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Supplementary Information for:

“A DFT Study of Chlorine Coverage over Late Transition Metals and Its Implication on

1,2-Dichloroethane Hydrodechlorination”

Ethylene Path 1. CICH,CH,Cl(g) + * — CICH,CH,CI*
2. Hy(g) +2* - 2H*
3.  CICH,CH,CI* + * — CICH,CH,* + Cl*
4.  CICH,CH* + * — CH,CH,* + CI*
5. H*+CI* - HCl(g) + 2*
6. CH,CH,* — CH,CH,(g) + *

Ethane Path 1.  CICH,CH,CI(g) + * — CICH,CH,CI*
2. Hy(g) +2* —» 2H*
3. CICH,CH,CI* + * — CICH,CH,* + CI*
4.  CICH,CH,* + * — CH,CH,* + CI*
5. CH,CH,* + H* — CH3;CH,* + *
6. CH;CH,* + H* — CH3CH3* + *
7.  H*+ Cl* - HCl(g) + 2*

8.  CH;CH;* — CH;CH;(g) + *
Scheme S1: Elementary steps in 1,2-DCA hydrodechlorination mechanism

Table S1: Comparison between calculated lattice parameters used in this work and experimental values

Lattice constant (A)

Metal DFT (PW91) Experiment [!]
a=3.986 a=3.924
Co (hep) a=2.499 a=2.507
c=4.031 c¢=4.069
Ni (fcc) a=3.527 a=3.524
Cu (fce) a=3.638 a=3.615
Ru (hep) a=2.728 a=2.706
c=4.305 c=4.282
Rh (fcc) a=13.844 a=3.803
Pd (fcc) a=3.957 a=3.890
Ag (fec) a=4.163 a=4.086
a=3.880 a=3.839
Au (fec) a=4.176 a=4.078
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Table S2: Calculated binding energy of atomic hydrogen, minimum energy structure, at 1/9 ML

Surface  BEy (eV)?
Pt(111)  -2.81 (top)
Co(0001)  -2.83 (fce)
Ni(111)  -2.78 (fcc)
Cu(111)  -2.57 (fce)
Ru(0001) -2.79 (fcc)
Rh(111)  -2.79 (fcc)
Pd(111)  -2.90 (fcc)
Ag(111)  -2.14 (fcc)
Ir(111) -2.72 (top)
Au(l111)  -2.18 (fce)

aPreferred binding sites are listed in parentheses.

Table S3: Calculated d band center (g,) of surface metal atoms on clean and 1/3 ML Cl-covered surfaces
(all values in eV).

Surface &4 (clean) &4 (covered) shift*
Pt(111) -1.90 -2.09 -0.19
Co(0001) -0.95 -1.06 -0.19
Ni(111) -1.11 -1.25 -0.14
Cu(111) -2.24 -2.40 -0.16
Ru(0001) -2.02 -2.08 -0.06
Rh(111) -1.82 -1.97 -0.15
Pd(111) -1.48 -1.72 -0.24
Ag(111) -3.74 -3.76 -0.02
Ir(111) -2.33 -2.56 -0.23
Au(111) -2.99 -3.22 -0.23

ashift = g4 (covered) — &, (clean)

Table S4: Comparison between destabilization in binding of 1,2-DCA hydrodechlorination intermediates
induced by 1/3 ML Cl and Cl displacement energies (AF;c|) associated with the adsorption on Pt(111) (all
values in eV).

Species BE (clean) BE (1/3 ML Cl) Destabilization? AE;c®
CH;CH; -0.05 -0.04 0.01 0.01
CH;CH,C1 -0.26 -0.03 0.23 0.00
CICH,CH,Cl -0.22 -0.05 0.17 0.01
CH;CH, -2.08 -1.85 0.23 0.35
CICH,CH, -2.16 -1.78 0.38 0.35
CH,CH, -1.36 -1.12 0.24 0.32
H -2.81 -2.62 0.19 0.20
Cl -2.83 -2.41 0.42 0.31

aDestabilization = BE (1/3 ML Cl) — BE (clean)

SAE3c = Escirglay (adsorbate) — Esciigan (0pt), Where Escpgqp (adsorbate) is the total energy obtained using a
single-point calculation with the three Cl spectators and the slab Pt atoms fixed at their corresponding
positions in the preferred adsorption geometry of the respective adsorbate on 1/3 ML Cl-covered Pt(111)
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and the adsorbate atoms themselves removed, and Ejcusap (Opt) is the total energy of three Cl atoms
adsorbed at their most stable (\/5 <3 )R60° superstructure on Pt(111).

Table S5: Summary of average binding energy per chlorine atom at all chlorine surface coverages studied.

Average BE per chlorine atom (eV)

Coverage 111y Co(0001) Ni(111) Cu(ll1l) Ru(0001) Rh(111) Pd(111) Ag(111) Ir(111) Au(lll)
I/9ML 283  -3.63 349 341 3.77 351 325 304  3.16 236
29ML 275 360 348 335 3.78 347 319 303 312 235
1/4ML 272 -3.59 348 332 3.81 349 317 300  -3.08  -2.30
I3ML 275  -3.59 348 332 3.75 345 314 298 309 233
49ML 266  -3.38 321 315 3.57 322 291 289 303 228
12ML 258 286 275  -2.66 3.38 3.04 271 264 294 215
59ML  -2.51 2.93 272 -2.69 3.8 293 263 267 283  -2.13
23ML 234 253 237 225 2.97 266 241 238 267  -1.95
34ML 221 2.45 221 216 2.97 262 231 228 252 -1.89
79ML  -2.18  -2.13 195 -1.77 2.76 244 218 220 245  -1.83
89ML  -1.87  -194  -1.78  -121 251 224 179 -180 220  -1.48

IML  -1.76 088 0.82  -1.00 2.02 186 -1.68  -1.67 204  -1.42

Table S6: Binding energies of 1,2-DCA hydrodechlorination intermediates on clean and 1/3 ML CI-
covered surfaces.

BE (eV)
Pt(111) Co(0001) Ni(111) Cu(111)
Species clean covered clean covered <clean covered clean covered
CH;CH; -0.05 -0.04 -0.04 0.01 -0.05 -0.04 -0.05 -0.04

CH;CH,Cl -0.26 -0.03 -0.18 0.03 -0.18 -0.02 -0.12 -0.04
CICH,CH,Cl -0.22 -0.05 -0.17 -0.01 -0.18 -0.02 -0.11 -0.06

CH;CH, -2.08 -1.85 -1.62 -0.55 -1.51 -0.75 -1.17 -0.78
CICH,CH, -2.16 -1.78 -1.63 -0.64 -1.52 -0.73 -1.20 -0.76
CH,CH, -1.36 -1.12 -0.81 -0.03 -0.70 -0.03 -0.21 -0.04
H -2.81 -2.62 -2.83 -2.51 -2.77 -2.44 -2.57 -2.26
Cl -2.83 -2.41 -3.63 -2.75 -3.49 -2.41 -3.41 -2.67
Ru(0001) Rh(111) Pd(111) Ir(111)
Species clean covered clean covered clean covered clean covered
CH;CH; -0.05 -0.02 -0.05 -0.04 -0.06 -0.04 -0.04 -0.03

CH;CH,Cl -0.31 -0.05 -0.31 -0.07 -0.31 -0.08 -0.25 -0.06
CICH,CH,Cl -0.29 -0.08 -0.29 -0.07 -0.29 -0.09 -0.22 -0.03

CH;CH; -1.70 -1.07 -1.69 -1.16 -1.77 -1.39 -1.84 -1.49
CICH,CH, -1.73 -1.08 -1.70 -1.17 -1.76 -1.33 -1.84 -1.49
CH,CH, -0.90 -0.37 -0.92 -0.35 -1.05 -0.46 -0.96 -0.65
H -2.79 -2.39 -2.79 -2.46 -2.90 -2.59 -2.72 -2.33
Cl -3.77 -2.77 -3.51 -2.50 -3.25 -2.26 -3.16 -2.67
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Figure S2: Pressure-Temperature phase diagram of atomic chlorine adsorption over Co(0001). The dark

green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7'= 423-523 K,
PHCl =102-10! bar).
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Figure S3: Pressure-Temperature phase diagram of atomic chlorine adsorption over Ni(111). The dark

green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7 = 423-523 K,
Pyc; = 102-10" bar).
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Figure S4: Pressure-Temperature phase diagram of atomic chlorine adsorption over Cu(111). The dark

green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7= 423-523 K,
PHCl =102-10" bar).
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Figure S5: Pressure-Temperature phase diagram of atomic chlorine adsorption over Ru(0001). The dark

green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7'= 423-523 K,
PHCl =102-10! bar).
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Figure S6: Pressure-Temperature phase diagram of atomic chlorine adsorption over Rh(111). The dark
green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7= 423-523 K,
PHCl =102-10" bar).
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Figure S7: Pressure-Temperature phase diagram of atomic chlorine adsorption over Pd(111). The dark
green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7'= 423-523 K,
PHCl =102-10! bar).
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Figure S8: Pressure-Temperature phase diagram of atomic chlorine adsorption over Ag(111). The dark

green rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7'= 423-523 K,
PHCI =102-10! bar).
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Figure S9: Pressure-Temperature phase diagram of atomic chlorine adsorption over Ir(111). The dark green

rectangle indicates the typical reaction conditions of 1,2-DCA hydrodechlorination (7 = 423-523 K, Py
=102-10" bar).
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