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Table S1. Crystal data and structure refinement for 1-3.

Compound 1 2 3

Empirical formula CaoHsl INXFPXCH,Cl, CapHa2IrNXCH,CLXF P CsoH361rN4O4xFgPx%0.75(CH,Cl,) x
0.5(C4Hs0,)

Formula weight 986.76 1014.81 1225.76

Temperature/K 100(2) 100(2) 200(2)

Crystal system monoclinic triclinic triclinic

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

alA 18.8332(3) 9.7209(4) 12.8631(3)

b/A 37.4125(5) 11.7561(4) 14.9901(4)

c/A 10.84780(14) 18.1069(7) 16.3368(3)

a/° 90 92.843(3) 110.0183(19)

/e 98.0557(13) 96.989(4) 99.1822(17)

v/° 90 109.734(4) 100.8218(19)

Volume/A3 7567.91(17) 1924.14(14) 2820.27(11)

Z 8 2 2

Peacmg/mm? 1.732 1.752 1.443

m/mm™' 9.106 3.718 6.084

F(000) 3872.0 1000.0 1219.0

Crystal size/mm’ 0.22 x 0.16 x 0.10 0.34 x 0.22 x 0.10 0.34 x 0.22 x 0.08

Radiation CuKa (A =1.54184) MoKa (A= 0.71073) CuKa (A =1.54184)

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [1>20 ()]
Final R indexes [all data]

Largest diff. peak/hole / e A

CCDC numbers

6.694 to 140

—16<h<22,-41<k<45,-13<1<11

29043

14068 [Rin: = 0.0532, Rigma = 0.0556]
14068/37/991

1.047

R; = 0.0581, wR, = 0.1416

R, =0.0708, wR, = 0.1516
3.75/-2.25

1578517

5.582 to 54.998
—-11<h<12,-15<k<15,-23<1<
17

19047

8830 [Rin; = 0.0800, Rsigma = 0.1079]
8830/2/534

1.051

R; =0.0533, wR, = 0.1029

R; =0.0703, wR, = 0.1132
2.51/-2.52

1539312

8.156 to 139.998
—-15<h<15,-18<k<18,-19<1<
19

57831

10598 [Rin: = 0.0856, Rigma = 0.0461]
10598/0/698

1.046

R; =0.0492, wR, = 0.1253

R; =0.0538, wR, = 0.1307
1.65/-2.57

1538647
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Figure S1. ESI" MS of complexes 1-5; calculated and experimental m/z are given for the peak with

maximum intensity.
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Figure S2. Top: *H NMR spectra of epbpy (acetone-ds, r.t., aromatic range). Bottom: *H'H COSY

NMR spectrum of epbpy (acetone-ds, r.t., aromatic range). An admixture from the solvent is marked
by asterisk.
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Figure S3. Top: *H NMR spectra of 1 (acetone-de, r.t., aromatic range). Bottom: *H'H COSY NMR

spectrum of 1 (acetone-dg, r.t., aromatic range).
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Figure S4. Top: *H NMR spectra of 2 (acetone-de, r.t., aromatic range). Bottom: *H'H COSY NMR

spectrum of 2 (acetone-ds, r.t., aromatic range).
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Figure S5. Top: *H NMR spectra of 3 (acetone-de, r.t., aromatic range). Bottom: *H'H COSY NMR

spectrum of 3 (acetone-ds, r.t., aromatic range).
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Figure S6. Top: *H NMR spectra of 4 (acetone-de, r.t., aromatic range). Bottom: *H*H COSY NMR

spectrum of 4 (acetone-ds, r.t., aromatic range).
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Figure S7. Top: *H NMR spectra of 5 (acetone-ds, r.t., aromatic range). Bottom: *H*H COSY NMR

spectrum of 5 (acetone-ds, r.t., aromatic range).
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Figure S8. TG/DTG for the complexes 1-5 in argon atmosphere.
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Figure S9. Absorption, excitation, and emission spectra of free epbpy (1,2-dichloroethane solution,
r.t.).
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Figure S10. Left: emission spectra of degassed solution of 1-5; right: emission spectra and the photo

of degassed and aerated solution of 1 (1,2-dichloroethane solution, r.t.), Aexct = 365 nm.*

! The spectra were recorded on Avantes AvaSpec spectrometer.
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Figure S11. Low energy part of 1-5 emission spectra (PH band) for time-resolved experiments and relaxation curves for different wavelengths (1,2-
dichloroethane, r.t., Aexet = 375 nm). The afterglow time is indicated on diagram.



Table S2. Photophysical properties of the complexes 1-5 in the solid state at variable temperature (oxygen free atmosphere, Aexct = 375 nm).

Complex T
RT
1
77K
RT
2
77K
RT
3
77K
RT
4
77K
RT
5
77K

Aem, NM
590
o577
563
592
650
646
677
663
635
645

* 11, T2y T3, NS <>, ns
272(0.54), 648(0.46) 581
2110(1.00) 2110
83(0.55), 356(0.45) 295
181(0.23), 1498(0.77) 1452
58(0.49), 255(0.51) 220
177(0.25), 1593(0.75) 1542
10(0.39), 41(0.45), 140(0.16) 88
59(0.53), 344(0.47) 298
49(0.96), 218(0.04) 75
135(0.52), 451(0.48) 373

” Contribution of an exponential function with corresponding lifetime to overall PL decay is given in parentheses.

Table S3. Summary of emission energy maxima for 1-5 in different media.

Complex

1

2
3
4
5

DCE solution, r.t.

613
629
640
685
662

Solid state, r.t. Solid state, 77 K

590 577
563 592
650 646
677 663
635 645

16
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Figure S12. Solid state emission spectra of 1-5 at 298 and 77 K (oxygen free atmosphere, Agxct = 375 nm).
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1-5, (1,2-dichloroethane, aerated solution, r.t.). Registration and excitation wavelengths are indicated on the

diagram.
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Figure S15. FL excitation (dash line, e = 432 nm) and FL part (solid line, Aexct = 375 nm) of emission
spectra of 1-5, normalized on phosphorescence band (1,2-dichloroethane, aerated solution, r.t.). PH band is
out of diagram, the whole emission spectra of 1-5 in 1,2-dichloroethane are shown in Figs. 5 and S14.

Computational results

Selection of computational methodology

Computational methodology was assimilated by benchmark of DFT functionals and basis sets. Pure
TPSS! and PBE? functionals, TPSSh'®, PBE0* and B3LYP>' hybrids, as well as the long-range-
corrected CAM-B3LYP® functional were used in combination with 6-31G" basis set to calculate
absorption spectra of the complexes studied in this work. The results have shown that both pure
functionals produced a large red shift (50-120 nm) of the primary absorption bands (Fig. S16), while
PBEO and CAM-B3LYP hybrid functionals exhibited significant blue shifts up to 80 nm (Fig. S17).
The most reliable behavior among all mentioned functionals was demonstrated by B3LYP, which
was therefore chosen for production calculations. Extension of the basis set from double-zeta to
triple-zeta quality has a negligible effect on the vertical excitation energies, as well as the account for
spin-orbit terms via Douglas-Kroll-Hess 4™ order relativistic calculation (DKHSO keyword in

Gaussian 09).°
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Figure S16. Comparison of pure DFT functionals PBE and TPSS with SDD basis set for iridium
atoms and 6-31G" basis set for all other atoms.
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Figure S17. Comparison of hybrid DFT functionals PBEO, TPSSh and CAM-B3LYP with SDD
basis set for iridium atoms and 6-31G" basis set for all other atoms.



Table S4. Experimental (1-3 only) and computed (B3LYP functional together with SDD basis set for

iridium atoms and 6-31G* basis set for all other atoms) bonds length (A) and angles (°) of 1-5.

24

1 2 3
Exp Calcd Exp Calcd Exp Calcd
Ir-N1 2.068(6) 2.0887 2.059(5) 2.0900 2.092(6) 2.1361
Ir-N2 2.063(6) 2.0900 2.046(4) 2.0907 2.086(6) 2.1380
Ir-N3 2.130(5) 2.2109 2.127(6) 2.2096 2.160(5) 2.2516
Ir-N4 2.137(5) 2.2122 2.133(6) 2.2123 2.170(4) 2.2561
Ir-C31 2.011(7) 2.0307 2.029(6) 2.0319 2.012(6) 2.0178
Ir-C34 2.034(7) 2.0307 1.979(8) 2.0309 2.019(6) 2.0168
N1-1r1-N2 173.8(2) 176.77 172.6(2) 176.86 171.0(2) 176.01
C34-Ir1-N4 | 175.4(2) 176.08 175.5(2) 176.40 172.1(2) 174.89
C31-Ir1-N3 | 172.6(3) 176.40 169.7(3) 176.33 169.4(2) 174.96
C31-Ir1-C34 | 88.2(3) 89.17 89.8(3) 89.18 88.9(3) 89.98
4 5
Ir-N1 2.1033 2.1010
Ir-N2 2.1029 2.0991
Ir-N3 2.1890 2.1890
Ir-N4 2.1914 2.1924
Ir-C31 2.0464 2.0035
Ir-C34 2.0457 2.0027
N1-Ir1-N2 179.10 176.34
C34-Ir1-N4 175.95 175.73
C31-Ir1-N3 175.65 175.62
C31-1Ir1-C34 89.96 90.24
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Figure S18. Computed and experimental UV-vis spectra of 1-5 in 1,2-dichloroethane solution (B3LYP

functional together with SDD basis set for iridium atoms and 6-31G* basis set for all other atoms).
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Figure S19. Visualization of triplet transitions in 1-5 by NTO.
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Figure S20. Energies of low-lying singlet and triplet exited states obtained from TDDFT calculations
for 1-5.



Table S5. Natural Transition Orbital analysis of electronic exited states in 1-5.
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Complex 1
State A, nm Fragment Orbital composition Transition character
' U g NTO NTO*
Ir 0.69 ML’CT
C~N(1) 0.10 ,
Sz 396 0.0183 CAN() 0.13 LL’CT
NN 0.97
Ir 0.46 MLCT
C~N(1) 0.26 0.51
S3 395 0.0581 CAN(2) 0.26 041 IL
NN
Ir 0.21 ML’CT
C”N(1) 0.41 ,
Sy 393 0.0223 CAN(2) 0.36 LL’CT
NN 0.97
Ir 0.40 ML’CT
C~N(1) 0.19 ,
Se 373 0.1198 CAN() 0.0 LL’CT
NN 0.19 0.97 Il
Ir
C~N(1) 0.11 ,
Ss 363 0.5016 C”N(2) 0.13 b
NN (ethynylphenyl) 0.51 0.11 L
NN (bipyridine) 0.19 0.86
Ir 0.10 ML’CT
C~N(1) 0.38 ,
Sy 355 0.1343 CAN(2) 0.33 LL’CT
NN 0.18 0.97 Il
Ir 0.30 ML’CT
C”N(1) 0.33 ,
Sis 313 0.0687 CAN(2) 0.3 LL’CT
NN 0.97
Ir 0.34 ML’CT
C”N(1) 0.31 0.44 ,
S22 301 0.1137 CAN(2) 0.30 0.48 LL’CT
NN
Ir 0.46 MLCT
C~N(1) 0.26 0.51
S 294 0.0730 CAN() 0.26 041 IL
NN
Ir 0.48 ML’CT
C~N(1) 0.22 ,
Sa9 287 0.1145 CAN() 0.04 LL’CT
NN 0.98
Ir
C”N(1) 0.32 ,
Sa3 283 0.1073 CAN(2) 059 035 IL, LL’CT
NN 0.35 0.28 IL’, LL’CT
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Ir 0.16 ML’CT
C~N(1) 0.38 ,
Ss6 279 0.0956 CAN() 0.43 LL’CT
NN 0.88
Ir 0.45 ML’CT
C~N(1) 0.22 ,
Sag 273 0.2042 CAN(2) 0.03 LL’CT
NN 0.95
Ir 0.19 ML’CT, MLCT
C”N(1) 0.33
S5 266 0.2654 CAN(2) 0.45 079 IL
NN 0.10 LL’CT
Ir
C~N(1) 0.55 ,
Sss 256 0.1973 CAN() 037 LL’CT
NN 0.86
Complex 2
State A, nm f Fragment Orbital composition Transition character
' g NTO NTO*
Ir
C~N(1) 0.45 ,
S2 411 0.0113 CAN(2) 0.42 L’'LCT
NN 0.97
Ir 0.64 ML’CT
C”N(1) 0.15 ,
S3 402 0.0144 CAN(2) 0.14 LL’CT
NN 0.97
Ir 0.44 MLCT
C~N(1) 0.27 0.47
Sy 394 0.0662 CAN() 007 0.46 IL
NN
Ir 0.42 ML’CT
C~N(1) 0.30 ,
Se 378 0.0129 CAN(2) 007 LL’CT
NN 0.90
Ir 0.53 ML’CT
C”N(1) 0.19 ,
Sy 375 0.0896 CAN(2) 0.18 LL’CT
NN 0.10 0.97 Il
Ir 0.19 ML’CT
C”N(1) 0.36 ,
Ss 373 0.0363 CAN(2) 037 LL’CT
NN 0.97
Ir
C”N(1)
So 360 0.6412 C”N(2)
NN (ethynylphenyl) 0.66 0.12 I
NN (bipyridine) 0.20 0.86




30

Ir 0.10 ML'CT
C N(1) 0.41 ,
S1o 349 | 0.0223 NG 0. LL'CT
NN 0.97
Ir 0.16 MLCT
C N(1) 0.41 0.47
Sia 325 | 0.0428 NG 041 03 IL
NN
Ir 0.31 MLCT
CN(D) 0.32 0.49
Sis 321 | 0.0523 NG 034 040 IL
NN
Ir 0.65 MLCT
C N(1) 0.15 0.49
Sie 318 | 0.0711 NG 01 0.0 IL
NN
Ir 0.66 MLCT
C N(1) 0.15 0.45
Sie 312 | 0.0149 NG 01 06 IL
NN
Ir 0.57 ML’CT
CN(D) 0.14 ,
S 310 | 0.0568 NG 0.1 LL’CT
NN 0.15 0.89 I
Ir 0.21 MLCT, ML'CT
CN(D) 0.29 0.13 ,
Soa 299 | 0.1549 N 053 09 IL, LL’CT
NN 0.17 0.13 IL, L'LCT
Ir 0.15 MLCT, ML'CT
CN(D) 0.41 0.70
Sa 297 | 0.0768 N 032 IL
NN 0.10 0.18 I
Ir 0.12 ML'CT
CN(D) 0.11 ,
S30 288 | 0.0922 NG LL’CT
NN 0.70 0.97 I
Ir 0.28 ML’CT
CN(D) 0.15 ,
Sa 285 | 0.1202 N 020 LL'CT
NN 0.37 0.97 I
Ir 0.57 ML'CT
C N(1) 0.18 ,
S3 275 | 0.1871 N 017 LL’CT
NN 0.96
Ir 0.16 ML'CT, MLCT
CN(1)
Sa 270 | 0.2730 NG E
NN 0.69 0.79 IL’, L'LCT
Ir 0.52 0.34 MLCT, ML'CT
CN(D) 0.23 0.28 ,
Sse 259 | 0.2324 NG 053 056 IL, LL’CT
NN 0.12
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Complex 3
State | 4,nm f Fragment Orbital composition Transition character
' g NTO NTO*
Ir 0.37 MLCT
C”N(1) 0.26 0.28
Sy 403 0.0485 CAN() 0.3 0.66 IL
NN
Ir 0.33 MLCT
C”N(1) 0.34 0.27
Ss 398 0.0236 CAN(2) 0.29 0.69 IL
NN
Ir 0.21 MLCT
C”N(1) 0.39 0.56
S1o 375 0.1840 CAN() 037 0.39 IL
NN
Ir
C”N(1)
Sis 360 0.4748 C”N(2)
NN (ethynylphenyl) 0.70 0.12 I
NN (bipyridine) 0.23 0.85
Ir 0.10 MLCT
C”N(1) 0.31 0.38
Si7 354 0.2329 CAN() 0.55 057 IL
NN
Ir 0.42 MLCT, ML’CT
C”N(1) 0.28 0.56 ,
S 330 0.1708 CAN(2) 0.28 0.33 IL, LL°’CT
NN 0.10
Ir 0.17 ML’CT
C”N(1) ,
Sa7 295 0.0620 CAN() 013 LL’CT
NN 0.62 0.89 IL’
Ir 0.34 MLCT, ML’CT
C”N(1) 0.28 0.11 ,
Su3 289 0.0855 CAN() 0.33 0.26 LL’CT, IL
NN 0.59
Ir
C”N(1)
S 284 0.1878 CAN(2)
NN 0.97 0.89 IL’
Ir 0.37 ML’CT
C”N(1) 0.28 ,
Sa7 282 0.1029 CAN() 0.30 LL’CT
NN 0.94
Ir 0.22 ML’CT, MLCT
C”N(1) 0.49 ,
Sug 280 0.1262 CANE) 021 oI5 IL, LL’CT
NN 0.82
Ir 0.37 MLCT, ML’CT
C”N(1) 0.34 0.35 ,
Sss 272 0.1053 CAN() 0.18 0.19 IL, LL’CT
NN 0.11 0.38 IL’
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Ir 0.13 MLCT
C”N(1) 0.50
Se6 266 0.1528 CAN() 001 085 IL
NN 0.16 LL'CT
Complex 4
State A, nm Fragment Orbital composition Transition character
' / g NTO NTO*
Ir 0.28 MLCT
C~N(1) 0.34 0.58
S3 440 0.1006 CAN() 037 033 IL
NN
Ir 0.26 MLCT
C~N(1) 0.37 0.59
S4 434 0.0089 CAN(2) 0.35 033 IL
NN
Ir 0.41 ML’CT
C~N(1) 0.10 ,
Ss 377 0.3152 C”N(2) 0.11 LT
NN (ethynylphenyl) 0.35 I
NN (bipyridine) 0.16 0.98
Ir
CAN(1) 0.47 0.24
S1o 373 0.1094 CAN() 051 0.67 IL
NN
Ir 0.35 ML’CT
C~N(1) 0.13 ,
S, 364 0.3451 CAN() LL’CT
NN 0.46 0.97 IL’
Ir 0.59 ML’CT
C~N(1) 0.12 ,
Si3 354 0.0769 CAN() 0.16 LL’CT
NN 0.13 0.97 IL’
Ir 0.24 MLCT, ML’CT
C~N(1) 0.37 0.38 ,
Si6 345 0.0808 CAN() 037 0.48 IL, LL’CT
NN 0.12
Ir 0.21 MLCT
C~N(1) 0.40 0.49
Sis 328 0.1437 CANE) 037 a1 IL
NN
Ir
C~N(1) 0.27 0.34
Sio 326 0.1447 CANE) 064 059 IL
NN
Ir
C~N(1) 0.43 0.70
So6 309 0.0572 CAN(2) 053 005 IL
NN
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Ir 0.49 MLCT
C N(1) 0.19 0.78
Sz 297 0.1641 CAN() 013 IL
NN 0.27 L’LCT
Ir 0.25 MLCT
C N(1)
Sss 295 0.1402 CAN() 010 092 IL
NN 0.62 L’LCT
Ir
C”N(1)
Sas 288 0.2748 CAN(2)
NN 0.97 0.95 Il
Ir 0.31 MLCT
C~N(1) 0.33
S5 279 0.1228 CAN() 0.34 083 IL
NN
Ir 0.61 ML’CT
C~N(1) 0.11 ,
Sss 264 0.1452 CAN() 0.19 LL’CT
NN 0.95
Ir 0.38 ML’CT, MLCT
C”N(1) 0.23
S 252 0.0817 CAN() 0.55
NN 0.47 0.19 IL’, L’LCT
Complex 5
State A, nm Fragment Orbital composition Transition character
' U g NTO NTO*
Ir 0.28 MLCT
C~N(1) 0.23 0.41
S3 410 0.0810 CAN() 0.38 0.42 IL
NN
Ir
C N(1) 0.42 ,
Sy 403 0.0039 CAN(2) 0.47 LL’CT
NN 0.97
Ir
C”N(1) 0.49 ,
Sy 379 0.0501 CAN(2) 0.20 LL’CT
NN 0.97
Ir 0.10 ML’CT
C~N(1)
Ss 374 0.5184 C”N(2)
NN (ethynylphenyl) 0.58 0.10 I
NN (bipyridine) 0.21 0.87
Ir 0.63 ML’CT
C”N(1)
Su 357 0.0963 CAN(2)
NN 0.18 0.97 Il




Ir 0.65 ML’CT
CAN(1) 0.13 s
Si3 346 0.1088 CNQ) 011 LL’CT
NN 0.12 0.97 IL’
Ir
CAN(1) 0.52 0.41 s
Sia 345 0.0614 CAN(2) 0.46 013 IL, LL’CT
NN 0.40
Ir
C~N(1) 0.46 0.43
Sis 319 0.0517 CANQ2) 045 043 IL
NN
Ir 0.19 MLCT, ML’CT
CAN(1) 0.39 0.31 s
S 317 0.0567 CNQ) 0.41 0.8 IL, LL’CT
NN 0.38
Ir 0.12 MLCT, ML’CT
CAN(1) 0.11
So 299 0.0579 CAN(2)
NN 0.84 0.79 IL’, L’LCT
Ir
C~N(1)
Sz 288 0.2195 CANQ2)
NN 0.99 0.97 IL’
Ir 0.22 0.12 MC, MLCT
C~N(1) 0.38 0.39
Sag 282 0.2382 CNQ) 0.39 0.44 IL
NN
Ir 0.60 0.35 MC, ML’CT
CAN(1) 0.13
Sao 277 0.1274 CNQ)
NN 0.21 0.51 IL’
Ir 0.61 MLCT, ML’CT
C~N(1) ,
Sa1 277 0.1544 CANQ2) 014 020 IL,LL’CT
NN 0.16 0.66 IL’, L’LCT
Ir 0.10 ML’'CT
C~N(1)
Sus 274 0.1025 CNQ)
NN 0.86 0.94 IL’
Ir 0.62 ML’CT
C™N(1) ,
S 263 0.0980 CAN(2) 013 LL'CT
NN 0.15 0.90 IL’
Ir 0.65 ML’CT
C~N(1) 0.15 s
Ss7 260 0.2417 CANQ2) LL'CT
NN 0.12 0.96 IL
Ir
C~N(1) 0.58 ,
Ses 253 0.1143 CANQ2) 036 LL’CT
NN 0.80




