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Figure S1. The configuration of adsorbates involved in the HDO process of acetic acid on the Cu

(111) surface
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Figure S2. The configuration of IS, TS and FS of the each elementary step involved in the

conversion of acetic acid on the Cu (111) surface



Table S1. The relative stability of the several NiCu(111) surface with and without the existence of
the adsorbates on the Ni site. The Nig,Cu, Nig,Cu, Nig,Cu and NiCu-X*was the same meaning as
that in the Figure 1. For every chosen species, adsorbate with highest adsorption energies was

defined as the zero point of energy for simplicity.

Species Ni;iyCu (eV) NigimCu (eV) NigCu (eV)
bare 0.00 +0.02 +0.05

H* +0.36 +0.19 0.00

O* +0.72 +0.38 0.00

OH* +0.32 +0.18 0.00




Table S2. The elementary reaction and corresponding rate equation involved in the HDO process

of acetic acid. There were 4 kinds of sites in the current system. *, ** *** and **** represented

that the most stable site (Ni? site), the secondary stable site (usually Ni? site), the site for the adsorbed

hydrogen atoms on the nickel and the monometallic Cu site, respectively.

Elementary Reaction

Rates equation

RCOOH" + ™™ — RCOO™ + H™"

RCOOH" + H*™™ — RCHOOH" + **

RCOOH* + ™ — RCO* + OH™

RCO™ +OH™ + ™* — RCO" + ** + OH™""

OH™ +* — OH" + ™"

RCOO" +** — RCO™ + 0"

RCO™+ 0"+ ™" - RCO™ + 0"+

RCO™* +* — RCO" + ™"

RCOO* + H™™ — RCHOO" + ***

RCHOOH* — RCHO (g) + OH*

RCHOOH" + *** — RCHOO" + H***

RCO™ + H™* — RCHO (g) + * + ™"

RCO™ + 0"+ H™ — RCHO (g) + O" + ™" +***
RCO™ + OH™ + H™* — RCHO (g) + OH" + ** + ***
RCHOO" — RCHO (g) + 0"

RCHO (g) + H™* +* — RCH,0" + **

RCHO (g) + 0" + ™ + H"* — O* + RCH,0™* + ***
RCHO (g) + OH* + ** + H*** — OH* + RCH,0** + ***
RCH,O™ + 0" + ™" — RCH,0""™ + O" + ™
RCH,0™ + OH" + **** — RCH,O"""" + OH" + **
RCH,0 "™ +* — RCH,0O" + """

RCH,0™*"+RCO" + ** — RCH,O"" + RCO" + ****
RCH,0"™+RCO™" +** — RCH,O" + RCO™ + ****
RCH,0™** + RCO" + OH™ + ™ — RCH,0" + RCO* + OH"™" +
RCHO (g) + H*** + * — RCHOH" + ***

RCHO (g) + O* + ** + H** — RCHOH** + O* + ***
RCHO(g) + OH* + ** + H™* — RCHOH" + OH™ + ***
RCHOH* + H™ — RCH,0H(g) + * + ***

RCHOH™ + O* + H*™ — RCH,0H(g) + O* + ** + ™*
RCHOH* + OH** + H*** — RCH,OH(g) + OH" + ** + ***
RCH,O" + H™* — RCH,0H (g) + * + ™

11 = Ki0rcoom0++ - K 1000 O

12 = KaOrcoomOess - K2OrcoomOss+

13 = K30rco0m+0++ - K 30RO 00m+

131 = K310rCco*001##0 5% - K 310rcox0xx00 1555

130 = k3200 w#50x - K 320011%0xxsx

14 = kaOrcoo+0++ - K 4Orcor=s0+

141 = K410rCO** + 0xO#xxx = K 41Opcors:00+0x

142 = KpOrcors#:0 - K apOrcordsens

15 = KsOrcooOns++ - K sOrcHoo 0+

16 = keOrcroon* - K.sPrero/P*0on+

17 = k9Orcroom0xxx - K 70rcHO0#OH#+

13 = KgOpco Oppesr - K g050xxPrepo/P?

181 = Kg10rcor++040mers - K 8100+0++045+Preuo/PO

13 = Kg2Orco 00m+0p+ 5 - K g20011+05+055: Prepio/PO

19 = koOrcroo - k900+Prero/P°

119 = K1oOps++0+Prero/P? - k-loeRCHZO*e***

1101 = ki0100+0x+0pPrepio/P - k-lO]eRCHZO**+O*e***
1102 = K102PreHO/POOoH#0+Oppes - k-lOZORCHZO**+OH*e***
T3 = k1039RCH20**+O*9**** - k-1039R(7H20****90*9**

T104 = k1049RCH20**+0H*9**** - k-1049RCH20****90H*9**
Ti05 = klUSGRCHZO****e* - k-lOSORCHZO*e****

Ti06 = kloseRCHzo****eRco*e** - k-1069R(7H20**+Rco*9****
Tio7 = k1079RCO****eRCHZO*e** - K 1070rco** + RCHZO*O****

Ti08 = klUSGRCHZO****eRCO*OOH**e** - k-10890H**9RCH20**+RCO*9****

111 = K110p2540Preno/P? - K.11OrcHOmH#0erx

1111 = k11100405054 Prepio/PY - Kp110rcron= 050505

1112 = k1120015001525 Prepio/PO - Kop120rcron=Oop 0
112 = K12OrcHomOpss - k-lze*e***PRCHZOH/PO

1121 = Ki210rcHomn* + 0#0pss+ - k-lzleo*e**9***PRCH20H/P0
1122 = K1220rcron+O0mOpses - k-12290H*9**9***PRCH20H/P0

13 = KisOrcr 0#Ogees - K.130:0ensPrcr ort/P”




RCH,0™ + O* + H™* — RCH,O0H (g) + 0" + ** + ***
RCH,0™ + OH" + H"" — RCH,OH (g) + OH" + ** +***
RCH,0™ + OH" — RCH,0H (g) + 0" +**

RCO™ + H™ — RCOH" + ***

RCO™+0O"+H™ — RCOH™ +O" + ™

RCO™ + OH™ + H™ — RCOH" + OH™ + ™~

RCOH" + H™ — RCHOH" + "™

RCOH" + 0"+ H™ — RCHOH™ + O" + ™~

RCOH" + OH" + H™ — RCHOH" + OH™ + ***

RCO™ + RCH,0" — RCOOC,H;s (g) + * + **

RCO* + RCH,0™ — RCOO C,H; (g) + * + **

RCO™ + 0" + RCH,0™"* — RCOOC,Hs (g) + O™ + ™ + ™"
RCH,0™ +RCO" + OH™ — RCOOC,Hs (g) + OH" +2**
RCHO (g) + RCH,0" — RCHOOC,H;s"

RCHO (g) + RCH,0™ + 0" — RCHOOC,H;™ + O*

RCHO (g) + RCH,0™ + OH" — RCHOOC,Hs"* + OH"
RCHOOGC,Hs™ + O* + **** — RCHOOC,Hs™"* + O + **
RCHOOC,Hs™ + OH" + **** — RCHOOC,H;s"*** + OH" + **
RCHOOGC,Hs™*" + * — RCHOOC,H;" + ***

RCHOOGC,H;" + *** — CH3COOC,Hs(g) + * + H™*
RCHOOGC,H;™ + 0" + *** — RCOOC,H;s (g) + O + ** + H™**
RCHOOGC,H;™ + OH" + *** — RCOOC,H; (g) + OH" + ** + H™**
20H" — H,0 (g) +O* +~

O"+H™ — OH" + "

OH"+H™ - H,0 (g) + "+

RCOOH (g) +* — RCOOH*

H2(g) + 2™ — 2H™*

RCOOH™* + ™™ — RCOO™* + H*™*

RCOOH™ " + H"™™* — RCHOOH"**" + ***

RCHOOH™* — RCHO (g) + OH***"

RCO™* + H™* — RCHO (g) + 2"

RCHO (g) + H*"™* — RCH,0™*"

RCH,O™" + H""* — RCH,OH (g) + 2"

RCO™"* +RCH,0™*" — RCOOC,Hs (g) + 2"

RCHO (g) + RCH,0™* — RCHOOC,H;™**

RCHOOC,H; ™" — RCOOC,H; (g) + H*™"*

OH™ + H™™" — H,0 (g) + 2™

RCOOH (g) + **** — RCOOH™"*

H, (g) + 2 — 2H™*

I3 = kl3leRCH20**+O‘9H*** - k-l3]90*9*"9***PR(1H20H/P0

I3 = kl329RCH20**+OH‘9H*** - k-l3290H*e”9***PRCH20H/P0

Ty = klAeRCH20*£+OH* - k_|490:9**PRCH20H/PO

115 = ki50rcoOnee - K.150rcoH*0x+x

T1s1 = Kis10rcos+ + 0+0msxx - K.1510rcOHS+0=0wex

1152 = Ki520rcos0omeOpens - K 520rcom+ 0005+

T16 = K16OrcoH*On#» - K.16OrCHOH* O+

T161 = Ki610rcons* + 0+0n#+ - K.1610rcHOH® + 0+

r162 = Ki620rconO0m+0pw++ - K1620rcHON* 00 ++0

1170 = K170*Orcors+ren,0¢ - K170Prcooc i /PO0+0vs

117 = Ki7Bren,ovsrcor - K179*9**PR(:00(:2H5/P°

1171 = Ki710rcor00rcn 05 - k-l7l90*9**9”**PRC00C2H5/P0
1172 = Ki72001++0reH, 00 + RCO* - k-l7290H*9**2PRCOOC2H5/P0
Iig0 = kIXOGRCHZO*PRCHO/PO - kagoOrenooc, u, >

g = leleRCHZO**+O‘PRCHO/P0 - kagiOrenooc, s+ or

rig= kl829R(ZH20**+OH*PRCHO/PO - k-lszeRCHOOCzHS** +OH*

1153 = KigaOrenooc, m e+ 0r0smes - Kagsrenooc,p re+00+0sr
1184 = KigaOrenooc, m essodess - KagaBrenooc, rersOonsOer
T1gs = KigsOrenooc, u ese0s - KagsBrenooc,p »Oeser

119 = Kigorerooc i #Oves - k-l9e‘9H***PRCOOC2H5/P0

1191 = Ki910rcHooC, 1 ##4 0 0ee - k-l9l90*9**9H**‘PRCOOC2HS/PO
1192 = Ki920rcHooc, 1 e opvBers - k-lQzeOH‘e**eH**‘PRCOOCZHS/PO
0 = kp902 OH* - k_ZOGO*O*PHZO/PO

121 = Kp100:05x - K21005+05x

125 = KopO0p+Oppsss - k_zze*e***PHzo/PO

123 = k230+Preoon/P? - K3Brcoon*

1p4 = k462 ***PH2/P° - k2402 H***

101 = Ko10rcoom #0055 = K g1 OrcoomsssOppsrss

102 = Ko2OrcoomseesOpss+x - Kg2Orcnoom s+ 0sssr
103 = Ko3Oreroor=++ - K.o30omePrcro/P°

Tos = KoaOrcosssOpprsns - K 040065 Prepio/PO

105 = KosOps»+:Prerio/P? - K.osBremaomss

105 = KogOrcHaom+++0pss - k-Oée****PRCHZOH/PO
107 = Ko70rcor+++OrCH20m+++ - K 0702 ****PRCOOCZHS/PO
Tos = KosOrcrao=+#+ Preno/P? - KogBreroocanssexs
To9 = k()99RCHOOC2H5**** - KgoOpgeees PRCOOCZHS/PO
To10 = Ko1080m s Bpprnss - K 91002 ****PHZO/PO

— 0
Ton = kOlle**"*PRCOOH/P - k-OlleRCOOH****

To12 = k01202 ****PHZ/PO - k01202 H**x*




Table S3. The barrier, reaction energies in Gibbs free energy and corresponding rates of every

elementary reaction involved in the HDO process of acetic acid. The barrier of the migration of

species between different sites was set as big as the reaction energies in the endothermic reaction

and zero in exothermic reaction, respectively. The relevant energetic values of the RO1 ~ R012 step

occurred on the Cu site was assumed the same as that on the Cu (111) surface.

Elementary Reaction Ga(eV) AG(eV) Rates (s)
R1: RCOOH" + ™" — RCOO" + H*™ 0.20 -0.50 1.23E+00
R2: RCOOH" + H™ — RCHOOH" + *** 0.97 0.49 4.01E-02

R3: RCOOH" + ** — RCO™ + OH™" 0.77 0.03 9.18E-01

R31: RCO* + OH™ + ™™ — RCO* + ™ + OH™™" 0.00 -0.03 9.10E-01

R32: OH"™™  +* — OH" + ™™~ 0.00 -0.41 -1.24E+00
R4: RCOO* + ™ — RCO™ + O" 0.88 0.44 1.14E+00
R41: RCO™ +O" + ™™ — RCO™™ + 0" + ™ 0.52 0.52 1.14E+00
R42: RCO™™ +* — RCO™ + ™ 0.00 -1.16 9.58E-01

R5: RCOO* + H™ — RCHOO" + *** 1.21 0.99 8.18E-02

R6: RCHOOH" — RCHO (g) + OH" 0.55 -0.46 4.01E-02

R7: RCHOOH" + " — RCHOO" + H*** 0.67 0.00 -2.52E-05
R8: RCO* + H™* — RCHO (g) + * + *** 0.67 0.44 1.86E-+00
R81: RCO™ + O* + H™" — RCHO (g) + O" + ™ + ™ 0.78 -0.20 1.28E-03

R82: RCO* + OH™ + H*™™ — RCHO (g) + OH" + ™ + ™ 0.54 0.00 7.91E-03

R9: RCHOO" — RCHO (g) + 0" 0.26 -0.75 8.18E-02

R10: RCHO (g) + H™* +* — RCH,O" + ™" 0.64 0.03 -2.26E+01
R101: RCHO (g) + O* + ™ + H"™" — O" + RCH,O™ + ™" 1.21 0.53 -3.80E-05
R102: RCHO (g) + OH" + ™ + H*™* — OH" + RCH,0™ + *** 0.99 0.50 -9.05E-05
R103: RCH,O™ + O* + " — RCH,O"™™" + O* + ** 0.06 0.06 -1.01E-04
R104: RCH,O™ + OH" + ™ — RCH,O™" + OH" + ** 0.04 0.04 -9.51E-01
R105: RCH,0 "™ +* — RCH,O" + **** 0.00 -0.56 2.27E+01
R106: RCH,O0"**+RCO" + ™ — RCH,0"* + RCO* + **** 0.00 -0.02 3.24E-02

R107: RCH,O"+RCO™™ + ** — RCH,0" + RCO** + **** 0.00 -0.38 3.94E-02

R108: RCH,O™* + RCO* + OH™ + ™ — RCH,O™ + RCO™ + OH™ + 016

- 0.16 -2.21E-02
R11: RCHO (g) + H™* +* — RCHOH" + ™" 1.16 0.71 5.45E-04

R111: RCHO (g) + O* + ™ + H™ — RCHOH™ + O* + ™" 1.75 1.33 -3.78E-05
R112: RCHO(g) + OH" + ** + H™* — RCHOH" + OH™" + ™~ 1.48 1.00 4.94E-09

R12: RCHOH" + H™* — RCH,OH(g) + * + ™" 0.36 -0.43 4.86E-04

R121: RCHOH™ + O" + H*** — RCH,0H(g) + O + ™ + ** 0.89 -0.25 -1.06E-05



R122: RCHOH* + OH* + H*** — RCH,0H(g) + OH" + ** + **
R13: RCH,0* + H** — RCH,OH (g) + * + ***

R131: RCH,0™ + O* + H** — RCH,0H (g) + O* + ** + **

R132: RCH,0™ + OH* + H™* — RCH,0H (g) + OH" + ** + ***
R14: RCH,0** + OH* — RCH,0H (g) + O* + **

R15:RCO* + H*** — RCOH" + ***

R151: RCO™ + O* + H™* — RCOH™ + O +***

R152: RCO* + OH** + H™* — RCOH"* + OH"" + ***

R16: RCOH* + H"* — RCHOH" + ***

R161: RCOH™ + O* + H™* — RCHOH™ + O" + ***

R162: RCOH* + OH™ + H** — RCHOH"* + OH** + ***

R170: RCO™ + RCH,0" — RCOOC,H;s (g) + * + **

R17: RCO* + RCH,0™ — RCOO C,H;s (g) + * +**

R171: RCO™ + O* + RCH,0*** — RCOOC,H;s (g) + O* + ** + ****
R172: RCH,0™ + RCO* + OH** — RCOOC,H;s (g) + OH* + 2**
R180: RCHO (g) + RCH,0* — RCHOOC,H5"

R181: RCHO (g) + RCH,0™ + O* — RCHOOC,H;5™ + O*

R182: RCHO (g) + RCH,0** + OH* — RCHOOC,H;** + OH*
R183: RCHOOC,H5™ + O* + ™** — RCHOOC,Hs™** + O* + **
R184: RCHOOC,H;s™ + OH* + **** — RCHOOC,H;s""* + OH"* + **
R185: RCHOOC,H5™*** + * — RCHOOC,Hs" + ****

R19: RCHOOGC,H;* + *** — CH3COOC,Hs(g) + * + H™**

R191: RCHOOC,H;5™ + O* + *** — RCOOC,H;s (g) + O™ + ** + H™"

R192: RCHOOC,Hs** + OH* + *** — RCOOC,H;s (g) + OH* + ** + H™*

R20: 20H* — H,0 (g) + 0" +*

R21: 0" + H™* — OH" + ***

R22: OH* + H*™* — H,0 (g) + * + ***

R23: RCOOH (g) + * — RCOOH"

R24: H, (g) + 2™ — 2H™"

RO1: RCOOH™* + **** 5 RCOO™™*" + H"***
R02: RCOOH™** + H**** — RCHOOH""** + ****
R03: RCHOOH**** — RCHO (g) + OH"***

R04: RCO™ + H"** — RCHO (g) + 2"***

RO5: RCHO (g) + H™** — RCH,0"***

R06: RCH,O™* + H™** — RCH,OH (g) + 2"
R07: RCO**** + RCH,0"*** — RCOOC,H;s (g) + 2****
RO8: RCHO (g) + RCH,0**** — RCHOOC,H;"***
R09: RCHOOC,H; **** — RCOOC,H;s (g) + H***
RO10: OH™* + H™** — H,0 (g) + 2"

RO11: RCOOH (g) + **** — RCOOH""**

RO12: H, (g) + 2°*** — 2H"**

trego =18 + 181 + 182 - 110 - r101 - r102 + 1003 + r004 - r005 - r008 - r11 -r111 -r112 —r180 -

rl181 -r182

0.31

0.89
0.94
0.26
1.20
0.97
1.08
0.88
0.48
0.65
0.54
0.78
0.89
0.73
1.23
1.15
1.49
0.09
0.31
0.00
0.50
0.37
0.80
0.60
0.96
1.05
0.10
0.20
0.47
1.10
0.52
0.50
1.19
0.96
0.67
1.13
0.59
0.91
0.42
0.80

rreazon =13 + 1131 +r132 + 114 + 1006 + 112 + 1121 + 1122

-0.74
0.25

-0.19
-0.22
-0.50
0.84
0.17
0.70
0.41

0.44
0.09
-0.67
-0.43
-0.98
-0.76
0.65

0.71

0.87
0.09
0.31

-0.67
-0.97
-1.37
-1.31
-0.27
0.29
0.02
0.10
-0.29
-0.33
0.49
-0.55
-0.87
0.32
-0.43
-1.49
0.61

-1.15
-0.59
0.42
0.07

-1.63E-06
7.00E-02
6.61E-05
1.73E-06
9.51E-01

-3.27E-05
2.72E-05
3.02E-07

-3.25E-05
2.72E-05
7.39E-09
3.94E-02
1.04E-02
1.16E-07
3.39E-08

-5.50E-03

-2.69E-06

-2.56E-07

-2.69E-06

-2.47E-07
5.62E-03
1.25E-04
8.73E-09
3.59E-11
2.61E-02
2.20E+00
1.06E-02
2.18E+00

-9.81E+00

0E+00
1.13E-01
1.13E-01
1.44E-01
2.45E+01
7.46E-01
5.04E-07
5.93E-03
3.01E-04
2.26E+00
1.13E-01
1.39E+01
3.01E-01

1.77E+00



rrecooczns = 1170 + 117 +r171 + 1172 + r007 + 009 +r19 +r191 + r192

5.02E-02

Table S4. Coverage of surface species in HDO process of acetic acid on the NiCu (111) surface.

(R=CH,)

Species Coverage Species Coverage  Species Coverage
Orcoon* 2.18E-05 Orco**+0* 1.54E-08  Opsss 4.945E-02
Orcoo* 5.80E-03 Orco**+RCH,0% 1.79E-10  Oxsx 5.466E-04
OrcHOOH* 5.87E-10 00 1.20E-06  Orcoop+++ 6.884E-05
Orcox 1.33E-03 OrcH, 0%+ on* 5.68E-10  Orcoow+*s 2.248E-02
Oon* 3.08E-05 OrcH,0%% + 0 1.10E-08  OrcHoom**++ 3.977E-10
0o+ 1.09E-03 OrcH,0%*rCO* 5.99E-09  Orcowrss 7.948E-10
Orcroo* 3.83E-11 Orcnooc,Hgrron*  5.85E-15  Oppsss 2.903E-05
eRCHZO* 1.60E-03 6RCH00C2H5*+O* 2.46E-15 eRCHZO** 3.979E-05
Orcrooc g 4.64E-10 OrRCHOH**+0* 2.78E-11 O 6.328E-01
OrcHOR* 1.86E-10 ORCOH*+0* 221E-09  Orcuooc,gs**+  4.862E-12
Orcon* 1.95E-09 O 2.00E-02  Osxxs 2.646E-01
0+ 1.31E-04




Table S5. The barrier, reaction energies in Gibbs free energy and corresponding rates of every

elementary reaction involved in the HDO process of acetic acid on Cu (111) surface. The X*

represented the adsorbed on the Cu site.

Elementary Reaction Ga(eV) AG(eV) Rates (s)
R1: RCOOH" +* — RCOO" + H* 0.47 0.80 1.82E-03
R2: RCOOH" + H* — RCHOOH" +* 1.10 0.61 1.34E-01
R3: RCOOH" +* — RCO* + OH" 1.46 0.65 4.09E-05
R4: RCOO* +* — RCO* +O" 1.96 0.30 5.53E-07
R5: RCOO* + H* — RCHOO" +* 1.60 0.48 1.82E-03
R6: RCHOOH" — RCHO (g) + OH" 0.52 1.12 1.34E-01
R7: RCHOOH" + * — RCHOO" + H* 1.10 0.80 5.39E-08
R8: RCO" + H* — RCHO (g) + 2" 0.50 1.42 4.10E-05
R9: RCHOO" — RCHO (g) + 0" 0.38 0.76 1.82E-03
R10: RCHO (g) + H* — RCH,0" 1.24 0.87 1.29E-01
R11: RCHO (g) + H* — RCHOH" 1.54 0.23 2.34E-03
R12: RCHOH" + H* — RCH,OH(g) + 2" 0.09 1.50 2.34E-03
R13: RCH,0" + H* — RCH,OH (g) + 2" 0.96 1.45 1.31E-01
R14: RCH,0" + OH* — RCH,OH (g) + O* +* 0.64 0.58 -2.22E-03
R15: RCO* + H* — RCOH" +* 0.81 0.37 4.43E-07
R16: RCOH" + H* — RCHOH" +* 0.54 0.59 4.43E-07
R17: RCO* + RCH,0" — RCOOC,Hs (g) + 2* 0.67 2.16 1.45E-09
R18: RCHO (g) + RCH,0* — RCHOOC,Hs" 1.18 0.52 8.45E-06
R19: RCHOOC,H;s"* — CH3COOC,Hs(g) + H 0.59 1.74 8.45E-06
R20: 20H* —» H,0 (g) +O* +* 0.32 0.44 4.23E-04
R21: 0"+ H*— OH" +~ 0.91 1.43 2.89E-05
R22: OH" + H* — H,0 (g) +2* 0.91 1.55 1.35E-01
R23: RCOOH (g) + * — RCOOH" 0.42 0.00 1.36E-01
R24: H;, (g) +2" — 2H" 0.80 0.73 2.67E-01
IrReao =16 + 18 +19 - 110 -r11 —rl8 4.51E-03

Tremoon =111 +112 +113 + 114 1.31E-01

r'rcooczus =117 +119 8.46E-06




To corroborate the conclusion from DFT results and gain more quantitative activities of HDO
process of acetic acid, the micro-kinetic analysis was used in this paper. The rate equation of every
elementary step was summarized in Table S2. Simply, the rate constant kij(k;) of the step 1 was

calculated based on the transition state theory (TST):

AG
k‘bT eikbiT

R=

where the h, k, and T was the Planck constant, Boltzmann constant and chosen temperature. The
AG was the standard molar Gibbs free energy change between the IS (FS) and TS. The Gibbs free
energies of all gaseous species (CH;COOH, CH3;CHO, C,HsOH, CH3;COOC,Hs, H, and H,0) was
obtained by the following equation:

G (T,p) = Ett + ZPE + AG(0—T, p) = Ey.+ ZPE + AG(0—T, PO) — RTIn(P/P%)

where the E, ZPE, AG(0—T, P% represented the DFT energies, zero point energies, the free
energies change from the 0 K and standard to the current temperature T and partial pressure P. Both
of'the ZPE and AG(0—T, p) could be obtained based on frequency calculation and the details could
be found in VASPKIT code. In addition, the Gibbs free energies of adsorbates was calculated by:
G (T)=E\« + ZPE + AG (0—T)

where the E;y, ZPE, AG (0—T) represented the DFT energies, zero point energies, the thermal
correction. The ZPE and required thermal correction could be obtained with the help of the
vibrational frequency. As shown in the next two equations:

ZPE = Z (”Qh)

2

i 1—exp(f ka)

where the vi, h, k, and T was the frequency, Planck constant, Boltzmann constant and temperature.

The reaction conditions was set as T=573 K, p=2.5 MPa, H,/CH;COOH = 20 and which was used

in the experimental evaluations. The conversion of acetic acid was set to be 70%. The steady-state



approximation was applied here to treat the micro-kinetic model where the coverage of the
adsorbates was assumed unchanged (dX/dt = 0, X = adsorbates) in the steady state, leading to a set
of equations as shown below:

Table S6. The steady-state equations of the each species X involved in the HDO

process of acetic acid

X species : dX/dt =0

X =RCOOH": 1, +1,+ 13133 =0

X=RCOO":r;-14-15=0

X =RCHOOH: "1, -15-17=0

X =RCO": 13+ 14 -1g-Tgs - I'106 - F10s =0

X=OH"13+ 180 T 16 -T2 T T104 + 1320+ T2+ Tyga T Toa — 2% + 12y =122 =0
X =0" 141 +1g; + T -To1 T T103 - 111 + Ipag + 1431 F 114 T 1y71 +Iyg3 + Tpop + 10 - 121 =0
X =RCHOO" rs+17;-19=0

X =RCH,0% 119+ 15 - T197-113=0

X=RCHOH": 1r|; +1j15 -T2 - 122 + Ty + T2 =0

X=RCOH": 15+ 1155 - I'16 - T162 =0

X =RCHOOGC,Hs": 1150 + g5 - 119 =10
X=RCO™+O"14-141-13;-T151-I;71 =0

X =RCO™ + CoHs0™: 1197 - 1170 =0

X=0OH":13-13; -3 -1172=0

X =CHyO™ + OH: 1102 - I'1g4 - 14 - T132 - T1g2 =0

X =RCH,O™ + O%: 119; - T193 - 131 - 131 =0

X =RCH,O"™ +RCO": 1196 + Ijgg - I17-T172=0

X =RCHOH™ + O™ 1yj; - I3 + 116 =0

X =RCOH" + O™ 151 -T161 =0

X =RCHOOC,Hs™ + OH": 15, - 34 - 192 = 0

X =RCHOOC,Hs™ + O": 11g) - I1g3 - 19 = 0

X=H""r1 -Ip-Ts+1I7-Tg-Tg)-Tgp-T10-T101 -T102-T11-T111 - T112 -T2 - 121 - T2 - I3 - I131 - 1132
-Ty5-Tys1 - T1s2 - T = Ti61 - Tiga T Tio + oy + Tjop = Ty = T + 2124 = 0

X =RCOOH"™: - 1g; - 1oy + 1911 =0

X =RCOO™: 19, =0

X =RCHOOH": 1y -193=0

X =RCO™": 14 - 143 - gy - T107 - Tos - To7 =0

X=0OH"":r13 - 130+ 103 -1010=0

X =RCH,0""": 1103 + I'104 - T'105 - T106 - T108 - 181 F Tos - Tog - To7 - Tog = 0
X =H""": 101 - T2 - To4 - Tos - Tog + Tgo - To10 T 2*1012 =0

X =RCHOOC,Hs""": r1g3 + g4 - T1gs5 + Iog - Tog = 0




There were 4 kinds of sites in the current system. *, ** *** and **** represented that the most
stable site (Ni3 site), the secondary stable site (usually Ni? site), the site for the adsorbed hydrogen
atoms on the nickel and the monometallic Cu site, respectively. The Ni3 site was assumed to occupy
1% of surface sites which was low enough to match the experimental preparations. In addition, the

normalization equations of 4 kinds of sites should by satisfied by eq S6-S9:

Brcoon* + Brcoo* + Orcroon + Orcox T Orcor*0* T Orcor+ + Ren, 0% + Boux + Box + Brcnoo=» + Oren 0%+
+ Orcrons+ +Orconr+ + Orcnooc,ngs + Oren,om+on + Orenyor0x + Oren 00+ ircor HORcHON+0x T+

Orconr++o* + Orenooc,s++on* T Orcrooc,ngr+ox + 0« = 0.01 S6

Orco**+0* T Orcomircn, 0% T Oons+ tOrcn,00+10n* + Orcr, 0% + 0 T Orcm, 0++rco* TORCHOOC, H* vOR* T+
OrcHoOC,Hg*+0* T O = 0.02 S7
2Ms

GH*** + Oxxx = 0.05 S8

eRCOOH**** + eRCOO**** + eRCHOOH**** + eRCO**** + eOH**** + eRCHZO** + 91—1**** + eRCHOOCZHS**** + e****
=0.92 S9

Note that the secondary stable (Ni?) site was considered independent during the adsorption and
reaction which could accommodate carbonaceous (C<H,0,) species only if the neighboring Ni? site
had been occupied by the other species. Taking the co-adsorbed CH3;CO** and O* species as an
example, the two species was taken as a whole instead of the sum of individual acetyl and oxygen
species. The (CH;CO** + O*) occupied the Ni? and Ni? sites simultaneously and existed on the two
normalization equations (Orco+++o+ in the eq S6 and S9). Other dual species such as RCH,O**+OH*
and RCH,O**+0%* species were treated as similar methods. Due to the complexity of the reaction
network (70 elementary reactions in total), some simplification was performed to enable the HDO
process more understandable through omitting some unnecessary steps. The deleted reactions
should exhibited relatively low reaction rates and degree of rate control (Xrc) and the production

rates of the products should be almost unchanged after the simplification. Finally, the reactions



reduced from 70 to 37 with the CH;COH-, CH;CHOH- and CH;CHOOC,Hjs-assistant steps omitted
and the activity surged by less than 2%, meaning that CH;COH, CH3;CHOH and CH3;CHOOC,Hj5
had little contribution to the generation of ethanol and ethyl acetate, in accordance with the

experimental results.



