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1. General remarks

Chemical supply. All chemicals were purchased either from Sigma Aldrich or Across
Organics unless stated otherwise. Iridium chloride hydrate was purchased from ABCR.
Deuterated solvents were obtained from Armar Chemicals. Absorption and emission spectra as
well as electrochemistry measurements were carried in anhydrous dichloromethane from Sigma
Aldrich.

Spectroscopy. NMR spectra were recorded on Brucker Advance 400 MHz or Brucker Ascend
500 MHz or Varian Mercury 400 MHz operating on frequencies given. Chemical shift are given
in ppm and referenced according to residual solvent signal with coupling constants in hertz. Mass
Spectra were recorded on magnetic sector mass spectrometer AutoSpec Premier (Waters, USA),
equipped with an electron impact (EI) ion source and the EBE double focusing geometry mass
analyzer or MALDISynapt G2-S HDMS (Waters Inc) mass spectrometer equipped with an
electrospray ion source and q-TOF type mass analyzer or Mariner PE Biosystems. The
intstruments were controlled and recorded data were processed using MassLynx V4.1 software
package (Waters Inc).

Photophysical measurements. UV-Vis spectra were recorded on Varian Cary-5000, while
emission spectra were obtained on Jobin Yvon FluoroMax-3. The quantum yields were estimated
by comparison with the quantum yield standard using the comparative method® and the

following equation:

I A n 2
(psample — (pstd_ ( s;lmple) (A std. > ( sample)
std. sample Nstq.
where @ is the quantum yield, I is the integrated luminescence intensity, A is the absorbance at

the excitation wavelength and n is the refractive index of the solvent. The @4y, Values were
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referenced with respect to quinine disulfate monohydrate in 0.05 M sulfuric acid solution
(Pseq. = 0.6 for excitation at 350 nm and ngq. = 1.34, Nggmpre = 1.4222).5 All the above
mentioned procedures were carried out in anhydrous dichloromethane at concentration ¢ = 0.5 X
10~>M and diluted from it. For quantum yield measurements, the concentration was adjusted so
that the absorbance at the excitation wavelength was below 0.1.

The luminescence decays were also registered for compounds 1-8 in dichloromethane
(CHCIy) solution. A cell path length of 1 cm was employed. The measurements were performed
on a PTI QuantaMaster QM40 coupled with tunable pulsed optical parametric oscillator (OPO),
pumped by a third harmonic of a Nd:YAG laser (Opotek Opolette 355 LD). The luminescence
was dispersed by double 200 mm monochromators. Luminescence decay curves were recorded
and stored by a PTI ASOC-10 [USB-2500] oscilloscope with an accuracy of +0.5 us. All
measurements were carried out at room temperature and under an argon atmosphere.

X-ray Crystallography. The crystals of the (3, 6, 7, 8*) complexes were mounted in turn on a
Gemini A Ultra Oxford Diffraction automatic diffractometer equipped with a CCD detector, and
used for data collection. X-ray intensity data were collected with graphite monochromated MoK,
radiation (A = 0.71073 A) at a temperature of 295.(2) K, with @ scan mode. Ewald sphere
reflections were collected up to 26 50.10. Details concerning crystal data and refinement are
gathered in Table 2. Lorentz, polarization and empirical absorption corrections using spherical
harmonics implemented in SCALE3 ABSPACK scaling algorithm? were applied. The structures
were solved by the Patterson method and subsequently completed by difference Fourier
recycling. All the non-hydrogen atoms were refined anisotropically using full-matrix, least-
squares techniques. The Olex2® and SHELXS97, SHELXL97* programs were used for all the

calculations. Atomic scattering factors were incorporated in the computer programs.
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Electrochemistry.

Electrochemical measurements were carried out using Eco Chemie Autolab PGSTAT128n
potentiostat, platinum electrode (diam. 1 mm), platinum coil and silver wire as working,
auxiliary and reference electrode, respectively. Potentials are referenced with respect to
ferrocene (Fc), which was used as the internal standard. Cyclic voltammetry experiments were
conducted in a standard one-compartment cell, in CH,Cl, (Carlo Erba, HPLC grade), under
argon. 0.2M BusNPFg (Aldrich, 99%) was used as the supporting electrolyte. The
electrochemical oxidation and reduction onset potentials were used for estimation of the HOMO
and LUMO energies (or rather, ionization potentials and electron affinities) of the materials,
assuming the IP of ferrocene to be -5.1 eV is equal.’

Theoretical Calculations. DFT calculations were carried out using Gaussian09 Revision
D.01° package and employing hybrid B3LYP"® exchange correlation potential and M06-2X in
some cases™ combined with 6-31G(d,p) basis set for light elements (C, N, H, F, O) and
LANL2DZ for iridium metal center. Effective core potential (LANL2) was also applied for Ir in
order to account for relativistic effects.* Ground- and excited-state geometries were fully
optimized until a stable local minimum was found, which was confirmed by normal-mode
analysis (no imaginary frequencies were present). Initial structures were constrained to the C,
symmetry point group and then relaxed if a saddle point was found. Solvent-solute interactions
were taken into account with the aid of polarizable continuum model (PCM)* and
dichloromethane as the solvent. The oscillator strengths and energies of the vertical singlet

excitations were calculated employing time-dependant version (TD) of DFT***°

at respective
optimized geometries. Multiconfigurational character of the most pronounced excitations was

analyzed with Natural Transition Orbitals (NTO).?’ Excited-to-ground-state transitions were
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calculated via state-specific solvation approach taking into account the Franck-Condon rule.?*?

In order to calculate the emission wavelength the geometry of the first triplet excited state was
optimized imposing C; symmetry point group (calculations with C, symmetry revealed reaching
a saddle point in each case) and PCM solvation model. At this geometry the So—T; vertical
excitation was equal to the emission energy with the solvation of the ground state according to
Franck-Condon rule. With these spatial coordinates the solid-solute interactions were
equilibrated and taken into account as specific solvation of the excited state. Finally, the
emission wavelength was calculated as the energy difference between the solvated triplet and
ground-state singlet with geometry and reaction field of the excited state. The necessary data of
DFT calculations was retrieved from output files using GaussSum 2.2% and the graphical plots

25,2
05,6

were generated with the aid of Gabedit 2.4.6** (molecular orbitals) and gOpenMol-3.0 (spin

densities).
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2. Synthesis
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Scheme S1. Synthesis of ancillary ligands and cationic iridium(l11) cyclometalates
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2.1 Ligand synthesis
4,4’-difluoro-2,2’-bipyridine was the only lingand synthesized from other source than the rest
— 2-bromo-4-fluoropyridine. The remaining four ancillary ligands were synthesized from a

common source — 2,2’-bipyridine, according to respective literature procedures given below.

2.1.1 2,2°-bipyridine 1,1°-dioxide.?”!

To a solution of 2,2’bipyridine (102.4 mmol, 16 g) in glacial acetic acid (100 ml) were added
dropwise 40 ml of 30% H,0, solution in room temperature and the mixture was heated to 80 °C.
After that time another portion of 30% H,0O, (30 ml) was added in a similar manner and the
mixture was stirred overnight at 80 °C. Then the solution was poured into acetone (2 I) and the
white precipitate was collected by filtration under reduced pressure and vacuum dried to obtain
the product as white powder (91.9 mmol, 17.29 g, yield: 90%) ‘*H NMR (400 MHz, DMSO-dg) &
8.34 (ddd, J=6.5, 1.1, 0.6 Hz, 1H), 7.63 (ddd, J = 7.7, 2.1, 0.5 Hz, 1H), 7.52 (ddd, J = 7.7, 6.5,
2.2 Hz, 1H), 7.41 (td, J = 7.7, 1.1 Hz, 1H), °C NMR (101 MHz, DMSO-dg) & 142.47 (s), 139.23
(s), 128.42 (s), 127.04 (s), 124.52 (s). HRMS: Calc. for C1oHgN,O,Na [M+Na] 211.0478 Found

211.0481 Calc. for C1oHgN20O, [M+H] 189.0664 Found 189.0644

2.1.2 4,4’-dinitro-2,2’-bipyridine 1,1>-dioxide.?!

A three-neck flask was filled with 60% oleum (80 ml) and the solution was cooled to 0 °C.
Then 2,2’-bipyridine 1,1°-dioxide was (53.1 mmol, 10 g) added portion wise with continuous
stirring. To so-obtained solution were added dropwise 37 ml of concentrated nitric acid within a

period of 1 hour (EXTREME CAUTION! - overheating at any of the steps may lead to a huge
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explosion) The solution was then heated to 100 °C for a period of 8 hours. After that time it was
cooled to room temperature and poured onto 100 g of crushed ice. The precipitation of the
product was caused by addition of excess of water and then yellow solid was collected by
filtration. The precipitate was washed with water until neutral and dried in vacuo to obtain a
yellow solid. (27.0 mmol,7.50 g, yield: 51 %) *H NMR (400 MHz, DMSO-dg) & 8.69 (d, J = 3.3
Hz, 1H), 8.60 (d, J = 7.3 Hz, 1H), 8.37 (dd, J = 7.2, 3.3 Hz, 1H). *C NMR (101 MHz,
DMSO-ds) 6 142.12 (s), 141.18 (s), 140.49 (s), 123.80 (s), 121.94 (s). HRMS: Calcd.for

C10HsN4Og [M-H] 277.0215 found: 277.0224

2.1.3 4,4-dibromo-2,2°-bipyridine 1,1°-dioxide. **

4,4'-dinitro-2,2'-bipyridine 1,1'-dioxide (7.2 mmol, 2 g) was suspended in glacial acetic acid
(32 ml). To so-obtained solution were added 21 ml o acetyl bromide and the mixture was heated
to 100 °C for 8 hours. After that time the solution was poured onto 100 g of crushed ice and
neutralized with diluted sodium hydroxide solution. The forming precipitate was collected by
filtration, washed with excess of water and vacuum dried to obtain an off-white solid. (5.8 mmol,
1.99 g, yield: 81%) *H NMR (400 MHz, DMSO-dg) 5 8.31 (d, J = 7.0 Hz, 1H), 8.03 (d, J = 2.9
Hz, 1H), 7.78 (dd, J = 7.0, 2.9 Hz, 1H). HRMS: Calcd.for C10HgN,0O,NaBr, [M+Na] 366.8688
found: 366.8690 *C NMR was impossible to record due to extremely low solubility of the

sample.
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2.1.4 4,4’-dibromo-2,2’-bipyridine. %

4,4'-dibromo-2,2'-bipyridine 1,1'-dioxide (6.4 mmol, 2.2 g) was suspended in 380 ml of
acetonitrile under argon. To the solution were added 16.5 ml of phosphorus tribromide and the
mixture was heated to reflux for 4 hours. After that time the resulting mixture was poured onto
100 g of crushed ice and neutralized with diluted sodium hydroxide solution. Extraction of the
so-obtained solution with chloroform yielded the crude product, which was crystallized from
water/ethanol (1/1) mixture to obtain 4,4'-dibromo-2,2'-bipyridine as off-white needles. (5.9
mmol, 1.84 g, yield: 92%) *H NMR (400 MHz, CDCl3) & 8.60 (d, J = 1.9 Hz, 1H), 8.48 (d, J =
5.2 Hz, 1H), 7.50 (dd, J = 5.2, 1.9 Hz, 1H). *C NMR (101 MHz, CDCl3) § 156.13 (s), 150.02
(s), 134.21 (s), 127.59 (s), 124.98 (s). HRMS: Calcd.for CioHsN,NaBr, [M+Na] 334.8790

Found: 334.8783 Calc.for C1oH;N,Br, [M+H] 312.8976 Found: 312.8973

2.1.5 4,4’-dimethoxy-2,2’-bipyridine 1,1>-dioxide. %%

4,4'-dinitro-2,2'-bipyridine 1,1'-dioxide (5.4 mmol, 1.5 g) was suspended in 60 ml of dry
methanol. To the solution were added 0.76 g (14.1 mmol) of sodium methoxide and the solution
was heated to 35 °C for 5 hours. Then 0.5 ml of concentrated sulfuric acid were added and the
resulting white solid was separated by filtration. The orange solution was partially evaporated,
diluted with chloroform and methanol and mixed with activated charcoal. The so-obtained
mixture was heated to reflux for 1 hour, cooled to room temperature, filtrated and evaporated to
dryness to give a red-orange solid. (5.0 mmol, 1.23 g, yield: 93 %) *H NMR (400 MHz, CD3;0D)
§8.44 (d, J = 7.3 Hz, 1H), 7.50 (d, J = 3.4 Hz, 1H), 7.35 (dd, J = 7.3, 3.4 Hz, 1H), 4.01 (s, 3H).
3C NMR (101 MHz, CD;0D) & 162.77 (s), 144.37 (s), 142.36 (s), 115.81 (s), 115.22 (s), 57.73

(s). HRMS: Calcd.for C1,H1,N,0O4Na [M+Na] 271.0689 Found: 271.0693
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2.1.6 4,4’-diamino-2,2’-bipyridine (44dabpy). %

4,4'-dinitro-2,2'-bipyridine 1,1'-dioxide (7.8 mmol, 2.18 g) was suspended in ethanol (65 ml)
under argon and mixed with 10% palladium on activated charcoal (0.57 g). Then, hydrazine
monohydrate (2.18 ml) in ethanol (11 ml) was added dropwise over a period of 0.5 h and the
solution was heated to reflux for 8 hours. Then it was filtrated through celite, the solvent was
evaporated and the crude product was crystalized from ethanol to obtain 4,4'-diamino-2,2'-
bipyridine as yellow needles. (7.7 mmol, 1.44 g, yield: 99 %) *H NMR (400 MHz, DMSO-dg) &
8.02 (d, J = 5.5 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H), 6.45 (dd, J = 5.5, 2.4 Hz, 1H), 6.01 (s, 2H). **C
NMR (126 MHz, DMSO-ds) 5 156.20 (s), 154.92 (s), 148.91 (s), 108.62 (s), 105.60 (s). HRMS:

Calcd.for C1gH11N4 [M+H] 187.0978 found: 187.0985

2.1.7 4,4-dimethoxy-2,2’-bipyridine (44dmbpy).>>*

4,4'-dimethoxy-2,2'-bipyridine 1,1'-dioxide (4.5 mmol, 1.11 g) was added to 50 ml of
chloroform. The the so-obtained solution were added 7 ml of phosphorus trichloride and the
mixture was heated to reflux for 5 hours. The addidtion of PClj3 is follow by the rapid decrease of
the red-orange color of the solution. After the reaction was finished and cooled to room
temperature it was poured onto 100 g or crushed ice and neutralized with diluted sodium
hydroxide solution.The resulting brown solid was filtrated, washed with minimum amount of
water and vacuum dried. Recrystalization from ethanol gave 4,4'-dimethoxy-2,2'-bipyridine as
off-white needles. (2.7 mmol, 0.58 g, yield: 60%) *H NMR (400 MHz, DMSO-dg) & 8.49 (d, J =
5.6 Hz, 1H), 7.93 (d, J = 2.4 Hz, 1H), 7.03 (dd, J = 5.6, 2.5 Hz, 1H), 3.91 (s, 3H). *C NMR (126
MHz, DMSO-dg) & 166.21 (s), 156.83 (s), 150.51 (s), 110.74 (s), 106.05 (s), 55.40 (s). HRMS:

Calcd.for C12H13N20, [M+H] 217.0962 found: 217.0962
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2.1.8 4,4’-dicyano-2,2’-bipyridine (44dcbpy). *

4,4'-dibromo-2,2'-bipyridine (2.8 mmol, 0.87 g), sodium cyanide (5.6 mmol, 0.28 g) and dry
mesitilene (15 ml) were mixed in a schlenk flask and the solution was degassed with three
freeze-pump-thaw cycles. Then palldium diacetate (0.14 mmol, 31 mg), 1,5-
bis(diphenylphosphiono)pentane (0,57 mmol, 0.25 g) and 0.48 ml of tetramethyletylenediamine
(TMEDA) were added in glovebag and the flask was degassed with one more freeze-pump-thaw
cycle. The solution was heated to 180 °C overnight and after that time the solvent was
evaporated. The crude product was purified using column chromatography (ethyl
acetate/petroleum ether = 1/9) to obtain yelowish solid. (1.8 mmol, 0.37 g, yield: 65%) *H NMR
(400 MHz, CDCl5) & 8.88 (dd, J = 4.9, 0.9 Hz, 1H), 8.72 (dd, J = 1.5, 0.9 Hz, 1H), 7.60 (dd, J =
4.9, 1.6 Hz, 1H). *C NMR (126 MHz, CDCl3) § 155.58 (s), 150.45 (s), 125.99 (s), 123.22 (s),

121.94 (s), 116.47 (s). HRMS: Calcd.for C1,HgN4 [M+] 206.0592 found: 206.0592

2.1.9 4,4’-fluoro-2,2’-bipyridine (44dfbpy).

Oven-dried schlenk tube was degassed three times with subsequent refilling with argon. The
tube was then charged with 2-bromo-4-fluoropyridine (10.4 mmol, 2 g), hexabutylditin (5.2
mmol, 2.63 ml) and 50 ml of dry toluene. The tube was again degassed with 3 freeze-pump-thaw
cycles and charged with tetrakis(triphenylphosphine)palladium(0) — [Pd(PPh3),] (0.57 mmol, 660
mg) under argon. After another freeze-pump-thaw cycle the tube was heated to 110 °C until
palladium black occurred (approximately one day). The solvent was then evaporated and the
remaining slurry was extracted three times with concentrated hydrochloric acid/dichloromethane
mixture. The acidic phase was then neutralized with sodium carbonate to pH=9, extracted with

dichloromethane and dried over magnesium sulfate. The final product was obtained by column
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chromatography in dichloromethane as a white solid (0.4 g, 2.1 mmol, yield: 40%) *H NMR
(400 MHz, CDCl3) § 8.63 (dd, J = 8.5, 5.5 Hz, 1H), 8.18 (dd, J = 10.3, 2.6 Hz, 1H), 7.06 (ddd, J
=8.1, 5.5, 2.5 Hz, 1H), *C NMR (101 MHz, CDCls) & 169.81 (d, J = 261.9 Hz), 158.48 (d, J =
11.2 Hz), 151.71 (d, J = 7.0 Hz), 112.19 (d, J = 16.7 Hz), 109.30 (d, J = 18.9 Hz). HRMS:

Calcd.for C1gHgN2F, [M+] 192.0508 found: 192.0503

2.2 Complex synthesis

2.2.1 General remarks

p-chloro-bridged dimers synthesis. The respective p-chloro-bridged dimers were obtained
according to known literature procedures by heating iridium trichloride hydrate with 2.5 eq. of
the cyclometalating ligand in the mixture 2-ethoxyethanol/water (3/1) to 130 °C. The resulting
yellow suspension was partially evaporated and then diluted with excess of water. The solid was
collected by filtration and vacuum dried to obtain the dimers in yields exceeding 95%. The

dimers were then used without further purification.

Cationic iridium(I11) complexes synthesis.

All complexes were synthesized in the same manner by refluxing a certain dimer (ca. 0.1
mmol) with 2.5 eq. of the corresponding ligand in dichloromethane (ca. 20 mL) under argon.
After 4 hours of heating ammonium hexafluorophosphate (ca. 1.0 mmol, 163.0 mg, 10.0 eq. in 1
mL of methanol) was introduced and the reaction was continued overnight. The solution was
then cooled to room, the solvents were evaporated and the remaining solid was purified on silica

gel with 1% MeOH/dichloromethane elution.
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2.2.2 [Ir(ppy)2(44dabpy)]PFe.

yield: 93% H NMR (400 MHz, DMSO-dg) 5 8.20 (ddd, J = 8.4, 1.5, 0.7 Hz, 1H), 7.90 (ddd, J
=8.2,7.5,15Hz, 1H), 7.84 (dd, J = 7.8, 1.1 Hz, 1H), 7.72 (ddd, J = 5.8, 1.5, 0.7 Hz, 1H), 7.32
(d, J = 2.4 Hz, 1H), 7.22 (ddd, J = 7.3, 5.8, 1.4 Hz, 1H), 7.17 (d, J = 6.3 Hz, 1H), 6.99 (s, 2H),
6.94 (ddd, J = 7.7, 7.2, 1.3 Hz, 1H), 6.82 (td, J = 7.4, 1.3 Hz, 1H), 6.57 (dd, J = 6.4, 2.4 Hz, 1H),
6.18 (dd, J = 7.6, 1.0 Hz, 1H). **C NMR (101 MHz, DMSO-dg) & 167.38 (s), 156.00 (s), 155.62
(s), 152.63 (s), 148.65 (s), 148.44 (s), 144.08 (s), 138.14 (s), 131.27 (s), 129.96 (s), 124.87 (s),
123.57 (s), 121.51 (s), 119.68 (s), 111.56 (s), 107.22 (s). HRMS: Calcd.for CaoHasNglr [M+]

687.1843 Found: 687.1831

2.2.3 [Ir(ppy)2(44dmbpy)]PFs

yield: 95% *H NMR (400 MHz, DMSO-dg) & 8.45 (d, J = 2.6 Hz, 1H), 8.24 (ddd, J = 8.4, 1.4,
0.7 Hz, 1H), 7.93 (ddd, J = 8.2, 7.5, 1.5 Hz, 1H), 7.90 (dd, J = 7.9, 1.0 Hz, 1H), 7.68 (ddd, J =
5.9, 1.4, 0.6 Hz, 1H), 7.62 (d, J = 6.4 Hz, 1H), 7.30 (dd, J = 6.5, 2.6 Hz, 1H), 7.18 (ddd, J = 7.3,
5.8, 1.4 Hz, 1H), 7.00 (td, J = 7.5, 1.2 Hz, 1H), 6.88 (td, J = 7.4, 1.3 Hz, 1H), 6.20 (dd, J = 7.6,
0.9 Hz, 1H), 3.99 (s, J = 19.5 Hz, 3H). *C NMR (101 MHz, DMSO-dg) & 167.42 (s), 166.96 (s),
156.85 (s), 150.98 (s), 150.61 (s), 148.73 (s), 143.89 (s), 138.53 (s), 131.14 (s), 130.11 (s),
124.99 (s), 123.77 (s), 121.98 (s), 119.86 (s), 114.33 (s), 111.70 (s), 56.81 (s). HRMS: Calcd.for

CasH2sN4Oz1r [M+] 717.1841 Found: 717.1833
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2.2.4 [Ir(ppy)2(44dfbpy)]PFs

yield: 91% H NMR (400 MHz, DMSO-dg) 5 8.93 (dd, J = 9.5, 2.4 Hz, 1H), 8.24 (d, J = 8.1
Hz, 1H), 7.95 (t, J = 7.8 Hz, 1H), 7.90 (d, J = 7.9 Hz, 1H), 7.87 (t, J = 6.9 Hz, 1H), 7.72 (d, J =
6.3 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.16 (t, J = 6.6 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.90 (t, J =
7.4 Hz, 1H), 6.19 (d, J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-ds) & 169.30 (d, J = 264.7
Hz), 166.62 (s), 158.23 (d, J = 8.3 Hz), 152.79 (d, J = 9.5 Hz), 149.54 (s), 149.38 (s), 143.85 (5),
138.87 (s), 131.04 (s), 130.28 (s), 125.11 (s), 123.98 (s), 122.42 (s), 120.03 (s), 117.38 (d, J =
20.0 Hz), 114.23 (d, J = 23.0 Hz). HRMS: Calcd.for C3H2N4F,Ir [M+] 693.1442 Found:

693.1444

2.2.5 [Ir(ppy)2(44dcbpy)]PFs

yield: 96% H NMR (400 MHz, DMSO-dg) 6 9.51 (d, J = 1.3 Hz, 1H), 8.27 (d, J = 8.2 Hz,
1H), 8.17 (dd, J = 5.7, 1.5 Hz, 1H), 8.03 (d, J = 5.7 Hz, 1H), 7.96 (dd, J = 8.2, 6.3 Hz, 1H), 7.93
(d, J = 7.1 Hz, 1H), 7.69 (d, J = 5.8 Hz, 1H), 7.13 (dd, J = 6.3, 5.8, Hz, 1H), 7.04 (t, J = 7.5 Hz,
1H), 6.93 (t, J = 7.4 Hz, 1H), 6.13 (d, J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-ds) & 166.36
(), 155.64 (s), 150.90 (s), 149.75 (s), 148.87 (s), 143.68 (s), 139.16 (s), 131.42 (s), 130.88 (5s),
130.43 (s), 128.37 (5), 125.17 (s), 124.06 (s), 122.84 (s), 121.97 (s), 120.19 (s), 115.77 (s),

HRMS: Calcd.for C34H2Nglr [M+] 707.1535 Found: 707.1533

2.2.6 [Ir(24dfppy).(44dabpy)]PFs
yield: 90% H NMR (400 MHz, DMSO-ds) & 8.27 (dd, J = 8.3, 1.3 Hz, 1H), 8.02 (ddd, J =

8.3,7.5, 1.5 Hz, 1H), 7.78 (dd, J = 5.8, 1.5 Hz, 1H), 7.32 (ddd, J = 7.5, 5.8, 1.3 Hz, 1H), 7.32 (d,
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J = 2.4 Hz, 1H), 7.19 (d, J = 6.4 Hz, 1H), 7.10 (s, 2H), 6.85 (ddd, J = 12.6, 9.5, 2.3 Hz, 1H),
6.62 (dd, J = 6.4, 2.4 Hz, 1H), 5.60 (dd, J = 8.4, 2.3 Hz, 1H). *C NMR (101 MHz, DMSO-dg) &
163.25 (d, J = 6.9 Hz), 163.04 (dd, J = 210.6, 12.4 Hz), 160.49 (dd, J = 214.9, 12.9 Hz), 157.04
(d, J = 6.2 Hz), 156.22 (s), 155.28 (s), 149.02 (s), 148.72 (s), 139.38 (s), 127.69 (s), 124.16 (s),
123.02 (d, J = 19.2 Hz), 113.15 (d, J = 15.9 Hz), 111.84 (s), 107.31 (s), 98.20 (t, J = 27.2 Hz).

HRMS: Calcd.for C3pH2NgFalr [M+] 759.1471 Found: 759.1464

2.2.7 [Ir(24dfppy).(44dmbpy)]PFs

yield: 89% 'H NMR (400 MHz, DMSO-ds) & 8.48 (d, J = 2.6 Hz, 1H), 8.29 (d, J = 8.5 Hz,
1H), 8.03 (t, J = 8.2 Hz, 1H), 7.75 (d, J = 5.6 Hz, 1H), 7.66 (d, J = 6.4 Hz, 1H), 7.29 (dd, J = 6.6,
2.3 Hz, 1H), 7.27 (dd, J = 8.2, 5.6 Hz, 1H), 6.94 (ddd, J = 12.1, 9.5, 2.3 Hz, 1H), 5.62 (dd, J =
8.4, 2.3 Hz, 1H), 4.01 (s, 3H). *C NMR (101 MHz, DMSO-ds) & 167.71 (s), 162.99 (dd, J =
210.3, 12.8 Hz), 162.86 (d, J = 7.1 Hz), 160.43 (dd, J = 214.9, 12.8 Hz), 156.60 (s), 155.05 (d, J
= 6.2 Hz), 150.90 (s), 149.33 (s), 139.73 (s), 127.59 (dd, J = 3.7, 2.6 Hz), 124.29 (s), 123.17 (d, J
= 19.3 Hz), 114.54 (s), 113.18 (d, J = 19.3 Hz), 111.92 (), 98.64 (t, J = 27.0 Hz), 56.83 (5).

HRMS: Calcd.for C34H24N4O5F4Ir [M+] 789.1465 Found: 789.1456

2.2.8 [Ir(24dfppy).(44dfbpy)]PFs

yield: 93% H NMR (400 MHz, DMSO-ds) 6 9.00 (dd, J = 9.4, 2.5 Hz, 1H), 8.30 (d, J = 8.6
Hz, 1H), 8.06 (dd, J = 8.6, 7.2 Hz, 1H), 7.94 (t, J = 6.6 Hz, 1H), 7.81 (d, J = 5.6 Hz, 1H), 7.75 -
7.63 (m, 1H), 7.26 (dd, J = 7.2, 5.6 Hz, 1H), 6.98 (ddd, J = 12.8, 9.3, 2.2 Hz 1H), 5.60 (dd, J =

8.4, 2.2 Hz, 1H). *C NMR (101 MHz, DMSO-ds) 5 169.55 (d, J = 265.6 Hz), 162.96 (dd, J =
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209.3, 12.8 Hz), 162.55 (d, J = 6.6 Hz), 160.40 (dd, J = 214.0, 12.7 Hz), 158.04 (d, J = 8.0 Hz),
153.49 (d, J = 5.6 Hz), 153.41 (d, J = 9.5 Hz), 150.04 (s, J = 38.8 Hz), 140.07 (s), 127.62 (),
124.52 (s), 123.35 (d, J = 19.2 Hz), 117.63 (d, J = 19.9 Hz), 114.48 (d, J = 23.2 Hz), 113.24 (d, J
= 16.8 Hz), 99.15 (t, J = 26.8 Hz). HRMS: Calcd.for CaHigNsFelr [M+] 765.1065 Found:

765.1052

2.2.9 [Ir(24dfppy).(44dcbpy)]PFs

yield: 92% *H NMR (400 MHz, DMSO-dg) § 9.51 (s, 1H), 8.29 (d, J = 8.4 Hz, 1H), 8.22 —
8.10 (m, 2H), 8.06 (dd, J = 8.4, 7.6 Hz, 1H), 7.75 (d, J = 5.6 Hz, 1H), 7.22 (dd, J = 7.6, 5.6 Hz,
1H), 6.96 (ddd, J = 12.8, 9.3, 1.9 Hz 1H), 5.57 (dd, J = 8.5, 1.9 Hz, 1H). **C NMR (101 MHz,
DMSO-dg) 6 162.97 (dd, J = 210.2, 12.9 Hz), 162.32 (d, J = 7.0 Hz), 160.40 (dd, J = 214.9, 12.8
Hz), 155.40 (s), 152.68 (d, J = 6.3 Hz), 151.61 (s), 150.43 (s), 140.34 (s), 131.72 (s), 128.58 (s),
127.55 (s), 124.62 (s), 123.50 (d, J = 19.4 Hz), 122.54 (s), 115.68 (s), 113.19 (d, J = 17.0 H2),

99.56 (t, J = 26.9 Hz).HRMS: Calcd.for C3aHigNgF4lr [M+] 779.1141 Found: 779.1158
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3. NMR Spectra

3.1 4,4'-difluoro-2,2'-bipyridine
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Fig. S1 *H NMR spectrum of 4,4'-difluoro-2,2"-bipyridine in CDCl5 (full range - up, aromatic

region - down)
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3.2 [Ir(ppy)2(44dabpy)]PFs
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3.3 [Ir(24dfppy).(44dabpy)]PFs
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3.4 [Ir(ppy)2(44dmbpy)]PFe
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3.5 [Ir(24dfppy).(44dmbpy)]PFs
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3.6 [Ir(ppy)2(44dfbpy)]PFs

900
800
700
600
500
400
300
200
100
r-100

1400
1300
1200
1100
1000

9p-apixoyins JAyBWIg 05T — -
819, Lo

0279

f1 (ppm)

n
(-]
N
12 11

o

o

[
13

14

15

16

LU-19!
LU-19!

S37



1400

1300
1200
1100
1000

900

800

700

600

500

400

300

200

100

r-100

819~
0T'9 "

88'9
069
z69-

<68
76’8

S6'8

LU-19%
LU-19:¢

J

/ /// [/J

i

oot

loot

79 78 77 76 75 74 73 72 71 7.0

f1 (ppm)

Fig. S11 *H NMR spectrum of [Ir(ppy)2(44dfbpy)]PFs (5) in ds-DMSO (full range - up, aromatic
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Fig. S12 **C NMR spectrum of [Ir(ppy)2(44dfopy)]PFs (5) in de-DMSO (full range - up,

aromatic region - down)
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3.7 1r(24dfppy).(44dfbpy)]PFs
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Fig. S13 'H NMR spectrum of [Ir(24dfppy).(44dfbpy)]PFs (6) in ds-DMSO (full range - up,

aromatic region - down)

S42



o o o o o =] o o o o
=1 =] =1 S =] =] =] S S o o o o 1=
© I I o o © I ] o =] =] =] o ~
~ ~ ~ I — — — — — o ©° <+ N o h
I I I I I I I I I 1 I 1 I I I
=
R

88'86
mﬂ.mmv
€88
€LLTT /
ST'ETT
SYETT
zsver/

L0'OVT
10"0ST N
LE'EST
9b'EST
00°8ST Y
80°8ST

ob 19T
€5°T9T 4
98'T9T
66'T9T
TS'T9T
852971
v6'€9T -
90"¥9T |
€T°89T |
£8'0LT

LU-409_13C
LU409c

-20

-10

70 60 50 40 30 20 10

80

110 100 90

130 120
f1 (ppm)

140

170 160 150

180

250 240 230 220 210 200 190

S43



2600

©wNMma O
o 1t SRNNVS
LU :

0

©

Lol

~153.46
\-153.37
—150.04
—140.07
—127.62
/124,52
-123.45
\123.25

- |~ [ 2400

2200
2000
1800
1600
1400
1200
1000
800

600

400

I 1 T | [ 200

-200

T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100
f1 (ppm)

Fig. S14 °C NMR spectrum of [Ir(24dfppy).(44dfbpy)]PFs (6) in ds-DMSO (full range - up,

aromatic region - down)
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3.8 [Ir(ppy)2(44dcbpy)]PFs
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Fig. S15 'H NMR spectrum of [Ir(ppy)2(44dcbpy)]PFs (7) in dg-DMSO (full range - up, aromatic

9.4

region - down)
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Fig. S16 *C NMR spectrum of [Ir(ppy).(44dcbpy)]PFs (7) in dg-DMSO
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3.9 [Ir(24dfppy).(44dcbpy)]PFs
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Fig. S17 'H NMR spectrum of [Ir(24dfppy).(44dcbpy)]PFs (8) in dg-DMSO (full range - up,
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Fig. S18 *C NMR spectrum of [Ir(24dfppy).(44dcbpy)]PFs (8) in ds-DMSO (full range - up,

aromatic region - down)
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4. Mass Spectra

4.1 4,4'-difluoro-2,2'-bipyridine

S. Krompiec AUTOSPEC 27-Sep-2012 12:25:41
LU-181 operator: Malgorzata Grela

Single Mass Analysis
Tolerance = 10.0 PPM / DBE min=-15 max =500
Selected filters: None

Mon opic M 0Odd and Even Electron lons
18 formulafe) evaluated with 2 results within limits (up to 50 clo tresults for each mass)
Mass Calc. Mass mDa | PPM | DBE | Formula i-FIT ( H N|O
192,050 192.0508 0.5 2f 25 (6 H10 N 06 1319 ¢ 10 1 6
192.0495 08 4.2 C4 H8 N4 05 1460 4 3 4
146
19
16
11
K3 147 181
. 4 164 18
9 1131 » 4 . 1 194
4 1 12, 1 )
C n/z

Fig. S19 MS (EI+) spectrum of 4,4'-difluoro-2,2'-bipyridine together with atomic composition

report
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4.2 [Ir(ppy)2(44dabpy)]PFe

Mariner Spec /1:20 (T /0.00:1.02) ASC[BP = 687.1, 730]

730.2

|
£85.2

1688.2

86.2

3011 689.2

j%' 3571 4133 4712 5149 55695889 £90.2
4992 7244 949.6
Mass (m/z)

. — 0
11748 1400.0

wel Swider - S. Krompiec - LU-130 - (MeOH/DCM. jony dodatnie)
)1.dat
r12 14:45:00 2012
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S. Krompiec ; prébka: LU - 130 ; masa zmierzona: 687.1831

Index Input m/z Calc. Mass Error (mDa) Error (ppm) DBE Formula Isotope Match Score
1 687.18306 687.18345 0.3884 0.5652 17.50 C15 H20 N21 Ir 0.977598
2 687.18306 687.18429 -1.2285 -1.7877 24.00 C32H26 N6 Ir 0.991489
3 687.18306 687.17758 5.4796 7.9740 21.00 C23 H22 N141Ir 0.988080
4 687.18306 687.18932 6.2564 -9.1044 14.00 C7 H18 N28 Ir 0.719456
5 687.18306 687.17674 6.3197 9.1965 14.50 C6 H16 N29 Ir 0.947048

Fig. S20 Mass spectrum (up) of [Ir(ppy)2(44dabpy)]PFs (1) together with atomic composition

report (down)

S54



4.3 [Ir(24dfppy).(44dabpy)]PFs

LU- 190 MeOH 17-Aug-2012
operator: Ania Troc 14:07:16
us_sk2154 15 (0.310) Cm (15:46) 1: TOF MS ES+
100 759.15 4.19e7
757.14
®

o oe 760.15

193.06 761.15
0 /z

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Fig. S21 Mass spectrum (TOF-MS ES+) of [Ir(24dfppy).(44dabpy)]PFs (2)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

30 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-50 N:0-6 F:4-4 Ir:1-1

Fig. S22 Atomic composition report for [Ir(24dfppy).(44dabpy)]PFs (2)
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4.4 [Ir(ppy)2(44dmbpy)]PFs

Fig.

LU-166 MeOH
operator: M. Kania, P. Swider
us_sk2162 14 (0.293) Cm (12:16-(3:9+21:25))

100 717.18
®
715.18
718.18
501.09 719.19
499.09
Ok 1 g s
200 300 400 500 600 700 800

S23 Mass spectrum (TOF-MS ES+) of [Ir(ppy)2(44dmbpy)]PFs (3)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

299 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-80 H:0-90 N:0-12 0:1-3 Ir:1-1

Minimum
Maximum 2.0 5.0
Mass Calc ass mDa PPM OBE i-FIT Norm onf ormula
17.1833 717.1828 0.5 s 24.5 0. 46.40
717.1841 =4l 24 0. 3733
717.1855 -3 23 1 16.27

Fig. S24 Atomic composition report for [Ir(ppy)2(44dmbpy)]PFs (3)
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4.5 [Ir(24dfppy).(44dmbpy)]PFs

LU- 169 ¢ MeOH 17-Aug-2012
operator: Ania Troc M 14:47:12
us_sk2155 24 (0.482) Cm (24:45) 1: TOF MS ES+
100 789.14 6.10e6
78714
790.15
i
287.15
303.12
791.15
il M oo S

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Fig. S25 Mass spectrum (TOF-MS ES+) of [Ir(24dfppy).(44dmbpy)]PFs (4)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Odd and Even Electron lons

182 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-50 H:0-50 N:0-6 0:0-5 F:4-4 Ir11

Minimum: -50
Maximum: 2.0 5.0 200.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
789.1456 789.1465 -1.1 910
9 2.3 1.265
‘ 1.657

Fig. S26 Atomic composition report for [Ir(24dfppy).(44dmbpy)]PFs (4)
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4.6 [Ir(ppy)2(44dfbpy)] PFs

LU-185 MeOH
operator: M. Kania, P. Swider
us_sk2161 14 (0.293) Cm (12:16-(3:8+21:25))
100 693.14
691.14
ES
694.15
501.09
499,09
502.10 505.15
200 300 400 500 600 700 800

900

1200

Fig. S27 Mass spectrum (TOF-MS ES+) of [Ir(ppy)2(44dfbpy)]PFs (5)
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Elemental Composition Report Page %

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

304 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-80 H:0-90 N:0-12 F:1-3 Ir1-1

Minimum:

Maximum: 2.0 5.0

Mass Calc. Mass mDa PPM DBE i=FIT Norm Conf (%) Formula

693.1444 693.1444 0.0 0.0 33.75 C37 H23 N F Ir
693.1442 0.2 0.3 33.69 C32 H22 N4 F2 Ir
693.1440 0.4 0.6 32.56 C27 H21 N7 F3 Ir

Fig. S28 Atomic composition report for [Ir(ppy).(44dfbpy)]PFs (5)
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4.7 [Ir(24dfppy).(44dfbpy)]PFs

LU-194 MeOH
operator: M. Kania, P. Swider
us_sk2156 13 (0.276) Cm (11:14-(17:21+4:8))
100 765.10
ES 763.11
777.12
778.13
573.06
0 e

S G = . S SN | VY ; N —
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Fig. S29 Mass spectrum (TOF-MS ES+) of [Ir(24dfppy).(44dfbpy)]PFs (6)
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

257 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-80 H:0-90 N:0-10 F:5-7 Ir:1-1

- -1.4 20.5 H17 N7 F7 Ir
-1.3 -1.7 24 . i18 N4 F6 Ir
-1.5 -2.0 27.5 1.22 29.46 C37 H19 N F5 Ir

Fig. S30 Atomic composition report for [Ir(24dfppy).(44dfbpy)]PFs (6)
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4.8 [1r(ppy)(44dcbpy)]PFs

LU-180 MeOH 20-Aug-2012
operator: M. Kania, P. Swider 14:21:07
us_sk2160 14 (0.293) Cm (11:16-3:9) 1: TOF MS ES+
100 707.16 1.41e6
501.09
705.15
708.16
499.09
50210 oo 16
68015 | 73918
740.18

_— T 1
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Fig. S31 Mass spectrum (TOF-MS ES+) of [Ir(ppy)2(44dcbpy)]PFs (7)
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Elemental Composition Report Page 1%

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min =-50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

99 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-80 H:0-90 N:0-12 Ir: 11

Minimum:
Maximum: 2.0 20.0 200.0
Mass Calc. Mass mbDa PPM
707.1533 -0.2 -0.3
2.4 7.5
8 =18.1

Fig. S32 Atomic composition report for [Ir(ppy).(44dcbpy)]PFs (7)
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4.9 [Ir(24dfppy).(44dcbpy)]PFs

LU-196 MeOH 20-Aug-2012
operator: M. Kania, P. Swider 14:16:41
us_sk2157 12 (0.259) Cm (10:16-4:8) 1: TOF MS ES+
779.12 9.78e5
100
777.11
=
780.12
754.12
573.08 |
| 83203
752.12
571.05 834.03
574.06 835.03
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

Fig. S33 Mass spectrum (TOF-MS ES+) of [Ir(24dfppy).(44dcbpy)]PFs (8)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 20.0 PPM / DBE: min = -50.0, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

100 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-80 H:0-90 N:0-12 F:4-4 Ir:1-1

Minimum:
Maximum: 2.0 20.0

Mass Calc. Mass mDa PPM DBE

779.1141

H H F
H KR

NN N

Fig. S34 Atomic composition report for [Ir(24dfppy).(44dcbpy)]PFs (8)
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5. X-ray crystallography

Table S1. Crystal data and structure refinement details of 3, 6, 7, 8*

3 6 7 8*

Empirical formula C34HIrN4O,, FgP, CsoH1gFglrNy, FgP Ca4HxIrNg, FeP, Ca6H2aF4IrN4O4, FeP
CH30H CHCl,

Formula weight 892.81 909.67 936.67 989.78

Temperature [K] 295.0(2)K 295.0(2) K 295.0(2) K 295.0(2) K

Crystal system Triclinic monaclinic Monoclinic monaclinic

Space group P-1 P2./c P2,/n P2,/n

Unit cell dimensions

a[A] 9.7156(2) 9.9615(5) 12.2460(7) 9.5479(5)

b [A] 12.4425(3) 24.4176(8) 13.3943(9) 30.4524(13)

c [A] 14.4092(3) 14.2131(6) 22.4079(12) 12.3038(5)

o 99.2448(19) 90 90 90

B 98.284(2) 97.634(5) 105.858(6) 95.045(4)

y 98.193(2) 90 90 90

Volume [A?] 1676.67(7) 3426.5(3) 3535.6(4) 3563.5(3)

Z 2 4 4 4

Calculated density [Mg/m®]  1.768 1.763 1.760 1.845

Absorption coefficient [mm™] 4.105 4.037 4.040 3.893

F(000) 878 1752 1824 1936

Crystal dimensions [mm] 0.17 x 0.15 x 0.03 0.22 x 0.06 x 0.03 0.23 x 0.10 x 0.07 0.26 x 0.19 x 0.03

@ range for data collection [°] 3.37 to 25.05 3.43 10 25.05 3.46 to 25.05 3.39t0 25.05

Index ranges -11<=h<=10 -9<=h<=11 -14<=h<=14 -10<=h<=11
-14<=k<=14 -29<=k<=29 -15<=k<=13 -36<=k<=35
-17<=1<=16 -16<=I<=16 -26<=I<=24 -14<=I<=14

Reflections collected 13357 17047 19576 39065

Independent reflections 5928 [R(iny = 0.0465] 6049 [Riny = 0.0490] 6239 [Ryiny = 0.0498] 6300 [Rinyy = 0581]

Data / restraints / parameters 5928 / 0 / 457 6049/ 0 /451 6239/0/460 6300/ 0 /507

Goodness-of-fit on F? 1.012 0.996 1.073 1.110

Final R indices [I>2o(1)] R, =0.0347 R; = 0.0537 R; = 0.0394 R; = 0.0460
wR, =0.0738 wR, =0.1103 wR, = 0.0951 wR, = 0.0991

R indices (all data) R; = 0.0435 R; = 0.0907 R; =0.0561 R; =0.0601
wR, = 0.0771 wR, = 0.1206 wR, = 0.1063 wR, = 0.1034

Largest diff. Peak and hole

1.159 and -0.672 e A 2.085 and -0.983 e A>1.284 and -0.909 e A=31.039 and -0.774 e A=
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6. TD-DFT excitations and NTO analyses

6.1 [Ir(ppy)2(44dabpy)]PFs

1,0 4

0,8 -

0,6 -

0,4

Absorbance (a.u.)

0,2 -

0,0

250

— [Ir(ppy)2(44dabpy)]PFg

I Singlet excitations
[ Triplet excitations

I ||‘.|\ L
T T T T

300

350 400
Wavelength (nm)

450 500 550

Fig. S35 Normalized UV-Vis spectrum of [Ir(ppy).(44dabpy)]PFs (1) together with TD-DFT

oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations)

Table S2 Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(ppy).(44dabpy)]PFs (1)

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
1 432.63 0.0003 Singlet-B | HOMO—LUMO (99%)
. 0.9995
1
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| LUTO
| |
0.9931
4
| LUTO
5 355.55 0.1168 | Singlet-A | H-1—LUMO (93%)
0.9761
0
| LUTO
11 [ 327.82 0.1047 | Singlet-B H-2—L+1 (-31%)
H-1—L+2 (64%)
0.6670
7
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0.3196
8
HOTO-1 \ LUTO+1
| 16 | 30573 | 01 | SingletB | H-3—L+2(85%)
: . 0.8910
2
\ LUTO
19 | 296.24 0.0519 | Singlet-A H-4—L+2 (-12%)
H-1—L+3 (66%)
0.6733
3
LUTO
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0.1348

1
0.1052
7
LUTO+2
22 | 288.67 0.0506 | SingletB | H-6—LUMO (-32%)
H-4—L+1 (-12%)
H-2—L+3 (38%)
0.4174
4

LUTO
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0.3238

9
LUTO+1
27 | 27850 0.176 | Singlet-B H-5L+2 (26%)
H-1—L+4 (40%)
0.4655
8
0.3027
1

HOTO-1

LUTO+1

| 31 | 270.03

| 0.1783 | Singlet-A |

H-1-L+5 (64%)
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0.6592

0.1457

LUTO+1

0.1622

Singlet-B

H-6—L+1 (-30%)
H-3—L+4 (48%)

0.5379

0.3093
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HOTO-1 \ LUTO+1
| 38 | 258.88 | 0.2261 | Singlet-B | HOMO—L+7 (53%)
. : 0.6951
0
0.1382
8
HOTO-1 \ LUTO+1
40 | 257.558138 | 0.1012 | Singlet-A H-7—L+1 (15%)
351 H-3—L+5 (30%)
H-2—L+6 (38%)
0.3930
5
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0.3078

0.1692

LUTO+2

0.3155

Singlet-B

H-8—LUMO (33%)
H-1—L+6 (45%)

0.4679
89

0.3346
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LUTO+1

0.1093

LUTO+2
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4.2 [Ir(24dfppy).(44dabpy)]PFs

1,01 —— [Ir(24dfppy),(44dabpy)]PFg

Il Singlet excitations
[ Triplet excitations

0,84

0,61

0,4

Absorbance (a.u.)

0,24

“"."",  ——
250 300 350 400 450 500 550

Wavelength (nm)

0,0

Fig. S36 Normalized UV-Vis spectrum of [Ir(24dfppy).(44dabpy)]PFs (2) together with TD-DFT

oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations)

Table S3. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(24dfppy).(44dabpy)]PFs (2).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
2 1 395.86 0.0 Singlet-B | HOMO—LUMO (97%)
0.9992
5

LUTO

| 2 | 37868 | 0.051 | Singlet-B | HOMO—L+1 (95%)
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0.9908

2
0.9695
9
LUTO
321.48 0.0898 Singlet-B H-2—L+1 (40%)
H-1—L+2 (50%)
: 0.5382
4

S80




0.4152

8
LUTO+1
H-4—L+1 (57%)
H-3—L+2 (13%)
HOMO—L+5 (129)
: 0.5860
7
0.1708
6

LUTO+1
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0.1444

9
0.7634
4
LUTO
18 294.11 0.0697 Singlet-A H-4—L+2 (80%)
H-1—L+3 (10%)
: 0.8306
2

S82




0.1138

9
LUTO+1
27 | 273.67 0.0934 | Singlet-B H-6—L+1 (14%)
H-1—L+4 (68%)
~ 0.7171
6
0.2031
7

LUTO+1

0.051

Singlet-A

H-6—L+2 (-22%)
H-3—L+3 (58%)
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0.5989

8
0.2515
0
HOTO-1 LUTO+1
31 | 266.453196 0.144 Singlet-B H-8—LUMO (34%)
019 H-6—L+1 (-26%)
H-2—L+5 (18%)
0.4262
4
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0.2208

0.2118

LUTO+2

0.0814

H-6—L+2 (45%)

H-1—L+5 (-21%)

0.4680

0.2390
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LUTO+1
: 0.1188
* 5 " 1
LUTO+2
H-8—LUMO (-19%)
H-2—L+5 (47%)
H-1—L+6 (22%)
: 0.5018
0
0.2512
2
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0.1964

1
LUTO+2
37 | 257.95 0.0632 | Singlet-B H-35L+4 (37%)
HOMO—L+7 (38%)

: 0.4782

0
0.3739

9

LUTO+1

0.0776

Singlet-B
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0.2889

0.2516
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H-8—L+1 (83%)

0.8469
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252.60

0.2013

Singlet-B

H-8—LUMO (13%)
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0.5973

0.1910

0.1473

LUTO+2

Singlet-B
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S89




0.4819

0.2216

0.1211

0.1149

LUTO+3

| 45 | 24975 | 0.0647 | Singlet-A |  H-5—L+3 (29%)
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9
0.2902
2
0.1739
6
| LUTO+2
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H-2—L+6 (26%)
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0.5507

4
0.2815
6
LUTO+1
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Figure S37. Normalized UV-Vis spectrum of [Ir(ppy)2(44dmbpy)]PFs (3) together with TD-DFT

oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S4. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(ppy)2(44dmbpy)]PFs (3).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
3 1 481.58 0.0003 Singlet-B | HOMO—LUMO (99%)
: : 0.9995

| 2 | 40107 | 0.0604 | Singlet-B | HOMO—L+1 (97%)
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0.9929

7
LUTO
5 373.80 0.0735 Singlet-A H-3—LUMO (15%)
H-1—LUMO (80%)
0.9632
2
14 317.36 0.0816 Singlet-B H-3—L+2 (15%)
H-2—L+1 (-17%)
H-1—L+2 (62%)
0.8006
0

S95




0.1893
3
| LUTO-1
18 | 303.49 0.1162 | Singlet-B H-3—L+2 (68%)
H-1—>L+2 (-22%)
0.9019
9
| LUTO
20 | 294.57 0.0671 | Singlet-A H-5—>L+1 (-12%)
H-4—L+2 (16%)
H-1—L+3 (52%)
0.6358
5
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0.1985

0.1372

HOTO-2 \ LUTO+2
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0.5126
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0.1253
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0.1895
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LUTO

0.3194
1
0.1195
8
LUTO+2
31 | 26843 0.1976 | SingletB | H-7—LUMO (-17%)
H-2—L+5 (38%)
H-1—L+4 (-13%)
0.4017
3
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0.2003

6
0.1950
9
LUTO+2
36 | 262.83 0.1103 | Singlet-A H-3—L+5 (33%)
H-2—L+6 (23%)
HOMO—L+10 (11%)
: 0.3765
6
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0.3549

0
0.1814
6
LUTO+2
37 | 262.18 0.2329 | Singlet-B | H-6—LUMO (14%)
H-4—L+3 (16%)
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0.5473
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HOTO-1
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4.4 [Ir(24dfppy).(44dmbpy)]PFs
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Figure S38. Normalized UV-Vis spectrum of [Ir(24dfppy).(44dmbpy)]PFs (4) together with

TD-DFT oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S5. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(24dfppy).(44dmbpy)]PFs (4).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
4 1 437.28 0.0002 Singlet-B | HOMO—LUMO (99%)
0.9994
7

HOTO

LUTO

[ 2 |

374.80

| 0.0551 | Singlet-B |

HOMO L +1 (96%)
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0.9888
4
| LUTO
6 342.57 0.0761 | Singlet-A | H-4—LUMO (87%)
H-1—-LUMO (-10%)
: 0.9789
7
| LUTO
12 | 310.84 0.0995 | Singlet-B H-4—L+2 (13%)
H-2—L+1 (-19%)
H-1—-L+2 (59%)
: 0.7305
1
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0.2558
5
| LUTO+1
18 | 293.40 0.2337 | Singlet-B H-4—L+2 (43%)
H-3—L+1 (-15%)
HOMO—L+5 (13%)
: 0.5207
2
0.2081
0
HOTO-1 LUTO+1
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0.1722

1
LUTO+2
25 | 273.10 0.2054 | SingletB | H-7—LUMO (-21%)
H-6—LUMO (22%)
H-2—L+3 (41%)
: 0.4951
8
0.3937
2

LUTO+1

0.059

Singlet-B

H-7—LUMO (38%)
H-6—LUMO (53%)
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0.9279

2
LUTO
30 | 264.31 0.2047 | Singlet-B H-4—L+4 (12%)
H-1—L+4 (59%)
HOMO—L+7 (-11%)
: 0.7539
7
0.1250
5

LUTO+1

0.0868

Singlet-B

H-3-L+5 (16%)
H-2—L+5 (58%)
HOMO—L+7 (-12%)

S109




0.7558

9
0.1428
2
LUTO+1
33 | 260.15 0.0623 | Singlet-A H-3—L+4 (10%)
H-2—L+4 (29%)
H-1—L+5 (33%)
0.4689
3
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0.3683

7
LUTO+1
34 | 25852 0.1349 | Singlet-B H-1-L+6 (67%)
0.7601
7
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4

LUTO+1

0.0999

Singlet-A
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0.7219

0
0.1498
6
LUTO+1
37 | 256.02 0.1965 | SingletB | HOMO—L+7 (45%)
HOMO—>L+11 (10%)
0.6206
2
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0.1360

3
0.1357
5
LUTO+2
43 | 250.36 0087 | Singlet-B H-3—L+5 (65%)
H-2—L+5 (-23%)
: 0.8933
8

LUTO

0.1184

Singlet-B

H-4—L+6 (79%)
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0.9164

1
LUTO
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: 0.8917
0
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4.5 [Ir(ppy)2(44dfbpy)]PFs
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Figure S39. Normalized UV-Vis spectrum of [Ir(ppy).(44dfbpy)]PFs (5) together with TD-DFT

oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S6. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(ppy).(44dfbpy)]PFs (5).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
5 1 525.20 0.0002 Singlet-B | HOMO—LUMO (99%)
- 0.9995
6

HOTO

LUTO

| 4 | 396.89

| 0.0623 | Singlet-B |

HOMO->L+1 (95%)
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0.9708
1
\ LUTO
| 7 | 37539 | 00546 | Singlet-A | H-3—»LUMO (80%)
: : 0.9262
1
HOTO | LUTO
15 312.94 0.0684 | Singlet-B H-2—L+1 (13%)
H-1—L+3 (70%)
0.7960
9
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0.1923
0
HOTO-1 \ LUTO+1
20 300.42 0.1106 | Singlet-B H-3—L+3 (72%)
H-1—L+3 (-14%)
0.8790
2
HOTO LUTO
22 292.35 0.1269 | Singlet-B H-4—L+1 (59%)
H-2—L+1 (-14%)
0.7915
5
HOTO LUTO
23 289.52 0.0696 | Singlet-A H-5—L+1 (18%)
H-4—L+3 (41%)
H-2—L+3 (-14%)
H-1—L+5 (-14%)
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0.5538
3
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4
0.1702
2
HOTO-2 \ LUTO+2
35 | 266.86 0.3068 | Singlet-B H-2—L+5 (12%)
H-1—L+6 (31%)
HOMO—L+8 (25%)
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0.2819
7
HOTO-1 LUTO+1
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Figure S40. Normalized UV-Vis spectrum of [Ir(24dfppy).(44dfbpy)]PFs (6) together with

TD-DFT oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S7. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(24dfppy).(44dfbpy)]PFs (6).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
6 1 473.49 0.0002 Singlet-B | HOMO—LUMO (99%)
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0.9994

9
0.9858
2
H-4—LUMO (48%)
HOMO—>L+2 (40%)
: 0.5743
5
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0.4158
3
LUTO+1
H-2—L+1 (-22%)
H-1—-L+2 (59%)
: 0.6515
5
0.2727
5
LUTO+1
22 288.90 0.2289 Singlet-B H-4—L+2 (49%)
H-3—L+1 (12%)
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0.6027
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0.1149

HOTO-3 \ LUTO+3
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H-1—L+6 (-15%)
HOMO—L+7 (41%)
: 0.4944
6
0.2728
9
0.1661
8
| LUTO+2
35 261.72 0.0582 | Singlet-B H-3—L+5 (10%)
H-2—L+5 (-28%)
H-1—L+6 (41%)
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0.3813

0.1087

LUTO+2

0.1623
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0.6070
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LUTO+2
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0.1050
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| LUTO+1
40 | 255.47 0.4276 | Singlet-B H-2—L+5 (13%)
H-1—>L+6 (21%)
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: 0.4251
7
0.2336
1
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4.7 [Ir(ppy)2(44dfcpy)]PFe
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Figure S41. Normalized UV-Vis spectrum of [Ir(ppy).(44dfcpy)]PFs (7) together with TD-DFT

oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S8. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(ppy).(44dcbpy)]PFs (7).

Code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
7 1 667.47 0.0005 Singlet-B | HOMO—LUMO (99%)
o 0.9992
8

| LUTO

7 428.68 008 | Singlet-A | H-5-LUMO (10%)
H-3—LUMO (86%)
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0.9608

2
LUTO
8 406.85 0.0516 | Singlet-A | H-5—LUMO (84%)
H-3—LUMO (-12%)
0.9665
6
HOTO LUTO
| 9 | 38993 | 0.0659 | Singlet-B | HOMO—L+3 (97%)
: . 0.9925
3

LUTO

0.0539

Singlet-A

H-4—L+1 (11%)
H-2—L+1 (83%)
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0.9507

9
LUTO
16 | 33731 0.0595 | Singlet-A H-4-L+1 (81%)
H-2—L+1 (-14%)
0.9491
3
LUTO
26 | 309.48 0.0604 | Singlet-B H-4—L+3 (11%)
H-2—L+3 (18%)
H-1—L+4 (64%)
0.6666
7
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1
| LUTO+1
28 | 299.72 0.0669 | Singlet-B | H-8—LUMO (64%)
H-6—LUMO (22%)
0.9733
9
\ LUTO
29 297.66 0.3152 | Singlet-B | H-8—LUMO (-24%)
H-6—LUMO (61%)
0.8725
5
\ LUTO
30 295.49 0.0596 | Singlet-B H-5—L+4 (13%)
H-3—L+4 (57%)
H-2—L+3 (17%)
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2
0.2526
3
LUTO+1
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H-3—L+4 (16%)
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8
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- LUTO+1
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0.3678
4
0.2912
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Figure S42. Normalized UV-Vis spectrum of [Ir(24dfppy).(44dfcpy)]PFs (8) together with

TD-DFT oscillator strengths (blue for singlet-singlet and green for triplet-triplet excitations).

Table S9. Most significant singlet vertical excitations and Natural Transition Orbital (NTO)

analysis of the excitation nature for [Ir(24dfppy).(44dcbpy)]PFs (8).

code No. | Wavelength Osc. Symmetry Major Contribution Amax
Strength
8 1 586.74 0.0005 Singlet-B | HOMO—LUMO (99%)
- - 0.9992
‘- 1

HOTO

LUTO

| 6 | 403.21

| 0.0937 | Singlet-A | H-5-LUMO (-34%)
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| H-3—LUMO (59%)

0.9328
0
\ LUTO
| 9 | 36534 | 0065 | Singlet-B | HOMO—L+3 (96%)
: : 0.9894
4
\ LUTO
| 15| 329.83 | 0.1126 | Singlet-A |  H-4—L+1(92%)
: : 0.9499
3

LUTO

22 306.21 0.0834 Singlet-B

H-2—L+3 (-28%)
H-1—L+4 (52%)
HOMO—L+5 (10%)
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28 | 29266 0.0798 | Singlet-B H-4—L+3 (53%)
H-2—L+3 (15%)
HOMO—>L+5 (11%)
: 0.7027
1

S146




0.1383

5
0.1191
3
LUTO+2
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Figure S43. Photoluminescene decay curves for complexes 1-8.
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5. Electrochemical data

Table S10. Detailed electrochemical data on complexes 1-8

No. | ox Red1 Red2 Red3 HOMOQ? !}.UMO Eg°
Cv | DPV | CV DPV | CV DPV | CV DPV
1 0.65 | 0.60 | -2.07(iR)® | -2.01 -5.75 -3.03 2.72
094|091 | -2.0(iR)® -2.0 -6.04 -3.1 2.94
: 0.83]0.79 | -0.78 -0.76 | -0.97 |-0.97 -152 |-5.93 -4.32 1.61
: 106|101 |-1.72 -1.73 -6.16 -3.38 2.78
: 0.76 | 0.64 | -1.47 -1.33 -5.86 -3.63 2.23
: 1.13|1.08 | -1.47 -1.19 | -167 |-142 -1.64 |-6.23 -3.63 2.6
: 0.84 1084 |-11 -103 |-1.38s |1.31s |-151 |-1.82 |-594 -4.0 1.94
; 113|111 | -1.08 -1.0 -1.35 [-1.30 |-184 |-1.80 |-6.23 -4.02 2.21

*HOMO-= -5.1- E¢y ox; "LUMO= -5.1-Ey req ;°Eg = Eox (onset) —Ereq (ONS€t); “Eg opticat =1240/ Aonset: iR —
irreversible peak;
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Radicalcation Radicalanion Radicalcation Radicalanion

[Ir(ppy),(44dcbpy)]'PF; (7) [Ir(24dfppy),(44dcbpy)]'PF;" (8)

Figure S44. Spin densities of radicalcations and radicalanions of compunds 1-8 obtained at
B3LYP/LANL2DZ/6-31G(d,p) level of theory (isosurface value = 0.001, green for positive and

blue for negative sign).
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Table S11. Theoretical triplet-singlet emission energies computed via DFT ground-state and TD-
DFT approaches with linear response and state-specific solvation at B3LYP/LANL2DZ/6-

31G(d,p) and M06-2X/LANL2DZ/6-31G(d,p) level of theory.

No.  First triplet First triplet Emission First triplet First triplet
excited to excited to energy excited to excited to
ground state ground state computed via ground state  ground state
emission emission with ~ ground-state emission emission with
computed via state-specific DFT approach - computed via  state-specific
linear-response  solvation B3LYP (nm) linear- solvation
approach - correction - response correction -
B3LYP (nm) B3LYP (nm) approach - M06-2X (nm)

M06-2X (nm)

1 567.75 573.66 528.72 506.39 507.76

2 543.20 547.46 503.03 486.85 487.45

3 626.57 983.49 585.96 482.68 481.62

4 542.85 546.39 502.53 487.36 487.87

5 697.04 1170.12 644.49 448.55 643.19

6 606.50 915.46 564.53 483.52 487.35

7 866.39 1697.23 803.12 519.44 803.05

8 730.51 1228.51 682.35 460.62 652.34
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Figure S45. Experimental HOMO levels plotted versus theoretical predictions.
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Figure S46. Experimental LUMO levels plotted versus theoretical predictions.
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Figure S47. Theoretical lonization potential vs. HOMO (CV) for complexes 1-8.
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Figure S48. Theoretical Electron Affinity vs. LUMO (CV) for complexes 1-8.
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Figure S49. Theoretical vs. electrochemical E4 for complexes 1-8.
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6. DFT Calculation results
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Figure S50. Theoretical emission wavelengths calculated via TD-B3LYP/LANL2DZ/6-

31G(d,p) level of theory with linear-response solvation vs. experimental values.
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Figure S51. Theoretical emission wavelengths calculated via ground-state

B3LYP/LANL2DZ/6-31G(d,p) level of theory with PCM solvation vs. experimental values.
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Figure S52. Theoretical emission wavelengths calculated via TD-M06-2X/LANL2DZ/6-

31G(d,p) level of theory with linear-response solvation vs. experimental values.
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Figure S53. Theoretical emission wavelengths calculated via TD-M06-2X/LANL2DZ/6-

31G(d,p) level of theory with linear-response solvation vs. experimental values.
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[Ir(ppy),(44dabpy)]'PF; (1)  [Ir(24dfppy),(44dabpy)]'PF; (2)
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Figure S54. Spin densities of triplet excited states for complexes 1-8 obtained at
B3LYP/LANL2DZ/6-31G(d,p) level of theory (isosurface value = 0.001, green for positive and

blue for negative sign).
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Table S12. Energies of ground- and excited states for complexes 1-8 computed via linear-

response and state-specific solvation with two theoretical approaches: B3LYP and M06-2X

using Time-Dependant DFT.

No. Ground state Ground state First triplet Ground state
energy [Hartree] | energy with state- excited stated energy

specific solvation | energy computed computed at

[Hartree] at optimized geometry and
geometry with solvation of the

state-specific excited state

solvation [Hartree]
[Hartree]

1 B3LYP | -1668.32522528 | -1668.224541466 | -1668.234988837 | -1668.31441491
M06-2X | - - -1667.439448511 | -1667.52918191
2 B3LYP | -2065.25294560 | -2065.147043918 | -2065.158112923 | -2065.24133988
M06-2X | - - -2064.256709768 | -2064.35018175
3 B3LYP | -1786.64255236 | -1786.551274670 | -1786.579570657 | -1786.62589894
M06-2X | - - -1785.699013451 | -1785.79361745
4 B3LYP | -2183.56970778 |-2183.467765219 | -2183.474576454 | -2183.55796650
M06-2X | - - -2182.526218195 | -2182.61961067
5 B3LYP | -1756.04227288 |-1755.959161121 | -1755.986811173 | -1756.02575036
M06-2X | - - -1755.157797165 | -1755.22863707
6 B3LYP | -2152.96846957 |-2152.874787853 | -2152.902539813 | -2152.95231143
M06-2X | - - -2151.954903224 | -2152.04839484
7 B3LYP | -1742.04775681 | -1741.986461724 |-1742.008191526 | -1742.03503727
M06-2X | - - -1741.180345244 | -1741.23708277
8 B3LYP |-2138.97300172 | -2138.901494608 | -2138.923370882 | -2138.96045918
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M06-2X

-2137.986473608

-2138.05631935

Table S13. Energies of the triplet excited-states in their optimized geometries and ground-states

in the geometry of the triplet computed at B3LYP/LANL2DZ/6-31G(d,p) and with PCM

solvation (dichloromethane).

Triplet state Ground-state

energy energy in the
[Hartree] triplet geometry

[Hartree]

1 -1668.22891443 | -1668.31509118
2 -2065.15083311 | -2065.24141082
3 -1786.55374995 | -1786.63150813
4 -2183.46727435 | -2183.55794155
5 -1755.96054430 | -1756.03124149
6 -2152.87710093 | -2152.95781184
7 -1741.98310979 | -1742.03985273
8 -2138.89857475 | -2138.96534873

Table S14. Energies of neutral from, radicalcation and radical anion of compounds 1-8 at their

optimized geometries computed at B3LYP/LANL2DZ/6-31G(d,p) and with PCM solvation

(dichloromethane).

neutral Radical cation Radical anion
1 -1668.32522528 | -1668.12193855 | -1668.41182557
2 -2065.25294560 | -2065.03631022 | -2065.34243099
3 -1786.64255236 | -1786.43536408 | -1786.74053721
4 -2183.56970778 | -2183.34919503 | -2183.67080245
5 -1756.04227288 | -1755.83096551 | -1756.15103563
6 -2152.96846957 | -2152.74372132 | -2153.08067181
7 -1742.04775681 | -1741.83186062 | -1742.17774536
8 -2138.97300172 | -2138.74384041 | -2139.10654233
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