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Supporting Information

L.

This section lists Cartesian coordinates (Angstroms) corresponding to optimized molecular

geometries of 1-4 in the ground electronic state, Sy, T, and T,.

Geometry of 1 optimized in the ground electronic state using B3LYP/aug-cc-pVTZ.
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Geometry of 2 optimized in the ground electronic state using B3LYP/aug-cc-pVTZ.
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Geometry of 3 optimized in the ground electronic state using B3LYP/aug-cc-pVTZ.
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Geometry of 4 optimized in the ground electronic state using B3LYP/aug-cc-pVTZ.
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Geometry of 1 optimized in the S, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 2 optimized in the S, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 3 optimized in the S, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 4 optimized in the S, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 1 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 2 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 3 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 4 optimized in the T electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 1 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.

ZZooxT Iz OoOOOoooo

Geometry of 2 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 3 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ.
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Geometry of 4 optimized in the T, electronic state using CASSCF[14e,110]/aug-cc-pVDZ
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Our characterization of an excited electronic state as (m,m*) is premised upon the fact that
the configuration state function with the largest coefficient (absolute value) within the state-
averaged CASSCF wave function has an electronic configuration that involves the promotion of
an electron from a 7 to m* orbital (relative to the ground state) even though other CSFs with
different electronic configurations also contribute to the overall wave function, albeit to a smaller
extent. A more compact representation of the multi-configurational wave function for each
electronic state is possible within the basis of natural orbitals that are specific to the state. Here
we list coefficients of top contributing CSFs to the wave function of each electronic state in the
natural orbital basis.

Table S1 — Coefficients of dominant CSFs for each excited electronic state of 1-4 in the natural
orbital basis. (n,m*) means that the CSF has an electronic configuration involving excitation of
an electron from a m to n* orbital relative to the ground state. (w,n*,m,m*) means that the CSF is

doubly excited relative to the ground state.

1 2 3 4
S1 0.91295 (m,m*) 0.89735 (m,7*) -0.89593(mt,7t*) -0.77660 (m,m*)
-0.14022 (m,m*,(1,7*) -0.13627 (m,m*) 0.24057 (m,7*,m,m*)
-0.10232 (m,m*)
S2 -0.85382 (n,n*) 0.83119 (n,7*) 0.84817 (n,m*) 0.85531 (m,m*)
-0.27282 (n,n*) -0.27778 (n,*) 0.30499 (n,7*) -0.23764 (n,m*)
-0.23285 (n,*, m,m*) -0.25302 (n,m*, m,m*) -0.20463(n,m*,m,1*)
S3 0.81722 (n,m*) -0.64447 (n,m*,mt,m*) 0.82030 (n,m*) -0.83819 (n,n*)
0.32625 (n,m*) 0.56510 (m,t*,mt,*) 0.34615 (n,m*) 0.31314 (n,m*)
0.26707 (n,zt*, m,7*) -0.28937 (m,m*,m,1t*) -0.20272 (n,m*,m,*) 0.20367 (n,t*,mt,x*)
T1 -0.87318 (m,m*) 0.86792 (m,x*) 0.85174 (m,*) 0.84648 (m,*)
-0.29684 (m,n*) 0.31588 (m,t*) 0.35469 (n,n*) 0.36799 (m,m*)
T2 0.84079 (n,m*) 0.81708 (m,m*) 0.83284 (n,m*) -0.80587 (m,n*)
0.33093 (n,*) 0.46566 (m,7t*) 0.36186 (n,m*) -0.48577 (m,n*)
0.15729 (n,zt*, m,m*)
T3 0.68885 (m,m*) -0.82294 (n,n*) -0.68924 (m,m*) 0.80445 (n,m*)
0.61577 (m,m*) 0.34977 (n,7*) -0.61980 (m,m*) -0.40149 (n,x*)
-0.22141 (n,*, m,n*) 0.18997 (n,m*, m,n*)
1L

The molecular geometries corresponding to MECIs between Spand S; for 1 and 2 are listed
below along with gradient difference and derivative coupling vectors that define the branching
plane. At these geometries, Sy and S, are effectively degenerate at the MS-CASPT2 level.

MECI 1 — Sy=-489.5178447 Hartree, S;= -489.5177926 Hartree

MECI 2 — Sy =-489.5246769 Hartree, S,=-489.5246080 Hartree




Geometry of MECI 1
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Gradient difference vector (Hartree/bohr)
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Derivative coupling vector (Hartree/bohr)
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0.306673

-0.860153

-2.311214

-2.860036
0.603663

-2.839864

-3.896941

-2.137252
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-0.010131
-0.040504
0.002310
-0.002388
-0.001042
-0.003552
-0.177377
-0.096447
0.022462
-0.045100

0.033982
-0.288540
0.035842

0.609281
0.633329
1.903256
4.006070
4.181567
2.924863
-0.220534
5.092203
2.635090
0.151193
4.633952
2.827090
2.004438
2.717206

0.123679
-0.247153
0.564276
0.098372
-0.033501
0.025302
-0.002436
-0.000227
0.000797
-0.042128
0.112615
-0.410364
-0.043088
-0.146145

-0.001419
0.055255
-0.030846

-0.357904
-0.257813
-0.200924
-0.139189
-0.073169
-0.239598
0.012792
0.146040
-0.212573
0.467010
0.053310
0.136992
-0.554382
-0.493958

0.043577
0.065748
0.086644
0.012566
0.020086
-0.001929
-0.008758
-0.000111
-0.002710
-0.049567
0.021428
-0.105982
0.017466
-0.098459

-0.156813
0.375656
0.265165



ZzZzOoOOoOITXTITTITOOAOA

Geometry of MECI 2

ZZIZTIZTTTZTOOoOOOOOOOn

Gradient difference vector (Hartree/bohr)

O 000 aaan

-0.245565
0.132860
0.001542

-0.001555

-0.001231
0.001006
0.051358
0.167428
0.184363
0.087152

-0.158716

-1.382793
-0.128631

0.495829
-0.914925
-2.343477
-2.804050
-0.095883
-2.611845

0.430013
-2.866872
-3.770444

1.180831
-0.644671
-1.784181

-0.691769
0.354872
-0.228119
0.010975
-0.007240
0.100996

-0.055166
-0.035364
-0.059236
0.003220
0.002067
-0.000287
-0.048729
-0.216209
0.291092
0.141156
-0.045629

0.757724
0.622643
1.961876
4.051427
4.086456
2.820601
4.918841
0.183519
-0.289917
4.975768
2.404286
2.533763
2.722790
1.983103

-0.103613
0.181362
-0.140358
0.024996
-0.006732
-0.021524

0.010070
0.097056
-0.099678
-0.009478
-0.006241
-0.004946
-0.025900
0.245682
-0.393190
0.018047
-0.315637

-0.061049
-0.354693
0.076805
0.182323
-0.210227
-0.195181
0.143650
0.457497
-0.468631
-0.515818
-0.414403
-0.537569
0.548523
0.338266

0.249832
0.038082
-0.090909
-0.002516
-0.001014
0.059989



O 0.004147 0.007772 0.001742
0 0.206602 -0.158872 -0.133096
H 0.002209 0.000762 -0.029904
H -0.000023 0.001195 0.003632
H 0.002629 -0.012162 -0.007614
H 0.046248 -0.012351 0.060178
N 0.009707 0.011097 -0.097770
N 0.188765 0.228429 -0.050633
Derivative coupling vector (Hartree/bohr)

C 0.044913 0.099773 -0.007277
C 0.105583 -0.200813 0.232056
C -0.109593 0.126551 -0.148027
C -0.061469 -0.066915 -0.106850
C 0.095598 0.018754 0.031556
C -0.022796 -0.084557 -0.036898
0) 0.096387 0.085994 0.026183
0 -0.061232 -0.401850 -0.210545
H -0.013829 -0.003711 -0.026142
H 0.005673 0.002674 0.001671
H -0.002929 0.024271 0.023374
H 0.018647 -0.012079 -0.058851
N 0.408232 0.211501 0.053046
N -0.504710 0.200589 0.226697

I1I.

In Table S2, we list absolute values of spin-orbit matrix elements used for calculating the rate of
ISC from S; to various triplet sublevels in 1-4

Table S2. Absolute values of spin-orbit matrix elements (<¢S1 ‘I:I 50‘¢Tn (M, )>,s =0,£1) in cm™!

between S and sublevels of T, for 1-4 at the Franck-Condon geometry.

1 2 3 4
S1-T1 (Ms0) 0.0 2.9 0.0 46
Si-T; (My1) 6.1 0.1 2.8 0.3

Si-Ti (My—.1) 6.1 0.1 2.8 0.3



Si-T> (My0) 1.0 0.3 1.0 1.6
S1-T> (M) 12.2 12.7 5.4 15.6
Si-T> (My.1) 12.2 12.7 5.4 15.6
S1-Ts (M=) 2.4 0.3 2.4 0.7
Si-Ts (My1) 16.1 14.7 15.3 7.4
Si-T5 (M) 16.1 14.7 15.3 7.4




