Supporting Information

Prediction of strong solvatochromism in a

molecular photocatalyst

Miftahussurur Hamidi Putra,! Benedikt Bagemihl ¥ Sven Rau,} and Axel GroR* 11

fInstitute of Theoretical Chemistry, Ulm University, 89069 Ulm, Germany
Institute of Inorganic Chemistry I, Materials and Catalysis, Ulm University, 89069 Ulm,
Germany

YHelmholtz Institute Ulm (HIU), Electrochemical Energy Storage, 89069 Ulm, Germany

E-mail: Axel.Gross@uni-ulm.de

S1 MPE Solvation Method

The solvation free energy (AGso) determined within the MPE implicit solvation method can

be approximated as

AC;tsol(pism «, B) = AG(el(piso) + AG’ne(pism «, 6)

= AGel(piso) + aO(piso) + 6V(piso)

(S1)

with pis, is the isosurface cavity parameter and AG.(piso) is the electrostatic contribution

to the free energy that can be defined as

AGel(piso) = Ucont(piso) - Uvac (Sz>



Table S1: Estimated pis, parameter for RuPtl; in acetonitrile.

Basis Sets | Data Sets | piso (meV/A3) [ MAE (kcal /mol)
Light %Zﬁil 35é?060 ggi
Tight %Zﬁil 46(5.()000 :13:3411

Really- Tight | e L0 im

where Ueont(piso) 18 the total energy of the molecule in the implicit solvent derived from DFT
calculations and U, is the total energy in vacuum . In addition, the contribution of the

non-electrostatic factor is approximated here by linear regression as

AGne(pisoa «, B) = aO(piso) + ﬁv(piso) (SS)

where O(piso) and V(piso) are the quantum surface and volume cavity. The parameters a,
B and pi, are determined by fitting the solvation free energy to suitable reference data .!?
Thus, we have three parameters that are needed to be defined in order to apply the MPE
solvation method, «, 5 and pis.

However, the determination of these three parameters is computationally rather demand-
ing. In order to reduce the computational effort, one can use a test set from Marenich et
al. ¢ consisting of 7 neutral molecules and 39 cationic molecules. Thus one arrives at o = 46.4
dyn/cm and § = -0.5 GPa.> The only parameter that is left to be determined is the iso-
surface cavity parameter pis,. We have calculated the mean absolute error (MAE) in the
solvation free energy between DFT and and the reference data 1> for an equidistant set of
the isosurface cavity parameter in the interval pi, € [0,100] meV /A3, The minimum MAE
is then determined from a spline cubic interpolation of the MAE values as a function of pjg,.
We have determined p;g, for three different basis sets, light, tight, and really tight.

The optimized pis, for three different basis sets and two different data sets including its

MAE is summarized in Tab. S1. Figure S1 shows the correlation plot between measured
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Figure S1: Correlation plot of the solvation free energy in acetonitrile between experimental
(AGSY ) and calculated (AG) results using the FHI-AIMS code with three different basis-

solv

sets: (a) light, (b) tight, and (c) really-tight.

Table S2: Comparison of the performance of the MPE method used in this work with other
implicit solvent methods ¢ for solvated neutral molecules.

Solvent Method Basis Sets | XC Functional | Software | N | ¢ | MAE (kcal/mol)
SMD 631G* mPWIPW | Gaussian 03 | 7 | 35.69 0.63
SM8 631G(d) mPWIPW | Gaussian 03 | 7 | 35.69 0.61
[EF-PCM (UAO) | 631G(d) mPWIPW | Gaussian 03 | 7 | 35.69 7.21
IEF-PCM (UAHF) 631G(d) mPWI1PW | Gaussian 03 | 7 | 35.69 5.14
CPCM 631G(d) B3LYP GAMESS | 7 | 35.69 1.35
PB 631G(d) B3LYP Jaguar 7 | 35.69 1.75
GCOSMO 631G(d) B3LYP NWCHEM | 7 | 35.69 4.75
Light B3LYP FHI-AIMS | 7 | 35.69 0.73
MPE Tight B3LYP FHI-AIMS | 7 | 35.69 1.05
Really Tight B3LYP FHI-AIMS | 7 | 35.69 1.03

Table S3: Comparison of the performance of the MPE method used in this work with other
implicit solvent methods ¢ for solvated cationic molecules.

Solvent Method Basis Sets | XC Functional | Software | N € MAE (kcal/mol)
SMD 6-31G* MO05-2X Gaussian 03 | 39 | 35.69 4.9
SM8 6-31G(d) mPWIPW | Gaussian 03 | 39 | 35.69 7.2
IEF-PCM (UAO0) 6-31G(d) mPWI1PW | Gaussian 03 | 39 | 35.69 18.7
[EF-PCM (UAHF) | 6-31G(d) | mPWIPW | Gaussian 03 | 39 | 35.69 21.2
CPCM 6-31G(d) B3LYP GAMESS | 39 | 35.69 14.6
PB 6-31G(d) B3LYP Jaguar 39 | 35.69 7.3
GCOSMO 6-31G(d) B3LYP NWCHEM | 39 | 35.69 4.6
Light B3LYP FHI-AIMS | 39 | 35.69 3.23
MPE Tight B3LYP FHI-AIMS | 39 | 35.69 3.28
Really Tight B3LYP FHI-AIMS | 39 | 35.69 3.29




and calculated solvation free energies in acetonitrile for a test set. In order to validate our
approach, we compare the MAE for our method with those of other implicit solvent models
for neutral and cationic solvated molecules in Tab. S2 and Tab. S3, respectively. According
to Tab. S2 and Tab. S3, our MPE calculations yield satisfactory results in comparison with

the other considered methods.



S2 Mulliken Charges of the RuPtl, Complex in Various
Solvents

Table S4: Calculated Mulliken charges of the RuPtl, complex in various solvents.

Solvent Dielectric Constant tpphz bp;}/lulhk(;lt Chargel2 R
Gas Phase 1.0000 0.7465 | 1.1942 | 0.0601 | -0.2780 | 0.2771
Benzene 2.2706 0.8993 | 1.2035 | 0.0801 | -0.4626 | 0.2797
Chlorobenzene 5.6968 0.9951 | 1.2064 | 0.0940 | -0.5722 | 0.2767
Dichloroethane 10.1250 1.0294 | 1.2057 | 0.0987 | -0.6103 | 0.2765
Acetone 20.4930 1.0541 | 1.2048 | 0.1019 | -0.6375 | 0.2768
Ethanol 24.8520 1.0587 | 1.2054 | 0.1025 | -0.6424 | 0.2758
Methanol 32.6130 1.0638 | 1.2053 | 0.1032 | -0.6480 | 0.2757
Acetonitrile 35.6880 1.0649 | 1.2043 | 0.1032 | -0.6494 | 0.2770
DMSO 46.8269 1.0686 | 1.2046 | 0.1036 | -0.6532 | 0.2764
Water 78.3553 1.0738 | 1.2063 | 0.1046 | -0.6589 | 0.2741




S3 Orbital Transitions within the RuPtIl, Photocatalyst

S3.1 Gas Phase

Figure S2: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptlz]?* in gas phase.



Table S5: Molecular orbital transitions of the RuPtly complex in gas phase

State | Transition Orbital Transition % VEE (eV) | A (nm) f
S1 286 — 287 d(Pt),n; — 7 (tpphz) 92.1620 0.3464 3579.58 | 0.0000
S7 | 284 > 287 d(Pt).n; > 7 (tpphz) 85.0182 | 0.7416 | 1671.75 | 0.0339
284 — 294 d(Pt),n; - 7 (tpphz) 76.8106

S37 | TPE) > (iuho) Siomog 20136 | 615.73 | 0.1446

S65 | 275 > 287 d(Ru) > 7 (tpphz) 748134 | 27308 | 454.03 | 0.1657
275 - 290 d(Ru) - 7*(tpphz),7*(bpy) | 24.2041

S85 [ 275 > 291 | d(Ru) - 7 (tpphz),7* (bpy) | 22.6922 | 2.9535 | 419.79 | 0.1406
276 — 289 d(Ru) > 7 (bpy) 14.2665

S95 | 276 - 291 | d(Ru) > 7 (tpphz),m* (bpy) | 805891 | 3.0849 | 401.91 | 0.0937
272 - 287 | d(Pt),m*(tpphz) — 7*(tpphz) | 43.4144

S131 [ 272 > 283 | d(Pt),n(tpphz) — 7 (tpphz) | 27.2366 | 3.5962 | 344.76 | 0.1603
274 - 290 7(tpphz) - 7*(tpphz) 15.8913
972 - 288 | d(Pt),n(tpphz) — 7 (tpphz) | 14.1321

S144 | P s 7 (bon) oo 37728 | 328.62 | 0.2479
272 - 288 | d(Pt),r(tpphz) — 7*(tpphz) | 30.6983

S149 [ 274 > 201 | n(tpphz) — 7 (tpphz),=* (bpy) | 150229 | 3.7916 | 326.99 | 0.7257
279 - 292 d(Pt),n; - 7 (bpy) 16.3684
269 - 291 | m(bpy) - 7*(tpphz),7*(bpy) | 60.0060

5226 270 — 289 7(bpy) — 7 (bpy) 12.6676 4.5435 272.88 | 0.3578
269 — 289 7(bpy) — 7 (bpy) 28.0486

5228 5705291 | w(bpy) — = (tpphz),w (bpy) | 280422 | o814 | 270621 0.6672




Table S6: Molecular orbital singlet-triplet transitions of the RuPtl; complex in gas phase

State | Transition Orbital Transition % VEE (eV) f
T1 286 — 287 d(Pt) — 7 (tpphz) 89.9999 0.3273 0.0000
T7 286 — 289 d(Pt) — 7 (bpy) 93.8943 0.7369 0.0000
277 — 287 d(Ru) - 7*(tpphz) 48.2771

T48 277 — 288 d(Ru) - 7*(tpphz) 14.4668 2.2626 0.0000
277 - 289 | d(Ru) — 7 (bpy), 7 (tpphz) | 18.5830
277 - 290 | d(Ru) - 7*(tpphz), 7*(bpy) | 42.3973

159 57 =591 [ d(Ru) = = (bpy), 7 (ipphz) | 423182 | 21622 | 0-0000
271 - 287 n(tpphz) - 7*(tpphz) 29.1252

190 271 - 288 n(tpphz) - 7*(tpphz) 24.2849 2:9245 00000
269 - 290 | w(bpy) — 7*(tpphz), 7*(bpy) | 10.6750
269 - 291 | w(bpy) — 7*(bpy), 7*(tpphz) | 13.7918

1112 270 - 289 | w(bpy) — 7*(bpy), 7*(tpphz) | 24.7076 32280 00000
278 - 291 | d(Ru) —» n*(bpy), 7*(tpphz) | 11.3478




S3.2 Benzene

Figure S3: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptlz|?* in benzene



Table S7: Molecular orbital transitions of the RuPtl; complex in benzene

State | Transition Orbital Transition Vi VEE (eV) | A (nm) f
ST | 286 - 287 d(Pt).n; > 7 (tpphz) 08.4850 | 1.4222 | 871.80 | 0.0000
S3 284 — 287 d(Pt),n; - 7 (tpphz) 98.4654 1.7276 717.65 | 0.0376
S22 | 284 > 292 | d(Pt),n; — d*(Pt), n (tpphz) | 92.1132 | 2.4154 | 513.30 | 0.1475
279 — 287 d(Ru) - 7*(tpphz) 80.9043

898 oo 3R] > (o) oie 25719 | 48207 | 01134
279 - 288 d(Ru) - 7*(tpphz) 15.5247
279 — 291 d(Ru) - 7*(bpy) 14.4260

S45 S s R ieeps] 29221 | 42430 | 02227
280 - 291 d(Ru) - 7*(bpy) 18.7897
276 — 287 | w(tpphz),d(Pt),n; - 7*(tpphz) | 13.5314

563 277 - 287 | w(tpphz),d(Pt),n; — 7*(tpphz) | 80.7873 33066 37496 ) 0.1186
973 > 287 7(tpphz) — 7 (tpphz) 73.4569

S8 575989 (tpphz) > 7 (tpphz) TTozs7| 0927 | 33943 ) 0.2800
230 = 295 d(Ru) > 7 (bpy) 10.3358

598 281 — 294 d(Ru) - 7*(tpphz) 19.6151 3.8603 321.17 | 0.1622
281 — 297 d(Ru) - 7*(bpy) 57.2921
272 — 287 7(bpy) — 7 (tpphz) 13.7110

S108 | 274 > 289 (tpphz) - 7* (tpphz) 12.9924 | 3.9576 | 313.28 | 0.9685
280 — 294 d(Ru) - 7*(tpphz) 10.4278
274 - 289 7(tpphz) — 7*(tpphz) 10.2016
276 - 292 | w(tpphz),d(Pt),n; - 7*(tpphz) | 36.7790

5116 277 - 292 | w(tpphz),d(Pt),n; - 7*(tpphz) | 13.2499 4.0023 309.78 1 0.4185
380 = 204 d(Ru) > 7 (tpphz) 92,6491
271 - 290 7(bpy) — 7 (bpy) 23.7898

S164 | 272 > 201 7(bpy) = 7*(bpy) 35.7841 |  4.4458 | 278.88 | 0.7919
273 - 291 7(tpphz) — 7*(bpy) 16.0178

S173 | 269 — 288 7(tpphz) - 7*(tpphz) 57.1680 4.5877 270.25 | 0.3658




Table S8: Molecular orbital singlet-triplet transitions of the RuPtl; complex in benzene

State | Transition | Orbital Transition % Excitation Energy f
T1 286 — 287 d(Pt) - m*(tpphz) | 97.9720 1.4128 0.0000
T12 | 286 - 290 d(Pt) — 7*(bpy) 99.4840 2.1321 0.0000
281 — 287 d(Ru) - 7*(tpphz) | 25.4513

T15 281 — 288 d(Ru) - 7*(tpphz) | 54.7016 2.1910 0-0000
281 — 287 d(Ru) —» 7*(tpphz) | 23.6589

128 281 — 290 d(Ru) - 7*(bpy) 55.7209 24650 0-0000

T53 | 270 - 287 | n(tpphz) - 7*(tpphz) | 84.3675 2.9427 0.0000
271 — 291 7(bpy) = 7*(bpy) 24.7414

164 272 — 290 m(bpy) — 7 (bpy) 30.0747 32208 0-0000




S3.3 Chlorobenzene

([(tbbpy)2Ru(tpphz)Ptl;]?* in chlorobenzene.

Figure S4: Frontier orbitals of



Table S9: Molecular orbital transition of the RuPtl; complex in chlorobenzene

State | Transition Orbital Transition Y% VEE (eV) | A (nm) f
S1 286 — 287 d(Pt),n; - 7*(tpphz) 97.2399 2.1458 577.80 | 0.0000
280 — 287 d(Ru) —» 7*(tpphz) 13.2777
S T e d(Pt),n; > 7 (tpph2) 34580 | 2o870 | o19.2T 1 0.1336
280 — 289 d(Ru) — 7*(tpphz) 31.4615
$20 [ 280 = 291 d(Ru) > 7 (bpy) 337021 | 2.7886 | 444.61 | 0.1115
281 — 288 d(Ru) - 7*(tpphz) 29.1069
25 | 283 > 200 d(Pt);n; > 7 (tpph2) 86.6060 | 2.8502 | 435.00 | 0.2030
230 > 292 d(Ru) > 7 (bpy) 70.3867
S30 (oot (R > 7 (bor) Seoreo ] 29103 | 426.02 | 0.1346
276 — 287 | w(tpphz), w(bpy) — 7*(tpphz) | 26.0353
555 278 - 287 | w(tpphz), m(bpy) - 7*(tpphz) | 58.2423 3.9590 34837 | 0.5268
S80 | 277 = 288 | m(tpphy), d(Pt) - 7 (tpphz) | 69.9508 | 3.9684 | 312.43 | 0.7051
272 — 288 d(Pt),n; - 7 (tpphz) 13.7058
274 - 289 | w(tpphz), d(Pt) —» 7*(tpphz) | 12.8241
S131 | 275 - 291 7(bpy) — 7 (bpy) 16.2188 4.4571 278.17 | 0.8980
276 - 292 | w(tpphz), w(bpy) — 7*(bpy) | 15.2849
278 - 292 | w(tpphz), m(bpy) - 7*(bpy) | 20.3828




Table S10: Molecular orbital singlet-triplet transitions of the RuPtly complex in chloroben-
zene

State | Transition | Orbital Transition % Excitation Energy f
T1 286 — 287 d(Pt) - m*(tpphz) | 92.4392 2.1282 0.0000
284 — 287 d(Ru) - 7*(tpphz) | 37.3853
12 284 - 289 | d(Ru) - 7*(tpphz) | 43.8385 21722 00000
T11 284 — 292 d(Ru) — 7*(bpy) 76.7709 2.4662 0.0000
T37 | 271 - 287 | n(tpphz) - 7*(tpphz) | 87.7733 2.9538 0.0000
T39 | 286 — 291 d(Pt) - 7*(bpy) 99.1852 3.0404 0.0000
275 — 292 7(bpy) — 7 (bpy) 24.5196
T48 | 276 — 291 m(bpy) — 7 (bpy) 18.9334 3.2194 0.0000
278 — 291 7(bpy) - 7*(bpy) 15.1966




S3.4 Dichloroethane

tbbpy)sRu(tpphz)Ptl;|?* in dichloroethane.

I(

(

Figure S5: Frontier orbitals of



Table S11: Molecular orbital transitions of the RuPtl; complex in dichloroethane

State | Transition | Orbital Transition % VEE (eV) | A (nm) f
286 - 287 | d(Ru) - = (tpphz) | 85.0025
S1 852200 | d(Ru) > w(ioehs) 124331 22129 | 56028 | 0.0004
S3 282 — 287 d(Ru) - 7*(tpphz) | 95.1565 2.3748 522.08 | 0.0755
982 — 288 | d(Ru) — 7 (tpphz) | 14.9233
S20 282 — 292 d(Ru) - 7*(bpy) 21.9307 2.8042 442.14 | 0.0648
983 5 201 | d(Ru) > 7 (bpy) | 55.2868
282 - 290 | d(Ru) — 7 (tpphz) | 14.1140
$22 [282 5291 | d(Ru) > n*(bpy) | 39.8707 | 2.8655 | 432.68 | 0.1799
983 > 202 | d(Ru) > = (bpy) | 37.1501
982 > 292 | d(Ru) > 7 (bpy) | 68.4544
$23 oo 90T | d(Ru) > by 28 ssor| 29077 | 42640 | 01389
S26 | 281 - 289 | d(Pt),n; — 7 (tpphz) | 75.3231 | 3.0192 | 410.65 | 0.1157
276 — 287 | w(tpphz) - 7*(tpphz) | 67.6191
550 378 > 287 | 7(bpy) = 7 (tpphz) | 16.1960 3.5889 345.47 | 0.4606
275 — 288 | w(tpphz) - 7*(tpphz) | 44.7401
STS 76— 950 T r(tophe) — w(ioghe) 200301 L0169 | 308.66 | 1.0033
977 > 291 | n(bpy) = 7 (bpy) | 24.5715
S122 e o0y T n(boy) o x(bay] [ dS3350] 1621 | 27786 | 10013




Table S12: Molecular orbital singlet-triplet transitions of the RuPtly, complex in
dichloroethane
State | Transition | Orbital Transition % VEE (eV) f
L jg%ﬁg - Zﬁiiilﬁii 21507 | 0.0000
7 o 38?8 - ;Eggﬁg Dot 23702 | 0.0000
0 et dé?ﬁi)iigt(pbg};? e 24635 | 0.0000
TR o “ﬂf&fffl}f{gpphpﬁf ) e 29500 | 0.0000
PR LES N
T47 | 285 > 291 | d(Pt) - = (bpy) | 992049 | 3.3674 | 0.0000




S3.5 Acetone

PtI5|?* in acetone

)

Figure S6: Frontier orbitals of ([(tbbpy)sRu(tpphz



Table S13: Molecular orbital transition of the RuPtl, complex in acetone

State | Transition | Orbital Transition % VEE (eV) | A (nm) f
ST | 286 > 287 | d(Ru) - 7 (tpphz) | 88.4902 | 2.1781 | 569.22 | 0.0004
S3 285 — 287 d(Ru) - 7*(tpphz) | 90.9172 2.3402 529.80 | 0.0605
284 - 290 | d(Ru) = 7 (tpphz) | 57.0654

S13 581 5 901 d(Ru) > 7 (bpy) 54 9571 2.7680 447.92 | 0.2274
984 > 200 | d(Ru) — 7" (tpphz) | 14.4948

S19 284 — 291 d(Ru) - 7*(bpy) 39.8171 2.8641 432.88 | 0.1367
285 > 292 | d(Ru) > 7 (bpy) | 36.3105
284 > 292 | d(Ru) > 7" (bpy) | 66.0307

$21 g aoT | d(Ru) o by 3TE3IE| 2908 | 42643 | 0.1415
981 > 289 | d(Pt)n; — 7* (tpphz) | 82.9730

S31 553288 | (DU > w(tpbe) T T0570r|  S1489 | 89374 | 0.0969
976 — 2387 | 7(tpphz) — 7" (tpphz) | 26.3422

S46 585 > 294 | d(Ru) — = (tpphz) | 56.2542 3.5947 344.91 | 0.3036
275 > 288 | m(tpphz) — 7" (tpphz) | 19.7758

ST6 1576 5289 | w(tpphz) > 7 (tpphz) | 56.1652 | <0203 | 30839 ) 0.5177
275 — 288 | w(tpphz) - 7*(tpphz) | 25.9863

S80 276 — 289 | w(tpphz) — 7*(tpphz) | 20.4429 4.0584 305.50 | 0.8026
277 - 288 | w(bpy) - 7*(tpphz) | 15.1514
277 — 291 7(bpy) = 7 (bpy) 26.7005

SU5 | —og— 500 T n(bor] > (o) [468a86 | L4789 | 27682 | 0.9861




Table S14: Molecular orbital singlet-triplet transitions of the RuPtl, complex in acetone

State | Transition | Orbital Transition % VEE (eV) f
T1 286 — 287 | d(Ru) - 7*(tpphz) | 61.7249
286 — 290 | d(Ru) —» 7*(tpphz) | 27.1422
986 > 200 | d(Ru) - 7 (tpphz) | 11.8477
286 — 291 d(Ru) - 7*(bpy) 73.5102
283 = 287 | d(Pt) - 7 (tpphz) | 43.1112
T10 | 283 — 289 d(Pt) - 7*(tpphz) | 18.7627 2.5208 0.0000
285 - 290 d(Ru) - 7*(tpphz) | 14.6113
T3 273 - 287 | n(tpphz) - 7*(tpphz) | 61.1618
280 > 287 | d(Pt) - n*(tpphz) | 25.6385

T39 | 277 > 292 | w(bpy) = 7*(bpy) | 27.9303
278 - 291 7(bpy) — 7*(bpy) 33.1542
T60 | 283 - 291 d(Pt) - 7*(bpy) 99.1485 3.6044 0.0000

2.1297 0.0000

TS 2.4572 0.0000

2.9670 0.0000

3.2135 0.0000




S3.6 Ethanol

2{8

293

Figure S7: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptlz]?* in ethanol



Table S15: Molecular orbital transition of the RuPtl; complex in ethanol

State | Transition Orbital Transition % VEE (eV) | A (nm) f
S1 286 — 287 d(Ru) - 7*(tpphz) 89.0579 2.1719 570.85 | 0.0005
S3 284 — 287 d(Ru) - 7*(tpphz) 95.8697 2.3305 532.00 | 0.0588
284 - 290 d(Ru) - 7*(tpphz) 61.4054

S13 581 5 991 d(Ru) > 7 (bpy) 96,3735 2.7646 448.47 | 0.1968

SI7 | 281 > 287 | d(Pt),n; — 7 (tpphz) | 85.0625 | 2.8257 | 438.78 | 0.1462
984 — 202 d(Ru) — 7 (bpy) 65.0342

820 (S TR > 7 (o) G 20053 | 42676 | 0.1428
281 > 280 | d(Pt),n; — 7 (tpphz) | 14.8218

533 5835203 [y > (ool (PO | R0.r2iz | O TS| 390:22 1 0.0062
276 — 287 7 (tpphz) — 7*(tpphz) 54.6932

549 278 — 287 7(bpy) — 7 (tpphz) 19.6690 3.6082 343.62 | 0.2626
985 — 204 d(Ru) > 7 (tpphz) | 10.4333
275 — 288 m(tpphz) — 7*(tpphz) 29.3072

S79 276 — 289 m(tpphz) — 7 (tpphz) 15.9726 4.0555 305.72 | 0.8908
277 - 288 7(bpy) — 7 (tpphz) 18.1612
277 - 291 7(bpy) - 7*(bpy) 26.7634

S114 278 — 292 7(bpy) = 7*(bpy) 165077 4.4799 276.76 | 0.9883




Table S16: Molecular orbital singlet-triplet transitions of the RuPtl, complex in ethanol

State | Transition | Orbital Transition % VEE (eV) f
286 - 287 | d(Ru) - 7 (tpphz) | 63.7501

286 - 290 | d(Ru) - 7*(tpphz) | 25.5212 21257 00000
986 — 290 | d(Ru) — 7 (tpphz) | 12.6948
286 — 291 d(Ru) — 7*(bpy) 73.0188
283 > 287 | d(Pt) — n*(tpphz) | 33.5888
T12 | 283 - 289 d(Pt) - 7*(tpphz) | 19.2609 2.5352 0.0000
285 - 290 d(Ru) - 7*(tpphz) | 15.0470
273 - 287 | n(tpphz) - 7*(tpphz) | 70.6718
129 285 — 289 d(Ru) — 7*(tpphz) | 11.2822 29517 00000
T39 | 277 - 292 7(bpy) — 7*(bpy) 27.8736 39141 0.0000
278 — 291 7(bpy) — 7 (bpy) 32.9802 '
T67 | 283 > 291 | d(Pt) - n*(bpy) | 99.1429 | 3.6474 | 0.0000

T1

TS 2.4559 0.0000




S3.7 Methanol

293

Figure S8: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptls]?* in methanol



Table S17: Molecular orbital transitions of the RuPtl; complex in methanol

State | Transition | Orbital Transition % VEE (eV) | A (nm) f
S1 286 — 287 d(Ru) - 7*(tpphz) | 89.5925 2.1643 572.86 | 0.0005
S3 284 — 287 d(Ru) - 7*(tpphz) | 95.9583 2.3224 533.86 | 0.0561
284 - 290 | d(Ru) = 7 (tpphz) | 62.8791

S13 584 5 991 d(Ru) > 7 (bpy) 56,8249 2.7638 448.60 | 0.1809
281 - 287 | d(Pt),n; — 7*(tpphz) | 44.9409

S17 [ 2845291 | d(Rw) > n*(bpy) | 25.1894 | 2.8501 | 435.02 | 0.2613
985 > 202 | d(Ru) > «*(bpy) | 20.1244
284 > 292 | d(Ru) > 7" (bpy) | 65.0347

$20 I ogsooT T d(Ru) > by [ SamEg| 2905 | 42673 | 0.1429
231 > 280 | d(Pt),n; — 7 (tpphz) | 77.6557

S33 358 988 | d(PO e > w(inhe) [ T50050] 31993 | 38754 | 0.1395
276 — 287 | w(tpphz) — 7*(tpphz) | 45.4371

549 278 — 287 7(bpy) — m*(tpphz) | 20.1854 3.6103 343.42 | 0.2442
279 - 288 | d(Pt) > 7 (tpphz) | 19.4301
275 - 288 | w(tpphz) — m*(tpphz) | 31.4456

ST 3258 | wlbey) = 7(ipohz) | 234525 | 090 | 80584 | 0.0671
277 - 291 7(bpy) - 7*(bpy) 27.2130

S14 o 500 T n(boe] = (boy] |45 7aeg| 44965 | 27635 | 0.9584




Table S18: Molecular orbital singlet-triplet transitions of the RuPtl, complex in methanol

State | Transition | Orbital Transition % VEE (eV) f
286 - 287 | d(Ru) — 7' (tpphz) | 66.0537
286 - 290 | d(Ru) - 7*(tpphz) | 23.8326
286 - 290 | d(Ru) - 7 (tpphz) | 13.2088
286 — 291 d(Ru) - 7*(bpy) 72.7532
283 > 287 | d(Pt) - 7 (tpphz) | 18.4334
283 — 289 d(Pt) - 7*(tpphz) | 14.1906
T13 | 284 - 288 | d(Ru) - 7*(tpphz) | 11.2642 2.5470 0.0000
285 > 290 | d(Ru) - 7* (tpphz) | 19.1185
285 > 291 | d(Ru) > 7 (Ru) | 10.6002
T31 | 273 = 287 | u(tpphz) — 7 (tpphz) | 85.2296 | 2.9616 | 0.0000

277 - 292 7(bpy) — 7*(bpy) 27.9483
188 S =201 | wbpy) > 7 (bpy) | 329055 | 2137 | 0-0000
T66 283 — 291 d(Pt) - 7*(bpy) 98.1372 3.6963 0.0000

T1 2.1205 0.0000

TS 2.4545 0.0000




S3.8 Acetonitrile

293

Figure S9: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptls]?* in acetonitrile



Table S19: Molecular orbital transitions of the RuPtl; complex in acetonitrile

State | Transition Orbital Transition Vi VEE (eV) | A (nm) f
ST | 286 > 287 d(Ru) > 7 (tpphz) 80.6541 | 2.1618 | 573.51 | 0.0005
S3 284 — 287 d(Ru) — 7*(tpphz) 95.9223 2.3235 533.61 | 0.0562
284 > 290 d(Ru) > 7 (tpphz) 63.7208

S13 581 5 201 d(Ru) = 7 (bpy) 263480 2.7660 448.24 | 0.1834
281 — 287 d(Pt), n; - 7*(tpphz) 26.7414

S17 284 — 291 d(Ru) - 7*(bpy) 33.4726 2.8541 434.40 | 0.2625
285 — 292 d(Ru) - 7*(bpy) 27.4096
284 > 292 d(Ru) > 7 (bpy) 64.8547

S20 S AR > 7 (boy) oo 29063 | 426.60 | 0.1441
281 > 239 d(Pt), ns > 7 (tpphz) 80.1986

533 283 — 288 d(Pt), n; - 7 (tpphz) 13.5846 32001 386.72 | 0.1325
276 — 237 7(tpphz) — 7 (tpphz) 56.8301

S48 e 957 m(bpy) - 7 (tpphz) ss o7 00087 343.57 | 0.3019
275 - 288 7(tpphz) — 7*(tpphz) 32.1682

ST7 277 — 288 m(bpy) — 7*(tpphz) 53 5120 4.0511 306.05 | 0.9707
277 - 291 7(bpy) - 7*(bpy) 27.0083

S112 278 — 292 7(bpy) - 7 (bpy) 159572 4.4815 276.66 | 0.9648
270 - 290 d(Pt), ny - 7 (tpphz) 10.6463

S199 [ 271 > 293 d(Pt),n; > d*(Pt) 356601 | 5.2114 | 237.91 | 0.2970
274 - 294 | w(tpphz),d(Pt),n; — 7*(tpphz) | 29.0474




Table S20: Molecular orbital singlet-triplet transitions of the RuPtl, complex in acetonitrile

State | Transition | Orbital Transition % VEE (eV) f
286 - 237 | d(Ru) > 7 (tpphz) | 66.6366

Tl 865200 T d(Ra) > r(ipphs) [ 2570a] 21186 | 0:0000
286 — 290 | d(Ru) — 7 (tpphz) | 12.7856

18 5865201 | d(Rw) = a(bpy) | 732365 | ot | 0-0000
283 — 287 d(Pt) —» 7*(tpphz) 329388
283 » 289 | d(Pt) > 7" (tpphz) | 14.0333

TI6 gy o88 | d(PY) > w(tophs] [ 26.0567| 20505 | 00000

285 — 291 d(Ru) - 7 (bpy) 13.3945
T31 | 273 - 287 | n(tpphz) — 7+ (tpphz) | 86.2037 | 2.9621 | 0.0000
T38 277 - 292 7(bpy) - 7 (bpy) 28.1610

278 - 291 7(bpy) — 7 (bpy) 33.0777
T67 | 283 5291 | d(Pt) > m*(bpy) | 99.1232 | 3.7098 | 0.0000

3.2122 0.0000




S3.9 DMSO

293

Figure S10: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptl,]?* in DMSO



Table S21: Molecular orbital transitions of the RuPtl; complex in DMSO

State | Transition | Orbital Transition % VEE (eV) | A (nm) f
S1 286 — 287 d(Ru) - 7*(tpphz) 90.0240 2.1563 574.99 | 0.0005
S3 | 284 > 287 | d(Ru) - n*(tpphz) | 95.9251 | 2.3170 | 535.11 | 0.0570
981 > 200 | d(Ru) - 7" (tpphz) | 66.1043

S12 584 5 991 d(Ru) > 7 (bpy) 511679 2.7620 448.89 | 0.1923
284 — 291 d(Ru) - 7 (bpy) 43.3176

S17 985 5 207 d(Ru) > 7 (bpy) 35 3775 2.8549 434.28 | 0.2207
284 > 292 | d(Ru) > *(bpy) | 65.6085

520 585 5 901 d(Ru) > 7 (bpy) 319404 2.9032 427.06 | 0.1478
281 - 289 | d(Pt),n; — 7*(tpphz) | 80.6653

333 1985 5288 | d(Pt)ny - m (tpphz) | 148774 | 52209 | 38494 ) 0.1244
276 — 287 | w(tpphz) — 7*(tpphz) | 58.1473

548 278 — 287 7(bpy) — 7*(tpphz) | 26.2711 3.6052 343.91 1 0.3302
275 — 288 | w(tpphz) — 7*(tpphz) | 35.0167

576 277 — 288 7(bpy) — 7 (tpphz) | 22.9029 4.0442 306.57 1 1.0046

SI108 | 277 > 202 | m(bpy) > n*(bpy) | 77.1754 | 4.4482 | 278.73 | 0.2501
277 — 291 7(bpy) = 7*(bpy) 26.0916

S111 573 5 907 7(bpy) = 7 (bpy) 16,5709 4.4686 277.46 | 1.0012
971 > 293 | d(Pt),ns » d*(Pt)n; | 465130

5200 274 - 294 | w(tpphz) — 7 (tpphz) | 25.7059 5-3133 237.82 | 0.3813




Table S22: Molecular orbital singlet-triplet transitions of the RuPtl, complex in DMSO

State | Transition | Orbital Transition % VEE (eV) f
o1 | 286287 | d(Rw) > r*(tpphz) | 68.2509
986 > 290 | d(Ru) = 7 (tpphz) | 22.3503
286 - 290 | d(Ru) - 7 (tpphz) | 13.1379
286 — 291 d(Ru) - 7*(bpy) 73.0429
283 > 287 | d(Pt) - n*(tpphz) | 35.7790
T16 | 283 > 280 | d(Pt) > n*(tpphz) | 19.9737 | 26141 | 0.0000
284 > 280 | d(Pt) = n*(tpphz) | 23.8354
T30 | 273 - 287 | n(tpphz) - 7*(tpphz) | 87.6620 2.9633 0.0000
277 - 292 7(bpy) - 7*(bpy) 28.2001
138 278 — 291 7(bpy) - 7*(bpy) 32.9802 32126 00000
T70 | 283 5291 | d(Pt) - 7*(bpy) | 99.1420 | 3.7449 | 0.0000

2.1148 0.0000

T8

2.4533 0.0000




S3.10 Water

Figure S11: Frontier orbitals of ([(tbbpy)sRu(tpphz)Ptly|?* in water



Table S23: Molecular orbital singlet-singlet transitions of the RuPtl, complex in water

State | Transition | Orbital Transition % VEE (eV) | A (nm) f
S1 286 — 287 d(Ru) - 7*(tpphz) | 90.5481 2.1536 575.70 | 0.0005
S2 284 — 287 d(Ru) - 7*(tpphz) | 96.1080 2.2974 539.67 | 0.0529
284 = 290 | d(Ru) = 7 (tpphz) | 65.9940

S12 584 5 991 d(Ru) > 7 (bpy) 519971 2.7498 450.88 | 0.1771
284 > 200 | d(Ru) - 7 (tpphz) | 10.3349

S17 284 — 291 d(Ru) - 7*(bpy) 43.4629 2.8508 434.91 | 0.1968
985 - 293 | d(Ru) > 7 (bpy) | 36.7499
984 - 293 | d(Ru) > 7*(bpy) | 64.2456

S | er o0 T (R S () 2eTrs] 29988 | 42771 | 0.1466
281 > 288 | d(Pt),n; — 7 (tpphz) | 78.1550

S33 358 980 | d(PO e > we(inhe) [ T7a085] 32475 | 38L78 | 0.1189
276 - 287 | m(tpphz) — 7 (tpphz) | 50.6058

S48 e o5t T x(boy) > 7+ tpolz) | 36.1500] S0094 | 34350 | 02011
275 - 289 | m(tpphz) — 7 (tpphz) | 30.9386

ST 955 | x(boy) > 7+ (tpohz) | 32.1313] 40466 | 30639 | 0.0673
277 - 291 7(bpy) - 7 (bpy) 27.6188

S111 578 5 993 (bpy) = 7 (bpy) 15073 4.4884 276.23 | 0.9546




Table S24: Molecular orbital singlet-triplet transitions of the RuPtl, complex in water

State | Transition | Orbital Transition % VEE (eV) f

o1 | 286~ 987 | d(Rw) » n*(tpphz) | 70.0597

986 > 290 | d(Ru) = m*(tpphz) | 20.3407

286 - 290 | d(Ru) — 7 (tpphz) | 17.3107

286 — 291 d(Ru) - 7*(bpy) 68.5644
283 - 287 | d(Pt) — 7 (tpphz) | 34.8462

T16 | 283 > 283 | d(Pt) - n*(tpphz) | 25.3315 | 2.6246 | 0.0000
284 > 289 | d(Pt) = n*(tpphz) | 18.2636

T30 | 273 - 287 | n(tpphz) — =+ (tpphz) | 88.1287 | 2.9635 | 0.0000
277 - 293 7(bpy) - 7*(bpy) 27.7274

138 278 — 291 7(bpy) - 7*(bpy) 32.2019 32149 00000

T72 | 283 5201 | d(Pt) - 7*(bpy) | 98.2998 | 3.7924 | 0.0000

2.1145 0.0000

TS 2.4548 0.0000




S4 Orbital Transitions of the RuPdCl,; Photocatalyst

S4.1 Gas Phase

274

273

270

Figure S12: Frontier orbitals of ([(tbbpy)sRu(tpphz)PdCl,|?* in gas phase



Table S25: Molecular orbital transition of the RuPdCly complex in gas phase

States | Transition Orbital Transition Vi VEE (eV) | A (nm) f
S1 278 — 279 d(Pd), n¢; — 7 (tpphz) 90.1636 0.8658 1432.02 | 0.0000
S5 | 276 > 279 d(Pd), nor — 7 (tppha) 88.0783 | 12116 | 1023.31 | 0.0222
276 — 286 d(Pd), nor = 7 (tppha) 64.5271

S37 278 — 288 d(Pd), ney — 7 (bpy) 13.3851 2.4611 503.78 | 0.0999
978 > 289 d(Pd), ner = 7 (tpph) 13.8033
269 > 279 d(Ru), ner — 7 (tpphz) 58.5340

S52 [ 271 > 279 | d(Ru), d(Pd), ner — 7 (tpphz) | 20.6995 | 2.7191 | 455.98 | 0.1580
273 - 283 d(Ru) - 7*(bpy),7* (tpphz) 10.3176
269 — 282 d(Ru), ner — 7 (tpphz) 12.8707

S67 269 - 283 | d(Ru), ngy — 7 (bpy),7*(tpphz) | 26.9070 2.9596 418.92 | 0.1416
270 - 281 d(Ru) - 7*(bpy) 46.2568
270 - 282 d(Ru) — 7*(tpphz) 16.7574

ST 270 - 283 d(Ru) - 7*(bpy),7* (tpphz) 66.0790 30735 40340 1 0.1127
265 — 280 7(tpphz) — 7* (tpphz) 16.1028

S118 | 266 > 282 (tpphz) > 7 (tpphz) 32.0560 | 3.7765 | 328.30 | 0.2506
266 — 283 | w(tpphz) — 7*(bpy),7*(tpphz) | 42.0059
265 — 280 7(tpphz) — 7 (tpphz) 33.0972

S 665983 | wltpphz) — 7 (bpy),« (tpphz) | 475469 | 0028 | 326.03 1 0.7067
261 — 283 m(bpy) — 7*(bpy),7* (tpphz) 51.1708

$206 ey o] > o) e 45389 | 27316 | 0.2899
261 — 281 7 (bpy) - 7*(bpy) 29.0947

5210 262 — 283 7(bpy) — m*(bpy),7*(tpphz) 33.0078 4.581 270.65 | 0.6416




S4.2 Acetonitrile

tpphz)PdCl,|?* in acetonitrile

(

Figure S13: Frontier orbitals of ([(tbbpy)2Ru



Table S26: Molecular orbital transitions of the RuPdCl; complex in acetonitrile

States | Transition Orbital Transition % VEE (eV) | A (nm) f
S1 278 — 279 d(Ru) - 7*(tpphz) 88.9671 2.1645 572.81 | 0.0004
S3 276 — 279 d(Ru) - 7*(tpphz) 95.9140 2.3472 528.22 | 0.0518
276 — 282 d(Ru) - 7*(tpphz) 61.5096

s12 = AR > 7 by s oy 27857 | 44507 | 01513
976 > 232 d(Ru) > 7 (tpphz) 14.2087

S16 276 — 284 d(Ru) - 7*(bpy) 39.7636 2.8653 432.71 | 0.1672
277 = 285 d(Ru) > 7 (bpy) 38.0845
276 — 285 d(Ru) > 7 (bpy) 59.4966

S18 o= aRa) > (o) o-gmog ] 29108 | 425.95 | 0.1514

524 274 - 279 d(Pd), ne; » 7 (tpphz) 92.6868 3.2078 386.51 | 0.1730

540 277 — 286 d(Ru) - 7*(tpphz) 81.3017 3.6112 343.33 | 0.1077
267 - 279 | d(Pd), ney, 7(tpphz) - 7* (tpphz) | 33.3973

543 270 - 279 7(bpy) — 7 (tpphz) 31.7636 3.6529 339.41 | 0.1693
976 — 237 d(Ru) > 7 (bpy) 10.0074
276 — 288 d(Ru) > 7 (bpy) 78.4629

e TR~ (b e 38723 | 32018 | 0.1346
267 - 281 | d(Pd), n¢y, m(tpphz) - 7*(tpphz) | 20.0028

866 e e o) e o) iy | L0542 | 30582 | 1.0275
268 — 280 m(tpphz) — 7*(tpphz) 15.2153

S73 270 — 282 7(bpy) — 7 (tpphz) 13.2407 4.1301 300.20 | 0.3042
278 — 208 d(Ru) > d*(Ru) 99.2551

S98 | 269 > 285 7(bpy) > 7 (bpy) 712542 | 44502 | 278.60 | 0.2608
269 — 284 7(bpy) — 7 (bpy) 27.4867

8101 o e Hoog|  AATOT | 27677 | 0.9604




S5 Orbital Transition of the RuPtCl, Photocatalyst

S5.1 Gas Phase

Figure S14: Frontier orbitals of ([(tbbpy)sRu(tpphz)PtCl,]?* in gas phase



Table S27: Molecular orbital transitions of the RuPtCly; complex in gas phase

States | Transition Orbital Transition % VEE (eV) | A (nm) f
S1 278 - 279 d(Pt), ng; - 7 (tpphz) 89.1006 0.8027 1544.59 | 0.0001
S5 276 - 279 d(Pt), ng; » 7 (tpphz) 79.9682 1.1453 1082.55 | 0.0288
276 — 286 d(Pt), neyr — Ney, ¥ (tpphz) 71.3272

S TBT) o e b St 24904 | 49785 | 0.1713
269 = 279 | d(Ru), d(Pt), ncy — 7 (tpphz) | 17.5635

1 ST 5979 [ d(Ruw), d(Pt), nor — = (tpphz) [ 50.7893 | 27230 | 459.22 1 01441
270 > 281 d(Ru) > 7 (bpy) 15.6968

S62 | 271 > 282 | d(Ru) — 7 (tpphz), 7 (bpy) | 12.2206 | 29581 | 419.13 | 0.1421
271 - 283 | d(Ru) - 7*(tpphz), 7*(bpy) | 22.2151
265 - 279 d(Pt) > 7 (tpphz) 47,2042

S102 | 265 — 280 d(Pt) - 7*(tpphz) 22.9666 3.658 338.94 | 0.224
268 - 282 | d(Pt) -» 7*(tpphz), 7*(bpy) | 19.2324
265 — 280 7(tpphz) — 7*(tpphz) 40.4118

S116 | 268 - 283 | d(Pt) —» «*(tpphz), 7*(bpy) | 17.4711 3.8241 324.22 | 0.8144
278 - 297 d(Pt), ng; - 7 (tpphz) 17.6834
261 - 283 | w(bpy) — 7*(tpphz), 7*(bpy) | 53.3586

8195 oo o] ot o) el A543 | 27301 | 03577
261 — 281 7(bpy) — 7*(bpy) 27.1526

5201 262 - 283 | w(bpy) — 7*(tpphz), 7*(bpy) | 30.9039 4.5836 270.50 1 0.5994




S5.2 Acetonitrile

tpphz)PtCly|?* in acetonitrile

(

Figure S15: Frontier orbitals of (|(tbbpy).Ru



Table S28: Molecular orbital transitions of the RuPtCly; complex in acetonitrile

States | Transition | Orbital Transition % VEE (eV) | A (nm) f
ST | 278 5> 279 | d(Ru) - n (tpphz) | 89.4400 | 2.1547 | 57541 | 0.0005
S3 277 — 279 d(Ru) — 7*(tpphz) 95.8392 2.3366 530.62 | 0.0518
276 — 282 d(Ru) — 7*(tpphz) 64.0825

S11 576 5 933 d(Ru) > 7 (bpy) 57 7617 2.7838 445.38 | 0.1695
976 - 282 | d(Ru) — 7 (tpphz) | 12.3604

S15 276 — 283 d(Ru) - 7*(bpy) 42.0646 2.8634 433.00 | 0.1729
977 > 284 | d(Ru) > 7 (bpy) | 38.1708
276 > 284 | d(Ru) > 7 (bpy) | 59.4050

S16 o TRa) > (b T38 0800 2914 | 42586 | 0.1522
267 - 279 | d(Pt), ng; — 7*(tpphz) | 42.6223

538 55979 | n(bpy) > (ipphz) | 436683 | 0104 | 34058 102330
967 — 231 | d(Pt), ney — 7 (tpphz) | 13.6221

S65 268 —» 280 | w(tpphz) — 7*(tpphz) | 23.7898 4.044 306.59 | 0.7409
274 - 283 | d(Pt), nor — 7 (bpy) | 27.3460
269 — 283 7(bpy) — m*(bpy) 27.8542

S100 |t oSt T a (b = (] [ aS6asa|  A4T4 | 27679 | 09304
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