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Supplementary Methods

SSW method

Thestochastic surface walkin@SWalgorithm! has an automated climbing mechanism to manip-
ulate a structure configuratiofrom a minimum to a higlenergy configuration along one random mode
direction. The method wakitially developed for aperiodic systems, such as molecules and clysters

and has been extended feriodic crystals

The SSW method inherits the idea of bmtential driven constraine@roydendimer (BPCBD)
method for TS locatich In one particular SSW step, labeled as i, a modified PES-W1fn is the index
of the bias potential, n=1!4), as shown irBupplementary Equation, 1s utilized for moving from the
current minimum,R™to a high energy configuratioR" (the climbing), in which a series of bias Gaussian

potential v, isadded one by one consecutively along the directiyh
@ ®© B 0 @ B 0o Agb 4 4 I 7T¢ Qi @)

whereRis the coordination vector of the structure afta represents the unmodified PER? are the
nt local minima along the movement trajectory on the modified PES that is created after ad@angss-
ian functions. The Gaussian function is controlled by its heigénd its widthds, and is always added
along one particular walking direction as definedNy Once theR" is reached, all bias potentihre

removed and the local optimization is performed to quench the structure to a new minimum.



The architecture of global neural network potential
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SSWNN method

SSWNN method is a machinearning potential based global optimization method, which combines
the global neural network (®IN) potential withSSWimethod for fast and accurate global PES explora-
tion as implemented in LASP coti(hile traditional DFT calculations are frustrated for the global opti-
mization of complex systems due to the high computational cost,-S88Whethod provides a general
solution for PES scanning with both high efficiency and high acctifiduy.GNN potential is trained
based on DFT dataset and delivers a high speed of PES evaluation, 3~4 orders of magnitude faster than
DFT/

SSWRS method

The reaction pathway is searched using the SSW reaction samplingRSSWethod based onEN
potential. In general, SSWS can resolve a reaction network by iteratively performing three consecutive
tasks.

(i) Pathway Sampling from selected minima on PES. Initladlge minima will be the reactant, e.g.

Os phaseor ethene on Ag surface oxides in this work, and be replaced by other reaction intermediates
in subsequent SS\NS cycles. In SSWE, the configuration and conformation space of minima will be
extensively visited and therefore the initial input geometryn@ important. The SSYRS will judge
whether a reaction occurs or not based on the bond matrix and the reaction pairs will be collected and
storedin a database.

(ii) Searching transition states (TS) for all reaction pairs collected in task (i). In LASP code, the double
ended surface walking (DESW) method is utilized for TS search. The overall barriers for each minimum
will be computed starting from the initial regant, from which the low energy pathways can be identi-
fied. Typically, the lowest energy pathway occurs frequently and can be identified many times.

(i) Sorting the overall barriers of intermediates, from which the intermediates utilized in the next
cycle are identified. These intermediates should not be explored in task (i) and preferentially occur in
the lowest energy pathways. The cycle then goask to task (i) with the selected new minima.

In this work, since we are not particularly interested in the combustion pathways, the purpose of
SSWRS is to identify the pathways relating to three key intermediates EO/AA/OE on all the phases start-

ing from the ethene reactant. The SSR% simulation wiktop after all these three intermediates have



been visited. In general, more than 10 cycles of $&A\asks with 4,000 SSNN steps per cycle are
conducted for each phase. In total, 5456 transition states between reaction pairs are located on all the
phases relating to EO production and selectivitijoh are used to build the lowest ethene epoxidation

pathway on all surface phases.



Dataset generation and training dhe initial AgGH-O G-NN potential
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SupplementaryFig. 2 | Seltlearning scheme of theNN training. Procedure for the generation of the
global training dataset by SSylbbal optimization. In the first stage, the SSW sampling is typically per-
formed by lowaccuracy DFT calculations. In the second stage, the global dataset is first refined with
highraccuracy DFT setups, and th@mNN training is performed based on the accurate global dataset.

In the third stage, an additional dataset is generated by SSW sampling utilizing the previously obtained
NN PES, and is fed into the global dataset. A new cycle of NN training then stadt®baise new global
dataset (back to stag).
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The GNN potential is generated by a sédfarning of the global PES of-&dH-O systems with many
iterations (typically >100). In each iteration, the difference betweedwNGprediction and DFT calculation
is recorded, which reduces gradually to an accbfgaange. The newly added structures are typically
randomly selected from SSW trajectories or particularly labeled in global PES sampling apngeorly
dicted structures, e.g. those with tdarge vibrational modes and with telarge structure descriptors
beyond the training database. We emphasize that thBNKEpotential will always be verified by DFT in
practice to confirm the accuracy of the key intermediates and reaction transition states.
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The benchmark of NN potential against DFT

pl emen t24Beyn cTharhd ’kN opfot@ nt i al[ AsddiaSiRn sRIIGIDE TEANE2 oF
AYdzY 2F NIYyR2Yfeé& &4StSOGSR mnn O2874/RENLREYRI
R AFIN®22YY WK WeDgna D2 dzyR dzARSINIANG | O BRANREY OGRKIROK S 2 v
1% dAKE & L8 &6 & 88 &

FAdNB A [ OO SRSREPI Ay Of dzRS GKS aid2AO0OKA 2SI NB
J 55 ©9FSt | yR HKSANI RAFFSNBYyOS 69

{G2A0KA %b0S+t %BcdHS+t %165+ REYSEKI

Ag6909 -223.627 -224.132  0.5051 6.4751
Ag2404 -81.8081 -81.8043 -0.0038 -0.1372
Ag3005 -102.068 -101.987 -0.0806 -2.3038
Ag6008 -194.316  -194.338  0.0225 0.3304
Ag2503 -78.9673  -78.9347 -0.0327 -1.1666
Ag3404 -107.93 -107.948 0.018 0.4726
Ag2604 -86.8023 -86.7866 -0.0157 -0.5228
Ag2703 -84.576 -84.5825 0.0064 0.215

Ag3806 -128.067  -127.857 -0.2098 -4.7691
Ag3405 -112.854 -112.871 0.0166 0.4256
Ag2602 -76.6483 -76.6442 -0.0041 -0.1471
Ag8109 -253.953  -254.32 0.3666 4.0735
Ag2403 -76.6567 -76.4676 -0.1891 -7.0023
Ag7909 -248.836  -249.035  0.1992 2.2634
Ag2704 -89.9334 -89.8951 -0.0383 -1.2352
Ag3304 -105.051 -105.051  0.0008 0.0219
Ag2404 -81.9104 -81.9029 -0.0075 -0.2681
Ag3605 -117.231  -117.128 -0.1038 -2.5306
Ag3405 -113.196  -113.207  0.0117 0.2989
Ag2702 -79.0961 -78.9807 -0.1154 -3.9805
Ag3104 -99.618 -99.4583  -0.1597 -4.5623
Ag6207 -195.416  -195.714  0.2978 4.3153
Ag2602 -76.6613 -76.72 0.0586 2.0944
Ag3704 -114.927 -114.899 -0.0283 -0.69

Ag6908 -218.634  -219.043  0.4087 5.3072
Ag3403 -102.441  -102.492  0.0509 1.3766
Ag2404 -81.9104 -81.9029 -0.0075 -0.2681
Ag2404 -81.5126  -81.2767 -0.2359 -8.4235
Ag3304 -105.051 -105.051  0.0008 0.0219
Ag3004 -97.0411 -96.7864 -0.2548 -7.4935
Ag3304 -105.044  -104.96 -0.084 -2.2696
Ag2704 -89.9334 -89.8951 -0.0383 -1.2352
Ag5908 -192.308 -192.304 -0.0042 -0.0622
Ag3004 -97.0413 -96.7959 -0.2454 -7.2168
Ag5407 -174.642 -174.833 0.1915 3.1399
Ag2603 -81.9018 -81.9633 0.0616 2.1231
Ag4006 -133.688  -133.473 -0.2152 -4.6792
Ag2704 -89.9334 -89.8951 -0.0383 -1.2352
Ag3204 -102.197 -102.214 0.0171 0.475

Ag4206 -138.08 -137.784  -0.2967 -6.1818
Ag6008 -194.242  -193.805 -0.4372 -6.429
Ag4706 -151.487 -151.733  0.2465 4.6511
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Ag2604 -87.1039 -86.9533 -0.1506 -5.0196
Ag6808 -216.022  -216.086  0.0647 0.8517
Ag2502 -73.8079  -73.7253  -0.0826 -3.0608
Ag2404 -81.9179 -81.9102 -0.0077 -0.2753
Ag5506 -172.014 -172.168  0.1543 2.5292
Ag3806 -128.035 -127.871 -0.1639 -3.7248
Ag6909 -223.883  -223.947  0.0635 0.8147
Ag3005 -102.068 -101.987 -0.0806 -2.3038
Agl6C2H403 -87.9585 -87.9267 -0.0318 -1.273
Ag32C2H406 -145.016  -145.002 -0.0146 -0.3325
Ag27C2H405 -127.368 -127.498 0.1292 3.4002
Ag24C2H404 -113.963 -113.954 -0.0089 -0.263
Agl6C2H402 -82.9296 -83.0955  0.1659 6.9111
Ag37C2H405  -152.82 -152.725  -0.0949 -1.9772
Ag39C2H407 -169.121 -169.113 -0.0078 -0.1491
Ag38C2H405 -155.635 -155.644  0.0085 0.1745
Ag32C2H405 -139.842 -140.061 0.2196 5.1065
Ag39C2H406  -164.28 -164.42 0.1398 2.7406
Ag39C2H405 -158.858 -159.066  0.2081 4.1622
Ag24C2H404 -114.002 -113.958 -0.0439 -1.2912
Ag22C2H403 -103.684 -103.746 0.062 2.0001
Ag28C2H405 -129.341 -129.506  0.1653 4.2379
Ag39C2H407 -169.121 -169.113 -0.0078 -0.1491
Ag24C2H404  -114.737 -114.782  0.0447 1.3153
Ag28C2H405 -129.665 -129.885 0.2201 5.6442
Ag24C2H404 -113.886 -113.938 0.0523 1.5374
Ag23C2H405  -116.57 -116.606  0.0365 1.0747
Ag19C2H403 -96.2473 -96.2768  0.0295 1.0521
Ag34C4H80O6 -182.841 -182.918 0.0764 1.4696
Ag37C4H805 -185.037 -185.219 0.1816 3.3625
Agl6C2H401 -77.6506 -77.6683  0.0178 0.772
Ag26C2H404 -119.275 -119.324  0.0496 1.3785
Agl19C2H403 -96.0949 -95.9681 -0.1268 -4.528
Ag38C2H405 -156.031 -156.228 0.1964 4.009
Agl6C2H402 -82.9685 -82.9459 -0.0226 -0.9406
Agl18C2H401 -82.9378 -82.9631 0.0252 1.0095
Ag24C2H404 -114.023 -113.978 -0.0451 -1.3277
Ag24C2H403 -109.352  -109.26 -0.092 -2.787
Agl18C2H404 -98.6801  -98.531  -0.1492 -5.3274
Ag32C4H80O7 -182.249 -182.511 0.2618 5.1332
Agl7C2H402 -85.6652 -85.6273 -0.0378 -1.5136
Ag20C2H402 -93.1857 -93.2707 0.085 3.0353
Ag39C2H405  -158.76 -158.893  0.1329 2.6571
Ag23C2H402 -101.268 -101.195 -0.0731 -2.3569
Ag20C2H402 -93.1857 -93.2707 0.085 3.0353
Agl6C2H401 -77.6671 -77.7518  0.0847 3.6822
Ag32C2H406 -144.888  -144.92 0.0321 0.7291
Ag39C2H405 -158.753 -158.897  0.1442 2.8834
Ag24C2H403 -108.417 -108.504 0.0866 2.6255
Ag39C4H804 -184.944  -185.044  0.0997 1.8124
Ag21C2H403  -100.84  -100.947 0.1071 3.5688
Ag32C4H807 -182.358 -182.658 0.2996 5.8747
Ag29C2H404 -127.309 -127.323  0.0147 0.3766
Ag39C2H406 -164.204 -164.212  0.0082 0.1609
Agl7C2H402 -85.4991 -85.5512 0.0521 2.0824
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Ag32C2H407 -149.856 -150.038 0.1821 4.0465
Ag23C2H402 -101.023 -101.043 0.0198 0.6375
Ag23C2H403 -106.574 -106.656 0.0815 2.5479
MAX 0.5051 8.4235
MIN 0.0008 0.0219
RMS 0.1045 2.0756
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Ab-initio thermodynamics analysis

Supplementary Notel | Determination of the chemical potentiabnd phase populationfrom ther-

modynamics.

To determine the chemicglotential of a given reaction conditiomagis set as the energy the Ag
atom in bulk silverandng2nasis from the standard thermodynamic equations under given temperature
and pressureCezahs,addS the Gbbs free energy of adsorbed etherniacludingadsorption entropyand
the thermal correctionon enthalpyand entropy as calculaed to bein the range 0f0.35 ~-0.25 eV
depending on thexdsorptionenvironment During the ASOP simulatioBg2H4,addS S€tto be a constant
(-0.30 eV for saving costs

Form, it can be calculated from the thermodynamics equation as
O - WY QTYag wY (5)
where* "Wy is the zeraeference state of . To avoid thénfluence of DFT errors for trenergy
of Oy, the standard molar enthalpy dfie formation of AgO (at 298.15 KY 'O 6 ") =-0.323eV)°

is used to determine thep::

™Y ¢ ©O O YO 6% Y ¢ ofpo © Y (6)
where’™O  and’O s the enthalpy of bulk A® and Ag on 298.15 K, which can be approximated as
the ZPEcorrected totalenergies oAgO andanAg atom in bulkY* ¢ wfp © "Y' is thechem-
ical potential variation of 1 barQrom 298.15 K (in enthalpy) to T (in free energy), as obtafnau
standardthermodynamic equation&?
With the chemical potentials, the surface free enerngydan be calculatedequation3 in themain
text). For the surface phases on the same Ag facet, e.g. glé@and @phase, the partition population

(p) of each phase can be determined as follows:

RQ TQ Q )

N Q T Q Q (8)
where0 is the surface area of a primitiyghase 100, the same as th€s phasein reactive form (half
occupation of @ site, see Supplementary Notg.3
To construct the Wulff structure and determine the phase population on the whole Ag catalyst, we

utilize the surface energy, efg. , with respect to the bulk Ag, which is equivalent to supplement the
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free energyin upplementaryEquation Je.g.f ) with the standard surface energy midire silver
surfaceqe.g.f ).
r r [ 9)
[ [ [ (10)
I nr n [ r (11)
The three values above are used to construct the Wulff structure of Ag, and the facet popuRtion (
can be obtained. The phase population can then be determined:

~ ~
5

0 0 ho 0 ho 0 N ho

C

n (12)
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Resultsfrom the ASOP simulation

Supplementary Note2 | Details of the ASOP simulation.

Ly (GKA& 62N] X 6S LISNF2NX¥YSR aAE AYyRSLISYyRSyd ! {
dzy RSNJ 620K (GKS 2EARIGA2Y yR (K6 NBESYyA2YytO2AyRR
[1{t LINRP2SOG 6KSNBE (KS NBNIAYANKI YRIE BIOdi 5 NBH DR 2
'3 Yy OINBOGdzNBad ¢KAa AYAGALFE 13/ 1 h LRAISYGAL T |
dzf FGA2yasy 6KAOK 3ISYSNIiGS +y FRRAGAZ2Y T {NaZdeNIA Y 3
GF NBESOKEABad ! FOSNI ONI Ay RWIAL AK€ AT 5 RENIANHKS R KEBSH 2
GSYGALFf®d ¢KS ! {ht aAyYdzZzldA2y AyOfdzZRSa GKS 3ISYySN
Ll2aAdAz2yad Ay | ANARI |yRyTIo@E2 MI20/f0S @2 WEI2& AKX 50
YFiSR ®LYYSMNI LINBGA2dza 62N X 6S RSGSNN¥YAYSR GKS
2EARFGAZYF ORYIRREAYVAY T ! {ht &AYdz I i MyYRYE $38 NJF 2
LIK aB a{ dzLJLI SYSWEK N (CRI aabA YdzA  GA2y NBady (aKRIK (K
O2y G 2dzNJ YIS I \NBaROEINBAR 20FKS Sy SNHeE aLISOINRAYy2EKGBK
5C¢ & SPIISOR DrILRBATIAZY &LI OS 6S O2yawRIAMBR (A YS!
NI GA2 ol kod® EEFNI{ SBMaD yF R K S NG BIE @ 1h RB £ 4 B 1S
AdSd GKS &adNFIFOS INBI 2F (KSYSEPHSENNS § RIAF kg KO 6
' 36 MINAOY A (53 OSRAE S @D MmO BA & KBUMWNG ¢ 3ISE 2 FOGKS LI2AaA0
SN} 0SR ¢gAGK (KS adz2NFI OS '3 O20SNIY3IAS 2F ndm Y2Yy;3
F2N) ! JRvMMEMOMA YO o0dzi ndpdmapOa @S NREBNIADEARIOEA 23yHzN
'Y R Yinddnovn NaS[F CIANIYdE ORE A OB O 3 NI 2T abI WSO A 2y | NB
OStft 6AGK GKS YIEAYdzy 2 FOe&oOtkSvpmipH kaoiNINRI NSO (BASH ¢
0KS LIKIF&aS aSINOK o6& 3aANIRdzZ-ffeé NBaldNROUGUAY3I GKS
Ay 2yS Oe oty &amin$dm nl NJ 202y RdzOGSRE RSLISYyRAy3a 2y
6f FRBGNI YR Y2NB O2YLX SE O2YLRA&AAGAZ2Y 18bh {112 BBy i A
gAtt 0SS NBGONIAYSR o0& dzaAyi@SHKiKiSA Yy 3 hitINE QIS R ENE 2 WS \E

PN

GKS ! {ht aAyYds#adFiNRSR Glzayh NGTOWNESS LIy ®S ¥ @ A |
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Suppl ement &CoypTldtalte o3 dle ASOPs s[iAnuilSaRt iRdi.k Ay Of dz
2F RAAaGAFODIO SHAZLISNOISKS Yy dzYo SN 2F RAAGAY OGO O2YLRa
GKOKS ht &AYdzZ | A2 y@KE N ROARGSIHISR] @D ORIY LRdzNA Yy I (K
GA2y o

Cl @Ry RAGAZ2 bOSH bO2YL bO2WWaAl {{db adsS|

Ag(111)oxidation(ref 11) p H C pH N Mnnn oyyoowm
Ag(100)oxidation(ref 11) 44 3775 1417 329981
Ag(110)oxidation 80 7318 2616 447976
Ag(11ljreaction 52 28195 1803 667100
Ag(100jreaction 44 11991 1472 447869
Ag(110jyreaction 80 23143 2643 809096
Total 176 81346 11395 3090353
-0.38
(a) 1.0 : c(6x2) phJse
>-0168 __  [=
08 0199 E U=
S
o 0229 £ =
& o6 0260 042
) @
3 0200 & |
(8]
20.4 -0.322 % -0.44
-0353 —
@
= et -0.46 (11%) Phase 3
<-0.415 I~ (15%) __ |Phase 2
0.0 L Phase 1

-5
Ig(phase populatlon)

(b)

Phase-1 A= 10, AgsO; Phase-2 A= 12, AgiO,, Phase-3 A=10,Ag:O;  c(6x2) A= 6, AG:Os
(phase-110)

Suppl emen4|@he RASOP sdmuAg(td tobnYl at i o nldtckoSn dti9t{i o)y |
YI bbb FEASHKS & dzNF:DS ISTEWEKRED ST SNRE@S5 GILISt O
LB &S uzumflmeyYOHw@m@wwmmmememmmammmla@ﬁ@Osz

|yR auNJJIzOudzNIKLSﬁIyJI G KBEIGE P& 2y S SELISNAYSyGltte 2
648SS (KS 06fdzS RIaKSR X xifyBRoB2NRIKY OKSEHO{ ®@¥ VNS
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1:-0.020 J/m? 2: -0.010 J/m? 3:-0.004 J/m? 4:-0.003 J/m?
Agyy05(C,Hy), (4 =12) AgzO4(CHy), (A4=9) Agg0,(CHy), (A =4) Ag;104(C,Hy), (4=12)

(©)

—0.30

(6%)
phase-100

Surface energy (y, J/m?)

34
L 5 =

4 ]~ O; phase
—prititive—— (91%)

7N /NN AN
Ag,0(111) O; phase (primitive): -0.028 J/m? 50 25 00
Ag,0;(C,Hy); (A4=49) Ig(phase population)

nG|Zhg AKABOP simul ation on Ad(KIS 080 2(ArCeKaic2t

dZNE & yRLIAKAF&E OS T NBSI mESASNEM SRS 3 ANBEMZADIRK de IS &
2 NB 3K ineb8dy RBANE yWE I O @eAkS/a 02/ RMERABIYNRE H S RS & 0
a0 2 NI LORIKERES ZF 5101 NIk O

Z

(
r
RA S
@ASY  LINA OKBIS yEHHER O @ LB OAMNIER LIKT GdS (LBEBIEHN DI A 2 V
M GIHYNR 2F RO NP ZFOKS (2L wn adGFofS LIKIFIASA ARSY
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(a) -0.201
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S -o
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2 +0.142 T 0261 ——
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> o
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0
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(b)
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Electronic Analysis

Suppl ement ariypi haddInegy 4denjler@ K S c @l tc Ozt RIASYRD hBWS N &

F20iK} 4S54 +Fa OFGSIA2NAT SIRSLa0E AYREOH S D88 (KF 12 HEKIS
GA2yS SEALISOAIf th& Bok YyRH B ShZA diNEFS kSR IFASIND hd IS0 X B &
Ad ALISOAIT Y LRIAASTAPYEOIMKS tKAIKSAG h

t K 8848 hEe3Sy 4 huydAYRAYDSE
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Osb 528.1

Ogh 528.6
phase100 Oub 528.3

Osb 528.3
phaselll Ob 5280
phasel10 Oug, Osb 527.8 ~527.9
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Reaction pathways of the optimal phases

Ethenereaction pathwaysof the surfaceoxide phases

1.5
1.0 TS1
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£ 10 Lae
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TS2-EO
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Ff2y3a GKS LI GKgleaod
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The healing ofD-vacancies orthe surfaceoxide phases

+ O*
-Ov

v dissociation
- +C2H4 +02 - / excess -C2 40 2"
-O Ov 0

+C,H
+C2H4 C2H4—02* _szdé‘) - 0, reaction

O-migration (from surface/from subsurface)
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%» ZOV ——> 0,-20v dissociation
-G Hy
(b) 1.8 16324098 1.643
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3 1
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Supplementary Note3 | Model of Os phase for reaction pathway calculations.

Supplementary Fid.1shows thereaction pathways for the healing Gfvacanciesin which G-20v
dissociation is preferreth phaselllandphasell0, while O migration is preferreth phase100and
Os phase Furthermore, we notice that foDs phasewith the highestethene coverag€0.25 ML with
respect to surface Ag atorjshe surface O vacancy is more favored to shith@subsurface site rather
than the surface sitqSupplementary Fig2), leading to the losofone@ &AGS FyR 2y S
enewith the exothermidty of 0.582 eV After thesehigh-coverage ethene reacts off, tf@; phaseis left
with 0.125 ML etheneh@lf of the highesethene coveraggaligned in a row (linearly arranged). At this
condition, the surface O migrationow wins oversurfacesubsurface O migration (Supplementary Fig.
13), and thus the O supply @sphasecan via the dissociation of.@n other surface phases followed
by the subsequent O diffusio®@urmicrokineticamodel (Supplementaryable8) confirmsthat the equi-
librium coverage ofdsorbed ethene andubsurface ® & @ [infh b)) arearound 057~0.5%imes of
the highest ethene coverag@herefore, we report theeaction pathway results foDs phaseat 0.125

ML in the main text, which ignetically relevant for EO production.
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Reaction kinetics under differentomputational levels

Supplementary Table5 | Benchmark of reaction data among different computational methodsThe
calculated ethene adsorptioenergyand reaction barriersof Os phaseand phase110 (in electronic
energy without free energycorrections)under different computational levels. All the data are in eV
and the results from PBE+D3(zero) method is used in this.work

t KIasSa wSIFOlA2ya t.9BF5EN t. 9bEG t. 9t 2
ethene adsorption energy M®Pwmp M®PHO ndc nodT
OMCformation barrier 0.81 0.82 0.97 0.96
Os phase TS2EO barrier 0.74 0.72 0.85 0.88
TS2AA barrier 0.99 0.97 114 1.16
TS20Ebarrier 1.03 0.95 1.25 1.25
ethene adsorption energy 0.42 0.49 0.09 0.11
OMC formation barrier 0.54 0.52 0.67 0.67
phasell10 TS2EO barrier 0.90 0.93 0.87 0.90
TS2AA barrier 0.47 0.44 0.61 0.62
TS20Ebarrier 0.29 0.29 040 041
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Experimental section

Material used
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Preparation of the working electrodes
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XRD characterizations
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GCMS analysis
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Catalytic test

Supplementary Table6 | Error analysis of the measured EO selectivity and @Hs conversion The
averageand standard deviation | of the observed selectivity and conversion aféeseries of reated
experiments

. R ) . _ aSt SOiA dA O2y OSINE A 2
¢SYLISNI (dzl f 3.LdNSB & & dzNB — —
I &S NI ' I &S NI
460 0 44.126 1.326 0.020 0.004
470 0 48.576 0.780 0.272 0.037
475 0 52.650 0.276 0.316 0.030
480 0 56.192 0.558 0.404 0.010
485 0 57.627 0.885 0.549 0.028
490 0 61.682 0.535 0.614 0.017
495 0 58.739 0.694 0.748 0.010
500 0 58.043 0.139 0.947 0.016
510 0 57.018 0.262 1.247 0.004
520 0 55.229 0.325 1.754 0.006
530 0 51.492 0.129 2.389 0.073
540 0 45.760 1.887 2.603 0.076
550 0 42.309 1.626 3.244 0.052
500 0.4 62.050 0.071 1.255 0.057
500 0.2 61.450 0.212 0.861 0.011
500 0 60.564 0.050 0.612 0.003
500 -0.2 59.875 0.177 0.421 0.008
500 -0.4 58.650 0.071 0.322 0.022
500 -0.6 57.025 0.884 0.228 0.000
500 -0.8 57.000 0.424 0.187 0.003
500 -1 55.850 0.354 0.151 0.010
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FFIRcharacterizations

The FAIR in Supplementary Fig0a demonstratesthat the appearance of GQngdOCO)positive
peak (transmittancé)coincides with the disappearance oHe(A 0 / T/ 0 X y)SaBdniha @S LIS |
perature is maintained at 500 Kdditionally, with the increase of reaction time, the intensity at 1583
cn! remains largely unchanged, indicating that the adsorption and consumptiosHab@ the catalyst
are in equilibrium.
Supplementary Fi@0b shows that for the Ag catalyst with pretreatment of ethene gas and followed
by Ar flushing, upon the introduction of2(a significant amount of G@& generated rapidly, accompa-
nied by distinct negative peaks at 1583 and 1443 ciihese observations confirm the theoretical pre-

diction of the IRactive C=C stretching vibration © / )Ipéak of the adsorbed ethene @ phase

To reveal the likely lortime phase reconstructioander reaction conditionswe also recorded the
longtime FFIR signal, as shown in Supplementary Elglt clearly reveals that under the reaction at-
mosphere, the intensity of the peak at8%cm? in fact increases graduallyntil ~150 minswhich sug-

gests the surface reconstructiondeed occurgo create moreOs phasefor ethene chemisorption.
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Transmittance (%)
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Raman characterizations
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NO-TPD

The surface sites of the Ag catalyst were determined using NO tempeaitogeammed desorption
(NOTPD) characterization. As showrSmpplementaryrig 23a, the peak observed at 300 K corresponds
to the physical adsorption of NO on the Ag surface, while the peak observed at 380 K represents the
chemical adsorption of NO molecule&supplementaryFig 23b displays the corresponding results ob-
tained from online mass spectrometry (MS), indicating that only NO is detected at around 380 K, without
the presenceof other NQ compounds. Based on previous studies by Lambartd Ludvikssot, the
peak observed in the temperature range of 3500 K corresponds to the higamperature desorption
of NO from the Ag surface, with a NO saturation coveragélfi. Based on the peak arednd calculated

ratio of surface Ag atom to total Ag atomd<9.
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Electrochemicatharacterizations

Supplementary Fig.4displays the results of the electrochemical cyclic voltammetry (CV) test. The
oxidation peak observed at 0.49 V signifies the single electron transfer from Agd.t&iAglarly, the
reduction peak at 0.22 V represents the reduction prodéd3By quantifying the area under the oxida-
tion peak, we can determine the ratio between the numberactive Ag atoms and théotal mass of
atoms present.The integrated area of the oxidative peak, after baseline subtraction, is given by the
equation:

Y o - (13)
where B and & are the potential limitsand| is the measured current.
The ratio of active Ag sites to total Ag content can be obtained according to the equation:
i —20Y (24)

where Magis the relative molecular mass of Ags the Faradic constaning is the theoretical mass of

Ag in the catalystand _ is the scan rate. The calculated ratio is approximateby 103,
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Microkinetics simulation

Supplementary Table7 | Kinetic data for microkinetics simulation. Thecalculatedethene epoxida-
tion reactionenergydifference(E), zerepoint energydifference(ZPE)thermodynamic effectifference

(T, including entropy and enthalpy correctiof®tween TS and I1S/F&nd Gibbs free energy barriers
(&, forward(+) and reversé)) for each surfacat 500 KThe symbols * and $ denote surface site and
subsurface site, respectivelixll the data are in eV.

wSI OliAz2y %e{ i Yte@( YoteR{ Cg{ Cre; GH &)
hpLK | & S
[ ul nbhpPTH/ Wl nTh b n wmMhc N mon N maer a1 em
[dl nThpPb  MBh a fhpb F noy ndc mdn mdn ndn ndn ndy ndbc
hafmmppbrb P nop nddp mdn mdn mdn ndn ndp n Py
9 hh,PH9 HbhP noeg n mon n m®y n naw nw
haifhppbrb b noy Hon modm mdm mdn ndn ndc H DN
I Whppbph pihH/ hbHl h bpf bhpp T T T T T m  nabnn K °
h a fhpb pHl fbh 9pp noy mMebH . m ®H mPnrm dy1 m dn n dc mpbn
h Shppb hgd FiHH/ hbHl vh b hip T T T T T m  nmbroc K°
h B Lkma by THh Fb o Frmas DsO b 4 Bpp ' dxmdbnin n k hgbd mMic Horiktbpm T © N1
h B Lkmado THHh Fb o Brmas o DsO b 9 Byp ' dmdbanin n k hgbd o (nhrikibpm T © N1
h B Lkmadn THh Fb o Brmaao DoO b 6 Bpbp ' dmdbnin n k hgbd HIT STiibpm T © N1
F Chyp1H gh PC D0 b 4@ Bpp [ dmdbmip H K hghd olfoChTiibpy ¢ © M
LIK e s8N
[l nb  MOF Wl ot F n nbny n modn n medT ndo ndn
[d b FiHBh @/ F noéc ndc ndn mdn ndn mdPn ndPT o dbn
ha/ B9 hr nocmdn mdn mdn medm nd®n ndén MPm
9hmo9tb F noép n mdn n moT n nodmnodo
ha/m®!'!F nop vodg mdm mdn mdPn nPH N Po HDM
I 1 ®ph FiHH/ hbHI 4h bef m m m s m m  naby°r KO©
ha/tt Hmhl p h9F nop HPo mdn mdn mdPn nd®n ndo H Do
h9tkt nthrphHyw hbH h b T T T T T mT nopge kO
hub 1Hh.F n nop n modn n moby ndn nwp
h.,r  HBDHIF F nNPoO MOP mdn mdn mdn ndy1 ndy mMmPdP
LIK | T8A 15 /1
[ul nb  MBF Wl oTh F n non n m ®n n mdc nd®o ndn
[l ob flHh @/ F nop ndy ndn mdn ndn mda n e n dbc
ha/ B9 hr MOPM MPo mdn mdn mPdPm ndn ~vMPnJ MmPH
9hmo9tb F noeT on mdn n mody n nd now
hal/m ! F neT Mmooy medm medn medn ndm ndc mdPd
I 1 ®ph FrBH/ hbHI 4 bef m m m 1 m mT noR| KO
hal/t mhl p h9F Nop HdOn MmMdn mdn mdn ndn ndn H DN
h9t nthfrphbyw hbH h b m m T 1 T mT nopgr kO
h.bF HhF n noc n m ®n n m®T ndH ndn
hw  BDHIF F nwy moénh medn mdp ndn ndn ndp moPy
LIK | T8 NS M
[l nb  WBF Wl oTh F n nodn n mdn n mdc ndo ndn
[l oh FlHDh @/ F nop ndp ndn mdn ndm mdPn ndPT ndn
ha/1m9 hF noT ndy mdn mdn mdm ndn ndc n dy
Oh|mo9hm F neép n  mon n m®»T N ndwmnodo
ha/m ! F neéc Mme1T mdm mdn mdn A PH ndn MPP
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I 1 ®ph FBH/ hbHI 4 bef T T ) s ) m nodr kO

ha/tt mhl p h9F noc Hon mdn mdn mdn mdn ndp MmPP
h9t nthfphw hbH b b T T m T m mT nodr k°
hub THhF n ndc n m®dn n moy nd®o ndn

h.,  BDHIF F non Mmeédmodn mdn nd®n nd®n ndn mOP

Note:

(a) All theforward or reverse barriexof the adsorptiori desorption process ardefinedto beat least 0.D eV, as
estimated from the umbrella samplinmgsultof ethene adsorption oi®s phase

(b) The AA and Pproducts will lead tadCQ and HO according to th@xperimental results, as treated to be an
elementary step witbut considering the reverse reactiohhe forward barrier of this elementary step is deter-
mined to bethat for the next oxidation step oAA/OE(H addition for OE of®s phase while O addition for the
others)

(c) The reaction barrier o® migration at subsurfade,b coverage of 1Q.25 ML and 0.5 @.125 ML) are listed
(Supplementary Fid.1), andthe linear interpolation is used to determine the barrigrh b coverageof 0.5 ~ 1
The backward barrier is adjustéy the reaction heati.e. the atomic O adsorption energy difference between
the initial and thefinal O sites. The O diffusion kinetics from other models will be discussed in Supplementary
Note 4, which is conductedy replacinghese four steps by other reactions (see Supplementary Tdl)le 1
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Supplementary Table8 | Solution of microkinetics simulation. Thesolution of mcrokineticsmodel at
different conditions, includinghe correctedphase populationsee Supplementary Figl), the con-
sumption/formation rate of gaseous species (in the unit of Molecule/s), and the coverage of surface
species in equilibrium

M OKINJRY il oB | NJ npn YZdom 0k NJ
{ LIS O AKS &S LG GSYLISNF G dzNJ I G, LINB & adARB 60
nyn pnn pHA nom 1 10
LIKI &S L2 LdzZ I GA2Y
hpLIK I & S 0.23 0.18 0.11 0.17 0.21 0.24
LIK I-Ted /BN 0.01 0.03 0.09 0.04 0.02 0.01
LIK | TEA N5 11 0.45 0.48 0.50 0.48 0.46 0.44
LIK | TEL 6 M 0.31 0.31 0.31 0.31 0.31 0.31
consumption/formation rate of gaseous species
Il n -1130.9 -1886 -2441.4 -1163.7 -1489 -1649
hu -1920 -2928.3 -3963.3 -2109.3 -2358.1 -2429.1
9 hhpy BIK 04 S 585.9 1086.9 1336.5 548.8 839.7 1003.3
9 hLJK | T s&n 0.05 0.37 1.6 0.28 0.15 0.07
9 hLJK | T84 NN -2.3E04 -5.7E04 -1.1E03 -2.9E03 -4.2E04 4.5E04
9 hLJM | Tk MM 3.1 4.6 6.3 3.7 3.7 3.8
9h odG24rt 589.0 1091.9 1344 .4 552.8 843.5 1007.2
I hk bh dpLIK [0& S 72.1 150.3 208.1 71.7 109.7 131
/ hk bh AIK | TEA /N 2.6 16.8 63.3 13.2 7 3.5
I hk bh AIK | TEA N 859.5 1235 1705 975 1010.3 983.6
I Rk h IK I TER Em 149.4 186.2 217.6 162.1 164 165.5
/ R Jh oG24l 10837 1588.2 2194.1 1222 1290.9 1283.7
asSt SOUA@D) 0.52 0.58 0.55 0.47 0.57 0.61
I nO2y @S NE A 0.85 1.48 1.99 0.93 1.19 1.32
coverage of surface specien Os phase
) 1.7E06 1.7E06 2.3E06 4.0E06 1.7E06 1.4E06
F 0.54 0.47 0.45 0.6 0.5 0.48
hpb 1.6E04 3.8E04 8.4E04 2.4E04 2.5E04 2.5E04
[l T pP 0.59 0.58 0.57 0.57 0.58 0.59
9 hinpb 4.7E05 5.1E05 5.6E05 4.9E05 5.0E05 5.0E05
| F 6.5E03 5.9E03 6.4E03 9.5E03 6.1E03 5.6E03
h F 0.45 0.51 0.54 0.39 0.48 0.51
h a b F 7.5E03 8.7E03 9.5E03 7.2E03 8.2E03 8.4E03
h 9n,p 6.5E03 5.9E03 6.4E03 9.5E03 6.1E03 5.6E03
p 0.4 0.41 0.42 0.41 0.4 0.4
coverage of surface species phasel100
A = 6.2E09 2.3E09 1.7E09 4.9E09 3.4E09 2.7E09
F 0.54 0.41 0.35 0.51 0.47 0.44
[l oth F 1.1E03 8.9E04 6.5E04 9.1E04 1.0E03 1.1E03
9hrF 4.5E03 2.2E03 1.2E03 3.4E03 3.1E03 2.9E03
hF 4.2E04 2.1E04 1.2E04 3.1E05 2.9E04 2.7E03
h 0.44 0.58 0.64 0.47 0.52 0.55
hlF 7.4E03 4.9E03 3.9E03 6.4E03 5.9E03 5.5E03
hal f 2.9E08 3.1E08 2.8E08 2.8E08 3.1E08 3.2E08
h9F 7.4E03 4.9E03 3.9E03 6.4E03 5.9E03 5.5E03

coverage of surface species phase110
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A = 1.0E11 1.4E11 1.9E11 1.7E11 1.2E11 1.0E11

F 0.03 0.04 0.05 0.1 0.04 0.01
[l ot F 1.6E03 1.2E03 8.7E04 1.3E03 1.4E03 1.4E03
9hF 2.9E03 2.0E03 1.4E03 6.7E03 2.4E03 8.0E04
huF 3.4E03 2.3E03 1.5E03 7.6E04 2.7E03 9.1E03

hF 0.95 0.94 0.94 0.87 0.94 0.97
hlF 6.0E03 5.4E03 4.9E03 6.3E03 5.6E03 5.4E03
hal f 4.7E06 3.6E06 2.8E06 4.0E06 4.0E06 4.0E06
h9F 6.0E03 5.4E03 4.9E03 6.3E03 5.6E03 5.4E03

coverage of surface species phaselll

rrp 8.8E08 7.4E08 6.0E08 7.9E08 7.9E08 7.9E08
F 2.1E04 3.6E04 6.0E04 9.7E04 2.8E04 8.7E05
[l o F 4.7E03 3.3E03 2.3E03 3.9E03 3.9E03 3.9E03
9hrF 1.8E06 2.0E06 2.2E06 6.5E06 1.9E06 5.9E07
huF 3.3E06 3.1E06 2.8E06 1.1E06 3.1E06 9.9E06

h F 0.99 0.99 0.99 0.99 0.99 0.99
hilF 2.6E03 2.2E03 1.9E03 2.3E03 2.3E03 2.3E03
hal F 2.2E06 1.6E06 1.1E06 1.8E06 1.8E06 1.8E06
h9F 2.6E03 2.2E03 1.9E03 2.3E03 2.3E03 2.3E03

Note:

(a) It should be noted thatd compare exactly the calculated ethene consumption (deleculesite s?) with

the experimentakonversion (~1% conversion at 490 K at the gas hourly space vé@ki8\Vio be 120,000 mL

gagt hl), one has to know the active site concentration of real catalysts in the experiiftemfollowing equations

are used to estimate this value:

(i). Estimatethe ratio of active surface Ag atoms to total Ag atomg 6f the Ag catalysby experimentsrg. =

1.5 103, see below)

(i). Theratio of active site to surface Ag atoms Ci ¢z T®IY, wherei 4

is because the ©phase contributes to half of the ethene conversion (~ 50% selectivity), 0.2 represents ~ 20% of
the phase population of §phase, and 8 representme reactive @site is 8 times of theprimitive Ag(100)

(iii). The number of active sites the synthesized Ag catalyst [ 0 , whereNy is the
total number of Ag atoms of the catalyst.

(iv). The conveiisn intheoretical predictiont € &€ 0 - , or the turnover frequency (TOF)
from experiment’Y0 "O Z—, where'Y isthe calculated ethene consumption ratelso estimated

to be TORwith the unit of Molecule 3 site™.

Our experimental results show that the surface exposed Ag is about 0.09 to the total Ag atom, while the num-
ber of Ag atoms that can be oxidized to.@gAg) is about two orders of magnitude less, with the ratio being
1.5 103 This reflects that only a small fraction of Ag surface sites can be fully oxidized, which could be due to
the large size of Ag nanoparticle (80 nm) and th&®#8upport protection. The TOF estimated using the NeD
measured Ag surface site (e.g. IgTOB.2 at 550 K, 1 bar:D1 bar GHs, the same below) is about 3 orders of
magnitude lower than our theoretical value (IgTOF = 3.4), while that estimated using the electrochemical experi-
ment of AgO formation (IgTOF = 1.6) is about 66 times lower than beoretical value. Since thes@ite in
ethene epoxidation comes from in situ surface oxidation, the electrochemicalidatal.5 103) appears to be
more suitable for the current comparison. The TOF agreement between theory and experimenteadasable
if further considering the DFT intrinsic errors in adsorption energy and reaction barriers, which can also lead to
~2 order of magnitude error on TOF as shown in recent literafidfeTo be quantitative, we note that the un-
derestimation of the free energy of adsorbegHrand the OM&ormation barrier (TS1) both by 0.1 eV can lead
to ~100 times lower for the simulated TOMe finally found a good agreement between theory and experiment
on the conversiorfFig. 4) by reducing the theoretical TOF by Ol0%.important to also mention that the selec-
tivity as concerned in this work, due to the error cancellation, is less influenced by the difficulty of experiment
measurement and the unctinties introduced by DFT calculations.
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Supplementary Table9 | Microkinetics simulation of DRC and DSC.5 SaANE S
FYR RSAINBS 2F aStSO0AInipynz O yroyNRI il GEhERRE/DFRINI S| C
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whereQ, 0 ,"0, i, and"Yis rate constant, equilibrium constant, Gibbs free energy of transition state

for the i-th reaction reaction rate,and selectivity, respectivelyFor a morantuitive comparison, khthe

values have been scaled by the sum of the valaeall stepqlisted in the last row).

wSIF OGAzYy 5w/ 00N 5w/h®N 5w/e®@N 5w/ gaN 5{/
hpLIK I & S
[l nb oBTD/ Wl o pb 2.26E06 1.06E06  2.71E06  3.49E07 1.57E06
[l nhpbb  WBh a fpb F 2.39E01 1.06E01  2.97E01 3.09E02 1.80E01
hafthpb FBFb e 8.51E02 -1.88E02 1.47E01 -6.32E02  1.25E01
9 hh,p1H9 Ho pih 1.95607  3.10E07 7.48E08  3.17E07  -9.73E08
h afhp phFb P -2.81E02  1.16E02  -5.16E02 2.86E02  -4.56E02
! Wh,pbph FiHH/ hbHI vh bpr b pth 6.74E07  4.20E07 7.35E07 2.42E07  3.57E07
h a P pBl b 1n -2.98E02  1.04E02  -5.31E02 2.76E02  -4.61E02
h 9npbb p h pisil lFbHl s cbf hpb  2.59E03 1.18E03  3.13E03  3.56E04 1.83E03
h B Lkmadn Bh Fb 6 fxmaso -8.21E04 5.27E04  -1.65E03  1.08E03  -1.55E03
h B Lkmads THh Fb o Prmas o 1.24E01  5.58E02 1.52E01 1.64E02  9.06E02
h B Lkmady THh Fb o frmaao 1.42E01  6.52E02 1.72E01 2.09E02 1.02E01
F Chop1H sh PC -6.67E08  -1.27E07 -1.05E08 -1.36E07  5.53E08
LIK |- /8 n
[ul nb  MBF Wl ot F 2.36E07 1.97E07  2.20E07 1.50E07 7.15E08
[l wh FiBh a / F -2.03603  1.43E03  -4.16E03  2.82E03  -3.94E03
ha/ B9 hF 1.31E04  -4.55E05  2.36E04 -1.21E04  2.05E04
9hmI F -6.39E07 -2.02E07 -8.37E07  3.04E08  -5.48E07
ha/m! ! f -1.90E04  8.27E05  -3.52E04 1.97E04  -3.14E04
I 1 pph piHH hbHI wh beF 7.69E08 1.58E07 1.94E09 1.73E07  -7.78E08
ha/t mh!l p h9F 1.80E07 -4.56E06  3.61E06  -6.09E06  5.08E06
hot nthphiHw hbHl .h b -1.81E05  1.36E05  -3.78E05  2.63E05  -3.61E05
hub THhF -1.42E07  4.36E07  -5.34E07 6.37E07  -6.32E07
he  BOHHIF F 4.21E05  2.80E05  4.44E05 1.75E05 2.03E05
LIK | TemS
[ul nb  MBF Wl oTh F -2.18E06  -2.22E06 -1.75E06 -1.91E06  -2.40EQ7
[l oo FTHh @ / F 2.33601 579801  -4.59E02  6.62E01  -3.14E01
hal/m®9hF 1.80E07 -5.60E07  6.97E07  -8.24E07  8.22E07
Ohm9 F 5.60E08 1.12E07  4.93E09 1.23E07  -5.30E08
hal/® ! F 7.99E05 1.40E04  2.12E05 1.47E04  -5.37E05
I 1 pph piHH hbHI h beF -2.02E08 -4.57E08 3.86E09  -5.12E08  2.59E08
ha/t mh!lp h9F 1.11E03  2.71E03  -2.61E04 3.05E03  -1.57E03
hot nthfphby hbHl s b 3.02E03  4.54E03 1.34E03  4.57E03  -1.24E03
hub THhF 4.05E07  3.73E07  3.56E07 3.02E07  8.82E08
ho  HHHIF F 5.64E02  3.70E02 6.00E02 2.27E02 2.79E02
LIK | T8L NB M
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Il nb  HBf Wl oTh F -1.9507 -6.20E08  -2.54E07  8.50E09  -1.66E07

Il oh fTHh @ / F 1.72E02  3.61E02  2.19E04  3.96E02  -1.80E02
ha/m®9hF 1.35E03  -6.52E04  2.57E03  -1.49E03  2.32E03
9hm9 b F 3.84E07  3.43E07  3.45E07  2.72E07  9.46E08
ha/® ! F 2.74E02  6.05E02  -1.72E03  6.71E02  -3.16E02

I 1 pph FiHH/ R bHI wh b 29907  1.52E07  3.49E07  6.32E08  1.94E07
ha/t mh!l p hOoF 2.24E03  5.54E03  -5.95E04  6.26E03  -3.24E03
h9tw ndhfl H hbHl s b 5.29504  4.63E04  4.79E04  3.64E04  1.38E04
hab THhF 2.35E06  1.23E06  2.72E06  5.32E07  1.48E06

hy  HDHIF F 3.58E03 1.68E03  4.29E03  5.54E04  2.48E03

{ OFt SR @I f dzS 1.144605 1023992 1577524 1.134496 1.078640
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Supplementary Note4 | The influence of O diffusion onkinetics.

From our DFT results, the @issociation can occur on phadél and phasd 10 with the barrier
below 0.66 eV. Supplementary Table 10 shows that if Hsei@bly is switched off between phases, only
phaselll and phasd10 are active, which can convert ethene to.COnce the Gupply is switched
on between phases, thesphase can then be active for ethene epoxidation and the results are shown
in Supplementary Tablé and8, wherethe oxygen migration baier is estimated byhe surface oxygen
diffusionbarriers (0.62 eV) ofs phase

To test the influence of O diffusion barriers on kinetics, we now explored the other possibilities for
O migrationFirstly, ve explored the role of phase interfaces farddssociation and O diffusion, focusing
on that betweenOs phaseand phase100, both grown on Ag(100). Supplementary Fig.shows the
atomic picture of the interface determined by more than 10,000 steps of-B88Mglobal optimization,
which is initially constructed by matching these two phases (both on a (8x4) supercell of Ag(100)) on a
(16x4) supercell of Ag(100). Based os tniodel, the O diffusion barriers from the interface topbase
and phasel00 were calculated to be 0.58 and 0.57 eV, respectively (close to the values utilized), and
the newlyformed two O vacancies can be healed kydi3sociation with a barrier of 0.83V (the Q
dissociation barrier on phasklO and phasd 11 is 0.66 and 0.27 eV, respectively, while ébove 1 eV
on other phases)lhe kinetic barriers for O diffusion and dissociation at the interface between phases
are then utilized to perform new microkinetics simulations (Supplementary Td)le\le found that
the new O diffusion data leads to a slightly higher conversion/selectivity compared to the experiment

data and the overall trents the same (Supplementary F&3).

Moreover, @cording toa recent experiment!i KS YA 3INI A2y 2F h Ay '3 1
Al GKS odzZ {® 2S GKSNBEF2NB OFf OdzZ ISR GKS RATT
{ dzLJLJ SYSvyd NB KEAI Bl & dzS A& Of 2a$S G2 3hi KRS\ TardaNImPRG/S1J
2WpLIK0A SdzA SR AY 2dzNJ YAONR]TAYSGAOA aAayYdzZ I GA2y d . ¢
RAFTFdAAZY OKIyyStz ady abiesS yeh aa&EPRFEnodisle QKR azf
GF NBoobCoA 3R Yy FANN AV RSO KS YN EBNHANB 29 F OKI yy St RBeSa y?2
cause the @&upply is not the main concern of this work and it is difficult to fully explore all sorts of phase
boundaries to evaluate the -@upply kinetics, we keep utilizing our original kinetics (as a reasonable

approximation) in the paper. We are hiog to addresshis issue in our coming works.
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Supplementary Table 10 | Reaction rates from microkinetis simulation without considering O
migration. The rates to EO and eMolecule*s1) of the four major phases under reaction conditions

I FGSNI a6AGOKAY3I 2FF (KS 2Ee3Sy YAINIGA2Yy aiGSLia
Supplementary Table 7). The reaction condition is at 490 K withaDd Q pressures at both 1 bar.

t KIas: LIK | 78R N6 M LIK 764 N5 11 LIK I-Ted /SN hpLJK I & S
Nb 9 ho o dy d Omn9 p ®wma M Omjp9
NB/ hHi Mmcn dn Mmamc ®p M Om h dm ™

Supplementary Tablell | The O-supply kinetics data from the interface model The calculated Gibbs

free energy barriers (Gb, forward(+) and reverpeatf ethene epoxidation reaction energy at 50(s&e
Supplementary Fig.7}, in which the symbols * denotes surface site on the interface. All the rates of
these reactions were further scaled by the population of Ag(100) facet. These three reactions are used
G2 NBLI I OS GKS TF2dz2NJ h RATTdza A 2y todenSdtdihe Mew Nicr6-R A y
kineticsresults (Supplementary Fig8R2 All the data are in eV.

wSIF OlGAz2Yy Go(H)  Go()
AYGSNFLOS

hFb ofp LD Enp Lkrafs N Pp NPy

h b ¢ FkwmadBh pLxkmady F nop noér

hab AN F NYbH (M D p
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phase 100 <::> O phase after 10000 SSW-NN steps

'I/‘ X ,% ‘
PP
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phasc-100 interface Os phasc

1S (-0. 568 eV) the highest TS FS (-0.790ev) IS (-0.826 eV) the highestTS  FS (-1.525eV) IS (-0.580 eV) the highest TS FS (-0.828eV)

Suppl ementl@hy Finger2 asplkeabet avdd Dipel®eusture of thénterface
(right in the top panelpetween Os phaseand phase100identified from SSW global optimizatidry
joining two individual phases (left in the top pand@lhe bottom panel shows the IS, FS, TS states snap-
shots with the forward/backward barrier of2@issociation and O diffusion on the interface.
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Suppl ement8hriw rFoikgisn e2uil @¥K) nrefs utt hes i nt Eesimuae mo
tion is under (leftll bar Q, 1 bar @Hsand (right)490 K, 1 bar#8L.DNBSY Rl aKSR f Ay S |
fAyS RSYUDNR B SdeKkda FTNRBY { dARKBRBYSUHEENKY R § 6280E) ¢
YSY G NEm@Ar K SideiSLIhe 1Ay SGAOA FTNRY HpKRIRAWRKINFS OS
mnzn Ffaz2 &asSsS { dehJB) SESVIGONR O6A 8D H
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To derive the kinetics at different temperatures, we firstly need to derive the variation of phase
population. We note that the phase transition in experiment is not as fast as what we derived according
to the thermodynamics (Boltzmann distribution). Thiene, we applied a damped phase population
change to refine the merokineticamodel.In all the current ntrokineticsmodels, we utilize the following

equation to derive the phase populatiah “Yr at a given temperature T (K) and @essure
p (bar).

0 “Yn OTwp 0¥ 0T wmp Zmso (15)

where0 1 wipt andd "YA) is the phase population at 490 K, 1 bar ofadd a given temperatur@
and Q pressurep, respectively, as determined from thermodynamics (Seplementary Note)L The
490 K, 1 bar of £1s taken as the reference because the catalyst achieves the great stability (>10 days,

Fig.4c) and the highest performance (Hgl) under this condition.

In Supplementary Fi§l, the influence of this correction is showngtowthe rapid kinetics of phase
transition, in which the population dds phasesurvives to beround 0.05 (instead of being nearly zero)

at high temperature region.

a b
@ . (b)
— - = Os-phase (uncorrected) i -SseSeliotED 9
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NB OU A £ gzLInJE S ®3isF divpeBpdbK S a A YdzZ F SR 9 aSt SOGADAGR
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h
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Supplementary Note5 | Derivation of the kinetic formula for EO selectivity.

Here weelaborate onthe derivation ofour kinetic formulafor EO selectivity. In the main texte

have go

_ o 16
i oF be oA s (10

|
> T, A

wherec is aconstant and | is affected by the Gibbs surface free energy betwe@nphaseand
phasel00, with stoichiometry of AgDs(GHs)> and AgOs, respectively. According to the Boltzmann

eqguation, we get

;:jii:-=}= ”—I= ﬂF]||-|= ﬁﬂ -H.|= Ae 4 o H (17)

whereHis the chemical potential, anid He 4 §’-n represents the surface Gibbs free energy

difference ofphase100andOs phase in WhiChy‘" is not affected by gas pressures).

Then, fromthe Arrhenius formula, considering ethene adsorption contrémito the overall barrier

of phasel10rather thanOs phase we get

> w1 He o A4
> A —mo el ml e (18)

where= and= isthe pre-exponential factory; and- He 5 is theoverall Gibbs free energy bar-
rier of Os phase(contributed by surface reaction) aqphase 110 (contributed byboth surface reaction
and ethene adsorption)Thus we have
HE Hq 2 1
z . 3

He He 3 %7 11 He 5

g = T

(19)

HE Hﬁ 7 71
[ ] hl
To bettersimplify the formulanote that the chemical potentiatan be roughly approximated as

being linearly correlated with temperaturehere the slope is defineth bel :
J 0 J J
Hl|= 1 'I| [ ¢ =||'I| =| 'I| .? (20)

Hed  -He A -re Td 44 =T @)

(22)

66



1 (23
Then, we have

HE y Tk _

ooz m Hﬁﬂ : ‘m IJ ﬂ‘z =3
| o B BB -

3 E 1

=- F"I=|JI Z- 1 7 %
_ AL H Y1 —F E

3 F 1

T T = 1 ‘m 1

ﬂl=—HlFﬂyT| T _liz_lF ﬂl“
=. =|'|| Z.
..... ] ﬂF—HFﬂY-"-"'nZT_‘:_TF-—Il'"'Z
hl
& - ] [ | —
HF.I T il | jll
-Ez:Z- 11 ‘m Z-F Ll
» o - R
m . - u -1
where
, ||;7 | .
) '
H v
) == Ho, Yo 7




Propene Epoxidation on Q phase

Energy (eV)
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e TShb
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s 127 S et — e
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