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Computational Details

The equilibrium gas-phase molecular structure of the complex has been optimised with den-
sity functional theory (DFT), employing the BP86 functional,!? the Ahlrich’s def2-TZVPP
basis set®® and Grimme’s D3 dispersion correction.® Except in pathological cases, DFT is
commonly used to optimise equilibrium structures of transition metal complexes, which then
are used in subsequent ab-initio (multiconfigurational) computational studies, see e. g. Refs.
7 and 8. In particular, DF'T has shown to perform well for the optimisation of the equi-
librium structures of Pt(IV) azido complexes.? To account for the scalar relativistic effects
in Pt, the relativistic 60-electron effective core potential (MWB60 ECP) has been used. !
These calculation have been performed with the TURBOMOLE 7.0'! program package.

Using the above molecular structure, multiconfigurational density matrix renormalisa-
tion group-self consistent field (DMRG-SCF) %13 calculations have been carried out with an
active orbital space consisting of 26 electrons in 19 orbitals. The comprising orbitals are
depicted in Fig. S1. The number of renormalised block states (m) has been set to 500. To
estimate the effect of m on the accuracy of the calculation, we also performed a single-point
calculation of singlet states with m = 1000 at the equilibrium structure, but the excitation
energies differed only slightly from those obtained with m = 500 (see Table S3): hence,
for performance reasons we settled for a value of m = 500 for the remaining calculations.
To validate the results further, we performed multiconfigurational calculations that include
dynamic correlation, namely quasi-degenerate n-electron valence based second-order pertur-
bation theory calculations based on our DMRG-SCF reference wavefunction with m = 500
(DMRG-QD-NEVPT?2).**17 Due to a very large computational cost, only three lowest sin-
glet state energies at the Franck-Condon structure were computed. The results are presented
in Table S4.

These calculations employed the all-electron ANO-RCC valence quadruple-zeta polarised
(ANO-RCC-VQZP) basis set!® for Pt and its more compact triple-zeta pendant, ANO-RCC-

VTZP, for remaining atoms. Two-electron integrals were calculated with the atomic compact
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Cholesky decomposition (CD) approac with a decomposition threshold of 10~*a.u.,

and the second-order scalar-relativistic Douglas—Kroll-Hess one-electron Hamiltonian 224
was used to account for scalar relativistic effects.

The DMRG-SCF calculations have been performed in a state-average manner, averaging
separately over the different spin states, i.e. as two separate state-average calculations aver-
aging over 16 singlet and 10 triplet states, respectively. Out of these states, only 10 lowest
singlet and 9 triplet states were considered due to intruder state problems with higher ex-
cited states and since higher-lying excited states are not relevant for the excitation near the
absorption maximum anyway. Spin-orbit couplings were calculated with the SO-MPSSI25:26

approach. All multiconfigurational calculations were performed with the OpenMOLCAS?"

program package and its interface to the QCMaquis DMRG program.?8
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Figure S1: Active orbitals employed for DMRG-SCF calculations of the Pt complex dis-
cussed in this work. The plus or minus signs in the orbital description denote bonding and
antibonding interaction of the orbitals.
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Spin-free excitation energies

Table S1: Spin-free excitation energies, oscillator strengths and characters of
the lowest singlet and triplet excited states of complex 1. The excited state
characters are obtained from the natural transition orbitals (NTOs) for each
state: orbital contributions in parentheses denote a small contribution, plus or
minus signs denote bonding or antibonding interaction, respectively. The bright
states are highlighted in bold.

State AFE/eV f Character
Ty 3.09 (dxz—)ﬂnb,NgA — d.2 — TNy 1
S 3.30  6.51 x107°  dp. — Tup Ny = a2 — Tob Ny
T, 3.94 Tnb,Ny,3 — d22 — Tnb Ny 1
T 3.94 dzy — dachyQ
S, 4.01 3.60x1073 Tab,Ng,2 — d22 — Top Ny 1
T, 4.02 dyy = dy2_yp2
Ts 4.03 Tnb,Ng,3 — d22 — Tnb Ny 1
S, 4.41 0 drz — TobNya —> dg2_y2
Tg 4.48 dpy = dy2 — Top N, 1
S 4.65 1.84 x 1079 dzy — de—y2
T, 4.93 dyy —> d2
S; 4.93 1.12 dz2 + Tnb,Ng3 = ds2 — Tnb Ny 1
Ty 5.02 Ary = dy2_y2
Sﬁ 5.30 0.0322 dzz — dZQ — Tnb,Ny,1
Ty 5.39 Tnb,N, 4 —7 7T1§3,2
S7 5.46 0.172 Tnb,N3,3 — dx2,y2
Sg 5.49 0.0302 Tnb,N3,2 —7 dm2,y2
So 5.73  4.67 x 1073 dys — d 2
S10 583 144 x 1074 dyy — d2
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Spin-orbit states

Table S2: Excitation energies, oscillator strength and spin-free contributions
over 5% of the lowest 37 spin-orbit (SO) excited states.

SO state AE/eV f Spin-free contributions
1 0.00 95% So + 2% T4
2 3.27 96% T,
3 3.28 97% T,
4 3.31 97% T,
5 3.49 96% S,
6 3.86 47% T3 + 44% Ty
7 3.92 54% Ty + 42% T;
8 4.03 79% T3 + 10% S;
9 4.08 78% T5 + 12% Ss
10 416  3.13x107* 90% Ty + 10% S,
11 417 357 x107* 96% T,
12 417 931 x107* 96% T,
13 4.24 399x107% 60% S, + 32% T, + 8% T,
14 4.26 1.14x1073 96% T,
15 426 262 x 107 96% T,
16 426 737 x107* 68% T, + 29% S,
17 4.46 56% Ty + 42% Ty
18 4.53 47% Ts + 31% Ty + 17% Ty
19 4.64 42% T + 37% Ss + 12% T
20 4.69 2% Tg + 39% S3 + 12% Ty
21 470 6.94x 1070 72% T + 9% T7 + 8% Ty + 5% S,
22 4.77  6.05 x 107* 56% Tg + 14% T5 + 12% S5 + 7% Ty
23 496 229 x 107 58% S5 + 17% Tg + 10% Tg + 10%T5
24 5.10 4.60x 1072 72% Ty + 11% Sg + 7% S,
25 5.16 1.05 90% S, + 6% T,
26 517  2.86 x 1072 54% Ty + 20% Ts + 14% T + 5% Ss
27 519  1.66 x 107* 63% T; + 17% Tg + 15% T
28 536 3.37 x 107 79% Tgs + 12% S;
29 538  1.24 x 107* 68% Tg + 26% T,
30 542 538 x107% 69% Tg + 19% T»
31 5,58  1.13x 1072 56% Tg + 32% S + 7% T;
32 5.63 96% Ty
33 5.63  1.30 x 107* 96% Ty
34 5.68  2.25x 1072 37% S; + 33% S¢ + 22% Ty
35 560  1.70 x 107t 62% S; + 16% S¢ + 15% Ty
36 572  1.64x 1072 91% Sg + 6% Ty
37 6.03 3.86 x 1073 93% S,
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Figure S2: Spin-orbit couplings at the equilibrium structure and extended Pt-N
lengths. Only the lower triangle of the symmetric SOC matrix is shown.
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DMRG-SCF excitation energies for m = 500 and m = 1000

Table S3: Absolute electronic and excitation energies for the singlet states of
complex 1 at the equilibrium structure calculated with DMRG-SCF with m = 500
and m = 1000.

m = 500 m = 1000
State E/a.u. AE/eV E/a. u. AE/eV  |AAE|/eV

So —18986.628352  0.000  —18986.629518  0.000

St —18986.507117  3.299  —18986.510878  3.228 0.071
So —18986.480866  4.013  —18986.484218  3.954 0.059
Ss —18986.466274  4.410 —18986.470670  4.323 0.088
Sy —18986.457361  4.653  —18986.459081  4.638 0.015
Ss —18986.447163 4.931  —18986.450503  4.871 0.059
Sé —18986.433551 5.301 —18986.436647  5.248 0.053
S —18986.427799  5.457  —18986.431869  5.378 0.079
Sg —18986.426537  5.492 —18986.430339  5.420 0.072
So —18986.417926  5.726  —18986.422526  5.633 0.093

S10  —18986.413956  5.834  —18986.415890  5.813 0.021

Table S3 contains electronic energies for the first 11 singlet states of complex 1 at the
equilibrium structure calculated with DMRG-SCF employing m values of 500 and 1000.
While the electronic energies between the respective states differ of up to 5 x 1072 a. u., the
absolute difference between excitation energies (i.e. energy differences of the excited states

to the respective ground state) is smaller than 0.1eV for all states.

DMRG-NEVPT2 excitation energies

Table S4: DMRG-QD-NEVPT2 absolute electronic and excitation energies for
the three lowest singlet states of complex 1 at the equilibrium structure.

State E/a.u. AE/eV

So  —18989.3046691  0.000
S1 —18989.1941447  3.008
So  —18989.1656567  3.783
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Table S4 shows the energies of three lowest singlet states of complex 1 at the equilibrium
structure calculated with DMRG-QD-NEVPT2. Compared to DMRG-SCF results, the rel-
ative energy of S; is red-shifted by 0.30eV and that of S by 0.23eV. We assume that a
similar shift should be expected also for higher excited singlet states, and thus the inclu-
sion of dynamic correlation should improve the agreement with the experiment by a similar

amount.

Equilibrium structure coordinates

Table S5: XYZ coordinates of the equilibrium structure of complex 1

Pt 3.1357298 1.8682428 1.6662881

N 2.9910409 1.6496287 3.7011222
0 1.9031656 3.4633441 1.9204379

H 1.0038970 3.1049332 1.8144034

N 3.2790288 2.0879307 -0.3684170
H 3.7293402 1.2252149 -0.7033577
H 3.8853642 2.8922795 -0.5588309
H 2.3744459 2.2241222 -0.8258051
0 4.3669353 0.2722271 1.4124283

H 5.2667683 0.6299688 1.5156418

N 4.8088200 3.0949075 1.7712299

N 4.8126940 3.8902636 2.7003822

N 4.8893643 4.6481258 3.5687091

N 1.4620152 0.6430291 1.5589736

N 1.4690748 -0.1688260 0.6439364
N 1.4013038 -0.9422370 -0.2111235
H 2.3958750 0.8372778 3.8925206

H 2.5271984 2.5073194 4.0308875

H 3.8957385 1.5292177 4.1626831
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