Supplementary Table 1 Tables of Eigenvalues in Electron Volts for molecular orbitals 90 through 120

Qcat”(Ru"™-1,2) | QCat”(Ru"-1,2) | QQ(Ru™1,2) | QO(RuU"-1,2) | Qcat”(Ru"-1,9) | QcatH(Ru"-1,9) | QcatH (Ru"-1,9)
120 [ 2.19 -0.56 -3.13 -0.18 1.83 -0.62 -3.35
119 [ 2.12 -0.89 -3.75 -0.24 1.73 -0.8 -4.01
118 |1.87 -0.91 -3.99 -0.38 1.67 -0.89 -4.13
117 [ 1.52 -1.11 -4.08 -0.49 1.47 -1.54 -4.3
116 [1.24 -1.39 -4.27 -0.73 1.2 -1.66 -4.41
115 | 0.91 -1.6 -4.33 -0.79 0.62 -1.72 -4.5
114 [ 0.84 -1.88 -4.34 -1.47 0.56 -1.82 -4.55
113 | 0.66 -1.95 -4.95 -1.57 0.48 -2.43 -4.93
112 | 0.1 -2.71 -5.09 -1.63 -0.2 -2.48 -5.31
111 | 0.04 -2.78 -5.2 -1.8 -0.32 -2.58 5.4
110 | -0.14 -2.97 -5.42 -2.36 -0.44 -2.72 -5.62
109 |-0.28 -3.03 -5.45 -2.39 -0.64 -2.81 -5.67
108 | -0.64 -3.07 -6.12 -2.48 -0.92 -3.46 -6.48
107 |-0.81 -3.75 -6.23 -2.63 -1.2 -3.6 -6.55
106 | -1.03 -3.88 -6.31 -2.72 -1.38 -4.06 -6.82
105 | -6.16 -10.76 -8.27 -3.36 -5.79 -9.33 -14.65
104 | -6.39 -0.78 -12.85 -3.51 -6.82 -9.39 -12.63
103 | -6.51 -10.04 -12.95 -3.99 -6.93 -9.52 -13.42
102 | -7.26 -10.15 -13.16 -9.15 -7.01 -10.36 -13.46
101 | -7.99 -10.67 -13.37 -9.21 -7.91 -11.16 -13.65
100 | -8.52 -10.72 -13.42 -9.37 -8.01 -11.35 -13.76
99 |[-8.59 -10.87 -13.97 -10.61 -8.35 -11.41 -13.97
98 |-8.62 -11.13 -14.04 -11.25 -8.63 -11.47 -14.16
97 [-8.77 -11.36 -14.35 -11.3 -9.05 -11.81 -14.24
96 |-8.85 -11.56 -14.37 -11.32 9.1 -12.01 -14.69
95 [-8.98 -11.65 -14.55 -11.43 -9.21 -12.52 -15.14
94 [-95 -12.46 -15.5 -11.83 -9.79 -12.87 -15.75
93 [-9.95 -12.78 -15.61 -12.02 -9.99 -12.92 -15.8
92 [-10.22 -13.06 -15.67 -12.55 -10.47 -13 -15.83
91 |-10.25 -13.14 -15.83 -12.78 -10.54 -13.09 -15.96
90 |-10.43 -13.27 -15.86 -12.81 -10.67 -13.2 -16
SCF | -8081.9476 -8077.0773 -8069.0244 | -7774.6072 | -8081.9767 -8107.2919 -8099.0848




QCatH-

01-C15
01-H19
02-C16
02-H26
C3-C4
C3-C8
C3-H20
C4-C5
C4-H25
C5-C6
C5-H21
C6-C7
C6-C14
C7-C8
C7-Cl11
C8-H22
09-C14
09-H19
010-C11
Cl1-Ci2
C12-C13

1.333
1.06

1.346
-999

-395
-393
-095
-393
-095
-402
-095
.414
-462
.401
.47

-096
.273
.285
-259
.464
.42

RPRRPRRRRRRRRRRRRRRR

Cl12-C17 1.394

C13-Ci14 1.453

C13-C15 1.41

C15-C16 1.421

C16-C18 1.394

C17-C18 1.403

C17-H23 1.096

C18-H24 1.095

CHIME readable .xyz File




QCatH

01-C15 1.32 C16-C18 1.389
01-H25 1.166 C17-C18 1.409
02-C16 1.323 Cl17-H22 1.098
02-H25 1.166 C18-H23 1.096
C3-C4 1.396

C3-C8 1.392

C3-H19 1.096

C4-C5 1.393 .
Ca-H24 1,097 CHIME readable .xyz file
C5-C6 1.404

C5-H20 1.097

C6-C7 1.411

C6-C14 1.473

C7-C8 1.403

C7-Cl11 1.471

C8-H21 1.098

09-C14 1.264

010-C11 1.264

Cl1-Ci12 1.455

C12-C13 1.441

Cl12-C17 1.392

C13-Ci14 1.451

C13-C15 1.398

C15-C16 1.458



QO(Ru"-1,9)

HUS 2?
ﬁ%:)hﬁi:“j/’ E
12
Ckhuiqr” H55

01-C7 1.314 N6-C42 1.355
01-Rul4 1.941 C7-C11 1.423
Cc2-C7 1.427 C8-09 1.286
C2-C8 1.44 C8-C16 1.463
C2-C15 1.429 09-Ru14 1.955
N3-Rul4 2.065 010-C18 1.258
N3-C34 1.372 Cl1-Ci12 1.377
N3-C38 1.355 C11-H53 1.095
N4-Rul4 2.052 C12-C13 1.408
N4-C23 1.372 C12-H52 1.096
N4-C26 1.355 C13-C15 1.388
N5-Rul4 2.057 C13-H51 1.096
N5-C24 1.372 C15-C18 1.469
N5-C32 1.354 Ci16-C17 1.412
N6-Rul4 2.052 C16-C19 1.404
N6-C33 1.372 C17-C18 1.467



C17-C22 1.401

C19-C20 1.392
C19-H47 1.097
C20-C21 1.395
C20-H48 1.095
C21-C22 1.392
C21-H49 1.096
C22-H50 1.096
C23-C24 1.466
C23-C25 1.398
C24-C29 1.398
C25-C27 1.393
C25-H43 1.095
C26-C28 1.39

C26-H46 1.098
C27-C28 1.394
C27-H44 1.096
C28-H45 1.094
C29-C30 1.393
C29-H56 1.095
C30-C31 1.394
C30-H55 1.096
C31-C32 1.39

C31-H54 1.094
C32-H57 1.098
C33-C34 1.467
C33-C39 1.398
C34-C35 1.398
C35-C36 1.393
C35-H58 1.095
C36-C37 1.394
C36-H59 1.095
C37-C38 1.39

C37-H60 1.094
C38-H61 1.099
C39-C40 1.393
C39-H62 1.096
C40-C41 1.394
C40-H63 1.096
C41-C42 1.39

C41-H64 1.094
C42-H65 1.099
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QCat*(Ru"-1,2)

01-Ru3
01-C8
02-Ru3
02-C7
Ru3-N4
Ru3-N5
Ru3-N6
Ru3-N27
N4-C35
N4-C43
N5-C23
N5-C28
N6-C34
N6-C36
C7-C8
C7-C12
C8-C11
09-C16
010-C15
Cli1-Ci14
Cl1-C16
Cl12-C13
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-961
-332
-96

-335
.052
-065
-063
-052
371
-355
.354
371
.37

-355
-439
-395
-405
.262
.262
-426
-458
-402

HE3 HEeHE ]

Cl12-H44
C13-C14
C13-H45
C14-C15
C15-C17
C16-C18
C17-C18
C17-C19
C18-C22
C19-C20
C19-H46
C20-C21
C20-H47
C21-C22
C21-H48
C22-H49
C23-C24
C23-H50
C24-C26
C24-H51
C25-C26
C25-C28

;

HGO

RPRRPRRPRRRRRRRRRRRRRRRRRRR

-097
-395
-097
.46

-469
471
-412
-402
-402
-393
-097
-396
-096
-392
-096
-097
-39

-098
-394
-094
-392



C25-H52 1.095

C26-H53 1.097
N27-C29 1.37

N27-C30 1.354
C28-C29 1.466
C29-C33 1.4

C30-C31 1.39

C30-H54 1.099
C31-C32 1.395
C31-H55 1.094
C32-C33 1.393
C32-H56 1.096
C33-H57 1.096
C34-C35 1.466
C34-C39 1.398
C35-C40 1.398
C36-C37 1.39

C36-H58 1.098
C37-C38 1.394
C37-H59 1.094
C38-C39 1.393
C38-H60 1.095
C39-H61 1.096
C40-C41 1.393
C40-H62 1.095
C41-C42 1.395
C41-H63 1.095
C42-C43 1.39

C42-H64 1.094
C43-H65 1.099

CHIME readable .xyz file




QCat“(Ru'"'-1,2)

01-C7
01-Rul4
02-C6
02-Rul4
N3-Rul4
N3-C35
N3-C43
N4-Rul4
N4-C23
N4-C28
N5-Rul4
N5-C34
N5-C36
C6-C7
C6-C11
C7-C8
C8-C13
C8-C16
09-C16
010-C15
C11-Ci2
Cl1-H44

RPRRRPRRPRRPRPRRPRPRPRPNRPRPRNRRNRRRER

57

HSG

CE

-326
-966
.316
-973
.052
.372
-355
-053
-355
.372
.061
.372
-355
-435
-417
-421

-466
-259
-259
-38

-095

H55

C12-C13
C12-H45
C13-C15
Rul4-N27
C15-C17
C16-C18
C17-C18
C17-C19
C18-C22
C19-C20
C19-H46
C20-C21
C20-H47
C21-C22
C21-H48
C22-H49
C23-C24
C23-H50
C24-C26
C24-H51
C25-C26
C25-C28

PRRRPPRPRRPPPRRPRPRERRPPENRRPR

-418
-098
-466
.048
-468
-466
-413
-402
-402
-393
-097
-395
-095
-393
-096

-096
-39
-099

-394
-094
-393
-398



C25-H52
C26-H53
N27-C29
N27-C30
C28-C29
C29-C33
C30-C31
C30-H54
C31-C32
C31-H55
C32-C33
C32-H56
C33-H57
C34-C35
C34-C39
C35-C40
C36-C37
C36-H58
C37-C38
C37-H59
C38-C39
C38-H60
C39-H61
C40-C41
C40-H62
C41-C42
C41-H63
C42-C43
C42-H64
C43-H65

1.095
1.096
1.371
1.355
1.466
1.398
1.39

1.099
1.394
1.094
1.393
1.096
1.095
1.466
1.398
1.398
1.39

1.098
1.394
1.094
1.393
1.096
1.095
1.393
1.096
1.394
1.096
1.39

1.094
1.099

CHIME readable .xyz file




QCat*(Ru"-1,9)

U7 C{
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01-Ru3
01-C15
02-C53
Ru3-09
Ru3-N16
Ru3-N23
Ru3-N24
Ru3-N25
C4-C5
C4-C12
C4-H36
C5-C13
C5-H37
C6-C7
C6-C13
C6-C14
C7-C8
C7-C12
C8-010
C8-C50
09-C14

RPRRPRRPRRPRRPRRPRRPRPRPRPRPRPNNNNRRRR

i 25
11 \"'
HLLEI

H'—l'—l

28 w
S

@4

HE
JB

-931
.307
.275
.94

-069
-052
.051
-066
-399
-389
-096
-389
-096
-413
-408
.46

.47

-405
.27

-438
-304

@ﬁ?

1u

05 HU 1

?Z H39

C11-Ci4
C11-C15
C11-C50
C12-H38
C13-H39
C15-C53
N16-C22
N16-C57
C17-C18
C17-N23
C17-H40
C18-C19
C18-H41
C19-C20
C19-H42
C20-C21
C20-H65
C21-C22
C21-N23
C22-C60
N24-C26

A

RPRRRPRRPRRRRRRRPRRRRRRRRRRRR

-419
-419
.452
-097
-097
-469
371
.354
-391
-355
-099
-394
-094
-393
-096
-399
-096
-466
371
-399
-354

H38



N24-C30 1.371

N25-C31 1.371
N25-C35 1.354
C26-C27 1.39

C26-H43 1.099
C27-C28 1.394
C27-H56 1.094
C28-C29 1.393
C28-H44 1.096
C29-C30 1.398
C29-H45 1.096
C30-C31 1.466
C31-C32 1.398
C32-C33 1.393
C32-H46 1.096
C33-C34 1.394
C33-H47 1.096
C34-C35 1.39

C34-H48 1.094
C35-H49 1.098
C50-C51 1.407
C51-C52 1.383
C51-H54 1.099
C52-C53 1.427
C52-H55 1.095
C57-C58 1.39

C57-H64 1.098
C58-C59 1.394
C58-H63 1.094
C59-C60 1.393
C59-H62 1.096
C60-H61 1.096

CHIME readable .xyz file




QCatH (Ru"-1,9)

01-Ru3
01-C15
01-H54
02-C53
02-H54
Ru3-09
Ru3-N16
Ru3-N23
Ru3-N24
Ru3-N25
C4-C5
C4-C12
C4-H36
C5-C13
C5-H37
C6-C7
C6-C13
C6-C14
C7-C8
C7-C12
C8-010
C8-C50
09-C14
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-957
-329
.451
-343
-038
-962
-063
-053
.051
-056
-396
-393
-096
-392
-095
414
.404
.46

-469
-401
-259
.464
.285
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WA,

C11-Ci4
C11-C15
C11-C50
C12-H38
C13-H39
C15-C53
N16-C22
N16-C58
C17-C18
C17-N23
C17-H40
C18-C19
C18-H41
C19-C20
C19-H42
C20-C21
C20-H66
C21-C22
C21-N23
C22-C61
N24-C26
N24-C30
N25-C31

RPRRRRRRRRRRRRPRRPRRRPRRRRRRRR

-442
-406
-435
-096
-097
-436
371
-355
-39

-355
-099
-394
-094
-393
-096
-398
-095
-467
.372
-399
-355
.372
372



N25-C35 1.355

C26-C27 1.39

C26-H43 1.099
C27-C28 1.394
C27-H57 1.094
C28-C29 1.393
C28-H44 1.096
C29-C30 1.398
C29-H45 1.096
C30-C31 1.466
C31-C32 1.398
C32-C33 1.393
C32-H46 1.095
C33-C34 1.394
C33-H47 1.096
C34-C35 1.39

C34-H48 1.094
C35-H49 1.099
C50-C51 1.39

C51-C52 1.41

C51-H55 1.097
C52-C53 1.382
C52-H56 1.094
C58-C59 1.39

C58-H65 1.099
C59-C60 1.394
C59-H64 1.094
C60-Co61 1.393
C60-H63 1.096
C61-H62 1.095

CHIME readable .xyz file




QCatH (Ru"-1,9)

HUES ({ #,LH
HUE ) €0 Ea H=5

01-Rul4 1.978 Rul4-N16 2.055
01-C15 1.324 Rul4-N23 2.053
01-H54 1.316 Rul4-N24 2.053
02-C53 1.313 Rul4-N25 2.052
02-H54 1.074 C15-C53 1.457
C3-C4 1.396 N16-C22 1.372
C3-C11 1.391 N16-C58 1.356
C3-H36 1.095 C17-C18 1.39

C4-C12 1.393 C17-N23 1.355
C4-H37 1.095 C17-H40 1.099
C5-C6 1.419 C18-C19 1.394
C5-C12 1.402 C18-H41 1.094
C5-C13 1.461 C19-C20 1.393
C6-C7 1.447 C19-H42 1.096
C6-C11 1.405 C20-C21 1.398
C7-010 1.297 C20-H66 1.095
C7-C50 1.408 C21-C22 1.467
C8-C13 1.443 C21-N23 1.373
C8-C15 1.394 C22-Co61 1.398
C8-C50 1.448 N24-C26 1.356
09-C13 1.281 N24-C30 1.372
09-Rul4 1.969 N25-C31 1.373
C11-H38 1.096 N25-C35 1.355
C12-H39 1.096 C26-C27 1.389



C26-H43 1.098

C27-C28 1.394
C27-H57 1.094
C28-C29 1.393
C28-H44 1.095
C29-C30 1.398
C29-H45 1.095
C30-C31 1.466
C31-C32 1.398
C32-C33 1.394
C32-H46 1.096
C33-C34 1.394
C33-H47 1.096
C34-C35 1.39

C34-H48 1.094
C35-H49 1.099
C50-C51 1.416
C51-C52 1.387
C51-H55 1.097
C52-C53 1.401
C52-H56 1.093
C58-C59 1.39

C58-H65 1.099
C59-C60 1.394
C59-H64 1.094
C60-C61 1.394
C60-H63 1.096
C61-H62 1.095

CHIME readable .xyz file




QQ(Ru"-1,2)

01-Ru3
01-C8
02-Ru3
02-C7
Ru3-N4
Ru3-N5
Ru3-N6
Ru3-N27
N4-C35
N4-C43
N5-C23
N5-C28
N6-C34
N6-C36
C7-C8
C7-C12
C8-C11
09-C16
010-C15
Cli-Ci4
Cl1-C16
Cl12-C13
Cl2-H44
C13-Ci14

.025
.297
-033
-298
.028
.019
.018
-026
.372
-356
-355
.373
-373
-356
472
-438
.444
-283
.283
.376
-459
-356
-094

RPRRPRRPRRRPRRPRPRPRREPREPREPREPREPNNNNRNRN

C13-H45
C14-C15
C15-C17
C16-C18
C17-C18
C17-C19
C18-C22
C19-C20
C19-H46
C20-C21
C20-H47
C21-C22
C21-H48
C22-H49
C23-C24
C23-H50
C24-C26
C24-H51
C25-C26
C25-C28
C25-H52
C26-H53
N27-C29
N27-C30

Sl

H51
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§
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-097
-463
-456
-455
417
.401
-401
-394
-096
-394
-095
-394
-096
-096
-39

-098
-394
-094
-394
-396
-096
-096
-373
-354

H=3



C28-C29 1.466

C29-C33 1.395
C30-C31 1.389
C30-H54 1.098
C31-C32 1.394
C31-H55 1.094
C32-C33 1.395
C32-H56 1.096
C33-H57 1.095
C34-C35 1.465
C34-C39 1.395
C35-C40 1.396
C36-C37 1.389
C36-H58 1.098
C37-C38 1.394
C37-H59 1.094
C38-C39 1.394
C38-H60 1.096
C39-H61 1.095
C40-C41 1.394
C40-H62 1.095
C41-C42 1.395
C41-H63 1.095
C42-C43 1.389
C42-H64 1.094
C43-H65 1.098

CHIME readable .xyz file




