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Computational details

All calculations are based on density functional theory (DFT). The geometries of the singlet ground
state (‘GS), the lowest triplet excited states ((MLCT/*LCppy, *MLCT/*LCcac, >"MLCT/’LLCT and *MC),
and the transition states (TS; and TS;) were optimized for complex 1 using the hybrid functional
B3LYP"" in combination with the 6-31G* basis set for all atoms. Relativistic effects were included for
the Pt atom by using the ECP-60-mwb Stuttgart/Dresden pseudopotential."" The nature of the stationary
points was confirmed by computing the Hessian at the same level of theory. In order to explore the tri-
plet potential energy surfaces (PES) we preoptimized the first eight triplet excited states at the TD-
B3LYP level of theory. These TD-DFT optimized geometries were used as initial guess for the final
UDFT optimizations that led to the *MLCT/*LCppy, *MLCT/’LCacac, *MLCT/LLCT and *MC optimized
geometries. The minimum energy crossing point (MECP) between the S, and the *MC potential surfaces
was optimized using Harvey’s algorithm," as implemented in the ORCA software;" in this case, the
B3LYP functional was employed in combination with the def2-svp basis set and the ECP-60-mwb
Stuttgart/Dresden pseudopotential for Pt. To get relative energies for the MECP, single-point calcula-
tions with the 6-31G™* basis set were performed. All calculations apart from the MECP optimization
were carried out with the Gaussian09 program package."”

The phosphorescence emission spectra were simulated on the basis of ASCF-DFT calculations, which
yield the energy difference between the triplet excited states at their optimized geometry and the closed-
shell ground state at the same geometry in the gas phase. This approach is a simple but reliable way to

determine emission energies. These calculations were also performed in solution using tetrahydrofuran

as solvent with the polarization continuum model""""

and employing the same functional and basis set
as in the optimizations. The phosphorescence radiative decay rates were computed using the QR TD-
B3LYP approach, as implemented in the Dalton program, * at the optimized geometries of the different
emissive triplet states (Tem). Towards this aim, the TD-B3LYP excitations leading to 3MLCT/3LCppy,
SMLCT/PLCuacac, and *MLCT/ALLCT states were first assigned. The rate constants (k;) for phosphores-
cence radiative decay from one of the three spin sublevels (indexed by i) of the emissive states (Tn) can

be expressed as

ky = k?’(SOJ ) = AES r’ Z |1"’1}i|2 (1)
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Here AEs.t is the transition energy, to = (4meo)*/mee®, o is the fine-structure constant, and Mji is the j
axis projection of the electric dipole transition moment between the ground state and the i™ sublevel of
the triplet state Tep. The transition moment M;' can be expressed as

" = z (Sol ;]S )Sn|Hso | Tem) Z ol Hso ) Tl [Tem) - o s 2)
n=0

E(Sn) - E(Tem) E(Tn) - E(SO)

and calculated using the QR TD-B3LYP approach. The nonzero contributions to the Teym =Sy transition

moment originate from matrix elements of the electronic spin-orbit coupling operator (ﬁso) including

summations over intermediate triplet and singlet states. The Tem 2So transition thus borrows intensity
from the spin-allowed S, Sy and Ter 2Ty, transitions.

Note that individual phosphorescence rates for the three spin sublevels can only be observed experimen-
tally in the limit of large fine-structure splittings and at low temperatures. In the high-temperature limit,
spin relaxation is usually fast and the triplet levels are almost equally populated, and only weighted
phosphorescence rates can be measured. Hence, phosphorescence rates are calculated according to (3).

1 3
k, = _Z ki
= (3)

From equations (1) and (3) we see that the phosphorescence rate is proportional to the cube of the emis-
sion energy and the square of the transition dipole moment. In our calculations, SOC matrix elements
were evaluated at the B3LYP/def2-SV/(P) level of theory (ECP-60-mwb Stuttgart/Dresden pseudopoten-
tial for Pt). These calculations were done for all possible emissive states at their optimized geometries.
This computational approach has been found to provide radiative rates with maximum errors of ca.
15%.* The SOC operator applied in all our calculations makes use of a semi-empirical effective single-

electron approximation, as suggested by Koseki et al.®



Cartesian coordinates of the optimized geometries

'Gs

C -0.521737 2.815112 -0.657295
H -1.249173 2.250300 -0.085323
C -0.842843 3.972657 -1.352651
H -1.861545 4.344387 -1.338431
C 0.169681 4.631078 -2.056097
H -0.045767 5.539545 -2.611327
C 1.459620 4.115120 -2.038497
H 2.258343 4.613756 -2.575799
C 1.739945 2.943942 -1.322396
C 3.034708 2.279569 -1.199696
C 4.216283 2.729857 -1.809839
H 4.217159 3.628702 -2.422034
C 5.400028 2.020706 -1.633391
H 6.316177 2.366008 -2.104316
C 5.402544 0.860321 -0.848997
H 6.328147 0.304814 -0.714764
C 4.230340 0.407546 -0.239121
H 4.243386 -0.497163 0.361473
Pt 1.250981 0.636433 0.363931
0] 1.937789 -1.011958 1.342345
C 1.219657 -1.811351 2.052882
C -0.151383 -1.692043 2.331557
H -0.576336 -2.450683 2.973668
C -1.032678 -0.695509 1.865360
0] -0.724154 0.264455 1.077372
C 3.026369 1.105731 -0.398349
N 0.728104 2.315900 -0.045277
C -2.468636 -0.742870 2.285906
C -3.450225 -0.242220 1.415600
C -2.867076 -1.253172 3.531701
C -4.796630 -0.270296 1.772256
H -3.142816 0.153882 0.453432
C -4.213784 -1.267451 3.893926
H -2.120549 -1.610915 4.234102
C -5.183085 -0.782235 3.013683
H -4.505140 -1.653161 4.867172
C 1.985950 -2.954099 2.638436
C 3.347445 -2.781648 2.937183
C 1.391789 -4.202252 2.884422
C 4.088935 -3.824389 3.488291
H 3.808926 -1.819610 2.742051
C 2.139066 -5.248824 3.423650
H 0.350910 -4.367173 2.623676
C 3.487793 -5.061693 3.733181
H 5.138278 -3.672110 3.726402
H 1.668245 -6.2129061 3.595778
H 4.068228 -5.876508 4.157669
H -5.546185 0.107204 1.081713
H -6.232683 -0.799031 3.294878
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