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Crystal structure determinations

Single-crystal X-ray diffraction data were collected for complexes 3—9 at 183(1) K on Rigaku Oxford
Diffraction diffractometers! associated to an Oxford Instruments Cryojet XL cooler using a single wavelength
X-ray source (Mo Kg radiation A = 0.71073 A, or Cu Ky radiation A = 1.54184 A for 4): the Xcalibur/Ruby area-
detector diffractometer for 5, 8 and 9, and the SuperNova/Atlas area-detector diffractometer for 3, 4, 6 and
7. The selected single crystals were mounted using polybutene oil on a flexible loop fixed on a goniometer
head and immediately transferred to the diffractometer. Pre-experiment, data collection, data reduction
and analytical absorption correction? were performed with the program suite CrysAlis”°.3 Using Olex2,* the
structures were solved with SHELXS® (3), SHELXT® (4, 6, 7 and 9) or Superflip’ (5 and 8) and refined with
SHELXL® (2017/1) by full-matrix least-squares minimization on F2. PLATON® was used to check the result of
the X-ray analyses. CCDC numbers 1585222-1585228 contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre.

Refinement details and special features

In the crystal structure of 3, two crystallographically independent molecules are observed in the asymmetric
unit. In the molecular structure of 4, each CF; group is disordered over two different sets of positions with
site-occupancy ratios of 0.262/0.738(7) and 0.162/0.838(4). The solvent molecules of dimethyl sulfate lie
near a two-fold axis and a severe disorder is observed. Many SHELXL restraints (DFIX, SADI, DANG, RIGU)
and constraints (EADP) had to be used to correct the geometry of the disordered moieties and the thermal
parameters of the corresponding non-H atoms. The site-occupancy factors were sometimes kept fixed
according to reasonable thermal parameters. In the crystal structures of 5-8, the metal center is located on
a special position (two-fold axis), only one half of the molecule had to be refined, the second half was
generated by a symmetry operation. Solvent molecules of chloroform co-crystallized with the main Pt
species in the crystal structure of 6 in a ratio 4/1 while in 7 the CF3 group is disordered over three different
sets of positions with site-occupancy factors of 0.178(7), 0.231(7) and 0.591(3). Many SHELXL restraints had
to be used (SADI, DANG, RIGU, SUMP) to treat the disorder, to correct the geometry of the disordered
components and the thermal parameters of the corresponding non-H atoms. No special refinement details
need to be reported for 9.

Crystal data for 3 (CCDC-1585228). CyoH12FsPt (M = 599.39 g/mol): triclinic, space group P-1 (no. 2), a =
7.08664(7) A, b =10.86526(11) A, c = 22.32223(20) A, a = 88.8330(9)°, 8 = 85.8093(9)°, y = 71.7737(11)°, V =
1628.17(3) A3, Z= 4, T=183(1) K, u(MoKa) = 8.709 mm™, Degic = 2.445 g/cm?, 48190 reflections measured
(5.4° <20 <61.0°), 9928 unique (Rint = 0.0323, Rsigma = 0.0212) which were used in all calculations. The final
R1 was 0.0175 (I > 20(l)) and wR> was 0.0417 (all data).

Crystal Data for 4 (CCDC-1585227). C3,H3sFsN4Pt, 0.4(C2HeOS) (M = 819.00 g/mol): monoclinic, space group
12/a (no. 15), a = 23.5699(3) A, b = 13.87832(15) A, c = 20.6249(2) A, 8 = 97.6242(11)°, V = 6686.98(14) A?,
Z=8, T=183(1) K, u(CuKa) = 8.633 mm™, Deaic= 1.627 g/cm3, 17466 reflections measured (7.4° < 20 <
136.5°), 6027 unique (Rint = 0.0324, Rsigma = 0.0277) which were used in all calculations. The final R1 was
0.0411 (I > 20(l)) and wR, was 0.1078 (all data).

Crystal data for 5 (CCDC-1585224). C3sHi4NsPt (M = 751.86): monoclinic, space group C2/c (no. 15), a=
22.1256(7) A, b= 10.3463(2) A, c = 14.5683(4) A, 8 = 103.657(3)°, V = 3240.66(15) A3, Z= 4, T= 183(1) K,
u(MoKa) = 4.362 mm™?, Deyic = 1.541 g/cm3, 30323 reflections measured (5.0° < 20 < 61.0°), 4952 unique
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(Rint = 0.0467, Rsigma = 0.0327) which were used in all calculations. The final Ry was 0.0222 (I > 2o(l)) and wR>
was 0.0497 (all data).

Crystal data for 6 (CCDC-1585222). C34H44Cl12N4Pt (M = 1129.22 g/mol): monoclinic, space group C2/c (no.
15), a = 21.5078(2) A, b = 11.04090(10) A, c = 19.3310(2) A, 8 = 99.9030(10)°, V = 4522.05(8) A%, 2= 4, T=
183(1) K, u(MoKa) = 3.842 mm™?, Dyic = 1.659 g/cm?3, 68418 reflections measured (5.7° < 20 < 61.0°), 6908
unique (Rint = 0.0283, Rsigma = 0.0132) which were used in all calculations. The final R; was 0.0203 (I > 20(l))
and wR> was 0.0515 (all data).

Crystal data for 7 (CCDC-1585226). C3,H3oF14N4Pt (M = 931.69 g/mol): orthorhombic, space group /bca (no.
73), a=13.9322(2) A, b =15.4114(2) A, c = 31.5478(4) A, V= 6773.78(16) A3, Z= 8, T = 183(1) K, u(MoKa) =
4.250 mm™?, Deaic = 1.827 g/cm3, 29186 reflections measured (4.7° < 20 < 61.0°), 5159 unique (Rt = 0.0245,
Rsigma = 0.0164) which were used in all calculations. The final R; was 0.0200 (I > 20(1)) and wR; was 0.0475
(all data).

Crystal data for 8 (CCDC-1585225). C3gH3sFsN4Pt (M = 895.80): monoclinic, space group C2/c (no. 15), a=
15.5585(3) A, b = 12.0998(2) A, ¢ = 19.3557(3) A, 8 = 101.6458(18)°, V = 3568.81(11) A%, 7= 4, T=183(1) K,
u(MoKa) = 4.007 mm™, Dcalc = 1.667 g/cm?, 42675 reflections measured (5.0° < 20 < 61.0°), 5442 unique
(Rint = 0.0611, Rsigma = 0.0271) which were used in all calculations. The final R; was 0.0237 (I > 20(l)) and wR>
was 0.0590 (all data).

Crystal data for 9 (CCDC-1585223). C3,H34ClsFsN4Pt (M = 1034.42 g/mol): monoclinic, space group P21/n (no.
14), a= 17.8021(6) A, b= 11.3300(2) A, c= 21.2285(6) A, 8= 114.771(4)°, V= 3887.8(2) A3, z= 4, T=
183(1) K, u(MoKa) = 4.089 mm™, Dcalc = 1.767 g/cm?, 40030 reflections measured (4.4° < 20 < 56.6°), 9556
unique (Rint = 0.0366, Rsigma = 0.0260) which were used in all calculations. The final Ry was 0.0320 (I > 20(l))
and wR; was 0.0861 (all data).
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Table S1: Crystal data and structure refinement for 3—-6.

Identification code 3 4 5 6
Empirical formula CaoH12FsPt C32H38FeN4Pt, CagHaaN4Pt C3oH40N4Pt,
0.4(C2He60S) 4(CHCI3)
Formula weight 599.39 819.00 751.86 1129.22
Temperature/K 183(1) 183(1) 183(1) 183(1)
Crystal system triclinic monoclinic monoclinic monoclinic
Space group P-1 12/a C2/c C2/c
a/A 7.08664(7) 23.5699(3) 22.1256(7) 21.5078(2)
b/A 10.86526(11) 13.87832(15) 10.3463(2) 11.04090(10)
c/A 22.32223(20) 20.6249(2) 14.5683(4) 19.3310(2)
a/° 88.8330(9) 90 90 90
B/° 85.8093(9) 97.6242(11) 103.657(3) 99.9030(10)
v/° 71.7737(11) 90 90 90
Volume/A3 1628.17(3) 6686.98(14) 3240.66(15) 4522.05(8)
z 4 8 4 4
Pealcg/cm? 2.445 1.627 1.541 1.659
u/mm-?t 8.709 8.633 4.362 3.842
F(000) 1128.0 3254.0 1512.0 2232.0

Crystal size/mm?3
Radiation

o

20 range for data collection/

Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 (1)]

Final R indexes [all data]

Largest diff. peak/hole / e A3

0.40x0.16 x 0.01
MoKa
(A=0.71073)
5.4t061.0
-10<h <10,
-15<k <15,
-31<1<31
48190

9928

[Rint = 0.0323,
Rsigma = 0.0212]
9928/0/524
1.078
R1=0.0175,
wR2 =0.0408
R1=0.0198,
wR2 =0.0417
0.91/-1.04

0.16 x 0.04 x 0.03
CuKa
(A=1.54184)
7.4t0136.5
-28<h <25,
-16 <k <13,
-24<1<24
17466

6027

[Rint = 0.0324,
Rsigma = 0.0277]
6027/163/450
1.128
R1=0.0411,
wR2=0.1067
R1=0.0426,
wR2=0.1078
0.82/-1.04

0.15x 0.1 x0.06
MoKa
(A=0.71073)
5.0t061.0
-31<h <28,
-14<k<14,
-20<1<20
30323

4952

[Rint = 0.0467,
Rsigma = 0.0327]
4952/0/199
1.056
R1=0.0222,
wR2 =0.0481
R1=0.0256,
wR2 = 0.0497
1.56/-0.64

0.37x0.33x0.27
MoKa
(A=0.71073)
5.7t061.0
-30<h <30,
-15<k <15,
-27 <127
68418

6908

[Rint = 0.0283,
Rsigma = 0.0132]
6908/18/235
1.008
R1=0.0203,
wR2 =0.0510
R1=0.0212,
wR2 =0.0515
1.07/-0.99
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Table S2: Crystal data and structure refinement for 7-9.

Identification code 7 8 9
Empirical formula C32H30F14N4Pt CssH3sFsN4Pt CsoH32FsN4Pt,
2(CHCls)
Formula weight 931.69 895.80 1034.42
Temperature/K 183(1) 183(1) 183(1)
Crystal system orthorhombic monoclinic monoclinic
Space group Ibca C2/c P21/n
a/A 13.9322(2) 15.5585(3) 17.8021(6)
b/A 15.4114(2) 12.0998(2) 11.3300(2)
c/A 31.5478(4) 19.3557(3) 21.2285(6)
a/° 90 90 90
B/° 90 101.6458(18) 114.771(4)
v/° 90 90 90
Volume/A3 6773.78(16) 3568.81(11) 3887.8(2)
z 8 4 4
Pealcg/cm? 1.827 1.667 1.767
u/mm-?t 4.250 4.007 4.089
F(000) 3632.0 1768.0 2024.0

Crystal size/mm?3
Radiation

o

20 range for data collection/

Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 (1)]

Final R indexes [all data]

Largest diff. peak/hole / e A3

0.21 x0.15x 0.03
MoKa
(A=0.71073)
4.7 t0 61.0
-19<h <16,
-21<k<21,
-44<1<45
29186

5159

[Rint = 0.0245,
Rsigma = 0.0164]
5159/94/310
1.043
R1=0.0200,
wR2 =0.0436
R1=0.0340,
wR2 =0.0475
1.18/-0.55

0.32x0.22x0.17
MoKa
(A=0.71073)
5.0t0 61.0
-22<h <22,
-17<k<17,
-27<1<27
42675

5442

[Rint = 0.0611,
Rsigma = 0.0271]
5442/0/235
1.191
R1=0.0237,
wR2 =0.0584
R1=0.0251,
wR2 =0.0590
2.16/-0.90

0.50 x 0.38 x 0.30
MoKa
(A=0.71073)
4.4t056.6
-23<h <23,
-15<k <15,
-28<1<28
40030

9556

[Rint = 0.0366,
Rsigma = 0.0260]
9556/0/478
1.031
R1=0.0320,
wR2 =0.0827
R1=0.0364,
wR2 =0.0861
1.98/-1.55
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Photophysical Properties

Table S3: Photophysical properties of complexes 2-9 recorded at 298 K in solution and as solid powder.

Absorption (CHxCl,) Emission (powder)
complex  Ama/nm (e/M*cm™) Amax/NM dem/%

2 230 (24346), 271 (42508), 287 (30969), 310 (12910) 527, 569, 608 11.0
3 229 (18114), 256 (23381), 273 (11955), 308 (7532) 553 50.2
4 233 (32085), 263 (25295), 331 (6672) 489, 526, 559, 567, 607 27.6
5 235 (45531), 265 (28032), 285 (29667), 301 (28487), 334 (11045) 487,525, 557,568,606 31.4
6 232 (32319), 267 (20866), 334 (7221) 489, 526, 561, 569, 608 17.4
7 229 (25313), 248 (23278), 321 (6058) 485, 508, 535 7.8

8 230 (41833), 245 (30620), 280 (27105), 293 (27577), 325 (10759) 505 54.3
9 230 (28019), 251 (22602), 326 (7133) 550 20.6
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Figure S1: UV/Vis spectra of 6 in different solvents.
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Figure S2: UV/Vis spectra of 9 in different solvents.
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Figure S3: UV/Vis spectra of 2 and 3 recorded in CH,Cl, at room temperature.
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Figure S4: Normailzed emission spectra of complexes 2 and 3 as neat powder recorded at 298 K..
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DFT calculations

Computational details

Density functional theory (DFT) and time-dependent DFT (TD-DFT) calculations were used to exemplarily
investigate the luminescent properties of the selected compounds 6 and 9. The calculations were performed
with the Gaussian 09 program package® using the hybrid functional PBE1IPBE®X associated with the
Stuttgart/Dresden effective core potentials (SDD) basis set!! for the Pt center augmented with one f-
polarization function (a = 0.993), with the standard 6-31+G(d) basis set!? for the remaining atoms, and with
the conductive polarizable continuum model (CPCM)** to take the solvent effects into acount
(dichloromethane). The DFT-optimized ground state structures were obtained by restricted DFT calculations
while the lowest triplet state structures were obtained by unrestricted DFT calculations (without symmetry
restriction). The final geometries were confirmed to be potential energy minima by vibrational frequency
calculations at the same level of theory (no imaginary — negative - frequency). On the DFT-optimized ground
state Sp geometry, TD-DFT calculations®™>” were used to produce the first 25 lowest singlet—singlet and the
first 3 singlet—triplet vertical excitations with the corresponding energies, transition coefficients and
oscillator strengths. The frontier orbital surfaces and spin density plots were generated by Gaussview® on
Gaussian 09 formatted checkpoint output files with isovalues set to 0.02 and 0.004, respectively.

TD-DFT results

Selected singlet (S1, and S, with oscillator strength f> 0.1) and triplet Tn, excited states (m = 1-3) calculated
with TD-DFT/CPCM (in dichloromethane): vertical excitation energies (nm), transition coefficients (c > 0.2),
orbitals involved in the transitions, and oscillator strengths f for compounds 6 and 9.

Compound 6 - singlet excited states
Excited State 1: Singlet-A 3.6437 eV 340.27 nm f=0.0271 <S**2>=0.000
HOMO -> LUMO 0.68950

HOMO LUMO
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Excited State 2:
HOMO-4 -> LUMO
HOMO -> LUMO+1

HOMO-4

Excited State 3:
HOMO-3 -> LUMO
HOMO-1 -> LUMO

HOMO-3

Excited State 4:
HOMO-2 -> LUMO

Excited State 7:
HOMO-4 -> LUMO

Excited State 18:
HOMO -> LUMO+7
HOMO -> LUMO+10

Excited State 19:
HOMO-1 -> LUMO+2
HOMO -> LUMO+7

299.35 nm f=0.0815 <S**2>=0.000

Singlet-A 41418 eV
0.22563
0.62066

LUMO+1

Singlet-A 41928 eV 295.71 nm f=0.0549 <S**2>=0.000
0.22975

0.61019

HOMO-1

Singlet-A 4.2885 eV 289.11 nm f=0.1968 <S**2>=0.000

0.68403

HOMO-2

Singlet-A 4.7104 eV 263.21 nm f=0.5499  <S**2>=0.000

0.60816

Singlet-A 5.2553 eV 235.92 nm f=0.0589  <S**2>=0.000
0.39438

0.23417

Singlet-A 5.2600 eV 235.71 nm f=0.0799  <S**2>=0.000
0.57454

0.26605
S10



Excited State 20: Singlet-A

HOMO-8 -> LUMO 0.19087
HOMO -> LUMO+14 0.19922
HOMO -> LUMO+8 0.45471
HOMO -> LUMO+10 0.20576
Excited State 23: Singlet-A
HOMO-3 -> LUMO+6 0.28735
HOMO-1 -> LUMO+6 0.48253

Compound 6 - triplet excited states

Excited State 1: Triplet-A
HOMO -> LUMO 0.63184
Excited State 2: Triplet-A
HOMO -> LUMO+1 0.63825
Excited State 3: Triplet-A
HOMO-3 -> LUMO 0.40051
HOMO-1 -> LUMO 0.45966

Compound 9 - singlet excited states

Excited State 1: Singlet-A
HOMO -> LUMO 0.68662

5.2705 eV

5.4648 eV

2.6637 eV

3.6266 eV

3.7746 eV

3.7865 eV

HOMO
Excited State 2: Singlet-A
HOMO-1 -> LUMO 0.68885

HOMO-1

235.24 nm

226.88 nm

465.45 nm

341.88 nm

328.47 nm

327.44 nm

f=0.1003

f=0.0637

f=0.0000

f=0.0000

f=0.0000

f=0.0141

<S$**2>=0.000

<S$**2>=0.000

<S$**2>=2.000

<S**2>=2.000

<S$**2>=2.000

<S§**2>=0.000

LUMO

4.1103 eV

S11
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Excited State 6:
HOMO-3 -> LUMO
HOMO -> LUMO+1

HOMO-3

Excited State 11:
HOMO-6 -> LUMO
HOMO -> LUMO+3

Excited State 12:
HOMO-2 -> LUMO+1

Excited State 17:
HOMO-7 -> LUMO
HOMO -> LUMO+5

Excited State 21:
HOMO-7 -> LUMO
HOMO -> LUMO+8

Singlet-A 4.6677 eV
0.26565
0.43962

265.62 nm f=0.3196  <S**2>=0.000

LUMO+1

Singlet-A 49814 eV
0.31813
0.54755

248.89 nm f=0.2054 <S**2>=0.000

LUMO+3

Singlet-A 5.0205 eV
0.63983

246.95 nm f=0.0663  <S**2>=0.000

9

HOMO-2

Singlet-A 5.4305 eV
0.33415
0.40789

228.31nm f=0.0622  <S**2>=0.000

Singlet-A 5.5516 eV
0.38968
0.18791

223.33 nm f=0.1530 <S**2>=0.000
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Excited State 25:
HOMO-4 -> LUMO+2
HOMO-3 -> LUMO+2
HOMO -> LUMO+4
HOMO -> LUMO+5

Singlet-A
0.37355
0.27301
0.24916
0.25977

Compound 9 - triplet excited states

Excited State 1:
HOMO -> LUMO

Excited State 2:
HOMO-1 -> LUMO
HOMO-1 -> LUMO+1

Excited State 3:
HOMO-3 -> LUMO
HOMO -> LUMO
HOMO -> LUMO+1

Triplet-A
0.59965

Triplet-A
0.52186
0.19819

Triplet-A
0.55478
0.25496
0.20849

5.6411 eV

2.7875 eV

3.5436 eV

3.6970 eV

513

219.79 nm

444,78 nm

349.88 nm

335.36 nm

f=0.0743

f=0.0000

f=0.0000

f=0.0000

<§**2>=0.000

<S$**2>=2.000

<§**2>=2.000

<S$**2>=2.000



Cartesian coordinates of the DFT optimized ground-state structure of 6
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Cartesian coordinates of the DFT optimized ground-state structure of 9
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Electrochemical Studies
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Figure S6: Cyclic voltammogram of 4 in CH,Cl, ([nBusN][PFe], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs? (left) and separated reversible oxidation (right) event.
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Figure S7: Cyclic voltammogram of 5 in CHxCl, ([nBuaN][PFe], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs? (left) and separated reversible oxidation (right) event.
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Figure S8: Cyclic voltammogram of 6 in CH,Cl, ([nBusN][PFe], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs™ (left) and separated reversible oxidation (right) event.
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Figure S9: Cyclic voltammogram of 7 in CH,Cl, ([nBusaN][PFe], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs™ (left) and separated reversible oxidation (right) event.
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Figure S10: Cyclic voltammogram of 8 in CH,Cl, ([nBusN][PFg], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs? (left) and separated reversible oxidation (right) event.
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Figure S11: Cyclic voltammogram of 9 in CHyCl, ([nBusN][PF¢], 0.1M) at 298 K, glassy carbon electrode, E° vs. Fc*/ Fc with scan
rate = 100 mVs? (left) and separated reversible oxidation (right) event.
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Experimental Procedure

General Procedure.'®? All manipulations requiring inert atmosphere were carried out using standard
Schlenk techniques under N, gas. H, 33C{*H}, *°F and °*Pt NMR spectra were performed using Bruker 400
MHz and 500 MHz spectrometers. Chemical shifts (8) are given in parts per million (ppm). Residual proton
(*H NMR experiments) and carbon (}3C NMR experiments) solvent peaks were used as internal standards
referenced to tetramethylsilane (5 0.00 ppm). Fluorine (**F NMR experiments) spectra were referenced to
CFCl3 (8 0.00 ppm) and platinum (*°°Pt NMR experiments) spectra were referenced to K,PtClg in D20 (6 0.00
ppm). Coupling constants (J) are reported in Hertz (Hz) using the following abbreviations for signal
multiplicities: s (singlet); d (doublet); t (triplet); g (quartet); sept (septet); m (multiplet). The assignments
were done either with routine 1D or 2D NMR spectroscopies. For TLC analysis, pre-coated Merck Silica
Gel60F254 slides were used and visualization was done by luminescence quenching either at 254 nm or 365
nm. Column chromatographic purification (length 15.0 cm: diameter 1.5 cm) of the products was
accomplished with silica gel 60, 230—-400 mesh. The UV/Vis absorption measurements were performed on
a Perkin-Elmer Lambda 35 UV/Vis spectrophotometer. Emission spectra were recorded on an Edinburgh
FLS920 spectrometer. As excitation source, a 450 W Xenon lamp was used to excite at the lowest-energy
absorption maxima with an excitation slit width of 3—5 nm and emission slit width of 5-10 nm. Absolute
quantum yields ¢em Were measured using a F-MO01 integrating sphere assembly with doped PMMA thin films
at 298 K (estimated uncertainty + 15 %; with YAG:Ce powder as calibration reference: ¢pem = 97 %).
Phosphorescence lifetimes t in PMMA films were measured with an Edinburgh laser flash photolysis
spectrophotometer LP920. As excitation source, a Nd:YAG laser (355 nm) equipped with a single
monochromator was used. Cyclic voltammetry measurements were performed with a Methrom 757 VA
Computrace using a glassy carbon electrode (d = 2mm) with a Pt counter electrode versus Ag/AgCl reference
electrode. Thermo gravimetric analysis (TGA) and differential scanning calorimetry (DSC) were done using
a NETZSCHSTA 449C instrument and a sample with known heat of fusion (RbNOs; AH = 26.6 J/g).

All starting materials were obtained from commercial suppliers and used as received unless otherwise
stated. Chemicals that were used are of reagent grade and the solvents for synthesis were of analytical
grade.
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