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Section S1.

The intrastate, ™, and interstate, 2™ coupling constants, where n and m label the
electronic states, are extracted from the gradients and Hessians of the excited states,
respectively, here evaluated at the Franck-Condon point (FC, Qi = 0) and correspond to the
following expressions, where V,, is the adiabatic potential energy surface of the state n

obtained from quantum chemistry calculations.

For Cs symmetry with a’ and a’” modes, it comes:
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The later equation gives:
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for i € a” and states n and m of different spatial symmetry and for i € a’ and n and m of same

spatial symmetry, with n # m.

&, 1s the “spin-orbit free” vertical transition energy of state n.



Section S2.
The W matrix used in this work reads as follows, where the star stands for the conjugate
transpose:

WTl,Tl le,TZ le,Sl WTl,T3 WTl,SZ WTl,T4
W*Tl,TZ WTZ,TZ WTZ,Sl wTZ,T3 wTZ,SZ wTZ,T4

W*Tl,Sl W*TZ,Sl WSl,Sl wSl,T3 wSl,SZ WSl,T4
| WATLT3  WeT2T3  WeSLT3  WT3T3  WT3sz T3+ |

W*Tl,SZ w*TZ,SZ W*Sl,SZ w*T3,SZ wSZ,SZ WSZ,T4—
W*Tl,T4 W*TZ,T4— w*Sl,T4— W*T3,T4 W*SZ,T4— wT4—,T4—

W =

Note that we explicitly consider the triplet’s components, yielding a fourteen states W matrix.

The different sub-matrices are defined as follows:

whh =g + Z k™ Q;
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where the SOC 7, constants (complex-valued) are obtained from electronic structure

calculations at FC. The latter are kept constant in the wavepacket propagations. Notice that,
m

due to symmetry selection rules, only a’ modes will give non-zero k; ~ and interstate coupling

A7™ hetween state of the same spacial symmetry, while only a” mode will couple states of

different special symmetries.



Section S3.

Number of basis functions for the primitive basis as well as for the time-dependent (SPF)
basis used in the MCTDH calculation for the lowest 14 electronic states of
[Re(CO)s(phen)(L)]* using the 15-modes model Hamiltonian described in the Results section
of the main text. The Qi labels correspond to [Re(CO)s(phen)(im)]* conformer A but apply for
all the other simulations.

Modes Primitive basis SPF basis

(Qo, Q22, Qz7) (23, 19, 19) (11,11,15,11,15,11,11,11,11,11,11,9,9,9)
(Qs, Q24, Q°36.37) (13, 13, 13) 8,8,8,8,8,8,8,8,8,8,8,7,7,7)

(Qss, Qro, Qs1) (17,17, 17) (8,8,11,8,11,8,8,8,8,8,8,7,7,7)
(Qss, Qo1, Qo3) (17,17,17) (8,8,11,8,11,8,8,8,8,8,8,7,7,7)

(Q1s, Q32, Q77) (21, 19, 19) 9,9,9,91991909909,97,7,7)
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Figure S1. Kohn—Sham Frontier Orbitals of Re(CO)s(phen)(imi)* conformer A (left) and B
(right) in Water in the So Electronic Ground State. Orbital energies are in a.u.
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Figure S2. Kohn—Sham Frontier Orbitals of Re(CO)s(phen)(py)* conformer A (left) and B
(right) in Water in the So Electronic Ground State. Orbital energies are in a.u.
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Figure S3. Displacement contributions of the a’ normal modes for each excited state
considered herein of Re(CO)s(phen)(im)* conformer A, and Re(CO)s(phen)(py)* conformers
A and B. Contribution of the modes between 80 - 850 cm™.
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Figure S4. Displacement contributions of the a’ normal modes for each excited state
considered herein of Re(CO)s(phen)(im)* conformer A, and Re(CO)s(phen)(py)* conformers
A and B. Contribution of the modes between 1165 - 2045 cm™,
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Figure S5. Energy-scaled contributions of the a’ normal modes for each excited state
considered herein of Re(CO)s(phen)(im)* conformer A, and Re(CO)s(phen)(py)* conformers
A and B. Contribution of the modes between 80 - 850 cm™.
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Figure S6. Energy-scaled contributions of the a’ normal modes for each excited state
considered herein of Re(CO)s(phen)(im)* conformer A, and Re(CO)s(phen)(py)* conformers
A and B. Contribution of the modes between 1165 - 2045 cm.
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Figure S7. Diabatic electronic populations of the six low-lying excited states of
[Re(CO)s(phen)(im)]* conformer A as a function of time including interstate coupling
between same symmetry states when using the 15-modes model (left) and the 11-modes

model (right) as described in the main text.
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Figure S8. Diabatic electronic populations of the six low-lying excited states of
[Re(CO)s(phen)(py)]* conformer A (top) and B (bottom) as a function of time including
interstate coupling between same symmetry states when using the 15-modes model (left) and

the 11-modes model (right) as described in the main text.




Table S1. TD-DFT/TDA transition energies (in eV), wavelengths of absorption (in nm) and

oscillator strengths f associated to the low-lying excited states of Re(CO)s(phen)(im)*. The

main one-electron excitations are indicated following the orbital notation depicted in Fig S1.

A conformer

B conformer

State One-electron Trans. | Wave f State One-electron Trans. Wave f
excitation E length excitation E length
g g
T, A3A” 83% 453”-79a’ 2.98 416 T, A3A 87% 123-124 3.01 412
) 57% 122-124
T, A3A 84% 78a’-79a’ 3.07 403 T, B3A 3.05 406
16% 123-125
37% 123-125
S: | alA” 99% 45a”-79a’ 3.12 398 0.002 | T3 C3A 34% 122-124 3.25 382
20% 119-125
T B3A” 47% 78a"-46a" 3.24 382 S blA >6% 123-124 3.27 380 0.032
: 32% 76a’-463" ' ! 41% 122-124 ' '
66% 78a’-79a’
S blA’ 22% 45a”-46a” 3.40 365 0.054 | S clA 56% 122-124 3.33 373 0.075
2 T ' ' 2 38% 123-124 ' '
11% 77a’-79a
) ) 75% 121-124
Ts B3A 82% 77a’-79a’ 3.42 363 T4 D3A 3.43 362
15% 119-124
38% 119-124
Ts Cc3A’ 82% 45a”-463a” 3.45 359 Ts E3A 27% 122-125 3.50 357
20% 121-124
S3 clA 80% 77a’-79a’ 3.46 358 0.003 | S3 d!A 97% 121-124 3.48 357 0.000
j o 48% 122-125
Te C3A 73% 43a”-79a 3.56 348 Te F3A 3.59 345
32% 119-124
| 59% 45a”-46a"
Sa d'A 3.56 349 0.117 Sa elA 91% 123-125 3.61 344 0.031
30% 78a’-79a’
4 -
Ty D3A’ 84% 76a’-79a’ 3.57 347 T, G3A 72% 118-124 3.61 343
Ss blA” 86% 78a’-46a” 3.76 329 0.024 Ss fIA 87% 122-125 3.67 338 0.046
27% 78a’-463a"
41% 119-125
Ts D3A” 28% 76a’-463a" 3.82 325 Ts H3A 58% 123-125 3.73 332
33% 77a’-46a" °
Se clA” 98% 443”-79a’ 3.83 324 0.002 Tg 13A 85% 120-124 3.81 325
| 71% 443”792’
Tg E3A 16% 432”-793" 3.84 323 Se glA 95% 120-124 3.83 324 0.019
(o} a -/32a
Tio | E3A" | 67%433”-463” 3.90 320 Tio 1A 82% 121-125 3.87 320
S; | dA” 95% 77a’-46a” 3.87 320 0.003 | Tn1 K3A 83% 118-125 3.91 317
Sg elp 77% 76a’-79a’ 4.02 308 0.000 S7 h1A 99% 121-125 3.86 321 0.001
So A’ 90% 44a”-46a” 4.19 296 0.011 Ss itA 79% 119-124 4.03 307 0.003
” 42% 43a”-79a’ 73% 122-127
Sio | e'A , . 4.28 289 0.003 | Ty L3A 4.01 313
53% 76a’-46a 14% 123-127




Table S2. TD-DFT/TDA transition energies (in eV), wavelengths of absorption (in nm) and

oscillator strengths f associated to the low-lying excited states of Re(CO)s(phen)(py)*. The

main one-electron excitations are indicated following the orbital notation depicted in Fig S2.

A conformer

B conformer

State One-electron Trans. Wave f State One-electron Trans. Wave f
excitation E length excitation E length
T | ASA" 75% 45a"-82a' 3.03 409 T1 A3A' | 86% 76a'-77a' 3.06 406
56% 50a"-77a’
T, | ASA 84% 81a'-823' 3.07 403 T2 A3A" | 19% 76a'-51a" 3.07 403
15% 74a'-51a"
37% 76a'-51a"
Si | atA" 99% 45a"-82a' 321 386 0.002 | Ts B3A" | 36% 50a"-77a' 3.28 378
24% 74a'-51a"
46% 81a'-46a"
Ts B3A" 27% 79a'-463a" 3.27 379 S alA" | 98% 50a"-77a' 3.32 373 0.001
20% 45a"-82a'
Ta B3A' 88% 80a'-823' 3.42 362 Sz b'A' | 90% 76a'-77a' 3.39 366 0.112
68% 81a'-82a'
Sz bIA' 29% 80a'-823" 3.43 362 0.067 | Ta4 B3A' | 91% 75a'-77a' 3.49 356
0 ola -o62a
74% 80a'-82a'
S3 clA' 14% 81a'-823" 3.49 355 0.025 | Ts CA'" | 72% 74a'-77a' 3.51 353
() a-oZa
Ts CA' 79% 45a"-463" 3.55 350 Ss ctA' | 97% 75a'-77a' 3.52 352 0.006
Te | CA" 89% 44a"-82a' 3.58 346 Te C3A" | 86% 49a"-77a' 3.61 343
, 74% 79a'-82a' . | 82% 50a"-51a"
T7 D3A 3.60 344 T7 D3A 3.63 342
15% 45a"-46a" 11% 74a'-77a'
79% 45a"-463"
Sa dA'’ 15% 812'-82a" 3.66 339 0.097 | Sa dA' | 87% 50a"-51a" 3.72 333 0.067
(o a-ola
Ts E3A 80% 45a"-473" 3.74 331 Ss b'A" | 90% 76a'-51a" 3.72 333 0.025
55% 74a'-51a"
Ss | bA" 84% 81a'-46a" 3.81 325 0.023 | Ts D3A" 3.81 325
40% 76a'-51a"
49% 80a'-463"
Te | D3A" 28% 81a'-46a" 3.85 322 To E3A" | 84% 493"-513" 391 317
21% 79a'-463a"
Tio | PPA 88% 44a"-463" 391 317 T1o E3A" | 99% 75a'-51a" 3.92 316
Se | ctA" 93% 80a'-46a" 3.92 317 0.004 | Se c!A" | 99% 75a'-51a" 3.93 316 0.000
. 47% 80a'-46a" , ‘ ,
Tin | E3A 40% 792-46a" 3.95 314 T F3A 73% 76a'-78a 3.97 312
() a-40a
34% 80a'-473"
T | FPA" 26% 81a'-47a" 4.02 309 Sy elA' | 80% 74a'-77a' 4.03 308 0.004
20% 80a'-483a"
Sy elp' 84% 79a'-82a' 4.04 307 0.000 | T1 G3A' | 83% 50a"-52a" 4.03 308
. 46% 81a'-47a" . | 45% 75a'-523a"
Tis | G3A 4.07 305 T1s F3A 4.11 302

14% 80a'-473"

39% 76a'-52a"




Table S3. TD-DFT/TDA transition energies (in eV), wavelengths of absorption (in nm),
oscillator strengths f associated to the low-lying “spin-orbit” states Ei of Re(CO)s(phen)(im)*
(top) and Re(CO)3(phen)(py)* (bottom) conformer A and B in water. The composition of each

state is given as function of the singlet and triplet components reported in Tables S1 and S2.

Re(CO)s(phen)(im)*

A conformer B conformer
Wave Wave
State Composition Trans. length f State Composition Trans. length f
E (eV) E (eV)

(nm) (nm)
El A" T175% T2 18% 2.91 426 0.000 A T160% T2 28% 2.94 421 0.000
E2 A' T175% T2 18% 2.92 425 0.001 A T160% T2 30% 2.95 421 0.000
E3 A' T1 90% 2.94 422 0.003 A T185% 2.97 417 0.005
E4 A" T2 48% S1 42% 2.99 415 0.001 A T2 83% 3.01 412 0.005
ES A" T2 75% T1 20% 3.09 401 0.000 A T264% T121% 3.08 403 0.000
E6 A T2 75% T1 20% 3.09 401 0.000 A T2 65% T1 30% 3.08 403 0.000
E7 A" S148% T2 50% 3.15 394 0.001 A T3 65% S112% 3.20 388 0.008
E8 A' T3 90% 3.22 385 0.004 A T3 82% 3.24 383 0.000
E9 A" T3 88% 3.24 383 0.000 A T3 84% 3.24 383 0.000
E10 A' T3 88% 3.24 383 0.000 A S147% 52 12% 3.25 382 0.024
E1l Al S2 59% T4 19% 3.37 368 0.033 A S2 52% T3 20% 3.33 372 0.043
E12 A" T5 60% T4 24% 3.39 366 0.001 A T4 60% T5 22% 3.42 363 0.000
E13 A" T5 56% T4 30% 3.39 365 0.001 A T4 42% S3 16% 3.42 362 0.001
El14 A' T556% T4 19% 3.40 365 0.003 A T528% T4 21% 3.44 361 0.010

Re(CO)s(phen)(py)*
A conformer B conformer
Wave Wave
State Composition Trans. length f State Composition Trans. length f
E (eV) E (eV)

(nm) (nm)
El A" T165% T2 26% 2.96 419 0.000 A" T152% T2 38% 2.98 416 0.000
E2 A' T165% T2 27% 2.96 419 0.002 A' T154% T2 38% 2.98 416 0.000
E3 A' T1 89% 2.99 415 0.003 A" T186% 3.02 411 0.000
E4 A" T2 70% S1 22% 3.02 411 0.000 A' T2 88% 3.04 408 0.007
ES A" T2 66% T129% 3.10 400 0.000 A" T258% T138% 3.10 400 0.000
E6 A T267% T130% 3.10 400 0.000 A T2 58% T138% 3.10 400 0.000
E7 A" S159% T2 28% 3.20 388 0.001 A' T3 74% S2 10% 3.24 383 0.011
E8 A T3 85% 3.24 382 0.003 A" T3 84% 3.27 379 0.000
E9 A" T3 86% 3.26 381 0.000 A' T3 85% 3.27 379 0.000
E10 A' T3 88% 3.26 380 0.001 A" S160% T4 15% 3.28 379 0.001
E1l Al S2 34% T4 33% 3.40 364 0.025 A' S261% T3 18% 3.39 365 0.069
E12 A" T4 66% T5 12% 3.43 361 0.000 A" T5 40% T4 40% 3.46 359 0.000
E13 A' S231% 75 19% 3.45 360 0.025 A' T5 44% S322% 3.47 358 0.002
E14 A" T4 64% T5 15% 3.46 358 0.001 A" T540% S117% 3.50 354 0.003




Table S4. Intrastate coupling values k™ (in eV) associated with each excited state n, and
interstate coupling values A™™) (in eV) between same symmetry states (top) and different
symmetry states (bottom), determined for the selected a’ and a” normal modes, respectively

Re(CO)s(phen)(im)* conformer A. The frequencies o (in cm™) are indicated.

a' S1 S2 T1 T2 T3 T4 T1/T3 T2/T4
93 0.0228 -0.0190 0.0174 -0.0166 -0.0041 -0.0029 0.0000 0.0076
235 -0.0573 -0.0388 -0.0447 -0.0289 -0.0229 -0.0179 0.0095 0.0000
439 0.0095 -0.0023 0.0123 -0.0062 -0.0608 0.0119 0.0189 0.0000
498 -0.0892 -0.0786 -0.0777 -0.0562 -0.0317 -0.0883 0.0138 0.0226
552 0.0149 -0.0019 0.0111 -0.0244 -0.0112 0.0049 0.0185 0.0205
637 -0.0297 0.0375 -0.0239 0.0315 0.0089 -0.0019 0.0189 0.0000

1174 0.0723 0.0379 0.0593 0.0469 -0.0652 0.0539 0.0414 0.0000
1336 0.1065 0.1044 0.1119 0.1517 0.1510 0.1116 0.0000 0.0000
1444 0.0827 0.0921 0.0919 0.1161 0.1806 0.0809 0.0373 0.0189
1554 -0.01838 -0.1254 -0.1726 -0.1687 0.0539 -0.1510 0.0462 0.0000
1623 0.1294 0.0673 0.1139 0.0907 -0.0808 0.0917 0.0481 0.0000
1660 -0.0499 0.0016 -0.0110 0.0572 0.2367 -0.0224 0.0821 0.0000

a" S1/S2 T1/T2 T2/T3 T3/T4

90 0.0158 0.0061 0.0000 0.0129

475 0.0195 0.0378 0.0000 0.0057

626* 0.0393 0.0226 0.0000 0.0349




Table S5. Intrastate coupling values k™ (in eV) associated with each excited state n, and
interstate coupling values A™™) (in eV) between same symmetry states (top) and different
symmetry states (bottom), determined for the selected a’ and a” normal modes of

Re(CO)s(phen)(py)* conformer A, respectively. The frequencies o (in cm™) are indicated.

a' S1 S2 T1 T2 T3 T4 T1/T3 T2/T4
95 -0.0169 0.0306 -0.0090 0.0170 0.0032 0.0166 0.0040 0.0000
219 -0.0336 -0.0234 -0.0342 -0.0314 -0.0234 -0.0113 0.0000 0.0205
434 -0.0191 -0.0092 -0.0158 0.0027 0.0524 -0.0216 0.0332 0.0130
498 0.0913 0.0811 0.0675 0.0503 0.0375 0.0858 0.0220 0.0239
550 0.0040 -0.0161 0.0014 -0.0257 -0.0095 -0.0112 0.0162 0.0210
636 0.0407 -0.0455 0.0267 -0.0256 -0.0003 -0.0061 0.0213 0.0000

1166 -0.0605 -0.0463 -0.0373 -0.0382 0.0575 -0.0524 0.0480 0.0000
1333 0.1068 0.1070 0.1120 0.1556 0.1490 0.1127 0.0000 0.0000
1443 0.0758 0.0811 0.0956 0.1152 0.1715 0.0727 0.0467 0.0307
1551 0.1843 0.1490 0.1565 0.1677 -0.0413 0.1621 0.0805 0.0219
1623 0.1271 0.0991 0.1002 0.0877 -0.0713 0.1052 0.0821 0.0261
1661 0.0466 0.0202 -0.0145 -0.0665 -0.2218 0.0285 0.1143 0.0352

a" $1/S2 T1/72 T2/T3 T3/T4

90 0.0177 0.0038 0.0000 0.0016

476 0.0221 0.0354 0.0000 0.0100

627* 0.0447 0.0191 0.0000 0.0338




Table S6. Intrastate coupling values k™ (in eV) associated with each excited state n, and
interstate coupling values A™™) (in eV) between same symmetry states (top) and different
symmetry states (bottom), determined for the selected a’ and a” normal modes of

Re(CO)s(phen)(py)* conformer B, respectively. The frequencies o (in cm™) are indicated.

a' S1 S2 T1 T2 T3 T4 T2/T3 T1/74
92 -0.0254 0.0311 0.0254 -0.0076 -0.0016 -0.0059 0.0108 0.0000
201 -0.0231 -0.0301 -0.0239 -0.0224 -0.0209 -0.0052 0.0000 0.0187
433 -0.0175 -0.0044 -0.0018 0.0015 0.0298 -0.0218 0.0224 0.0000
499 -0.0921 -0.0777 -0.0559 -0.0540 -0.0492 -0.0959 0.0360 0.0000
548 0.0010 0.0190 -0.0253 -0.0037 -0.0078 -0.0021 0.0000 0.0205
630 0.0425 -0.0517 -0.0365 0.0153 0.0054 0.0326 0.0141 0.0000

1165 -0.0589 -0.0455 -0.0386 -0.0112 0.0324 -0.0515 0.0098 0.0000
1333 -0.1081 -0.1025 -0.1474 -0.1173 -0.1400 -0.1114 0.0249 0.0239
1444 -0.0696 -0.0771 -0.1015 -0.1125 -0.1434 -0.0625 0.0184 0.0000
1553 -0.1861 -0.1461 -0.1695 -0.1107 -0.0084 -0.1679 0.0513 0.0000
1623 0.1299 0.1104 0.0954 0.0660 -0.0282 0.1079 0.0512 0.0373
1662 -0.0472 -0.0228 0.0521 0.0682 0.1596 -0.0326 0.0102 0.0344

a" $1/S2 T1/72 T1/T3 T3/T4

93 0.0136 0.0068 0.0000 0.0209

474 0.0205 0.0301 0.0821 0.0075

627* 0.0296 0.0000 0.0000 0.0429




