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Figure S1. Side view (top) and top view (bottom) of three-dimensional charge density difference
isosurfaces for four hep/fee sites of guaiacol adsorbed on NiFe (111). Deep blue: Ni, purple: Fe, deep gray:
C, black: H, red: O. The isovalue of isosurfaces: 0.004 e/Bohr?, yellow isosurfaces: gain of electron density,

cyan isosurfaces: loss of electron density.
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Figure S2. Optimized structures of transitions states (n_m) of elementary steps on (a) NiFe(111) and (b)
PtFe(111) discussed in Section 3.2, where n and m represent initial state and final state, respectively,

displayed in Figure 1. The numbers in italic denote activation barrier (in eV).



Table S1. C-O bond length (in A) and binding energy (BE, in eV) of guaiacol at different adsorption sites

on NiFe(111) and PtFe(111).

hepl/feel  hepl/fec2  hep2/fecl

hep2/fec2  gas-phase

Cl-01 139 1.38 1.39 1.38 1.37
NiFe(111 C2-02 141 1.42 1.37 1.41 1.38
) C7-02 146 1.45 1.44 1.45 1.43

BE -1.82 -1.30 -1.45 -1.19

Cl-01 136 1.42 1.35 1.37

C2-02 141 1.42 1.42 1.41

PtFe(111)
C7-02 145 1.44 1.45 1.45
BE -1.39 122 -1.16 -1.14




Table S2. Reaction energy (E,.,) and activation barrier (E,) with ZPE-correction for deoxygenation of
guaiacol on NiFe(111) and PtFe(111).

) NiFe(111) PtFe(111)
Type Reaction
1 C¢H4(OH)(OCHj3) — 2 C¢H4(OCH;) + OH -0.16 1.42 0.57 2.05
1 C¢H4(OH)(OCHj3) — S C¢Hs(OH) + OCH; -0.29 1.37 0.25 1.97
C-0 scission 1 C¢H4(OH)(OCHj3) — 7 C¢H4(OH)(O) + CH; -0.77 091 -0.60 1.51
3 C¢H4H(OH)(OCH3) — 9 C¢Hs(OCH;) + OH -1.27 0.84 -1.09 0.76
4 CcH4(O)(OCH3) — 2 C¢H4(OCH;3) + O -0.22  1.80 0.44 1.87
6 CsH4Hp(OH)(OCH3) — 10 C¢Hs(OH) + OCH; -1.14 091 -1.05 0091
8 CcH4(OH)(OCH,) — 7 CsH4(OH)(O) + CH, -0.71 0.54 -0.94 0.69

1 CgH4(OH)(OCH3) + H — 3 C¢H,H,(OH)(OCH;) 052 1.51 0.58 1.19
C-H formation 1 C¢Hy(OH)(OCH3) + H — 6 C¢H;Hy(OH)(OCH;) 056 154  0.60 1.08

2 C¢H4(OCH3) + H — 9 C4Hs(OCHs) 040 055  -147 037
5 CgH,(OH) + H — 10 C4Hs(OH) 053 046  0.07 041
C-Hscission 1 CgH,(OH)(OCH;) — 8 CsH4(OH)(OCH,) + H 022 077  0.16 0.68
O-Hscission 1 CgHy(OH)(OCH;) — 4 C¢H4(O)(OCH3) + H 072 050  0.13 0.85

O-H formation 7 C¢H4(OH)(O) + H — 11 C4H,(OH), 0.51 1.26 0.28 0.93




Table S3 Binding energy (BE, in eV) of initial state (BEs), transition state (BE7s) and final state (BEgs) for
two types of reactions (a) and (c): C-H bond formation (black line), (b) and (d): O-H bond scission (blue
line), as shown in Figure 9. (A) Monometallic surfaces, (B) Bimetallic surfaces.

(A) Monometallic surfaces
Ni(111) Pt(111) Ru(0001) P(111)-p

Type
BE;s  BErs BE;s  BErs BE;s BErs BE;s  BErs
-5.06 -4.24 -2.98 -1.94 -4.40 -3.50 -2.26 -1.11
-2.62 -1.94 -2.76  -1.76 -3.67 -2.83 -1.58 -0.59
-4.95 -3.76 -2.64 -1.68 -341 -2.63 -1.34 -0.36
-5.18 -4.38 -2.61 -1.50 -3.10 -2.17 -1.15 -0.15
-3.15 -2.35 -541 -4.58 -0.90 0.06

(a) C-H
formation 244133
-2.18 -1.15
-1.93 -1.04
-1.66 -0.72
-1.29 -0.34
-1.10 -0.27
BEps BErs BEps BErs BEps BErs BEps BErs
-5.18 -4.42 -3.15 -2.97 -5.41 -4.02 226 -1.97
293 -244 -1.58 -1.32
(b) O-H -4.47 -3.94 -1.42 -1.14
scission -541 471 -1.41  -0.90
-0.89 -0.68
-0.75 -0.57
Reference  Liu, et al.! Tan, et al.2 Gu, et al.3

(B) Bimetallic surfaces
. NiFe(111) PtFe(111)
Type Reaction

BE;s BErs BEps BE;s BErs BEps
CeH(OH)(OCH;) + H — CJHH,(OH)(OCHs) 089 059 -044  -0.63 054 -0.13
C4H,(OH)(OCH;) + H — CiLHy(OH)(OCH;)  -0.89 0.61 -045  -055 053 -0.12

;z)mfafon C¢Hy(OH)(OCH,) + H — C¢H,(OH)(OCH3) 472 413 -494 411 359 -424
CeH4(OCH;) + H — C4H5(OCH3) 055 005 -1.12 099 148 -0.60
C¢H4(OH) + H — C¢Hs(OH) 055 -0.01 -122  -0.67 -020 -0.70

@01 CeH4(OH)(OCH3) — CHy(O)(OCH3) + H 096 -039 -1.58  -0.50 0.44 -0.24
CeHy(OH), — C¢Hy(OH)(O) + H 109 -0.13 -1.54 059 025 -0.83

scission
C¢HsOH — C¢HsO + H -1.22 -0.65 -1.81 -0.70 0.09 -0.81




Table S4 Bond length of C-O (BL, in A), reaction energy (E,.,, in eV), activation barrier (E,, in eV) and
bond dissociation energy (BDE, in eV) for C-O bond scission of guaiacol and its derivatives.

Type NiFe(111) PtFe(111) Gas-phase
BL E,., E, BL E.. E, BL  BDE*

C-OH 1.39 -0.16 142 1.36 0.57 2.05 1.37 471

C-OCH; 141 -0.29 137 141 025 197 1.38  4.04

O-CH; 146 -0.77 0091 145 -0.60 1.51 143 2.10

CH-OH 147 -1.27 0.84 146 -1.09 0.76

CH-OCH; 1.46 -1.14 091 146 -1.05 0091

C-0 1.34 -0.22 1.80 1.24 044 1.87

O-CH, 146 -0.71 0.54 145 -094 0.69

@ Data was retrieved from guaiacol conversion in gas-phase.*
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