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S1. Details of Density Functional Calculations of Thermochemical Properties

Frequency calculations were performed on gas phase molecules and all optimized adsorbed
species to determine zero-point vibrational energies (ZPVE), and vibrational, translational and
rotational enthalpy and free energy. These terms were then used, together with electronic
energies (Eo, provided by VASP), to estimate enthalpies:

H =E; +ZPVE + H;, + Hipaps + Hrot S
and free energies:
G =Gy + ZPVE + Gy + Girans + Grot (52)

for all reactants, products, and transition states at 593 K. For calculations which include a
periodic Ir(111) surface or lIri9 particle, there are no translational or rotational degrees of
freedom and DFT-derived vibrational frequencies can be used to determine the ZPVE, H., and
Guib

ZPVE =Y (%v;h) (S3)
;he kT
Hvib = 2i<—v e—vih> (54)
1—e kT
Gyip = 2 (—kT In ) (S5)
1—e kT

For gaseous molecules, translational and rotational enthalpies and free energies were also
computed from statistical mechanics:

5
Hirans = EkT (S6)
Hrot tinear = kT (S7)
3

Hrot,nonlinear = EkT (88)

2nMiT 3/ 2
Gerans = —kTIn[(Z55) 7 V] (S9)

1/2 T3 1/2
Gror = —kT In[— (exgyez) ] (S10)

h2

0, = P (S11)

where I; is the moment of inertia about axes x, y or z and o is the symmetry number of the
molecule (2 for H, and 6 for C,Hg). Equations S10-S12 obtained from: McQuarrie, D. A.; Statistical
Mechanics; Sausolito, CA.



S2. *CH-CH™* Transition State Structures on Ir(111) Surfaces

AG 192 161 199 157 250 127
AH 272 201 289 196 370 186

Figure S1. *CH-CH™ bond cleavage transition state on the 3 x 3 Ir(111) surface at different number of
vacancies (y = 0-9 for a—g). Shown beneath each image are the effective free energy and enthalpy barriers
(blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the transition state once
the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol ™%, 593 K, 1 bar H,).
Shadings in (a—f) represent vacant sites on a H*-covered surface and are omitted from the bare surface

(9)-



AG 199 164 196 162 330 137
AH 217 205 292 204 510 184

Figure S2. *CH-CH* bond cleavage transition state on the 4 x 4 Ir(111) surface at different number of
vacancies (y = 0-16 for a—g). Shown beneath each image are the effective free energy and enthalpy
barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the transition
state once the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol ™, 593 K, 1
bar H,). Shadings in (a—f) represent vacant sites on a H*-covered surface and are omitted from the bare
surface (g).
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AG 178 164 182 160 541 134
AH 2711 205 285 203 910 181

Figure S3. *CH-CH™ bond cleavage transition state on the 6 x 6 Ir(111) surface at different number of
vacancies (y = 0-36 for a—g). Shown beneath each image are the effective free energy and enthalpy
barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the transition
state once the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol ™, 593 K, 1
bar H,). Shadings in (a—f) represent vacant sites on a H*-covered surface and are omitted from the bare

surface (g).



S3. Examined configurations for *CH-CH™* activation on the Ir;;9 particle

168

AG 236
AH 418 199

Figure S4. Examined configurations for *CH-CH* bond cleavage on the terrace sites of the Iry;9 particle
at different number of vacancies (y = 0-19). Shown beneath each image are the effective free energy and
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enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the
transition state once the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol™,
593 K, 1 bar H,). Shadings in represent vacant sites.
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AG 150 122 155 136 173 159

AH 220 176 223 186 259 213 2M 225

AG 199 175 189 168 192 180 177 140
AH 271 214 254 208 255 218 254 175




AG 180 152 160 123 160 125 162 141

AH 258 188 237 158 248 172 239 176

AH 278 206 268 188 276 203 279 199

AG 189 157 165 113 179 139 184 138
AH 263 197 260 167 269 178 286 193

29 123 47 121
AH 394 165 404 175 M7 188 602 144
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Figure S5. Examined configurations for *CH-CH* bond cleavage on the corner/edge sites of the Iry
particle at different number of vacancies (y = 0-19). Shown beneath each image are the effective free
energy and enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to
form the transition state once the vacancies have been formed (italic, red) calculated using Equation 11
(kJ mol™, 593 K, 1 bar H,). Shadings in represent vacant sites.
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S4. Transition State Structures for C-C bond cleavage in ethane-derived
intermediates

AG 301 293 392 385 317 309 387 379
AH 340 306 468 434 47 363 518 447

Figure S6. Transition state structures for C-C bond cleavage in ethane-derived intermediates (a)
*CH3CH,*, (b) *CH,CH,*, (c) *CH3;CH*, (d) *CH3C*, (e) *CH,CH*, (f) *CH,C*, (g) *CHC*, and (h)
*CC* on the 4 x 4 Ir(111) surface at y = 2. Shown beneath each image are the effective free energy and
enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the
transition state once the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol™,
593 K, 1 bar H,).
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CH,CH CH,C CHC 66

AG 294 259 325 289 2717 241 353 317
AH 342 271 416 345 398 327 518 447

Figure S7. Transition state structures for C-C bond cleavage in ethane-derived intermediates (a)
*CH3CH,*, (b) *CH,CH,*, (c) *CH3;CH*, (d) *CH3C*, (e) *CH,CH*, (f) *CH,C*, (g) *CHC*, and (h)
*CC* on the 4 x 4 Ir(111) surface at y = 4. Shown beneath each image are the effective free energy and
enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy and enthalpy to form the
transition state once the vacancies have been formed (italic, red) calculated using Equation 11 (kJ mol™,
593 K, 1 bar H,).
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Figure S8. Transition state structures for C—C bond cleavage in ethane-derived intermediates *CH3;CH,*,
*CH,CH,*, *CH3;CH*, and *CHsC* on the Iryy9 particle at y = 2 and 4. Shown beneath each image are the
effective free energy and enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy
and enthalpy to form the transition state once the vacancies have been formed (italic, red) calculated using

Equation 11 (kJ mol™*, 593 K, 1 bar H,).
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Figure S9. Transition state structures for C—C bond cleavage in ethane-derived intermediates *CH,CH%*,
*CH,C*, *CHC*, and *CC* on the Iry;9 particle at y = 2 and 4. Shown beneath each image are the
effective free energy and enthalpy barriers (blue, bold) calculated using Equation 8, and the free energy
and enthalpy to form the transition state once the vacancies have been formed (italic, red) calculated using

Equation 11 (kJ mol™*, 593 K, 1 bar H,).
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