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Figure S1: The binding energy of a. diatomic carbon (C-C) and b. propylene
(CH3CH-CH2) at different C-C bond lengths. At C-C bond distance of 1.8-2.8
Å, all transition metals follow the same scaling line
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Figure S2: Example illustration of the hetero-transfer approach (adapted
from [1]). The objective function (�objective) is rescaled from the tem-
plate function (�template) using the initial and final values: �objective(r)
= �objective(1.8) + ([(�objective)(2.8) - (�objective)(1.8)]x[(�template)(r) -
(�template)(1.8)])/((�template)(2.8) - (�template)(1.8)). The initial and final
states are taken at 1.8 and 2.8 Å, respectively, in this case
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Table S1: Range of the transition state C-C bond distances (Å) for different
hydrocarbons on noble and reactive metals based on CI-neb calculations

Transition State Facet Reactive Metals Noble Metals
C-C 211 1.8-2.4 2.4-2.9
CC-C 211 1.5-1.9
CH-CH 211 2.4 2-2.2
CH2-CH2 211 2-2.2
CH2-CHCH3 211 2-2.2 2.5-3.0
C-C 111 1.95-2.4 2.1-2.7
CH-CH 111 1.9-2.4 2.5-2.7
CH2-CH2 111 2 3.2
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Table S2: Binding energies (eV) of different hydrocarbons on transition metal
surfaces

Metal Facet C CH2 CH3 CH
Ru 211 -8.69 -4.91 -2.68 -7.07
Pt 211 -7.70 -5.01 -2.65 -6.34
Ag 211 -4.46 -2.73 -1.64 -3.77
Re 211 -9.38 -5.39 -2.83 -7.40
Au 211 -5.14 -3.44 -1.96 -4.28
Pd 211 -8.20 -4.55 -2.28 -6.32
Rh 211 -8.46 -4.72 -2.48 -6.55
Cu 211 -6.12 -3.60 -2.02 -5.16
Ru 111 -4.76
Pt 111 -4.43
Ag 111 -2.38
Re 111 -4.86
Au 111 -2.92
Pd 111 -4.22
Rh 111 -4.40
Cu 111 -3.14
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Table S3: Transition state energies (eV) for C-C bond dissociation on different
hydrocarbons based on CI-neb

Metal Facet CH2-CHCH3 CH3-CCH2 C-C CH-C CH-CH CH2-CH2 C-CCH3

Ru 211 -0.29 -2.64 -6.45 -4.61 -1.39 -0.22
Pt 211 -0.11
Ag 211 3.09 1.28
Re 211 -1.04 -7.61 -2.58 -0.95
Au 211 -0.51
Pd 211 0.99 -4.92 -0.02 1.15
Rh 211 -5.98 -4.12 -0.62 0.09
Cu 211 1.36 0.22 -0.99 1.41
Ru 111 -1.79 0.16 -4.51
Pt 111 -4.29
Ag 111 1.23 4.19 2.46
Re 111 -6.34 -2.18 -0.05
Au 111
Pd 111 -4.51 -0.17 1.22
Rh 111 -5.36 -1.25
Cu 111 -1.57 1.67 2.52 -0.21
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Table S4: Comparison between Model Results and Literature Values

Transition State Surface Model Preiction (eV) Literature (eV) Reference
CH2-CH2 Pt(111) 2.21 2.06 [2]
CH2-CH2 Pd(111) 1.93 1.68 [3]
CH-CH Pd(111) 1.57 1.47 [3]

C-C Pd(111) 1.39 1.25 [4]
C-C Rh(111) 1.25 1.17 [4]
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Table S5: Tabulated �(r) and ⇠(r) values. Note that the descriptor for CH-CH
(211) is CH* on (211), C-C (111) is C* on (111), and CH3CH-CH2 (211) is
CH2* on (211) as discussed in the text and Figure 6

CH-CH (211) C-C (111) CH3CH-CH2 (211)
r (A) �(r) ⇠(r) �(r) ⇠(r) �(r) ⇠(r)
1.8 2.11 7.89 1.18 3.64 2.73 6.44
2 2.22 8.89 1.4 5.67 2.88 7.29

2.15 3.30 8.44
2.2 2.55 10.17 1.69 7.67
2.3 3.65 9.19
2.4 2.76 10.76 1.9 9.1
2.45 3.84 9.46
2.6 2.87 11.04 2.04 10 4.00 9.68
2.75 4.07 9.72
2.8 2.91 11.09 2.1 10.45
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