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#£S1 [Pt,Rup]"(m+n=3,n>)ANEBERS FRHEYRE
Table S1  Energies of different spin state of [Pt,Run]’'(m+n=3,n>1)

Species S=1/2 S=3/2 S=5/2 S=7/2
[Pts]" 0.0 8.0 167.5 380.161

[Pt,Ru]” 111.4 25 0.0 129.8

[PtRuy]” 167.1 135.7 33.9 0.0

Units: kJ'mol™*
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Fig.S1 Optimized geometries of the [Pt,Run,]"(m + n =3, n > 1) clusters at the B3LYP level
of theory
Bond length: nm. The superscripts 2, 4, 6 and 8 represent the spin multiplicities.
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#S2  Important distances of [Pt,Rup] *% and reactant complexes

Pt-Pt Pt-Pt Pt-Pt Pt-O Pt-H Pt-Pt Pt-Ru Pt-Ru Pt-O Pt-H Pt-Ru Pt-Ru Ru-Ru Pt-O Pt-H
Pty 0.252 0.252 0.252 - - Pt,Ru  0.253 0251 0.251 - - PtRu, 0.258 0.255 0.228 - -
3pty 0.258 0.258 0.250 - - Pt,Ru 0.262 0.250 0.250 - - "PtRu, 0.265 0.252  0.237 - -
'RC_O 0254 0.253 0.251 0.221 - RC_O 0.254 0.254 0.247 0.224 - *RC_O 0257 0.261 0226 0.221 -

[Pt.Rup]

"™ RC O 0260 0259 0249 0220 - SRC.O 0263 0254 0246 0223 - 'RC.O 0270 0252 0252 0231 -
IRc.C 0252 0.252 0.253 - 0.197 °RC_C 0253 0.254 0.248 - 0193 SRC_C 0258 0.258 0.224 - 0.176
RC_C 0.259 0.260 0.248 - 0.195 SRC C 0261 0.252 0.246 - 0193 'RC_C 0257 0.271 0.237 - 0.175
ptyt 0.251 0.251 0.257 - - *Pt,Ru" 0254 0269 0.245 - - ®PtRu,” 0.251 0.251  0.227 - -
Pyt 0.257 0.257 0.253 - - ®pt,RU”  0.251 0.257 0.257 - - 8tRu,” 0.254 0.254 0.240 - -
JRC_O 0256 0.257 0.244 0211 - “RC_O 0265 025 0241 0.215 - ’RC_O 0261 0247 0231 0218 -

[Pt,Ru,]*

"T™ 4rc O 0252 0253 0248 0218 - CRC.O 0245 0267 0243 0217 - °RC.O 0244 0263 0259 0220 -
RC.C 0251 0249 0257 - 0184 °“RC_C 0265 0256 0.242 - 0182 °RC_C - - - - -
‘RC_C 0261 0251 0258 - 0181 SRC_C 0247 0267 0.244 - 0184 SRC_C 0246 0257 0.262 - 0.199

bond length: nm
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Table S3  Energies (kJ-mol™) of main transition states involved in the methanol
dehydrogenation reaction over [Pt,Ru]” (S = 3/2, 5/2)cluster.

Species  AE | Species AE
‘TSCap, -48.1 | *TSCag, 25.0
®TSCap, -35.2 | °TSCag, 37.2
‘TSOap, 339 | “TSOag, 47.1
°TSOap 24.8 | °TSOag, 33.4
‘TSObp,  19.4 | “TSObg, 54.7

*TSObp:  21.4 | °TSObg, 86.7
Pt: the reaction is occurring on Pt active center; Ru: the reaction is occurring on Ru active center.

#S4 B3ILYP KFTFI[Pts] (S =1/2, 3/2)5 CH;OH R Bif{IAH, AH g, AH o), AH ), AH 235
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Table S4 Energies (kJ mol™) involved in the methanol dehydrogenation reaction over
[Pts]" (S = 1/2, 3/2) cluster

Species  AHg  AHg  AHm  AHy  Species  AHg  AHg  AHE  AHg,

SR 0.0 0.0 0.0 0.0 “SR -155 327 42 -247
RC_O -174.2 -1135 -102.6 -100.9 “RC_O -163.7 -97.6 -83.3 -825
’TSOa 6.7 406 339 385 “TSOa 75 481 452 511
I -110.1 586 -641 -586 ‘Il 984 -42.3 -465 -39.8
’TSOaHd ~ -934 -335 -419 -356 “TSOaHd  -854 -19.3 -36.8 -27.6
TSOb -339 180 184 239 “TSOb -88 373 339 394
%12 -1453 883 -934 -854 ‘12 -108.9 -46.1 -49.0 -41.0
’TSOaHCa -950 -47.7 -653 -54.8 “TSOaHCa -348 322 243 373
213 -202.6 -120.6 -119.3 -1068 “I3 -106.3 -25.1 -24.7 109
RC_C -816 -27.2 -239 -19.7 “RC.C -80.4 -234 -2716 42
’TSCa -81.2 -352 -239 -343 “TSCa 498 105 7.1 138
214 -1436 -84.6 -68.7 -657 ‘l4 -120.2  -59.0 -55.7 -51.9
’TSCaHd  -131.0 -67.0 -582 -57.8 “TSCaHd 942 -348 -339 -29.3
215 -200.5 -139.0 -132.3 -130.2 ‘IS -118.1 -60.3 -62.4 -56.1
’TSCaHOa -703  -08 5.0 7.1 “TSCaHOa 276 867 963 94.6
%16 -202.6 -120.6 -1449 -1068 ‘16 -129.0 -486 -48.1 -34.8
2TSCaOb 293 243 172 251 “TSCaOb 142 1248 879 99.6
217 921 -502 -653 -59.0 “I7 -1139 -138 -176 -23.0

calculated energies using SR ([?Pts]* + CH3;OH) as the reference species
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BHRNEHM NRER =4, ZHEEN (e =36.6) FK(e = 78.4)% M T HAHENEE

Table S5 Energies (kJ-mol™) involved in the methanol dehydrogenation reaction over

[Pt,Ru]” (S = 3/2, 5/2) cluster

Species  AHg AHg AHE  AHw)  Species  AHg  AH  AHg  AHg,
‘SR 205 251 469 49.0 °SR 00 00 00 00
*RC_O -121.0 -494 -167 -71 °RC.O -141.5 -821 -595 -50.7
*TSOa 289 611 758 846 °TSOa 205 389 335 402
I 615 -88 50 109 °i1 481 -75 -327 -339
*TSOaHd  -52.8 -16.7 -19.3 -8.0 °TSOaHd 481  -1.3 -31.8 -322
*TSOb 456 111.0 137.3 1482 °TSOb 419 888 109.7 1327
412 641 -163 -155 -9.2 °I12 733 -285 -49.4 -48.1
“TSOaHCa -385 10.0 260 406 °TSOaHCa 226 69.1 670 76.6
Y13 -115.1 218 586 791 °I3 -102.2 -17.2 138 343
*RC_C 431 147 335 431 °RC.C 678 -25.1 -18.8 -134
*TSCa -389 456 896 988 °TSCa -37.7 406 356 414
Y14 -105.1 -352 -13 59 ‘4 791 92 167 2138
*TSCaOb 214 352 795 716 °TSCaOb 130 205 494 348
415 -121.0 -469 201 33 °5 -87.1 -50.7 -8.8 -427
*TSCaOa 222 1030 131.0 1482 °TSCaOa 65.3 1365 154.1 169.1
16 -955 548 586 79.1 °I6 779 163 481 649

Calculated energies using SR ([°Pt,Ru]" + CH3;OH) as the reference species

& S6 B3LYP K TF[PtRu,]" (S =5/2, 7/12)5 CH;0H RFLHIAH, AH g, AH), AHy, AHwZ+
BIRARSM AT =4, ZHEE(e=36.6). MK(e=78.4) %M T HIANRR

Table S6 Energies (kJ:mol™) involved in the methanol dehydrogenation reaction over

[PtRu,]" (S = 5/2, 7/2)cluster

Species  AHg AHg AHg  AHw) Species  AHg  AHg  AHE  AHg,
SR 214 -100 50 251 °BSR 00 00 00 00
RC_O 971 -402 783 779 °RC. O -100.5 -30.6 -234 775
TSOa 741 875 783 1114 °TSOa 65.7 729 607 913
o1 71 63 -08 314 255 -536 -93.8 -64.9
TSOaHd 67 -29 -255 6.7 °TSOaHd 6.7 -37.3 -812 -52.3
TSOb 98.8 137.7 180.9 2186 °TSOb 103.0 1005 850 114.3
512 -16.7 -31.4 -68.7 -348 °12 -151 511 -91.3 -61.1
’TSOaHCa 842 72.0 348 842 °®TSOaHCa 946 87.1 544 850
%13 511 251 373 875 3 595 -21.4 -92 180

,rC_C -339 -134 -138 20.1
®TScCa 50 523 800 1239 °TsCa 80 423 465 837
814 582 6.7 243 620 °l4 -339 38 100 473
’TSCa0a 712 1043 883 1277 °®TSCaOa  119.7 1365 1084 149.1
%15 -62.4 398 511 971 B85 -322 134 -1.7 515
STscabb 775 862 833 938 °TSCaOb 938 821 653 829
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%16 -352 -389 -51.1 -385 %6 -37.3 -188 724 -30.1

calculated energies using SR ([°PtRu,]* + CH3;OH) as the reference species
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Fig.S2 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [Pts]” with CH;OH starting from O—H bond activation at B3LYP level of theory
Bond length: nm. The superscripts 2 and 4 represent the spin multiplicities.
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Fig.S3 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [Pt,Ru]” with CH;OH starting from O—H bond activation at B3LYP level of
theory
Bond length: nm. The superscripts 4 and 6 represent the spin multiplicities.
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Fig.S4 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [PtRu,]" with CH;OH starting from O—H bond activation at B3LYP level of
theory
Bond length: nm. The superscripts 6 and 8 represent the spin multiplicities.
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Fig.S5 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [Pts]” with CH;OH starting from C—H bond activation at B3LYP level of theory
Bond length: nm. The superscripts 2 and 4 represent the spin multiplicities.
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Fig.S6 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [Pt,Ru]” with CH;OH starting from C—H bond activation at B3LYP level of
theory
Bond length: nm. The superscripts 4 and 6 represent the spin multiplicities.
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Fig.S4 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of [PtRu,]" with CH;OH starting from C—H bond activation at B3LYP
level of theory
Bond length: nm. The superscripts 6 and 8 represent the spin multiplicities.
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