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£S1 B3LYP /KPR Pts (S=0, 1)5 CH3;0H R BLHIAH, AH(g), AH(p, AH@), AHwZ RIERRS
M AEEL =4, ZHEER(=36.6). K (e=78.4) %M T HIAHIIEZE(BAAL: kI mol™)
Table S1 Enthalpies involved in the methanol dehydrogenation reaction over Pt; (S=0, 1)
cluster. Calculated energies using SR (*Pt;+CH3;OH) as the reference species (Unit, kJ-mol™)

Species AHg AH, AHm  AHy) Species AHg AH, AHE  AH,
SR 0.0 0.0 0.0 0.0 °SR 670 272 335 339
'RC_O 703 574 611 -56.9 °RC O -62.0 -41.0 -419 -356
1TSOa 205 427 402 452 °TSOa 251 519 511 56.9
nn 557 -352 -40.6 -364 °I1 -50.7 -29.7 59 -25
'TSOaHd ~ -494 -27.2 -31.8 -28.1 °3TSOaHd -452 -22.2 -268 -23.4
TSob 553 787 749  80.8 °TSOb 276 553 565 624
12 812 -61.1 -695 -62.0 °I2 -81.6 -515 -548 -46.1
'TsoaHCa -70.8 -46.1 -60.3 -49.8 °3TSOaHCa -251 80 0.0 109
43 812 519 -66.2 -523 °I3 440 -46 -13.0 13
'RC_C 272 -88 -163 -142 °RC.C 327 <715 -11.7 -117
TSCa -18.8 33  -42 1.3 °TSCa -176 100 59 117
Y14 569 -32.7 402 -31.4 ‘l4 674 -159 -19.7 -36.8
TscaHd 159 427 339 431 °TSCaHd -151 130 75 147
45 -63.2 -448 -486 -440 °I5 -82.1 -50.7 -46.1 -38.9
'TSCaHOa -147 180 113 234 °*TSCaHOa 281 695 674 787
Y16 -113.0 -83.3 -950 -825 ‘I6 720 -36.0 -448 -335
TSca0b 314 59 -180 -84 °TSCaOb 243 682 431 519
Y7 -144.4 -1059 -121.0 -103.8 17 -42 331 452 599

# S2 B3LYP KFTF PtRu (S=1, 2)5 CH;OH RBFIAH, AHg), AHy, AHg), AHw 513
AEM TERER =4, ZIEBN(=36.6). K (e=78.4)%M T HHAHEZEEAL: kI mol™)
Table S2  Enthalpies involved in the methanol dehydrogenation reaction over Pt,Ru (S=1, 2)
cluster. Calculated energies using SR (°Pt,Ru+CH;OH) as the reference species
(unit, kJ-mol™)

Species AHg AH AHg AHg,) Species AHg  AHp  AHp  AHg)
*SR 327 448 352 335 °SR 0.0 0.0 0.0 0.0
*RC_O 264 -21 -13 80 °RCO -56.9 -41.0 -469 -37.3
*TSOa 50.2 69.9 67.8 829 °TSOa 180 255 138 180
Il 130 04 29 54 °n 423  -406 -528 -61.1
TSOaHd  -121 04 -75 -54 °TSOaHd -130 251 -68.7 -71.2
*TSOb 1285 1658 850 913 °TSOb 720 101.3 959 946
%12 -40.6 -30.6 -41.0 -38.1 °I2 -65.7 -67.4 -879 -86.7
TSOaHCa 17.6 502 481 582 °TSOaHCa 84 356 218 348
%3 -08 322 188 272 °I3 -104.7 -111.8 -1235 -114.7
*RC_C 08 272 251 615 °RC_C -30.6 -155 -243 -205
*TSCa 12.6 444 414 465 °TSCa -21.8 84 -180 -14.2
%14 373 -126 -184 -75 °l4 -783 649 -783 -71.2

¥TSCaOb 6.7 243 348 364 °TSCaOb -29.7 -134 -96 -13.0
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35 942 -59.5 -389 -494 °I5 -126.9 -984 -76.2 -92.9
*TSCa0Oa 80.8 103.8 96.7 102.2 °TSCaOa 783 1101 976 1013
%6 59.9 -444 649 -59.9 °I6 -103.4 -93.8 -116.0 -105.9

#£ S3  B3LYP /KT PtRu, (S=2, 3)5 CH;OH RMMIAH, AH(g), AH(), AH @, AHu5>HIFR

TREM NMEE =4, ZHEEN(e=36.6). MK (e=78.4)2&M T KA/ EZ (BAAL: kJ-mol™)

Table S3  Enthalpies involved in the methanol dehydrogenation reaction over PtRu, (S=2, 3)
cluster. Calculated energies using SR (‘PtRu,+CH;OH) as the reference species (unit,

kJ-mol™)
Species AHg AH AH@E  AHg) Species AHg AHy  AHE  AHgy,
°SR 63 352 582 569 'SR 00 00 0.0 0.0
RC_O 511  -80 -130 -21 'RCO 515 -142 -176  -71
°TSOa 276 708 624 632 'TSOa 327 578 456 452
°11 783 846 -1164 -1176 Il -65.3 -72.9 -104.3 -106.3
*TSOaHd -56.5 -63.6 -103.8 -88.3 'TSOaHd -419 -64.1 -112.2 -116.4
*TSOb 1059 1315 117.6 1181 ’'TSOb 779 1043 842 812
°12 641 -76.6 -120.6 -121.8 'I2 494 -69.5 -117.2 -110.5
°TSOaHCa  -9.6 -268 -758 -75.8 'TSOaHCa 36.0 352 -147 -121
°13 787 620 -963 -88.8 I3 904 -77.0 -103.8 -95.9
RC_C -100 381 360 -109 'RC.C -109 255 201 226
*TSCa 63 729 461 515 'TSCa 155 515 368 427
°14 -142 -84 201 96 14 352 67 -251 -19.7
TSCaOb 167 31.0 121 343 'TSCaOb 268 37.7 205 142
°15 -120.6 -1084 -126.9 -130.6 IS -76.2 657 -90.4 -99.2
*TSCaOa 452 1055 469 339 'TSCa0a  80.0 1084 812 879
°16 414 281 662 -60.3 16 218 96 -207 -234

%S4 B3LYP KFTF Pty (S=0, 1)5 CH;0H RBLHKIAH o FIAG g (BEAE: kI-mol ™)
Table S1 Enthalpies and Free energy involved in the methanol dehydrogenation reaction
over Pt; (S=0, 1) cluster (Unit, kJ-mol™")

Species AHg) AG) Species AH(g AG(
SR 0.0 0.0 °SR 67.0 63.6
'RC_ O -70.3 -26.4 *RC_O -62.0 -20.1
TSOa 20.5 65.7 °TSOa 25.1 66.6
nn -55.7 113 %11 -50.7 -11.3
1TSOaHd -49.4 -4.2  *TSOaHd -45.2 -4.6
TSOb 55.3 102.2 3TSOb 27.6 75.4
N2 -81.2 -36.0 12 -81.6 -44.8
'TSOaHCa -70.8 -22.6 °TSOaHCa -25.1 18.8
43 -81.2 -36.0 I3 -44.0 2.9
'RCc C -27.2 155 °*RC_C -32.7 5.4

Tsca -18.8 28.1 °*TScCa -17.6 25.5
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Y14
TscaHd
15
TSCaHOa
Y16
1TSCa0Ob
Y7

-56.9
15.9
-63.2
-14.7
-113
-31.4
-144.4

-1.5
64.9
-17.6
33.1
-68.7
19.7
-101.3

%14
*TSCaHd
%15
*TSCaHOa
%16
TSCaOb
17

-67.4
-15.1
-82.1

28.1

243
-4.2

-23.4
26.8
-32.7
74.5
-29.9
71.2
23.0
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Fig.S1 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of Pt; (S=0, 1) with CH3;OH starting from O—H bond activation at B3LYP level of
theory
bond length in nm
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Fig.S2 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of Pt,Ru (S=1, 2) with CH3;OH starting from O—H bond activation
at B3LYP level of theory
bond length in nm
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Fig.S3 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of PtRu, (S=2, 3) with CH3;OH starting from O—H bond activation at
B3LYP level of theory
bond length in nm
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Fig.S4 Optimized geometries of the reactant complex, transition state, intermediate in the

S8



reaction of Pt; (S5=0, 1) with CH3;OH starting from C—H bond activation
at B3LYP level of theory
bond length in nm

5TSCaOa
@rt @rRu @O @d@C oH
& S5 #E B3LYP AKFTFRAE R Pt,Ru (S=1, 2)55 CH;OH M (M2)H R NE &4, T
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Fig.S5 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of Pt;Ru (S=1, 2) with CH3;OH starting from C—H bond activation
at B3LYP level of theory
bond length in nm
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Fig.S6 Optimized geometries of the reactant complex, transition state, intermediate in the
reaction of PtRu, (S=2, 3) with CH3;OH starting from C—H bond activation
at B3LYP level of theory
bond length in nm
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Fig.S7 Electronic structure diagrams of reactant complex, transition state and
intermediate in the progress of O—H bond activation by Pt; (S=0, 1).

e

S11



1RC_C N/ 1sca \/ 114

SAID Dy ¢ S o9 —:g DD H¢
np

Ptd:: oo Ptd,, oou e G
200, A DOg UOD
. ‘< o
e Eons Beeg:
apt@% g:cDoi. ?Pgb q:?o {‘ A ngD grcDo ®
%Pt@ A ‘\y Pt@f? A Q%S,Dz
sRc.c \/ Tsca [/ 314

OB, % w@@x% SR

aﬁ T prpr ~a§ Tprpr Un@ ”P:Pr
Ptd @ oc,,,p Ptd ;H\f\«

t 2 P@ chH? & & Ptd, O'c-n:h) “Qgt‘ d@ GOEH\V}-s )
T% »@@ ‘O\'@@'&, Q)v@@&-—

Ptd,, O'CH z Ptd; o s Ptd,, gcn
th@@w L L8 0Bg T TR
&Ptd GCO ‘ Ptd,zﬂc.o xptd Cc.0 ’
v N | % -

T P@ Jpng VA P@,

S8 Pt; (S=0, 1) ¥E4L B+ C—H IR M B FEME
Fig.S8 Electronic structure diagrams of reactant complex, transition state and intermediate
in the progress of C—H bond activation by Pt; (S=0, 1)
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Fig.S9 Electronic structure diagrams of reactant complex, transition state and
intermediate in the progress of O—H bond activation by Pt,Ru (S=1, 2)
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Fig.S10 Electronic structure diagrams of reactant complex, transition state and
intermediate in the progress of C—H bond activation by Pt,Ru (S=1, 2)
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Fig.S11 Electronic structure diagrams of reactant complex, transition state and
intermediate in the progress of O—H bond activation by PtRu, (S=2, 3)
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Fig.S12 Electronic structure diagrams of reactant complex, transition state and
intermediate in the progress of C—H bond activation by PtRu, (S=2, 3)
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