794 3.858

% 3-6. TEA - PEA - FPEA - CIPEA % BrPEA 2z {8k 4 T ¥ #c2 &

7 §E
Xk #§e (nm) Ew
TEA 1.563 2.884
PEA 1.642 2.042
FPEA 1.643 2.267
CIPEA 1.706 3.593

BrPEA 1.788 3.858
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3-4-2 /i & ¥ &*4|(Dielectric Confinement )& *x & 3¢ F

L %P0 Ey fvPLQY 7 :ApR 2 B R o A
EpP = 42 E°
BN T i B ey & A0 ey R R PR 2D A HZ By F o
BB 5B B2 B F %2 PLQY &7 (v B elicdfdcE 3-7 47
o deBl 3-11 4977 0 B E G R R > R ARPEZ ATV E

AR L H TR 2 PLQY -

0 1 1 1 1 1 1 1 1 1
12 14 16 18 20 22 24 26 28 30 32

(Sw/ Sb)z

B 3-11. PLQY & /1 T ¥ #ic(ew fen)? v+ B2 B 1% ]
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% 3-7.TEA -~ PEA % FPEA z PLQY 2 4 7 ¥ #ic(ew [en)? " &

PLQY (Sw /Sb)z
PEA 6.40 1.54
FPEA 9.94 1.97
TEA 18.85 3.07

3-4-3 T ¥ AR A T
BORRARLY R B THI AT V2 LR 0 s - TEA
G WA 2 ERAEABTEFIREET L B AT ¥ et 3-8

Mo BRI R ETEALRTRIEL < o

-~

% 3-8 TP MHEAIE R TR TR VR

€b Ew
e R 1.645 2.884
¥ T A 1.730 2.933
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3-5SCN i3 4F 2 AR AT &k T3t B

B it 2 SCN i3 4 i §Tes 8 T AT A 4T 45T » £ 2 A koek » &
AEEE Y B8 2 kAR 2 12 SCN 12 4F TEA -7 » Yang % 4 4R % 7
B SCN 4F@ > 4prt? SCN 2§ ¥ » HRMw i h+ 28 R
Mo SRyt 1 A Ak R 345 TEA > Btz » A BB - BA RS
B2 BHAcR 312907 > B HRFEIITE 390 d S i B
EHR o SCNEERF 2 5 AT > s ho o2 ZohB RBED 4 > g

i SCN i 4 (5 e 1 LAk dpsafi 2 > % > A2 F REFL LR

 3-12. TEA 2 - & SCN-i$ 4 (= )& @ & SCN-i2 & (% Fl)2 #-3] -
} 5 5 SCN A B
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% 3-9.TEAZE 7 kR 342 SCN AR {2 & £ % it i

Lattice Constant(A) Lattice Angle

(degree)
(TEA)2Snl4 8.556 96.595
8.570 96.634
31.555 90.127
(TEA),SnI;SCN 8.578 98.588
8.655 95.772
31.586 90.276
(TEA),SNnI(SCN), 8.682 98.166
8.691 94.083
31.351 90.019

% 3-10 s TEA 2 A f kR 34 TEAZ 4 T ¥ 8- 8 > d 5452
SR LASY 2 ATANE L RBEE R AR AET Y 1L
HE%4ed 3-10 2%, HRmE2 BB d @2 2P mEcER
S drz. SCN fde g b Boifz vt bl o 33 b AR T B A e SCNT
ER 2 EAR 0 RS Km0 E 5~ 5 hSCN S € T A A 4Tk
Bl o JEA TG BE AR AT VB0 Ea B PLQY c e B/ F M

B (54 5 B %) SCNTF 2430 L erfg %87 PLQY et 2

# 3-10.TEA 272 kR 1242 SCN AB®{s2 A7 ¥ K &

Ew &b (ew ! &b)?
(TEA)SNI, 2933 1.730 2874
(TEA)SnI;SCN 2.961 1.793 2.898
(TEA)SnI(SCN), 2.828 1.736 2,655
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o
(o)}
‘%f
¥

BARELY NP EEFTREPL LR AR TEA 2
FPEA #74] » ¥ ¥ #%-PEA 5B & & P~ A { 3% » i1 1 PEA ~ CIPEA 2
BrPEA #3] » 29 % E4p 2 SR ¥ 832 XRD B ARz v fro A T % ¥k
FEL L IRHHRART VB AT B AP BYF k2 AP
Ry A2 BB T EFART VRS R BEH
oo wPEA i7)¢ ~gREA R ¥ B2y @k oo Ak o d 0

PRERLA R A PEFIEBE AT ¥ i e F
B2 PLQY > BB 5%\ TRV MFER(ew/ ) 2 PLQY £ B B L
Tl R

A - HBEBH TEARL > 2K+ 3 #RPF B TAET R
SCNTER 2 B~ 453 » S 53k 2 2ty 13 ¥l A
2 FMT 5~ 5 SCN €3+ PLQY 2 7% » v g 3l » i £ 2

SCN™» i Wi 4 5 2 2,254 * i i@ PLQY $£2 o
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FAFR - FCRCRCF B
(D% & 5 AR 2 45 H R 3 B R

~/ —3-
4‘1 75? -4

Mo F RRE ARG AR Eowtd S BRIk RS
BB A hies 2% o 5 Horl $41F7 - 47|#-F P REES & H2
EREBTHREC ST Y PR FTHERT U F LR LD RA
Foogprt- AR CRAF LG LR EARRE 0 doB 4-1 957 o
B Rengp oG > CO ez B F A LR R 24 & 5 a4 bl 4k 3
2= 44T, @g s CO MG chs R F 2?2 CO & i 2 CHO

2 COH £ &7z Rt F 7 ik s g i 92«

Metal E [Vvs RHE] CH, [%] C,H, [%] EtOH [%] CO [%] HCOO™ [%] H,[%] Total [%]
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Ag —0.98 0 0 0 815 0.6 12.4 94.6
Zn =115 0 0 0 794 6.1 9.9 95.4
Pd =0.81 29 0 0 283 28 26.2 60.2
Ga —0.85 0 0 0 23.2 0 79.0 102.0
Cu -10s [ 333 25.5 s7 | 13 9.4 20.5 103.5
Ni —-1.09 1.8 0.1 0 0 1.4 88.9 92.4
Fe —0.52 0 0 0 0 0 94.8 94.8
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FAISE F A 488 F A syl - By wikim o HBeE
G A 2w e 2§ T H[CuO.*(CO) > £ 2 2 & i CO ¥] CHO
2 & MR 0.87eV Aprt A K RAF A G 2 2 g G i BV EE o A
a4 X2 A 0.67eV e BE i %021 eV o BiEH 4 H A4
B L REREMEES(CO - O~ COYtrfia) » [CuO]*(CO)2 i s~ 4

PRRTA G ATERET o
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S

(CORR) ZHEL 2w A¥-EzFM-F LRRENLZG §HENEE S
SRLENE B 4 - CORR W% #-CO A3 B R 5 - 471AT ¢ 45
CO~ "'~ e fifell @ { B eptd i &4 o U4F 5 L1 H]7 CORR © 44
RiEFT > FlaskE- AR LE &% 437 »y it CORR &
i 8488 e 5 25 5 é),?%é*d? Wrudyp s ARt B it - 3 PR HEB R
CEF P FIRE o Ao F PREBRAFRDE Y 0 - F PRCR
it (CO-CO dimerization) ¥ EAxAR 5 4 = B pldt cnid Gt H2 - 89-92 ; 7]
Lo T R B TR 2 TR BRE B Aofe ) 3 A IE £ g
T TR LR R LA DA TR ERE

BT FPRTICERERDY > BRIELIEHDFT)LY - A7 2§
B A AR e § PGB R F S N o O NI R S+
W I AR
on Fe 1E HEAF e

PRE LR R F RTRB UL F it o B Byl g
Frw B3 7 &Y s A o %i"ffﬁﬁ}\/;ﬁlﬁ:ﬂkﬁ WEmE P ER

BP AR DS EE LR P R MR BRI R

«\.;

CRIERIF BWAIe A ER N o BB A

A kML o F CARBRT R X PR

=1

AT HAT S @0 AP E S & BN AR P Ee &2
A3 2 H B ?ﬁé‘ﬁ#ﬂf E% o v N frka S8 A | -w—--ml:brs BT
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i AR B R R Ak B A% @ s(constant-charge) >

BEr B2 p o R HRE L R RORE T

TEIHEOT = R
Mmoo RER R T CERE L T LT (constant-potential) iHTk B o 1T HF
FiE R TR B 6 'Z V3 A 503 (implicit solvation model under

constant-potential)®® » B LT H T BLIC BRI R LT T E HPE TR

G E 0 RFRT LR BRAFE ,rz;gg B A3 ot i &R R HC

A=

Fooom AR R AR > T Y

3

EEEFETR o B A IEHET

F R 0 T E IR RN AR P e R kB o

ﬁ*/ % 4L H-cell & rEq_,/nL’ )i_r ?ﬁﬁ IQE]KQ% FF'~ %%ﬁ% S E
T1 (GDE) i3 - sk &kt a J1R %10 « GDE i i 748 #.1
BoRWRETIoF BF B 2Fazphe > j2ekd i § HLED
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FREI PR T 2R NA R
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AT RGBS 2 BRA G TE L T RE AT - i
BB AR e FIE R RF RA
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52 ¥ i

* e DFT 2+ FK ¢ * VASP (Vienna ab-initio simulation package) i
£ 65675 @ * GGA-PBE = & B 55 it 23 % > PAW potential * %45 it 7
&g irg e d O fki £ (cutoffenergy) 5 400 eV # ¥ ArF e
L8 ¢ & 3 4EiR 1 (spin polarization) o &t B Jcac s 10 eV » 4 Jrac s
0.05eV/A - K B¢ * 6x6x1 1 gamma point 3 ? & » iF B fi cFdF ¢ #
Climbing Image Nudged Elastic Band (CI-NEB) = ;2 70 o & ¥ 4% T & -3 12
v 4k hCu(llD)4 6 o AN K RS At 8 ) B AR fdl A B
VARGV A FEAR BT E R L 3140A 2 40.00A 5 A w55l 22 Bk
B3GR KR A4 BRAT(68K) BT HTRAT SRR i foac
I 103eV e

% iy & A F # 4 & (Molecular Dynamics)3* & #& * Tinker 8.8 #t 48
03, NVT ensemble srtidgdx * £ VASP 2- 5 iE4p e cdg fa P2 > B B 2K 2
% 300K i% i Anderson thermostat » 3-8 7 X ¥td» 2 4F 7 & %45 B 20
H K3 % j7% 8 DFT 3+ & 2 Bader charges # Lennard-Jones interactions °

ka3 4 B4 kit * OPLS-UA force field °
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53 BEaEm

R E ¢ MBI A IR T > 158 DFT/MM 3F 07 e7 5835 6 5 4
(111) % & + CO 2 = B it chilffz » Bk R#5E L3 2738
LF e~ ¢ WAL A4 (DFT) 293 % 7 2 B 4E51 » B 5% 3 A

(MM) 3. & 5 2. $4] & DFT & & 2. it > 4o 5-1 #F7

Step 1 Step 2 Step 3

4 N N O ~

Solvent Solvent

Adsorbate Adsorbate Adsorbate

Vacuum Solvated Solvated
DFT Level MM Level DFT Level

Bl 5-1.CO = & it F > ar (110) 4 & 2 B 5 3 A E 49 27 L Rl
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5-3-1 %z H-A2 Ry Ed R

F s 4 (2%CO) ~ ¢ B RE(TS)% A& 1 (FOCCO) teyt At B % etk i ¥ 817 i
e FARE (DR G R mE 23 E 0 dof] 520 BB EH -

CO = %t % top, bridge, hollow(fcc) % hollow (hep)z ¥ ¥ifir » H & ®] 4 -

0.71 ~-0.74 ~ -0.76 §=-0.75 eV -

Top site

Hollow (fcc) site

Bl 5-2.CO » = (1114 & 2 vz % > Akgxwa3 k> %- & 5

-~ A4 v N e

/ﬁ;‘rg ’ ‘};:%p/&i

BFERBFQCO)NEE Y ED - RS F2ZF 254 0 EH-
hollow(fcc) % hollow(hcp) (T 5 & f# CO 4~ + ¥ 2 =% > 4B 5-3 #7i1 °
A d(FOCCOYZ SRt @ v LT adr(11D)A & &2 Rt 0t %
Ho Bl At St T CO & i - R R ML 2 P 3R
COH 2 COH 4 & 2 F & » » "gf]ig it 1*HOCCOH ;—Eﬁ_ » 1% i CI-NEB
PEEDERAL B F R BRELEE AP AR 54077 0 20 £

CO-CO- B iV F Rertids > ALK COHBEF P 2.7 P82 A b2
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714500 5 B COH MY 2 § R+ > 15 CO = i B LG

BT A f S e 24 0 ol 55 (D)2 (o)

Bl 5-3. & 8 CO A+ f4r(111) hollow (fcc) 2 hollow (hep) 2 ¥ Fif 2

o WHT N - AR

B 54. 3% T2 F Jpd(a) 2COH ~ (b) ¢ F¥#8(TS)% () & 4
(*"HOCCOH) 4 (111) % & 2 %14
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(b)

(a)

¢ T2 K k4~ (a) (2*CO) ~ (b)¢ R AE(TS)Z ()4 4 (*OCCO) &

NN
-

® 5-5.

(L)% 5 2 B
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5-3-2 BE N3 A2 50 >

RGs A kA IR 2R T B2

=

F 4 (2%CO) ~ © F¥ &Y
(TS)2 24 (*OCCO) » 1 R 2 BN A AP AN 2L B > hf @ B3FHma A
F e B B cPEE N A AR > = K (6A)R B R (12A kA~ F > Hoka 3
BEEHRMA LR TRBRL - T PE@ A5 5 22 &8 44 BokA

+ 0 e 5-6 PToT o

) 5-6.22 -k 3 (3 4)(= W)Z 44 ok A+ (6 4 )(T )2 A7 73 A
A CO 8 & & B2 & 4 (2*CO) 5B
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d 3 A DFT e BT FRHA T LAIHI EFT LEHF > &
PB4 B Ryt 4 B2 2 VR R R A 3 /B (2%CO S TS
2 *OCCO)/4F (111) % & 2_ 7] 3% i Tinker frfie (7o %4 £FE o &
B 7 DFT 2358 B4 0 B0 &4 (2*¥CO ~ TS 2 *OCCO)/4¥ (111)
B2 BBt WRRT OELERY TRRBHALF o F A A
A+ E B NVT 300K T 25T 7 1 ns > H potential energy 4cBl 5-7 #1771 »
BEFLEF2ns 2 T iz 2ns2 T > & 10ps #i {7 - B
#oChen EAHFFE T A& ka2 34 By > FR AN

Yoz 7 Sl 1% e Tt s R E T B

— B ,J\

T oRA G 2 e g S FRE
L0 A BRI R A BRI A e 2 il B E 2 RBHRA
MASARDK A F 2% RS 1g/lem’ o 4o 5-6 FTT o B s ¥V

(2*CO ~ TS 2 *OCCO) & B~ 10 10 &3 M A F (75 T rinT™ 2 BN ia

FHCA] 0 doW] 58 “i o
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5-3-3 DFT & % 2_ &8 3% 73 &l 53]

ﬁﬁg'@ - 5"’1:‘[?‘: 7z DFT/MM % ]T,‘}'ﬂ///\fflﬂ A};/ﬁg(lll)i ﬁf_‘iu] LIRS
DFT & &7 (7 fis > Byt i B4 2 pra 1532 100 d 50 Al 345 32
EAEeRt b R R Ft R R - BRI (5 R 8

REZ AP LB =L B)FF an Eta10*eV AT 100 = 9

W

Wk R J 3T TS 2 *OCCO B 7 it *T Bt EA2Y A~ f2 > 7

B Bt el PR R 2*%CO ~ TS 2 *OCCO B M4 S o 4o 5-1 47
7o wdF(11) & & > CO = it 2 F it a2 F i d 2*CO ~ TS %
*OCCO BHie 7+ BN B Al enT 0@ @2 > 7 g IR 22k

2A4 RS FHFENMGRE R il 2 AR o (e A g

-+

» ESI L FABA TR A PSR EE o B Hd e

1% 4R o

7 5-1.COCO4B& F Bt 22 k&3 3 A4 -k & F 2 BE3N A AT 2 5% 1v

HE#F)@;B[—,"'(;“@;EJ }\%IF%J‘EZ.EK

e iv A F & ke 4
2CO TS OCCO
iz 2.251 3.347 0.000 0.000 0.000
22 K+ 0.952 0.365 -2.261 -3.175 -6.262
(0.118)  (0.146) (0.086) (0.097) (0.147)
44 -k s 1.199 0.549 -2.265 -3.280 -6.207

(0.239) (0.231)  (0.110)  (0.103)  (0.096)
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dodo S-1%o 0 APV B Z T 2R Jliv A A 0 31 BV ARIECR] <
TR R feehackR 0 50 LB - 7 RBAHEE RS - F BFHZE A5

BCO = Rt F B2 B8 Ayt b B R 2 1% 4 K3l 4ot X

F_&

BT

kR 8% 4 (Water Interaction) = E[X/H20(aq)/Cu] - E[X/Cu] —[H20(aq)]
E[X/H20(aq)/Cu]

R R 20T BRI 2 B o E[X/Cul® £ B 2 0
2 i & 0 E[HoO(aq)] ™ £ 419 25 3 &A + 2 & 0 X 5 'ité
2*CO~TS 2*0OCCO » % 5-1 7 » ¥ X A F 3 HEF BP -
PREME A AR § CO FITE o RE TEH 4 d 2265eV
% 5-60207eV o d gt ¥ R P o VA RIBCA AR R SR RIECA] A

iftl %VA Ij*FK/A)%'?Fé&iﬁ mw?‘]'o

e

E

52¢ B8 CO = Ri-@EAEY 23y BHFR 0 CO aigL
¢ 1.211/1.207 A 3] 1.333/1.321 A @ 7m 1 C 2 O 2 R4ty el 35 & f o
C-Cét2 & k2 11 OCCO » @ B e foig Ao+ 2 4 3 B & 42 B3
2.071/2.099 A j& -] B 1.785/1.789 A » 3L 7 ex s R B2 O 35 M5
oo Rk 522 T RAEETEE R sk R HF T -
1.057 £ 0.025 3§ 4c § T F1-1.686 £0.009 » 5% & 11 ¢ & 4pedpik | 2 § 7t
Btttz O dG A e 0 T UK X LR AA T R 2 TS HEA
2 EET AR WA BRSSP R L g H g% B Perez-

Gallent & % A fed-f & £ 7 3 m2 OCCOH - & %o
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% 5-2. COCO 48& i&f2? 2CO~TS % OCCO 2 4L Fa M2 7 /7
A AR
2CO TS OCCO
r(CO bond) 1.211/1.207 1.225/1.225 1.333/1.321
r(OC...CO) 3.870 2.358 1.410
r(Cu...CO) 1.989/2.000 1.991/1.913 2.055/2.055
r(CO...H,0) 2.07140.032 2.008+0.028 1.785+0.048
2.099+0.042 2.01740.032 1.789+0.024
g(adsorbate) -1.05740.025  -1.255+0.030  -1.686+0.009
q(H20) -0.006+0.011 0.03940.010 0.053+0.007
q(Cu) 1.063+0.018 1.21740.031 1.633+0.012
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5-3-4 T35 » 2 53

FREF AT EEA > T HERE T T T R

%
NIRRT A, TR D B A AR B e 2 7 B2 TEIRE R IR
2CO/(H20)/Cu(111) -4 4e » T 32 $2 4 Bl4c™ Bl 5-8 #r7F » o *M {54
FREES IPRD AT A2 BHE 0 Bt R AR 2CO/(H20)20/Cu(111)
2 (H0)/Cu(1IDEA &7 PR HAT2Z#TH > B3l r 252 #T 4
Yo B 5410 HR 0 E - A F AL 10 B A E BT HT R

$ap-i8 > R 5-10(a) 5 B0 il F R HZ B T I w i B 2CO

£ 10 B A u 405 VA 205 VIA 2 T80 £ 4 10 BB 4

oo BEHBTin, 7 FF 510 ()24 F o d 22-0.5V/A 2 F7;

BEZRBRIRAMREL T > ARE ST H K-0.5V/A 2543 o

(H,0),,
Cu (111) surface + Adsorbate From MD simulation

Uniform external electric field

B 5-9. ~EB 2 BNBAFACOCO- FiVEF R B4 Z > w2 T

R TSI
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g 0.0 V/&
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Distance (&)
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12
3
= 8T
W |
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jood | \
S o0}
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3 4T —0.5V/A
z 02 V/A
2 st 0.0 V/IA
= -0.2V/A
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_12 i i i i 1 i i i i 1 i i i i 1 i i i i 1 i i i i 1 i i i i 1
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Distance (A)

B 5-10. () 2CO/(H20)22/Cu(111) 2 (b) (H20)22/Cu(111) %) £.+0.5V/A ~-
05VIA 23R~ 2 834
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Z 53710 AEBPET A RRE BT T HL COZ R A
2R R RIERTHLT ERERHEL > TREF R E N2

Flii o % 5470007 RRHTRILNE Y

s

FIREEE M e
gt (HoO)p 2 i o 5 7 @ L B 1 PR # 2 > & TS/(H20)2/Cu %
OCCO/(H20)22/Cu 2. ¥ ¥t dr 2_ B & 1 3 4 o+ 50 R Hig v ¥ iR4F 2

& 2C0/(H20)0/Cu 2. T 8B ¢ » - COAF 11 E 2 ka2 kR
Rl b T AR AFRE S TH TR R Y REGHFR & tael 107
eV o

% 05-3. HELEH T 22 2 44K A 5 2 BN A AR &g 3-+05V/A ~-
05V/A 22 CO = B it /Ei i 2 F Jui:

T 5(VIR) -0.2 0.0 +0.2 +0.5
(H20)2 AL 0.966 0.952 0.941 0.928
F i 0.332 0.356 0.383 0.427

(H20)44 AL 1171 1.199 1.232 1.330
F s e 0.501 0.549 0.623 0.736

% 5-4 BRI 220k A 3 2 BV AT T #-+0.5V/A ~-0.5V/A
2. CO = BiLEiva 5 F e

T 3(VIR) -0.2 0.0 +0.2 +0.5
(H20)22 L 0.962 0.952 0.942 0.965
F R 0.334 0.356 0.376 0.466
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FEM A Lg%k s T RIA S Aok kTS B
0.118eV 2 0.239eV > it HFIMBE 5 7 3 122 k& 844 k£ 3
PEOFET LA o d LR RAREC AT LG R
FEBIEE XA o F R Am R AERTY IEF S A K ®
X HUBH o drpt #2430 OCCO # Rz 35 F i 7 » Ka @ T 33Y

- iR L S 0.146eV 0 T FE B2 T EFE BV UL 2 X T HR

o

Boophrh s F B ARBETIF A oxs kA F 8 5] OCCO 2
OCCOH » FJpt % 2 147 OCCO i v & fZ2 22‘:7130
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5-3-6 T35 r 2 ¥ Sty

FTREFE? ARPTHTLIATERE  AASRLRD AAL 2
BT dofe B8 2 Sl Bd i) et ST 0 R 0 o A
BAENEZT AL RTEE K T B S5-11

2CO/(H20)/Cu(111) 3] 2 2 § #4577 o

12
8 | ® Work function =E, - Ex.mi Vacuum region
4k

® Work function

Fermi Level

0V/A

s |

Electrostatic Potential - Er(eV)

_12 [ i 1 i 1 i i 1 i i 1 i i 1 i i 1
0 S 10 15 20 25 30

Distance (A)
B 5-11. JHEF T 57 k2 7 L F

Ra R rTHEREI RSB IFETRETFTH DI A ER
LR e Bt AP A Lin ¥ 4 2 082 107 1
SRR E T R T EREITEEEFRE 0 4T B 5-12
2CO/(H20)22/Cu(111)H-3] 22 # T $4(-0.2 V/A)#77 » it fg fazh 5 @478/

RN

ZRPBEREATRLHEELRT L =% A ’f‘—""i'Lgf' A ﬁ”‘?'ff,‘?‘ v X

LI T DA o FAAILY - AEITAS PEE TR S
FA N A ETET A S o
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12
—
>
2 s
%) . , . .
, ‘ lurning point of Vacuum region
E 4 - ———
= @ Work function
[«*]
B 0
a .
v Fermi Level
0:
s 4
g r
e 0.2 V/A
= L
g s}
€3]
-12 [ PR 1 PR i L L
0 5 10 15 20 25 30
Distance (A)

Bl 5-12. 31 » ¢ 4e T 5-(-0.2VIR) 153 & # andiez 7 3 R

dB -3 RAEEFINALIFREL TR LLEFIRA T LTS
BB R I o Ra o mE SRS I mAZ S N T EE AT E AN

FmT3m 0 F 0 AR S AR o A THE B2

'ﬂ

HeFERZ RHEE > QR TEL TR E I B ok

N

¥ 2CO/(H0)/Cu(11DHEA %5 3 +02 V/A 2 2 8 H# 2 $40™ BIH
ROZZHREZEF S I MABFEEITE AP TR02VATHE
P2 RHEE-02VATHZERIE > Qa RN TR RIEFTE 2
B PR AR R BT R P2 R RHRELEITEAR R > T F Sk
P grEE . X Bt AU B REIIR ARSIt R FRE o i
R K TR BER02 VA THT 2 S
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12

-]

Turning point (+().2\’)4

Turning point (-0.2V) 7 o

Electrostatic Potential - E¢(eV)

u Fermi Level
4 } —0.2 V/A
-8 -0.2 V/IA
_12 N P
0 5 10 15 20 25 30
Distance (A)
Bl 5-13. 51 » ¢h 4 T H-(+0.2VIA 40-0.2VIA) 15 3+ 5 54 382 7 R B

RAp S BT ET A S S 0 BT R 550 M AR HT

22 Bk AT HER T R S B 0 b HoE - 215

B

[N
i
(\x
(H}
&3
E
(L

% 55.22k42+2 COCO=- Rtz F ¥ ~FRE LAY T HT

+0.2V/IA ~-0.2VIA 2z 7 38k

F &t @R R A ¥
+0.2 5.653 5.392 5.735
0.0 4.944 4.866 5.027
-0.2 3.322 3.400 3.645
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5-3-7 LR REZF B BRI
43355 0 L BIR AR T R R 0 T LSBT A i
E2 (1) - Ei (®1) = E2 (P2) — E1 (1) + (g2 - q1) (P2- D1)/2
Bk G402V 2 BHT 0 F itz H Slics 5.653 0 A ¥ 2 3 Sk
25735 P EI(@)EF Ry E E2(@)i A2 ® D i
5653 » @y 5 5735 i 2 B Y A F B E AL 2 & Bader
H P F e D1=5.653 # S #cT 2 F e

Charge » #H i ;N > ] 5% 59

E> (1) —Ei1(®y) » » ﬁkii?, TR Ay 0 F 567N BT HFT KT
GRS T R S S A R T

ML R S S A0meV o d - F RS RIVE R HETIHE
FoopaaREh LS CO- R BRI BR&SEHF B Y

%2 7 Garddard £ 4 TR =R B % 4p e 8l

4 5-6.22 kA F 2 COCO = B it 2@ #H+02V/IA ~-0.2VIA 2 /&1 i

B E e

A F A
+0.2 0.949 0.373
0.0 0.954 0.353
-0.2 0.958 0.315
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SEr AIMTHR et B o dod 55V oH Sk g AR X THFRBE
d T AT R pHET B AR L TR T s )
Urne=® — 4.3+0.059 x pH
Bt B pH=0pF > L85 T42 pd it 5-43eVI%Bo £ 57 L3-8 (52
T A A VASPEE P i % TR T AT 5] 0 F F e R o
oo FAMMT LA THLEEH 5 [(-0.565)-1.766]/[(-0.2)-
0.2]=5.827 » RAE T HFhEH ¢ X g PBT kB o F b

PFRALEP MR AFTERY EF7 RS CORR F & -

% 5-7.22 k& F A R H+02VIA ~-02V/A ez R 4 BT
o F st 5 AR

% > (vsS.H.E at pH =7)

+0.2 +1.766V
0.0 +1.057V
-0.2 -0.565V
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5-4 i

‘é\';

A EHNENAHEA A Cu (111) 25 g it 8 CO = Rt E

R TR L s F B4

F_*
ok

RiBATHRET - B 2o d9uFG o i
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