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Synthetic procedures

4-Bromo-2,2’-bipyridine! and 5-bromo-2,2’-bipyridine? were synthesized as previously described.
Precursors [Ir(ppy)2Cllz, [Ir(ppyF2)2Cl]l2 and [Ir(pig).Cl]. were obtained according to Nonoyama’s
procedure.® Co(lll) complexes were synthesized as previously described.* All the procedures applied to
synthesize the Ir(lll) photosensitizers and the Ir(l11)-Co(lll) dyads were performed in the dark.

1) Ligands

2244tpy . In a Schlenk flask were successively added 4-bromo-2,2’-bipyridine (102.3 mg, 0.435 mmol),
1,2-dimethoxyethane (9.0 mL), water (1.2 mL), K,CO5; (120.9 mg, 0.875 mmol) and 4-pyridylboronic
acid (70.1 mg, 0.570 mmol). The mixture was degassed and put under Argon before adding [Pd(PPhs),]
(51.2 mg, 0.0443 mmol). The reaction mixture was degassed again and refluxed for 4 days under Argon.
The mixture was poured onto water (30 mL). The solid was filtered on Celite, washed successively with
water and ethyl acetate. The organic layer was separated and the aqueous phase extracted with ethyl
acetate (3 x 30 mL). The organic layers were combined, dried over MgSO. and concentrated under
reduced pressure. The product was purified by chromatography column on silica using CH,Cl,:MeOH /
95:5 as eluent. The fraction with R¢ = 0.3 was collected and evaporated (m = 84.2 mg—82.9 %). *H NMR
(CDCls), B/ppm: 8.77 (dd, 1H, H-6", Jos = 5.1 Hz, Js.3 = 0.7 Hz), 8.74 (dd, 2H, H-2” + H-6", )/¢7.37/5» = 4.5
Hz, J2/e57/3 = 1.7 Hz), 8.69 (m, 2H, H-6 + H-3’), 8.45 (dd, 1H, H-3, J3.4 = 7.9 Hz, J3.5 = 1.1 Hz), 7.84 (ddd,
1H, H-4, Ja3=7.9 Hz, Jas = 7.7 Hz, Jas = 1.8 Hz), 7.64 (dd, 2H, H-3” + H-5”, J37/57.2776» = 4.5 Hz, Js/37.27/6» =
1.7 Hz), 7.53 (dd, 1H, H-5’, Js.¢ = 5.1 Hz, Js».3 = 1.9 Hz), 7.33 (ddd, 1H, H-5, Js.4 = 7.7 Hz, Js.6 = 4.8 Hz, J5.3
=1.1 Hz).

2254tpy. In a Schlenk flask were successively added 5-bromo-2,2’-bipyridine (60.1 mg, 0.256
mmol), 1,2-dimethoxyethane (5.3 mL), water (0.7 mL), K,COs; (72.9 mg, 0.528 mmol) and 4-
pyridylboronic acid (42.3 mg, 0.344 mmol). The mixture was degassed and put under Argon before
adding [Pd(PPhs)4] (32.1 mg, 0.0278 mmol). The reaction mixture was degassed again and refluxed for
4 days under Argon. The mixture was poured onto water (30 mL). The solid was filtered on Celite and
washed successively with water and ethyl acetate. The organic layer was separated and the aqueous
phase extracted with ethyl acetate (3 x 30 mL). The organic layers were combined, dried over MgS0O,
and concentrated under reduced pressure. The product was purified by chromatography column on
silica using CH,Cl,:MeOH / 95:5 as eluent. The fraction with a Rf = 0.3 was collected and evaporated (m
=48.6 mg—81.5%). *H NMR (CDCl3), B/ppm: 8.97 (d, 1H, H-6", Je4 = 2.4 Hz, )¢y = 0.5 Hz), 8.73 (m, 3H,
H-2" + H-6” + H-6), 8.55 (dd, H-3’, Js.# = 8.3 Hz, J3.¢ = 0.5 Hz), 8.46 (dd, 1H, H-3, J3.4 = 7.9 Hz, J35 = 1.1
Hz), 8.08 (dd, 1H, H-4’, Jx = 8.3 Hz, )¢ = 2.4 Hz), 7.86 (dd, 1H, H-4, Ja3 = 7.9 Hz, J4s = 7.6 Hz, Jas = 1.8
Hz), 7.60 (dd, 2H, H-3” + H-5", J37/57.2776» = 4.5 Hz, Js7/37.27s6» = 1.7 Hz), 7.36 (1H, ddd, H-5, Js.a = 7.6 Hz, Js.
¢=4.8Hz, Js3=1.1Hz).
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2) Ir(lll) photosensitizers

Irppy-bpy. [Ir(ppy).Cl]2 (0.0571 mg, 0.0532 mmol) and 2,2’-bipyridine (20.0 mg, 0.128 mmol) were
suspended in ethyleneglycol (7.0 mL). The mixture was refluxed overnight under Argon. The solution
was cooled to room temperature and a saturated aqueous solution of NH4PFs (6.0 mL) was added for
precipitation. The solid was centrifuged, washed with water (3X) and dried under reduced pressure.
HRMS (ESI): m/z calculated for [C32H24%IrN4 — PFg]*, 657.16247 ; found: 657.16221, m/z calculated for
[C22H16*IFN; — PFg — bpyl*, 501.09372 ; found: 501.09222. *H NMR (CDsCN), B/ppm: 8.53 (dd, 2H, H-3,
J3.4=8.1Hz, J35 = 1.3 Hz), 8.12 (ddd, 2H, H-4, J4.3 = 8.1 Hz, J4.s = 7.9 Hz, J4.s = 1.7 Hz), 8.06 (dd, 2H, H-d,
Ja-c = 8.5 Hz, Jg.b = 1.6 Hz), 7.98 (dd, 2H, H-6, J6.s = 5.5 Hz, Js.a= 1.7 Hz), 7.85 (ddd, 2H, H-c, Jc.a = 8.5 Hz,
Jen=7.6 Hz, Joa = 1.6 Hz), 7.80 (dd, 2H, H-e, Jes = 7.8 Hz, Jog = 1.4 Hz), 7.60 (dd, 2H, H-a, Jo = 5.8 Hz, J..
¢=1.6 Hz), 7.50 (ddd, 2H, H-5, Js.a = 7.9 Hz, Js. = 5.5 Hz, Js.3 = 1.3 Hz), 7.04 (ddd, 2H, H-f, Jt. = 7.8 Hz, J&.
¢ = 7.5 Hz, Jrn = 1.3 Hz), 7.02 (ddd, 2H, H-b, Joc = 7.6 Hz, Joa = 5.8 Hz, Jo.a = 1.6 Hz), 6.92 (ddd, 2H, H-g,
Jgs=Jgn = 7.5 Hz, Jge = 1.4 Hz), 6.28 (dd, 2H, H-h, Jhg = 7.5 Hz, Jns = 1.3 Hz).

Irppy-2244tpy. [Ir(ppy).Cl]2 (47.0 mg, 0.0438 mmol) and 2,2’;4’,4"'-terpyridine (22.5 mg, 0.0965 mmol)
were suspended in ethyleneglycol (6.0 mL). The mixture was refluxed overnight under Argon. The
solution was cooled to room temperature and a saturated aqueous solution of NH4PFs (5.0 mL) was
added for precipitation. The solid was centrifuged, washed with water (3X) and dried under reduced
pressure. HRMS (ESI): m/z calculated for [Cs;H27**3IrNs — PFg]*, 734.18902 ; found: 734.18860, m/z
calculated for [C2H16%3IrN, — PFs — 2244-tpy]*, 501.09372 ; found: 501.09245. 'H NMR (CDsCN), B/ppm:
8.79 (m, 3H, H-3’ + H-2” + H-6"), 8.71 (dd, 1H, H-3, J3.4 = 8.1 Hz, J3.5 = 0.5 Hz), 8.17 (ddd, 1H, H-4, J4.3 =
8.1Hz, J45=7.7 Hz, J46 = 1.1 Hz), 8.08 (m, 2H, H-d + H-d’), 8.05 (d, 1H, H-6’, Jss = 5.8 Hz), 8.02 (dd, 1H,
H-6, Jo.s = 5.5 Hz, Je.s = 1.1 Hz), 7.84 (m, 4H, H-c + H-¢’ + H-e + H-e’), 7.78 (m, 3H, H-5" + H-3” + H-5"),
7.65 (m, 2H, H-a + H-a’), 7.54 (ddd, 1H, H-5, Js.4 = 7.7 Hz, Js.6= 5.5 Hz, Js.3 = 0.5 Hz), 7.05 (m, 4H, H-f +
H-f"+ H-b + H-b’), 6.94 (m, 2H, H-g + H-g’), 6.30 (m, 2H, H-h + H-h’).



Irppy-2254tpy. [Ir(ppy).Cl]2 (53.0 mg, 0.0494 mmol) and 2,2’;5’,4”-terpyridine (25.5 mg, 0.109 mmol)
were suspended in ethyleneglycol (6.0 mL). The mixture was refluxed overnight under Argon. The
solution was cooled to room temperature and a saturated aqueous solution of NH4PFs (5.0 mL) was
added for precipitation. The solid was centrifuged, washed with water (3X) and dried under reduced
pressure. HRMS (ESI): m/z calculated for [Cs;H27**3IrNs — PFg]*, 734.18902 ; found: 734.18906, m/z
calculated for [C22H16*%3IrN, — PFg — 2254-tpy]*, 501.09372 ; found: 501.09293. *H NMR (CDsCN), B/ppm:
8.62 (m, 3H, H-3’ + H-2” + H-6”), 8.57 (dd, 1H, H-3, J3.4 = 8.1 Hz, J3.5 = 0.6 Hz), 8.42 (dd, 1H, H-4’, 43 =
8.5 Hz, Jye =2.0 Hz), 8.18 (d, 1H, H-6’, Jg.a = 2.0 Hz), 8.15 (ddd, 1H, H-4, J43=8.1 Hz, J4.s = 7.8 Hz, J4s =
1.6 Hz), 8.07 (m, 2H, H-d + H-d’), 8.02 (dd, 1H, H-6, Jes = 5.4 Hz, Jg.4 = 1.6 Hz), 7.84 (m, 4H, H-c + H-c’ +
H-e + H-€’), 7.67 (m, 2H, H-a + H-a’), 7.53 (ddd, 1H, H-5, Js.4s = 7.8 Hz, Js.6= 5.4 Hz, Js.3 = 0.6 Hz), 7.30 (dd,
2H, H-3" + H-5”, )35y = 4.5 Hz, Jsrj3 s> = 1.7 Hz), 7.05 (m, 4H, H-f + H-f’ + H-b + H-b’), 6.94 (m, 2H,
H-g + H-g’), 6.33 (m, 2H, H-h + H-h’).

IrppyF2-bpy. [Ir(ppyF2).Cl]> (71.0 mg, 0.0584 mmol) and 2,2’-bipyridine (22.1 mg, 0.141 mmol) were
suspended in ethyleneglycol (7.0 mL). The mixture was refluxed overnight under Argon. The solution
was cooled to room temperature and a saturated aqueous solution of NH4PFs (6.0 mL) was added for
precipitation. The solid was centrifuged, washed with water (3X) and dried under reduced pressure.
HRMS (ESI): m/z calculated for [Ca;Ha0F4*3IrNg — PF]*, 729.12478 ; found: 729.12459, m/z calculated
for [Ca2H12F4*3IrN; — PFs — bpy]*, 573.05604 ; found: 573.05446. *H NMR (CDsCN), B/ppm: 8.53 (dd,
2H, H-3, J3.4 = 8.1 Hz, J3.s = 1.1 Hz), 8.32 (dd, 2H, H-d, J4.c = 8.4 Hz, J4., = 0.7 Hz), 8.16 (ddd, 2H, H-4, J43
=8.1Hz, Jas =7.8 Hz, Jss = 1.4 Hz), 8.01 (dd, 2H, H-6, Js-s = 5.5 Hz, Js.4= 1.4 Hz), 7.91 (ddd, 2H, H-c, Jcq
=8.5Hz, Jop =7.5Hz, Jc.a = 1.2 Hz), 7.61 (dd, 2H, H-a, Ja.s = 5.8 Hz, Jo.c = 1.2 Hz), 7.53 (ddd, 2H, H-5, Js4
=7.8 Hz, Js.6 = 5.5 Hz, J5.3 = 1.1 Hz), 7.07 (ddd, 2H, H-b, Jy.c = 7.5 Hz, Jp.a = 5.8 Hz, Js.4 = 0.7 Hz), 6.71 (ddd,
2H, H-f, )¢ = 12.7 Hz, Jp = 9.4 Hz, Jen = 2.4 Hz), 5.73 (dd, 2H, H-h, Jhra = 8.6 Hz, Jhs= 2.4 Hz).



IrppyF,-2244tpy. [Ir(ppyF2).Cl]; (56.2 mg, 0.0462 mmol) and 2,2’;4’,4”-terpyridine (23.6 mg, 0.101
mmol) were suspended in ethyleneglycol (6.0 mL). The mixture was refluxed overnight under Argon.
The solution was cooled to room temperature and a saturated aqueous solution of NH4PFg (5.0 mL)
was added for precipitation. The solid was centrifuged, washed with water (3X) and dried under
reduced pressure. HRMS (ESI): m/z calculated for [CasHF4'*3IrNs — PFe]*, 806.15133 ; found:
806.15063, m/z calculated for [Cx2H1:F43IrN, — PFs — 2244-tpy]*, 573.05604 ; found: 573.05454. H
NMR (CDsCN), B/ppm: 8.83 (m, 3H, H-3’ + H-2” + H-6”), 8.75 (d, 1H, H-3, Js.4 = 8.1 Hz, J3.5 = 0.6 Hz), 8.37
(m, 2H, H-d + H-d’), 8.24 (ddd, 1H, H-4, J4-3 = 8.1 Hz, J4.s = 7.8 Hz, J4.s = 1.2 Hz), 8.11 (d, 1H, H-6’, Jgs =
5.8 Hz), 8.02 (dd, 1H, H-6, Jes = 5.4 Hz, Jg.4 = 1.2 Hz), 7.95 (m, 2H, H-c + H-¢’), 7.84 (dd, 1H, Js.¢ = 5.8 Hz,
Js.3 = 1.9 Hz), 7.82 (dd, 2H, H-3” + H-5”, J37/s7.27/6» = 4.5 Hz, Js7/37.2/6» = 1.7 Hz), 7.69 (m, 2H, H-a + H-a’),
7.61 (ddd, 1H, H-5, Js.4 = 7.8 Hz, Js.6= 5.4 Hz, Js:3 = 0.6 Hz), 7.12 (m, 2H, H-b + H-b’), 6.75 (m, 2H, H-H-f
+H-f), 5.79 (m, 2H, H-h + H-’).

IrppyF2-2254tpy. [Ir(ppyF2).Cl]> (53.7 mg, 0.0442 mmol) and 2,2’;5’,4”-terpyridine (21.6 mg, 0.0926
mmol) were suspended in ethyleneglycol (6.0 mL). The mixture was refluxed overnight under Argon.
The solution was cooled to room temperature and a saturated aqueous solution of NH4PFg (5.0 mL)
was added for precipitation. The solid was centrifuged, washed with water (3X) and dried under
reduced pressure. HRMS (ESI): m/z calculated for [CasHF4'*3IrNs — PFe]*, 806.15133 ; found:
806.15068, m/z calculated for [CyH1:F4**IrN, — PFs — 2254-tpy]*, 573.05604 ; found: 573.04591. H
NMR (CDsCN), 6/ppm: 8.65 (m, 3H, H-3’ + H-2” + H-6"), 8.59 (d, 1H, H-3, J3.4 = 8.1 Hz, J3.5 = 0.4 Hz), 8.42
(dd, 1H, H-4’, Jy.3 = 8.5 Hz, Jy.¢ = 2.1 Hz), 8.32 (m, 2H, H-d + H-d’), 8.20 (m, 2H, H-4 + H-6"), 8.03 (dd,
1H, H-6, Jes = 5.5 Hz, Je.4 = 0.8 Hz), 7.91 (m, 2H, H-c + H-¢’), 7.69 (m, 2H, H-a + H-a’), 7.53 (ddd, 1H, H-
5,Js.4 = 7.6 Hz, Js.6= 5.5 Hz, Js.3 = 0.4 Hz), 7.40 (dd, 2H, H-3” + H-5”, J3j5.2j6» = 4.5 Hz, Js/3.27/6» = 1.6
Hz), 7.09 (m, 2H, H-b + H-b’), 6.71 (m, 2H, H-f + H-f), 5.76 (m, 2H, H-h + H-h’).



Irpig-bpy. [Ir(pig)2Cl]2 (0.0322 mg, 0.0253 mmol) and 2,2’-bipyridine (9.4 mg, 0.0602 mmol) were
suspended in ethyleneglycol (3.0 mL). The mixture was refluxed overnight under Argon. The solution
was cooled to room temperature and a saturated aqueous solution of NH4PFs (3.0 mL) was added for
precipitation. The solid was centrifuged, washed with water (3X), dried under reduced pressure and
washed again with diethylether (3X). HRMS (ESI): m/z calculated for [CaoH2s'IrNs — PFg]*, 755.19144 ;
found: 755.19342, m/z calculated for [C3oH20**3IrN; — PFs — bpy]*, 601.12502 ; found: 601.12306. *H
NMR (CDsCN), §/ppm: 9.02 (m, 2H, H-¢/H-f), 8.54 (dd, 2H, H-3, J3.4 = 8.1 Hz, J3.5 = 1.0 Hz), 8.38 (dd, 2H,
H-g, Jg-n = 8.2 Hz, Jg.i = 1.0 Hz), 8.11 (ddd, 2H, H-4, Ja.3 = 8.1 Hz, Ja.s = 7.8 Hz, Ja.6 = 1.1 Hz), 7.99 (m, 2H,
H-f/H-c), 7.87 (dd, 2H, H-6, Jo.5 = 5.4 Hz, Jo.4= 1.1 Hz), 7.84 (m, 4H, H-d + H-€), 7.51 (d, 2H, H-b, Jp.. = 6.4
Hz), 7.46 (ddd, 2H, H-5, Js.4s = 7.8 Hz, Js.¢ = 5.4 Hz, Js.3 = 1.0 Hz), 7.42 (d, 2H, H-a, Ja = 6.4 Hz), 7.14 (ddd,
2H, H-h, g = 8.2 Hz, Jni = 7.8 Hz, Jn; = 1.1 Hz), 6.88 (ddd, 2H, H-i, Jin = 7.8 Hz, Jij = 7.6 Hz, Jig = 1.0 Hz),
6.31 (dd, 2H, H-j, Jii = 7.6 Hz, Jjn = 1.1 Hz).

Irpiq-2244tpy. [Ir(piq)2Cl]2 (49.7 mg, 0.0391 mmol) and 2,2’;4’,4” -terpyridine (20.3 mg, 0.0870 mmol)
were suspended in ethyleneglycol (5.0 mL). The mixture was refluxed overnight under Argon. The
solution was cooled to room temperature and a saturated aqueous solution of NH4PFs (6.0 mL) was
added for precipitation. The solid was centrifuged, washed with water (3X), dried under reduced
pressure and washed again with diethylether (3X). HRMS (ESI): m/z calculated for [CasH312%3IrNs — PFe]*,
834.22032 ; found: 834.21994, m/z calculated for [CaoH20**IrN; — PFs — 2244tpy]*, 601.12502 ; found:
601.12264. 'H NMR (CDsCN), 6/ppm: 9.03 (m, 2H, H-f + H-f), 8.81 (d, 1H, H-3’, J35 = 1.6 Hz), 8.78 (dd,
2H, H-2” + H-6", )37/67-37j5» = 4.5 Hz, Jg7j27-375 = 1.7 Hz), 8.74 (dd, 1H, H-3, J5.4 = 8.1 Hz, J35 = 0.5 Hz), 8.40
(m, 2H, H-g + H-g’), 8.16 (ddd, 1H, H-4, Jas = 8.1 Hz, Jas = 7.8 Hz, Jas = 1.5 Hz), 8.00 (m, 2H, H-c + H-C’),
7.96 (d, 1H, H-6’, Jg¢.s = 5.8 Hz), 7.91 (dd, 1H, H-6, Jgs = 5.6 Hz, J6.s = 1.5 Hz), 7.84 (m, 4H, H-d + H-d’ +
H-e + H-e’), 7.76 (dd, 2H, H-3” + H-5", J3»/s7.276» = 4.5 Hz, Js37.27/¢» = 1.7 Hz), 7.75 (dd, 1H, H-5, Js.¢
5.8 Hz, Js.3» = 1.6 Hz), 7.55 (m, 2H, H-a/b + H-a’/b’), 7.50 (ddd, 1H, H-5, Js.s = 7.8 Hz, Js.6= 5.6 Hz, Js3
0.5 Hz), 7.44 (m, 2H, H-b/a + H-b’/a’), 7.15 (m, 2H, H-h + H-h’), 6.90 (m, 2H, H-i + H-i’), 6.32 (m, 2H, H-j
+ H-j").



Irpig-2254tpy. [Ir(piq).Cl]2 (39.1 mg, 0.0307 mmol) and 2,2’;5’,4”-terpyridine (17.0 mg, 0.0729 mmol)
were suspended in ethyleneglycol (4.0 mL). The mixture was refluxed overnight under Argon. The
solution was cooled to room temperature and a saturated aqueous solution of NH4PFs (5.0 mL) was
added for precipitation. The solid was centrifuged, washed with water (3X), dried under reduced
pressure and washed again with diethylether (3X). HRMS (ESI): m/z calculated for [CasH31**3IrNs — PFe]*,
832.21799 ; found: 834.21985, m/z calculated for [CsoH20*%IrN; — PFs — 2254tpy]*, 601.12502 ; found:
601.12291. 'H NMR (CDsCN), §/ppm: 9.02 (m, 2H, H-f + H-f)), 8.65 (d, 1H, H-3’, J3.4 = 8.5 Hz), 8.59 (m,
3H, H-3 + H-2” + H-6"), 8.41 (dd, 1H, H-4’, Jy.3 = 8.5 Hz, Jss = 2.2 Hz), 8.40 (m, 2H, H-g + H-g’), 8.14
(ddd, 1H, H-4, Ja3 = 8.0 Hz, Jas = 7.8 Hz, Jag = 1.2 Hz), 7.99 (m, 2H, H-c + H-¢’), 7.96 (d, 1H, H-6’, Jos’ =
2.2 Hz), 7.93 (dd, 1H, H-6, Jgs = 5.4 Hz, Jo. = 1.2 Hz), 7.83 (m, 4H, H-d + H-d’ + H-e + H-¢’), 7.57 (m, 2H,
H-a/b + H-a’/b’), 7.50 (ddd, 1H, H-5, Js4 = 7.8 Hz, Js.6= 5.4 Hz, Js.3 = 0.6 Hz), 7.43 (m, 2H, H-b/a + H-
b’/a’), 7.24 (dd, 2H, H-3” + H-5", Jssr.2je = 8.5 Hz, Jsrzr276r = 1.7 Hz), 7.16 (m, 2H, H-h + H-h’), 6.91
(m, 2H, H-i + H-i’), 6.34 (m, 2H, H-j + H-}").




3) Ir(l1)-Co(lll) dyads

Irppy-2244tpy-Co. To a suspension of Co(dmgH)(dmgH,)Cl; (10.0 mg, 0.0277 mmol) in methanol (3.5
mL) was added EtsN (3.7 pL, 0.0265 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of Irppy-2244tpy (22.7 mg, 0.0258 mmol) in
dichloromethane (3.5 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The yellow-orange precipitate was centrifuged and washed with
diethylether. The product was dissolved in acetone to remove impurities. The crude product was
purified by column chromatography on SiO, (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for
[CasH41CI%°Co**3IrNgO4 — PFe]*, 1058.19258 ; found: 1058.19288, m/z calculated for [Cz7H27*°3IrNs — PFs
— Co(dmgH),Cl]*, 734.18902 ; found: 734.18881. *H NMR (acetone-ds), 6/ppm: 9.26 (s, 1H, H-3), 9.15
(dd, 1H, H-3, J3.4 = 8.0 Hz, J3.5 = 0.7 Hz), 8.36 (d, 2H, H-2” + H-6", )7/e73/s» = 6.2 Hz), 8.32 (ddd, 1H, H-4,
Jas = 8.0 Hz, Jas = 7.9 Hz, Jag = 1.3 Hz), 8.25 (m, 2H, H-d + H-d’), 8.21 (d, 1H, H-6’, J¢.s = 5.8 Hz), 8.13
(dd, 1H, H-6, Jes = 5.3 Hz, Je.a = 1.3 Hz), 8.04 (m, 3H, H-5" + H-3” + H-5"), 7.95 (m, 2H, H-c + H-¢’), 7.90
(m, 2H, H-e + H-e’), 7.83 (m, 2H, H-a + H-a’), 7.75 (ddd, 1H, H-5, Js4 = 7.9 Hz, Js5= 5.3 Hz, Js3 = 0.7 Hz),
7.13 (m, 2H, H-b + H-b’), 7.04 (m, 2H, H-f + H-f’), 6.92 (m, 2H, H-g + H-g’), 6.34 (m, 2H, H-h + H-h’), 2.33
(s, 12H, -CH3 dmgH).

Irppy-2254tpy-Co. To a suspension of Co(dmgH)(dmgH;)Cl, (11.6 mg, 0.0321 mmol) in methanol (4.0
mL) was added EtsN (4.3 pL, 0.0309 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of Irppy-2254tpy (26.2 mg, 0.0298 mmol) in
dichloromethane (4.0 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The yellow-orange precipitate was centrifuged and washed with
diethylether. The product was dissolved in acetone to remove impurities. The crude product was
purified by column chromatography on SiO; (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for
[CasHa1CIP°Co™®IrNgO4 — PFg]*, 1058.19258 ; found: 1058.19244, m/z calculated for [C37H27'*%IrNs — PFe
— Co(dmgH),Cl]*, 734.18902 ; found: 734.18871. *H NMR (acetone-ds), 6/ppm: 8.99 (d, 1H, H-3’, J3r4 =
8.6 Hz), 8.92 (dd, 1H, H-3, J3.4 = 8.1 Hz, J3.5 = 0.5 Hz), 8.65 (dd, 1H, H-4’, J».3» = 8.6 Hz, J4.¢ = 2.1 Hz), 8.36
(d, 1H, H-6’, Jos = 2.1 Hz), 8.32 (ddd, 1H, H-4, J43 = 8.1 Hz, Ja.s = 7.8 Hz, J46 = 1.3 Hz), 8.23 (m, 2H, H-d
+ H-d’), 8.19 (dd, 2H, H-2” + H-6”, Jyje-375» = 5.6 Hz, Joje-57/3 = 1.4 Hz), 8.13 (dd, 1H, H-6, Jg.5 = 5.4 Hz,
Joa = 1.3 Hz), 7.91 (m, 6H, H-a + H-a’ + H-c + H-¢’ + H-e + H-€’), 7.75 (ddd, 1H, H-5, Js.s = 7.8 Hz, Js.c= 5.4
Hz, Js.3 = 0.5 Hz), 7.47 (dd, 2H, H-3” + H-5”, J37/s.2776» = 5.6 Hz, Js7/37.2776» = 1.4 Hz), 7.09 (m, 4H, H-f + H-
f’ + H-b + H-b"), 6.93 (m, 2H, H-g + H-g’), 6.36 (M, 2H, H-h + H-h’), 2.32 (s, 12H, -CH3 dmgH).



IrppyF,-2244tpy-Co. To a suspension of Co(dmgH)(dmgH,)Cl, (8.4 mg, 0.0277 mmol) in methanol (3.0
mL) was added Et3N (3.1 uL, 0.0222 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of IrppyF,-2244tpy (20.6 mg, 0.0217 mmol) in
dichloromethane (3.0 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The yellow-orange precipitate was centrifuged and washed with
diethylether. The product was dissolved in acetone to remove impurities. The crude product was
purified by column chromatography on SiO; (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for
[CasH37CI°°CoF4**3IrNyO4 — PFs]*, 1130.15489 ; found: 1130.15521, m/z calculated for [CazH23F4%3IrNs —
PFs — Co(dmgH),Cl]*, 806.15133 ; found: 806.15109. *H NMR (acetone-ds), 6/ppm: 9.21 (d, 1H, H-3’, Ja-.
s = 1.2 Hz), 9.08 (dd, 1H, H-3, Js.4 = 8.1 Hz, J3.5 = 0.7 Hz), 8.37 (m, 6H, H-2” + H-6" + H-4 +H-d + H-d’ + H-
6’), 8.24 (dd, 1H, H-6, J¢.s = 5.4 Hz, Js.a = 1.2 Hz), 8.06 (m, 3H, H-c + H-¢’ + H-5’), 8.00 (dd, 3H, H-3” + H-
5” Jysrarje = 5.4 Hz, Jarsrery = 1.5 Hz), 7.92 (m, 2H, H-a + H-a’), 7.79 (ddd, 1H, H-5, Js.4 = 7.7 Hz, Js6 =
5.4 Hz, Js.3=0.7 Hz), 7.22 (m, 2H, H-b + H-b’), 6.78 (m, 2H, H-f + H-f’), 5.79 (m, 2H, H-h + H-h’), 2.34 (s,
12H, -CHs dmgH).

IrppyF2-2254tpy-Co. To a suspension of Co(dmgH)(dmgH;)Cl, (7.9 mg, 0.0219 mmol) in methanol (3.0
mL) was added EtsN (2.9 pL, 0.0208 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of IrppyF;-2254tpy (19.4 mg, 0.0204 mmol) in
dichloromethane (3.0 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The yellow-orange precipitate was centrifuged and washed with
diethylether. The product was dissolved in acetone to remove impurities. The crude product was
purified by column chromatography on SiO; (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for
[CasH37CI°°CoF4**3IrNyO4 — PFs]*, 1130.15489 ; found: 1130.15505, m/z calculated for [CazH23F4*3IrNs —
PFs — Co(dmgH),Cl]*, 806.15133 ; found: 806.15089. 'H NMR (acetone-ds), 6/ppm: 9.04 (d, 1H, H-3’, J3-.
4 =8.6 Hz), 8.97 (dd, 1H, H-3, J3.4 = 8.1 Hz, J3.5 = 0.6 Hz), 8.72 (dd, 1H, H-4’, Jy.3 = 8.6 Hz, J4.¢ = 2.0 Hz),
8.52 (d, 1H, H-6", Jg-s = 2.0 Hz), 8.38 (m, 3H, H-4 + H-d + H-d’), 8.24 (dd, 1H, H-6, J.5 = 5.5 Hz, Jo.s = 0.9
Hz), 8.21 (dd, 2H, H-2” + H-6", J27je-37/s» = 5.6 Hz, J27/67.57/3» = 1.4 Hz), 7.97 (m, 4H, H-a + H-a’ + H-c + H-
¢’), 7.80 (ddd, 1H, H-5, Js.4 = 7.6 Hz, Js.6= 5.5 Hz, Js.3 = 0.6 Hz), 7.62 (dd, 2H, H-3” + H-5”, J3s».276» = 5.6
Hz, Js»/37.276» = 1.4 Hz), 7.20 (m, 2H, H-b + H-b’), 6.77 (m, 2H, H-f + H-f’), 5.78 (m, 2H, H-h + H-h’), 2.32
(s, 12H, -CH; dmgH).



Irpig-2244tpy-Co. To a suspension of Co(dmgH)(dmgH,)Cl, (8.5 mg, 0.0235 mmol) in methanol (3.0
mL) was added Et3N (3.1 uL, 0.0222 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of Irpig-2244tpy (21.6 mg, 0.0221 mmol) in
dichloromethane (3.0 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The orange precipitate was centrifuged and washed with diethylether.
The product was dissolved in acetone to remove impurities. The crude product was purified by column
chromatography on SiO; (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for [Cs3Has>"CI*°Co*3IrNgO,4
— PFe]*, 1158.22388 ; found: 1158.22434, m/z calculated for [CssH31'%%IrNs — PFs — Co(dmgH),CI]*,
834.22032 ; found: 834.22027. *H NMR (acetone-ds), §/ppm: 9.24 (d, 1H, H-3’, J3.s» = 1.6 Hz), 9.10 (m,
3H, H-3 + H-f + H-f"), 8.43 (m, 2H, H-g + H-g’), 8.36 (d, 2H, H-2” + H-6", Jy7/6»-37/s» = 6.4 Hz), 8.32 (ddd,
1H, H-4, Ja-3 = Ja.s = 8.0 Hz, Jas = 1.5 Hz), 8.07 (m, 3H, H-6" + H-c + H-c’), 7.99 (m, 4H, H-5" + H-6 + H-3” +
H-5”),7.91 (m, 4H, H-d + H-d’ + H-e + H-€’), 7.70 (m, 3H, H-5 + H-a/b + H-a’/b’), 7.55 (m, 2H, H-b/a + H-
b’/a’), 7.15 (m, 2H, H-h + H-h’), 6.91 (m, 2H, H-i + H-i’), 6.37 (m, 2H, H-j + H-j’), 2.33 (s, 12H, -CH3 dmgH).

Irpig-2254tpy-Co. To a suspension of Co(dmgH)(dmgH,)Cl; (6.6 mg, 0.0183 mmol) in methanol (2.5
mL) was added Et3N (2.4 uL, 0.0172 mmol). The mixture was stirred at room temperature for 15 min.
until a brown solution was obtained. A solution of Irpig-2254tpy (16.8 mg, 0.0172 mmol) in
dichloromethane (2.5 mL) was slowly added to this solution and the mixture was stirred at room
temperature for 1h30. A stream of air was passed through the solution for 15 min. and diethylether
was added for precipitation. The orange precipitate was centrifuged and washed with diethylether.
The product was dissolved in acetone to remove impurities. The crude product was purified by column
chromatography on SiO, (CH,Cl,/MeOH : 95/5). HRMS (ESI): m/z calculated for [Cs3Has>"CI*°Co*3IrNsO,4
— PFe]*, 1158.22388 ; found: 1158.22415, m/z calculated for [CasH31'*3IrNs — PFs — Co(dmgH).CI]%,
834.22032 ; found: 834.22024. *H NMR (acetone-dg), §/ppm: 9.10 (m, 2H, H-f + H-f’), 9.03 (d, 1H, H-3’,
J3.4=8.6 Hz), 8.96 (d, 1H, H-3, J5.4 = 8.1 Hz), 8.66 (dd, 1H, H-4’, )43 = 8.6 Hz, J».s = 2.0 Hz), 8.45 (m, 2H,
H-g + H-g’), 8.32 (ddd, 1H, H-4, Ja3 = 8.1 Hz, Jas = 8.0 Hz, Jas = 1.5 Hz), 8.17 (dd, 2H, H-2” + H-6", /e
3757 = 5.6 Hz, Jy7/67-5773» = 1.4 Hz), 8.13 (d, 1H, H-67, J¢. = 2.0 Hz), 8.05 (m, 3H, H-6 + H-c + H-c’), 7.92 (m,
4H, H-d + H-d’ + H-e + H-¢’), 7.75 (m, 3H, H-5 + H-a/b + H-a’/b’), 7.54 (m, 2H, H-b/a + H-b’/a’), 7.42 (dd,
2H, H-3" + H-5", 35276 = 5.6 Hz, Js7/37.2776» = 1.4 Hz), 7.18 (m, 2H, H-h + H-h’), 6.94 (m, 2H, H-i + H-i’),
6.39 (m, 2H, H-j + H-j’), 2.30 (s, 12H, -CHs dmgH).
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Figure S1 'H NMR spectra of Irppy-2244tpy
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Figure S13 'H NMR spectra of IrppyF,-2254tpy-Co
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Figure $14 'H NMR spectra of Irpig-2244tpy-Co
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Crystallographic study

Crystallographic data for Irbpy-2254tpy, Irbpy-2244tpy and Irpig-2254tpy were collected at 100 K
using a Bruker Venture Metallet diffractometer equipped with a photon 100 CMOQOS-based area
detector. For data collection, determination of cell parameters, cell refinement, and data reduction
APEX2 and SAINT (Bruker, 2007) were used. Absorption and corrections were applied using SADABS
and TWINABS (Bruker 2001)°. Structure solutions were performed using intrinsic phasing with SHELXT
(Sheldrick, (2008 and 2015)° and refined on F? by fullmatrix least squares using SHELXL2014 (Sheldrick,
2008 and 2015)%. OLEX2 (Dolomanov et al., 2009). The material was prepared for publication using
PLATON (Spek, 2009)7, and Mercury?.

Irbpy-2254tpy crystalizes as a plate. Irbpy-2244tpy grows as needles. Irbpy-2254tpy crystallizes as a
plate. The space groups are respectively P2;/c, C2/c and P2;/c.

Irbpy-2244tpy : The software Cell Now was used to evaluate the twinning of sets of reflections. Two
domains with the same space group are defined with a ratio 35/65. Basis vector orientations for two
domains in reciprocal matrix are typical of non-merohedral twining. Both domains are included to
match the model, but the outcome is not definitive according to this method. The best iteration is done
with the twind_1.hkl also with the integration of only one domain. The PFs are localized on two
symmetry elements: one on C, axis and the other is disordered around an inversion center. The
phosphorous element and two fluorines are on C; axis. The occupation factor of two PFg localisations
is refined using a free variable to 48/52. Disordered acetonitrile solvent molecules were difficult to
modelize and the squeeze routine is used, giving a lower the R; factor (from 7, 21 % to 7, 10 %). The
void volume is 385 A3 that corresponds to 147 electrons and 6 % of the volume of the cell.

Irppy-2254tpy: The Ir complex and his counter anion PFs are well described. The quality of data set
permits to modelize a structure without ambiguity. A residual electron density attributed to solvent
disorder is treated with the olex mask. The total solvent accessible volume is 197.5 A3, i.e. 5.8 % of the
cell that corresponds at 30.7 electrons. This residual electron density is distributed around 6 volumes
of the cell from 39.8 A% to 29.5 A%. The presence of the water molecule could contribute to solvent
occupation. The R; factor goes from 3.27 % to 3.23 % after the olex-mask process.

Irpig-2254tpy: Two positions for the PFgare evaluated to fit the disorder of the counter-anion PFs. The
R1 factor before squeeze 5.30 % and after squeeze is 4.19 %. Two voids of 969 A3 that represents 22 %
of the the unit cell are squeezed. The diffuse electron densities accounted for 383 electrons.

The intensity of maximum residual electron density reaches critical values. The reason is related to the
bad quality of data set, after omitting reflections with a too important error versus the model. The
crystallographic model matches with the data.



Table S1. Crystallographic information for Irpiq-2254tpy-Co (1), Irpig-2254tpy-Co (2), Irpig-2254tpy, Irppy-2254tpy and Irppy-2244tpy

Identification

Irpiq-2254tpy

Irppy-2254tpy

Irppy-2244tpy

Irpig-2254tpy-Co (1)

Irpig-2254tpy-Co (2)

CCDC Number
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

B/

v/°

Volume/A3

Z
Pealcg/cm?
u/mm*

F(000)

Crystal size/mm?
Radiation

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

1851595
CasH31FelrNsP
978.92

100
monoclinic
C2/c
39.0974(12)
11.0469(3)
21.9827(7)

90
110.2910(10)
90

8905.2(5)

8

1.460

4.407

3856.0
0.2x0.2x0.15
GaKa (A = 1.34139)
7.18t0126.92

-52<h<52,-14<k<14,-29<1<

29
143630

11008 [Rint = 0.0399, Rsigma =
0.0131]
11008/21/540

1.061
R1=0.0419, wR; = 0.1089
Ri=0.0422, wR; = 0.1093
1.87/-1.28

1851560
Cs7H27F6lrNsP
878.80

100

monoclinic

P2i/c

8.7575(4)
35.7671(18)
11.0138(6)

90

101.629(2)

90

3379.0(3)

4

1.727

5.751

1720.0

0.29 x 0.21 x 0.05
GaKa (A = 1.34139)
4.298 to 126.934

-11<h<11,-47<k<47,-14<1<

14
102448

8390 [Rint = 0.0559, Rsgma = 0.0197]

8390/0/452

1.244

R1=0.0323, wRz = 0.0860
R1=0.0323, wR; = 0.0862
1.48/-1.24

1851608
Cs7H27F6IrNsP
878.80

100

monoclinic

C2/c

20.5798 (19)
24.646 (2)
14.4517(13)

90

108.834(4)

90

6937.7(11)

8

1.683

5.604

3440.0
0.21x0.1x0.09
GaKa (A = 1.34139)
5.03 to 121.596

-26<h<26,-31<k<31,-18<1<

18
15701

7954 [Rint = 0.0289, Rsigma = 0.0363]

7954/353/466

1.066

R1=0.0710, wR2 =0.1757
R1=0.0810, wR2 =0.1835
3.32/-1.21

1515333
Cs3HasCICoFsIrNsO4P
1303.53

100

monoclinic

C2/c

43.3450(7)
11.1091(2)
30.4979(5)

90

128.3740(10)

90

11513.0(4)

8

1.504

7.954

5184.0

0.14 x 0.12 x 0.05
CuKa (A = 1.54178)
5.2to 144.426

-53<h<53,-13<k<12,-37<1<

37
167315

11342 [Rint = 0.0405, Rsigma =
0.0144]

11342/0/712

1.044

R1=0.0263, wR2 = 0.0670
R1=0.0277, wR; = 0.0684
1.84/-0.54

1515335
Cs3HasCICoFslrNsO4P
1303.53

100

monoclinic

P2i/n

17.1260(10)
10.4445(6)
30.4628(19)

90

91.457(3)

90

5447.2(6)

4

1.589

8.406

2592.0

0.24 x 0.04 x 0.03
CuKa (A = 1.54178)
5.804 to 144.292

-21<h<21,-12<k<12,-37<1<

37
117808

10688 [Rint = 0.1045, Rsigma =
0.0491]

10688/323/764

1.043

R1=0.0554, wR2 = 0.1256
R1=0.0790, wR; = 0.1396
1.72/-1.04




In these archetype complexes, the near octahedral geometry is observed as expected for the reference
complexes Ir(piq)2(bpy)* °, Ir(ppy)2(bpy)**°. The coordination sphere of the Ir-derivatives don’ t show
differences of structural parameters. The length bond of bipyridine Ir-N(bpy) 2.14 A is around 0.08 A longer
than the Ir-N cyclometalated ligand around 2.05 A. The shortest bond around 2.01 A is the carbanion bond to
the Ir that should favorite the o orbital overlapping. Otherwise, a trans effect of Iro-C could accentuate the
longer Ir-N(bpy) and promotes the cis-arragement of the cyclometalled ligand. The bite angle of terpyridine
shows a angle of 80° degree and 76 ° for the cyclometallated ligand.
Concerning the difference between the family of 4 and 5 terpyridine derivatives, the angle between the two
plans of bipyridine is curiously closed from planarity for the Irppy-2244tpy and the twist angle 4,4 bipyridine
is the largest as 39°. The electronic delocalization could be favoured on two bipyridine coordinated to the Ir
versus 5 isomer where the twist angle 4,5 is smaller that could favor the conjugation of electronic system on
the pendant pyridine. Those observations have to be illustrated by more examples of structures because
crystal packing induces the stability of particular angle in bonding.

The distance of Ir to nitrogen of pendant pyridine is shorter of around 1 A in the 5- than the 4-
derivative: 8, 1t0 9, 2 A. The proximity of cobalt catalyst coordinated to the pendante pyridine could influence
the electronic communication between both metallic entities.

Figure S16. X-ray crystal structure of Irpig-2254tpy-Co, atoms are represented at the 50 % probability level.
Hydrogen atoms and PF¢ counteranion are omitted for clarity.

gV

Figure S17. X-ray crystal structure of Irpig-2254tpy-Co, ellipsoid at 50 % probability level.



Figure S18. X-ray crystal structure Irpig-2254tpy, atoms are represented at the 50 % probability level.
Hydrogen atoms and PFs counteranion are omitted for clarity.

Figure S19. X-ray crystal structure of Irppy-2254tpy, atoms are represented at the 50 % probability level.
Hydrogen atoms and PFs counteranion are omitted for clarity.

Figure S20. X-ray crystal structure of Irppy-2244tpy, atoms are represented at the 50 % probability
level. Hydrogen atoms and PFs counteranion are omitted for clarity.



Table S2. Selected angles and bond lengths of crystal structures Irpiq-2254tpy-Co 1, Irpig-2254tpy-Co 2,
Irpig-2254tpy.

Bond lengths Irpig-2254tpy-Co1  Irpiq-2254tpy-Co 2 Irpiq-2254tpy
Ir(1)-C(315) 2.004 (3) 2.07(2), 1.98(2)* 1.998 (3)
Ir(1)-C(215) 2.009 (2) 2.036(7) 2.002 (3)
Ir(1)-N(31) 2.047 (3) 2.033 (15), 2.063(18)* 2.043 (3)
Ir(1)-N(21) 2.049 (3) 2.049 (5) 2.049 (3)
Ir(1)-N(11) 2.141 (2) 2.156 (5) 2.129 (3)
Ir(1)-N(12) 2.133 (2) 2.150 (5) 2.142(3)
C(19)-C(111) 1.476 (3) 1.486 (10) 1.486(4)
C(15)-C(16) 1.481 (3) 1.482 (10) 1.480(4)
Co(1)-N(13) 1.966 (2) 1.957 (6)

Ir-N(13) N terminal pyridine of 8,042 (2) 7.954 (2) 8,036 (4)
terpyridine

Angles

C(215)-Ir(1)-C(315) 87.94 (9) 88.2 (14), 90.6 (18)* 88.75 (13)
N(31)-Ir(1)-C(315) 79.91(9) 78.8 (6), 80.6 (7)* 79.77 (13)
N(31)-Ir(1)-C(215) 92.95 (9) 101.8 (7),97.5 (6)* 98.87(12)
N(21)-Ir(1)-C(315) 90.84 (9) 92.0 (5) 95.0 (6)* 96.95(13)
N(21)-Ir(1)-C(215) 79.74 (9) 79.1(2) 79.53(12)
N(12)-Ir(1)-C(315) 97.63 (8) 96.8 (15) 94.5 (18)* 95.90(12)
N(12)-Ir(1)-N(31) 90.57 (8) 85.7(6) 81.0(7)? 83.92(11)
N(12)-Ir(1)-N(21) 97.53 (8) 98.5 (2) 97.91(10)
N(11)-Ir(1)-C(215) 98.26 (9) 99.0 (3) 98.97(12)
N(11)-Ir(1)-N(31) 97.31(8) 100.1 (4), 94.9 (5)* 94.69(11)
N(21)-Ir(1)-N(11) 92.60 (8) 89.4 (2) 88.74(11)
N(12)-Ir(1)-N(11) 76.29 (8) 76.1(2) 76.56(10)
N(21)-Ir(1)-N(31) 168.47 (8) 170.4(4), 175. (5)* 176.41(11)
N(12)-Ir(1)-C(215) 173.87 (8) 174.5(2), 174.96(11)
N(11)-Ir(1)-C(315) 173.36 (8) 172.9 (14), 170.2 (16)*  171.16(11)
0, average planes angles (°) of 31 (1) 27.9 (1) 25.64 (10)
the 5,4’ sites or 4,4’ sites

B, average planes angles (°) of 4.7 (1) 7.2 (3) 4.09 (10)

the 2,2’ sites

1Bond lengths and angles of Irppy-2244tpy are selected to compare the same parameter than Irppy-
2254tpy, Irpig-2254tpy, Irpig-2254tpy-Co 1, Irpiq-2254tpy-Co 2. The naming of atoms in Irppy-2244tpy is
different than in the table.




Table S3. Selected angles and bond lengths of crystal structures Irppy-2254tpy, Irppy-2244tpy,

Ir(ppy)2(bpy)*.

Bond lengths Irppy-2254tpy  Irppy-2244tpy *  Ir(ppy)2(bpy)*?
Ir(1)-C(311) 2.005 (3) 2.028 (8) 2.024 (5)
Ir(1)-C(211) 2.013(3) 2.006 (8) 2.004 (5)
Ir(1)-N(31) 2.028 (8) 2.042 (6) 2.047 (3)
Ir(1)-N(21) 2.047 (3) 2.053 (7) 2.042 (3)
Ir(1)-N(11) 2.135(3) 2.148 (6) 2.136 (3)
Ir(1)-N(12) 2.134(3) 2.142 (6) 2.129 (3)
C(19)-C(111) 1.484(4) 1.486 (10)

C(15)-C(16) 1.472(4) 1.482 (10)

Ir-N terminal pyridine of terpyridine 8,124 (3) 9,196 (7)

Angles

C(211)-Ir(1)-C(311) 88.53 (11) 87.9(3) 87.90 (17)
N(31)-Ir(1)-C(311) 80.56 (12) 80.3(3) 80.06 (16)
N(31)-Ir(1)-C(211) 95.58 (12) 97.7(3) 95.22 (15)
N(21)-Ir(1)-C(311) 94.46 (12) 95.4(3) 92.98 (16)
N(21)-Ir(1)-C(211) 80.35(12) 80.6(3) 80.68 (15)
N(12)-Ir(1)—C(311) 95.76 (11) 98.2(3) 99.70 (16)
N(12)-Ir(1)-N(31) 86.68 (10) 82.9(2) 89.17 (13)
N(12)-Ir(1)-N(21) 98.77 (10) 99.3(3) 95.75 (13)
N(11)-Ir(1)-C(211) 96.35 (10) 98.1(3) 96.36 (14)
N(11)-Ir(1)-N(31) 96.36 (10) 97.1(2) 96.75 (13)
N(21)-Ir(1)-N(11) 88.12 (10) 87.3(3) 90.45 (13)
N(12)-Ir(1)-N(11) 76.55 (10) 75.9(2) 76.20 (12)
N(21)-Ir(1)-N(31) 173.66 (10) 175.5(2) 172.09 (13)
N(12)-Ir(1)-C(211) 175.68 (10) 173.9(3) 171.80 (14)
N(11)-Ir(1)-C(311) 171.93 (11) 173.8(3) 174.92 (15)
0, average planes angles (°) of the 5,4’ or 4,4’ sites 34,43 (13) 39.187 (2)

B, average planes angles (°) of the 2,2’ sites 6.16 (11) 1.902 (2) 3.46 (15)

The geometric details of coordination sphere are compared to those from the X-Ray structure of

Ir(ppy)2(bpy)PFs from reference .

2 The coordination sphere data are compared to the reference X-Ray structure of Ir(ppy)z(bpy)PFs from

reference 1°.



Cyclic voltammetry

1) Ir(lll) photosensitizers

Current (normalized)

Potential (V vs. Ag/AgCl)

——Irppy-bpy ——IrppyF2-bpy ——Irpig-bpy

Figure S21. Reduction voltammograms of Irppy-bpy, IrppyF2-bpy
and Irpig-bpy (10> M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure $22. Oxidation voltammograms of Irppy-bpy, IrppyF2-bpy
and Irpig-bpy (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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= rppy-2244tpy = = |rppyF2-2244tpy = Irpiq-2244tpy

Figure $23. Reduction voltammograms of Irppy-2244tpy, IrppyF.-2244tpy
and Irpig-2244tpy (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure S24. Oxidation voltammograms of Irppy-2244tpy, IrppyF,-2244tpy
and Irpig-2244tpy (10> M) in acetonitrile with BusNClO4 0.1 M as supporting electrolyte.



Current (normalized)

Potential (V vs. Ag/AgCl)

= rppy-2254tpy = = I|rppyF2-2254tpy = Irpiq-2254tpy

Figure $25. Reduction voltammograms of Irppy-2254tpy, IrppyF2-2254tpy
and Irpig-2254tpy (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure $26. Oxidation voltammograms of Irppy-2254tpy, IrppyF:-2254tpy
and Irpig-2254tpy (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.



2) Ir(ll1)-Co(lll) dyads

Current (normalized)

Potential (V vs. Ag/AgCl)
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Figure $27. Reduction voltammograms of Irppy-2244tpy-Co, IrppyF.-2244tpy-Co
and Irpig-2244tpy-Co (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure $28. Oxidation voltammograms of Irppy-2244tpy-Co, IrppyF2-2244tpy-Co
and Irpig-2244tpy-Co (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure $29. Reduction voltammograms of Irppy-2254tpy-Co, IrppyF2-2254tpy-Co
and Irpig-2254tpy-Co (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.
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Figure S30. Oxidation voltammograms of Irppy-2254tpy-Co, IrppyF2-2254tpy-Co
and Irpig-2254tpy-Co (10 M) in acetonitrile with BusNCIO4 0.1 M as supporting electrolyte.



Absorption and emission spectra of Ir(lll) photosensitizers
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Figure S31. Absorption and emission spectra (excitation at @ = 405 nm) of Irppy-bpy, IrppyF2-bpy
and Irpig-bpy in acetonitrile at room temperature.
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Figure $32. Absorption and emission spectra (excitation at @ = 405 nm) of Irppy-2244tpy,
IrppyF2-2244tpy and Irpig-2244tpy in acetonitrile at room temperature.



90000

70000

50000

30000

10000

Extinction coefficient (M1 cm™)
Emission intensity (normalized)

-10000 200 300 400 500 600 700 04
Wavelength (nm)

Irppy-2254tpy (Abs.) IrppyF2-2254tpy (Abs.) Irpig-2254tpy (Abs.)

= = =|rppy-2254tpy (Em.) = = =IrppyF2-2254tpy (Em.) = = =Irpig-2254tpy (Em.)

Figure S33. Absorption and emission spectra (excitation at @ = 405 nm) of Irppy-2254tpy,
IrppyF2-2254tpy and Irpig-2254tpy in acetonitrile at room temperature.



Table S4. Spectroscopic data of Ir(lll) Photosensitizers?®

Aerﬂ
Complex Aabs [nm] (€ [x 102 Mt ecm]) Aem 298k T [us] @° (Ar) kI [x103sT] '77:
[nm] [nm]
256 (562), 318 (191), 383 (80), 418 0.266
Irppy-2244tpy 131) 68 (1) 646 0.0228 85.7 543
255 (489), 270 (484), 289 (398),
Irppy-2254tpy 121 (287), 382 (64). 467 () 654 0.128 0.0103 80.5 554
257 (512), 267 (487), 310 (227),
Irppy-bpy 339 (96), 376 (64), 412 (36), 467 599 0.267 0.0215 80.5 514
(7)
247 (565), 262 (489), 308 (236),
IrppyF,-2244tpy 340 (97), 358 (79), 427 (11), 447 564 1.192 0.1182 99.2 502
(8)
249 (490), 263 (475), 311 (327), 485
IrppyF2-2254tpy 324 (275), 358 (70), 428 (8), 449 567 1.272 0.1183 93.0 oo
(5)
247 (531), 262 (481), 298 (277), -
IrppyFa-bpy 310 (241), 360 (65), 423 (8), 449 539 1.274 0.0758 59.5 P
(4)
214 (662), 236 (696), 343 (208), o
Irpiq-2244tpy 357 (195), 380 (136), 439 (74), 527 0% 1o28(12%) 0 0¢ 44 >79,
636 3.049 (88%) 626
(5), 560 (2)
212 (749), 234 (639), 291 (596), o
Irpig-2254tpy 322 (374), 357 (180), 381 (118), 569336' ;g;g Eg;’; 0.0130 6.3 27285’
438 (74), 527 (5), 565 (2) ' °
212 (606), 234 (557), 290 (440),
. 593,  1.059 (39%) 580,
Irpig-bpy 338 (180), 354 (168), 379 (109), 638 1.638 (61%) 0.0110 7.8 627

439 (67), 527 (4), 564 (1)

2Measurements in degassed acetonitrile at 298K. ® Lifetime under N, atmosphere. ¢ Quantum yield measured by using
[Ru(bpy)s]?* as a reference, ®rs = 0.028 in water under air. ¢ Radiative rate constant determined under an inert
atmosphere at 298K (k; = ®/t). ¢ in degassed EtOH:MeOH / 4:1

Table S5. Excited states oxidation and reduction potentials of Ir(lll) photosensitizers

Eox* Ered®

Complex Amax em [NM]?

(V vs. Ag/AgCl) (V vs. Ag/AgCl)

Irppy-2244tpy 646 -0.54 0.74
Irppy-2254tpy 654 -0.52 0.78
Irppy-bpy 599 -0.69 0.76
IrppyF,-2244tpy 564 -0.47 1.02
IrppyF,-2254tpy 567 -0.46 1.12
IrppyF2-bpy 539 -0.58 1.04
Irpig-2244tpy 592 -0.67 0.93
Irpig-2254tpy 593 -0.65 0.99
Irpig-bpy 593 -0.72 0.78

2Emission maximum for the most hypsochromic band if multiband spectrum



Absorption spectra of Ir(ll1)-Co(lll) dyads

8E+04
7E+04
6E+04
SE+04
4E+04
3E+04
2E+04

1E+04

Extinction coefficient (Mt cm?)

0E+00

200 300 400 500 600 700
Wavelength (nm)

-1E+04

= |rppy-2244tpy-Co = Irppy-2244tpy

Figure S34. Absorption spectra of Irppy-2244tpy-Co and Irppy-2244tpy in acetonitrile at room
temperature.
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Figure S$35. Absorption spectra of Irppy-2254tpy-Co and Irppy-2254tpy in acetonitrile at room
temperature.
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Figure $36. Absorption spectra of IrppyF2-2244tpy-Co and IrppyF,-2244tpy in acetonitrile at room
temperature.
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Figure $37. Absorption spectra of IrppyF,-2254tpy-Co and IrppyF,-2254tpy in acetonitrile at room
temperature.
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Figure S38. Absorption spectra of Irpig-2244tpy-Co and Irpig-2244tpy in acetonitrile at room
temperature.
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Figure S39. Absorption spectra of Irpig-2254tpy-Co and Irpig-2254tpy in acetonitrile at room
temperature.
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Figure S40. Absorption spectral changes for a 2.5 x 10 mol.L? solution of Irppy-2244tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S41. Absorption spectra for neutral (blue) and protonated (orange) Irppy-2244tpy
photosensitizer
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Figure S42. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irppy-2244tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S43. Stern-Volmer plots of the luminescence quenching of Irppy-2244tpy upon the addition
of trifluoroacetic acid.
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Figure S44. Absorption spectral changes for a 2.5 x 10> mol.L? solution of Irppy-2254tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S45. Absorption spectra for neutral (blue) and protonated (orange) Irppy-2254tpy
photosensitizer
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Figure S46. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irppy-2254tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S47.: Stern-Volmer plots of the luminescence quenching of Irppy-2254tpy upon the addition
of trifluoroacetic acid.
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Figure S48. Absorption spectral changes for a 2.5 x 10° mol.L™? solution of IrppyF»-2244tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S49. Absorption spectra for neutral (blue) and protonated (orange) IrppyF2-2244tpy
photosensitizer.
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Figure S50. Emission spectral changes for a 2.5 x 10 mol.L? solution of IrppyF,-2244tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S51. Stern-Volmer plots of the luminescence quenching of IrppyF2-2244tpy upon the
addition of trifluoroacetic acid.
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Figure S52. Absorption spectral changes for a 2.5 x 10° mol.L™? solution of IrppyF»-2254tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S53. Absorption spectra for neutral (blue) and protonated (orange) IrppyF2-2254tpy
photosensitizer.
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Figure S54. Emission spectral changes for a 2.5 x 10 mol. L' solution of IrppyF2-2254tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S55. Stern-Volmer plots of the luminescence quenching of IrppyF,-2254tpy upon the
addition of trifluoroacetic acid.
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Figure S56. Absorption spectral changes for a 2.5 x 10 mol.L™? solution of Irpig-2244tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S57. Absorption spectra for neutral (blue) and protonated (orange) Irpiq-2244tpy

photosensitizer.
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Figure S58. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irpig-2244tpy in acetonitrile
for increasing concentrations of trifluoroacetic acid.
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Figure S$59. Stern-Volmer plots of the luminescence quenching of Irpiq-2244tpy upon the addition
of trifluoroacetic acid.
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Figure S60. Absorption spectral changes for a 2.5 x 10 mol.L™? solution of Irpig-2254tpy in
acetonitrile for increasing concentrations of trifluoroacetic acid.
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Figure S61. Absorption spectra for neutral (blue) and protonated (orange) Irpiq-2254tpy
photosensitizer.
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Figure S62. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irpig-2254tpy in acetonitrile
for increasing concentrations of trifluoroacetic acid.
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Figure $63. Stern-Volmer plots of the luminescence quenching of Irpig-2254tpy upon the addition
of trifluoroacetic acid.
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Figure S64. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irppy-2244tpy in
acetonitrile for increasing concentrations of acetic acid.
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Figure S65. Stern-Volmer plots of the luminescence quenching of Irppy-2244tpy upon the addition
of acetic acid.
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Figure S66. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irppy-2254tpy in
acetonitrile for increasing concentrations of acetic acid.
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Figure S67. Stern-Volmer plots of the luminescence quenching of Irppy-2254tpy upon the addition
of acetic acid.
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Figure S68. Emission spectral changes for a 2.5 x 10 mol.L? solution of IrppyF,-2244tpy in
acetonitrile for increasing concentrations of acetic acid.
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Figure S69. Stern-Volmer plots of the luminescence quenching of IrppyF,-2244tpy upon the
addition of acetic acid.
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Figure S70. Emission spectral changes for a 2.5 x 10 mol.L? solution of IrppyF,-2254tpy in
acetonitrile for increasing concentrations of acetic acid.

s y = 46.432x2 - 1.8346x + 1 b4
R?=0.9984 '

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
[acetic acid] (mol.L?)

Figure S71. Stern-Volmer plots of the luminescence quenching of IrppyF>-2254tpy upon the
addition of acetic acid.



450

400

350

300

250

200

150

Emission intensity

100

50

50 450 500 550 600 650 700 750

Wavelength (nm)

Figure S72. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irpig-2244tpy in acetonitrile
for increasing concentrations of acetic acid.

14

12 y =41.905x2 + 9.8076x + 1
R2 = 0.9965 -9

10

19/1

...
g0
o0'®
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

[acetic acid] (mol.L?)

Figure $73. Stern-Volmer plots of the luminescence quenching of Irpig-2244tpy upon the addition
of acetic acid.
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Figure S74. Emission spectral changes for a 2.5 x 10 mol.L? solution of Irpig-2254tpy in acetonitrile
for increasing concentrations of acetic acid.
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Figure S75. Stern-Volmer plots of the luminescence quenching of Irpig-2254tpy upon the addition
of acetic acid.



Theoretical model

All Ir compounds were studied by DFT and TD-DFT using Gaussian9 Revision E.01.1! We used B3LYP? and
two basis set (6-31G*!3 for C, H, and N / VDZ (valence double ) with the SBKJC effective core potential'* basis
set for Ir). Geometry optimizations were conducted without symmetry constraints, followed by frequency
calculations to confirm that energy minima had been reached. The energy, oscillator strength, and related MO
contributions for the 100 lowest singlet—singlet and 10 lowest singlet—triplet excitations were obtained from
the TD-DFT/singlets and the TD-DFT/triplets output files, respectively, for the SO-optimized geometry.
GaussView5.0, GaussSum3.0%® and Chemissian4.43® were used for data analysis, visualization and surface
plots. All calculations were performed in MeCN solution by use of the polarized continuum (PCM) solvation

model.*’
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Figure S76. Molecular orbitals diagram of the different cyclometalated iridium complexes studied (green :
HOMOs, red : LUMOs)
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Figure S77. Effect of the protonation on the orbitals of the different cyclometalated iridium complexes studied
(green : HOMOs, red : LUMOs / left with blue arrow : free form, right with orange arrow : protonated form)



Table S6. Contributions to MOs for Irppy-bpy (isovalue : 0.03 e.A)

Orbital Contributions Orbital Contributions
LUMO+4 HOMO
-5.66eV
Ir:1% Ir: 40%
ppy : 2% ppy : 58%
bpy : 97% bpy : 2%
-1.53eV
- Ir:1% Ir: 8%
ppy : 15% ppy : 91%
bpy : 83% bpy: 1%
-1.66eV
Ir: 4% Ir: 48%
ppy : 94% ppy : 49%
bpy : 2% bpy : 4%
-1.75eV
Ir:2% Ir: 48%
ppy : 95% ppy : 45%
bpy : 1% bpy : 7%
Ir:2% Ir:30%
ppy : 1% ppy : 67%
bpy : 97% bpy : 3%




Table S7. Contributions to MOs for IrppyF,-bpy (isovalue : 0.03 e.A3)

Orbital Contributions Orbital Contributions
LUMO+4 HOMO
-1.34eV -5.98eV
Ir: 0% Ir:38%
Fappy : 2% Fappy : 60%
bpy : 98% bpy : 2%
-1.59eV
Ir:2% Ir: 6%
F2ppy : 13% Fappy : 93%
bpy : 85% bpy : 1%
LUMO+2
-1.77eV
Ir: 4% Ir:15%
F2ppy : 94% Fappy : 84%
bpy : 2% bpy : 1%
-1.85eV
Ir:4% Ir:62%
F2ppy : 95% Fappy : 31%
bpy : 1% bpy : 7%
Ir: 2% Ir:51%
Fappy : 1% Fappy : 41%
bpy : 97% bpy : 8%




Table $8. Contributions to MOs for Irpig-bpy (isovalue : 0.03 e.A3)

Orbital Contributions Orbital Contributions
LUMO+4 HOMO
-1.28eV -5.64eV
g8 Ir: 1% &% Ir: 37%
: piq : 2% i piq : 62%
bpy : 97% bpy : 2%
LUMO+3 HOMO-1
-6.05eV
Ir : 2% I 10%
piq : 10% F;'q ',Sf;’
bpy : 88% Py 27
LUMO+2 HOMO-2
-2.13eV -6.22eV
Ir:3% Ir:27%
piq : 96% ' piq : 72%
Xg bpy : 1% | bpy : 1%
LUMO+1 HOMO-3
-2.22eV -6.5eV
Ir:4% Ir:36%
piq :91% piq : 59%
bpy : 5% bpy : 5%
Ir:2% Ir : 50%
piq : 5% piq : 45%
bpy : 93% bpy : 5%




Table $9. Contributions to MOs for Irppy-2244tpy (isovalue : 0.03 e.A3)

Ir: 1%
ppy : 13%
2244tpy : 86%

-5.68eV

Orbital Contributions Orbital Contributions
LUMO+4 HOMO
-1.46eV

Ir:39%
ppy : 59%
2244tpy : 2%

LUMO+3
-1.67eV

Ir: 4%
ppy : 94%
2244tpy : 3%

Ir: 8%
ppy : 91%
2244tpy : 1%

LUMO+2
-1.76eV

Ir: 4%
ppy : 95%
2244tpy : 1%

Ir:47%
ppy : 49%
2244tpy : 4%

-1.9eV

Ir:2%
ppy : 1%
2244tpy : 97%

Ir:47%
ppy : 45%
2244tpy : 8%

Ir:2%
ppy : 1%
2244tpy : 97%

Ir:30%
ppy : 66%
2244tpy : 4%




Table $10. Contributions to MOs for Irppy-2254tpy (isovalue : 0.03 e.A?)

Orbital

Contributions

Orbital

Contribution

LUMO+4

Ir:1%
ppy : 3%
2254tpy : 96%

HOMO

Ir:39%
ppy : 59%
2254tpy : 2%

-1.7eV

Ir:3%
ppy : 44%
2254tpy : 53%

LUMO+3
-1.66eV
Ir:3% Ir: 8%
ppy : 58% ppy : 91%
2254tpy : 39% 2254tpy : 1%
LUMO+2

Ir: 46%
ppy : 50%
2254tpy : 4%

LUMO+1
-1.76eV

&

Ir: 4%
ppy : 93%
2254tpy : 3%

Ir: 46%
ppy : 47%
2254tpy : 7%

Ir:2%
ppy : 1%
2254tpy : 98%

Ir:30%
ppy : 65%
2254tpy : 5%




Table S11. Contributions to MOs for IrppyF,-2244tpy (isovalue : 0.03 e.A3)

Ir:1%
F2ppy : 10%
2244tpy : 88%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.52eV -6.00eV

Ir:38%
Fappy : 60%
2244tpy : 2%

LUMO+3
-1.77eV

e

Ir:4%
F2ppy : 94%
2244tpy : 2%

HOMO-1
-6.43eV

Ir: 6%
Fappy : 93%
2244tpy : 1%

LUMO+2
-1.86eV

Ir: 4%
F.ppy : 95%
2244tpy : 1%

HOMO-2
-6.54eV

Ir:15%
F.ppy : 84%
2244tpy : 1%

LUMO+1
-1.96eV

Ir: 1%
Fappy : 3%
2244tpy : 97%

Ir : 60%
Fappy : 31%
2244tpy : 9%

Ir:2%
F.ppy : 1%
2244tpy : 97%

Ir:52%
Fappy : 39%
2244tpy : 9%




Table $12.: Contributions to MOs for IrppyF,-2254tpy (isovalue : 0.03 e.A3)

-1.41eV

‘

Ir:1%
F.ppy : 3%
2254tpy : 97%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO

Ir: 38%
Fappy : 60%
2254tpy : 2%

Ir:2%
Fappy : 20%
2254tpy : 78%

Ir: 6%
Fappy : 93%
2254tpy : 1%

LUMO+2
-1.79eV

Ir: 4%
F.ppy : 80%
2254tpy : 16%

Ir:15%
F.ppy : 84%
2254tpy : 1%

Ir: 4%
F2ppy : 95%
2254tpy : 1%

Ir : 60%
F2ppy : 29%
2254tpy : 10%

Ir:2%
Fppy : 1%
2254tpy : 98%

Ir:48%
Fappy : 45%
2254tpy : 8%




Table $13. Contributions to MOs for Irpig-2244tpy (isovalue : 0.03 e.A?)

-1.45eV

Ir:1%
piq : 9%
2244tpy : 90%

-5.65eV

Orbital Contributions Orbital Contribution
LUMO+4 HOMO

Ir:36%
piq : 62%
2244tpy : 2%

-1.89eV

Ir: 1%
piq : 3%
2244tpy : 97%

Ir: 10%
piq : 89%
2244tpy : 1%

LUMO+2

Ir: 4%
piq : 94%
2244tpy : 2%

-2.14eV
Ir:3% Ir:26%
piq : 95% piq : 72%
2244tpy : 1% 2244tpy : 2%
LUMO+1
-2.23eV

Ir: 36%
piq : 59%
2244tpy : 6%

Ir:2%
piq : 2%
2244tpy : 96%

Ir: 49%
piq : 44%
2244tpy : 6%




Table S14. Contributions to MOs for Irpig-2254tpy (isovalue : 0.03 e.A?)

Ir: 2%
piq : 5%
2254tpy : 93%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO

-1.35eV -5.66eV

o . Ir:1% . Ir:36%
¥ [ piq : 3% Y piq : 62%
e & 2254tpy : 96% 2254tpy : 2%
LUMO+3

-1.67eV

Ir:10%
piq : 89%
2254tpy : 1%

LUMO+2

Ir: 4%
piq : 94%
2254tpy : 2%

-2.15eV
Ir:3% Ir:26%
piq : 85% piq : 72%
2254tpy : 11% 2254tpy : 2%
LUMO+1
-2.23eV

Ir:35%
piq : 59%
2254tpy : 5%

Ir:2%
piq : 2%
2254tpy : 97%

Ir: 50%
piq : 44%
2254tpy : 6%




Table S15. Contributions to MOs for the protonated form of Irppy-2244tpy (isovalue : 0.03 e.A3)

Ir:4%
ppy : 94%
H-2244tpy : 2%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.73eV -5.76eV

Ir:39%
ppy : 59%
H-2244tpy : 2%

LUMO+3
-1.82eV

Ir: 4%
ppy : 94%
H-2244tpy : 2%

Ir: 6%
ppy : 93%
H-2244tpy : 1%

LUMO+2
-1.92eV

Ir: 0%
ppy : 2%
H-2244tpy : 98%

Ir: 36%
ppy : 61%
H-2244tpy : 3%

-2.5eV

Ir:1%
ppy : 3%
H-2244tpy : 96%

Ir:39%
ppy : 55%
H-2244tpy : 6%

Ir:2%
ppy : 14%
H-2244tpy : 85%

Ir:41%
ppy : 55%
H-2244tpy : 4%




Table S16. Contributions to MOs for the protonated form of Irppy-2254tpy (isovalue : 0.03 e.A3)

-1.83eV

Ir: 4%
ppy : 92%
H-2254tpy : 4%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.75eV -5.76eV
Ir:3% Ir:39%
ppy : 69% ppy : 59%
H-2254tpy : 28% H-2254tpy : 2%

LUMO+3 HOMO-1

-6.37eV

Ir: 7%
ppy : 92%
H-2254tpy : 1%

LUMO+2
-1.91eV

Ir: 0%
ppy : 4%
H-2254tpy : 96%

Ir: 38%
ppy : 59%
H-2254tpy : 3%

LUMO+1
-2.33eV

Ir:2%
ppy : 6%
H-2254tpy : 91%

Ir:41%
ppy : 53%
H-2254tpy : 6%

Ir:1%
ppy : 12%
H-2254tpy : 87%

Ir: 40%
ppy : 57%
H-2254tpy : 3%




Table S17. Contributions to MOs for the protonated form of IrppyF,-2244tpy (isovalue : 0.03 e.A3)

Ir: 4%
Fappy : 94%
H-2244tpy : 2%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.84eV -6.07eV

Ir:37%
Fappy : 61%
H-2244tpy : 2%

LUMO+3
-1.91eV

A

Ir:3%
Fappy : 72%
H-2244tpy : 25%

Ir: 5%
Fappy : 94%
H-2244tpy : 1%

Ir: 1%
Fappy : 3%
H-2244tpy : 96%

LUMO+2
-1.94eV
Ir:1% Ir:12%
Foppy : 24% Fappy : 87%
4 H-2244tpy : 75% H-2244tpy : 1%
LUMO+1
-2.56eV

Ir : 66%
F2ppy : 28%
H-2244tpy : 6%

Ir:2%
Fappy : 13%
H-2244tpy : 85%

Ir:37%
Fappy : 57%
H-2244tpy : 6%




Table $18. Contributions to MOs for the protonated form of IrppyF2-2254tpy (isovalue : 0.03 e.A3)

Ir: 4%
Fappy : 91%
H-2254tpy : 6%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.85eV -6.09eV

Ir:37%
Fappy : 61%
H-2254tpy : 2%

Ir:3%
F2ppy : 64%
H-2254tpy : 33%

Ir: 5%
Fappy : 94%
H-2254tpy : 1%

LUMO+2
-1.94eV

Ir:2%
F.ppy : 34%
H-2254tpy : 64%

Ir:12%
F.ppy : 87%
H-2254tpy : 1%

-2.39eV

Ir:2%
Fappy : 6%
H-2254tpy : 91%

Ir : 65%
F2ppy : 29%
H-2254tpy : 6%

Ir:1%
Fappy : 12%
H-2254tpy : 88%

Ir: 40%
F2ppy : 54%
H-2254tpy : 6%




Table $19. Contributions to MOs for the protonated form of Irpig-2244tpy (isovalue : 0.03 e.A3)

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.91eV -5.73eV
Ir: 0% - Ir:35%
piq : 0% piq : 63%

H-2244tpy : 100% H-2244tpy : 2%

LUMO+3
-2.2eV
Ir:3%
piq: 1%
H-2244tpy : 96%

Ir: 8%
piq : 91%
H-2244tpy : 1%

LUMO+2
-2.28eV
Ir: 4%
piq : 92%
H-2244tpy : 4%

Ir:23%
piq : 76%
H-2244tpy : 2%

LUMO+1
-2.5eV
» Ir:1%
piq : 4%
H-2244tpy : 95%

Ir:31%
piq : 64%
H-2244tpy : 5%

Ir:2%
piq : 0%
H-2244tpy : 98%

Ir:52%
piq : 43%
H-2244tpy : 5%




Table $20.: Contributions to MOs for the protonated form of Irpig-2254tpy (isovalue : 0.03 e.A?)

H-2254tpy : 98%

Orbital Contributions Orbital Contribution
LUMO+4 HOMO
-1.91eV -5.74eV
Ir: 0% - . Ir:36%
piq : 2% P Y piq : 63%

H-2254tpy : 2%

LUMO+3
-2.2eV

Ir:3%
piq : 89%
H-2254tpy : 8%

Ir: 8%
piq : 91%
H-2254tpy : 1%

Ir:3%
piq: 13%
H-2254tpy : 85%

LUMO+2
-2.3eV
Ir: 4% Ir:24%
piq : 95% piq : 75%
H-2254tpy : 1% H-2254tpy : 2%
LUMO+1

Ir:33%
piq : 62%
H-2254tpy : 5%

Ir:1%
piq:12%
H-2254tpy : 87%

Ir:51%
piq : 44%
H-2254tpy : 4%




Table S21. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irppy-

bpy in MeCN with their oscillator strength and major orbitals contributions

So to S« Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 20730,06 482,39 0,0001 HOMO->LUMO (99%) MLLCT
2 25465,34 392,69 0,0598 HOMO->L+1 (97%) MLCT/LC (CAN)
3 26310,61 380,07 0,0004 H-4->LUMO (17%), H-2->LUMO (82%) MLLCT
4 26354,17 379,45 0,0017 HOMO->L+2 (91%) MLCT/LC (CAN)
5 26830,03 372,72 0,0293 H-1->LUMO (87%) MLLCT
6 28154,40 355,18 0,0031 HOMO->L+3 (98%) MLLCT
7 28174,56 354,93 0,0573 H-3->LUMO (84%) MLLCT
8 29465,85 339,38 0,0001 H-4->LUMO (82%), H-2->LUMO (17%) MLLCT
9 30128,84 331,91 0,0087 HOMO->L+4 (96%) MLLCT
10 30632,94 326,45 0,007 H-5->LUMO (91%) MLLCT
1 31177,36 320,75 0,0018 H-2->L+1 (28%), HOMO->L+5 (56%) MLCT/LC (CAN)
12 31272,53 319,77 0,0434 H-2->L+1 (42%), HOMO->L+5 (40%) MLCT/LC (CAN)
13 31362,06 318,86 0,014 H-3->L+1 (15%), H-1->L+1 (62%) MLCT/LC (CAN)
14 31508,05 317,38 0,0009 HOMO->L+6 (85%) MLCT/LC (CAN)
15 32052,47 311,99 0,0561 H-3->L+2 (10%), H-2->L+1 (10%), H-1->L+2 (70%) MLCT/LC (CAN)
16 32208,94 310,47 0,0127 H-3->L+1 (18%), H-2->L+2 (49%), H-1->L+1 (21%) MLCT/LC (CAN)
17 33188,10 301,31 0,0007 H-3->L+1 (55%), H-2->L+2 (21%) MLCT/LC (CAN)
18 33365,54 299,71 0,09 H-3->L+2 (61%), H-2->L+3 (13%), H-1->L+2 (13%) MLCT/LC (CAN)
So to Tx Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 20492,93 487,97 0 HOMO->LUMO (97%) MLLCT
2 22381,89 446,79 0 H-1->L+2 (18%), HOMO->L+1 (64%) MLCT/LC (CAN)
3 22742,42 439,71 0 H-1->L+1 (27%), HOMO->L+2 (51%) MLCT/LC (CAN)
-6- 0 -4- 0, -2-
. 23953,86 417,47 0 H-6->LUMO (37%), H 4(3>1L;;VIO (16%), H-2->LUMO e
-5-; 9 -3- 0, -1-
s 25208,86 296,69 0 H-5->LUMO (11%), H i;;;;wo (48%), H-1->LUMO e
6 26017,03 384,36 0 H-2->L+1 (22%), H-1->L+2 (14%), HOMO->L+1 (29%) MLCT/LC (CAN)
7 26083,16 383,39 0 H-2->L+2 (15%), H-1->L+1 (13%), HOMO->L+2 (40%) MLCT/LC (CAN)
8 26769,54 373,56 0 H-6->LUMO (41%), H-2->LUMO (49%) MLLCT / LC (N"N)
9 27423,66 364,65 0 H-3->LUMO (33%), H-1->LUMO (62%) MLLCT
10 27500,28 363,63 0 HOMO->L+3 (74%), HOMO->L+5 (11%) MLLCT( C',\'\S;‘CT/ L




Table S22. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for IrppyF,-

bpy in MeCN with their oscillator strength and major orbitals contributions

Sp to S« Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 22731,93 439,91 0,0002 HOMO->LUMO (98%) MLLCT
2 27191,37 367,76 0,0542 HOMO->L+1 (94%) MLCT/LC (CAN)
3 27381,72 365,21 0,0018 H-3->LUMO (45%), H-2->LUMO (52%) MLLCT
4 27431,72 364,54 0,0213 H-1->LUMO (93%) ILCT
5 28121,33 355,60 0,0006 HOMO->L+2 (93%) MLCT/LC (CAN)
6 29100,48 343,64 0,0002 H-3->LUMO (52%), H-2->LUMO (47%) MLLCT
7 29410,20 340,02 0,0753 H-4->LUMO (85%) MLLCT
8 30292,57 330,11 0,0025 HOMO->L+3 (98%) MLLCT
9 31424,17 318,23 0,0054 H-5->LUMO (89%) MLLCT
10 32050,86 312,00 0,0353 H-4->L+1 (10%), H-1->L+1 (66%), HOMO->L+4 (14%) MLLCT - LC (CAN)
11 32073,44 311,78 0,0291 H-3->L+1 (33%), H-2->L+1 (47%), H-1->L+2 (11%) MLCT/LC (CAN)
12 32222,66 310,34 0,0001 H-1->L+1 (10%), HOMO->L+4 (82%) MLLCT
13 32702,56 305,79 0,0863 H-2->L+1 (13%), H-1->L+2 (68%) MLCT/LC (CAN)
14 33146,97 301,69 0,0394 H-3-5L+2 (26%), H-2->L+2 (46%), H-1->L+1 (12%) MLCT/LC (CAN)
Soto Tx Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 22441,57 445,60 0 HOMO->LUMO (93%) MLLCT
2 23439,28 426,63 0 H-2->L+1 (12%), H-1->L+2 (25%), HOMO->L+1 (48%) MLCT/LC (CAN)
3 23642,53 422,97 0 H-2->L42 (12%), H-1->L+1 (35%), HOMO->L+2 (37%) MLCT/LC (CAN)
4 24303,90 411,46 0 H-6->LUMO (47%), H-3->LUMO (27%) MLLCT - LC (NAN)
s 2615414 28235 0 H-5->LUMO (10%), H—ll(jll.;;\llo (41%), H-1->LUMO e
6 27197,82 367,68 0 H-2->L+1 (24%), H-1->L+2 (11%), HOMO->L+1 (43%) MLCT/LC (CAN)
; 27411 56 264,81 0 H-6->LUMO (27%), H-3(:E|).;;v|o (21%), H-2->LUMO LT L€ ()
8 27414,79 364,77 0 H-2->L+2 (16%), HOMO->L+2 (52%) MLCT/LC (CAN)
9 28268,12 353,76 0 H-4->LUMO (36%), H-1->LUMO (55%) MLLCT
-3->| 9 -2-> 9 ->L+
10 2908274 343,85 0 H-3->LUMO (24%), H 2(1I5_;’I)WO(29£), HOMO->L+3 e




Table S23.Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irpig-
bpy in MeCN with their oscillator strength and major orbitals contributions

So to S« Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength

1 20614,72 485,09 0,0023 HOMO->LUMO (97%) MLLCT
2 21960,86 455,36 0,0968 HOMO->L+1 (96%) MLCT/LC (CAN)
3 22972,28 435,31 0,0009 HOMO->L+2 (97%) MLCT/LC (CAN)
4 24966,89 400,53 0,0293 H-1->LUMO (96%) MLLCT
5 25502,44 392,12 0,0007 H-4->LUMO (11%), H-2->LUMO (83%) MLLCT
6 26640,49 375,37 0,0197 H-1->L+1 (88%) MLCT/LC (CAN)
7 27001,83 370,35 0,042 H-2->L+1 (44%), H-1->L+2 (36%) MLCT/LC (CAN)
8 27618,84 362,07 0,0861 H-2->L+1 (33%), H-1->L+2 (54%) MLCT/LC (CAN)
9 27856,78 358,98 0,0674 H-3->LUMO (79%) MLLCT
10 28217,31 354,39 0,0069 H-4->LUMO (21%), HOMO->L+3 (63%) MLLCT
11 28289,09 353,49 0,0262 H-2->L+2 (54%), HOMO->L+3 (16%) MLCT/LC (CAN)
12 28397,17 352,15 0,0033 H-4->LUMO (61%), HOMO->L+3 (18%) MLLCT
13 29440,04 339,67 0,0172 H-3->L+1 (68%) MLCT/LC (CAN)
14 29753,79 336,09 0,1394 H-3->L+2 (83%) MLCT/LC (CAN)
15 29898,97 334,46 0,1481 H-4->L+1 (53%), H-2->L+1 (12%), HOMO->L+4 (20%) MLEITL(LCCATN) i
16 30073,19 332,52 0,0581 H-4->L+1 (21%), HOMO->L+4 (61%) ML&TL(LCCATN) i
17 30168,36 331,47 0,0004 H-5->LUMO (75%) MLLCT
18 30582,12 326,99 0,0506 H-4->L+2 (62%) MLCT/LC (CAN)
19 31152,36 321,00 0,0106 H-5->L+1 (67%) MLCT/LC (CAN)
20 31543,54 317,02 0,0472 H-5->L+2 (23%), HOM((Z;ZS (16%), HOMO->L+6 MLCT/LC (N
)1 31825,83 31421 0,0011 H-5->L+1 (10%), HOM(olg/t;s (72%), HOMO->L+6 T e
22 31950,04 312,99 0,0581 H-5->L+2 (57%), HOMO->L+6 (34%) MLCT/LC (CAN)
23 32331,54 309,30 0,0084 H-1->L+3 (92%) MLLCT
24 33095,35 302,16 0,0459 H-2->L+3 (78%) MLLCT

So to Tx Energy | Wavelength Osc. Major contributions Attribution

(cm-1) (nm) Strength
1 18120,05 551,87 0 H-2->L+1 (14%), H-1->L+2 (31%), HOMO->L+1 (42%) MLCT/LC (CAN)
2 18297,49 546,52 0 H-2->L+2 (16%), H-1->L+1 (39%), HOMO->L+2 (33%) MLCT/LC (CAN)
3 20397,76 490,25 0 HOMO->LUMO (91%) MLLCT
4 21777,78 459,18 0 H-2->L+1 (24%), H-1->L+2 (14%), HOMO->L+1 (45%) MLCT/LC (CAN)
5 22261,71 449,20 0 H-2->L+2 (18%), H-1->L+1 (10%), HOMO->L+2 (57%) MLCT/LC (CAN)
. 2384739 419,23 0 H-8->LUMO (30%), H-4(-2>7L;;V|o (21%), H-2->LUMO LT L e
7 24133,72 414,36 0 H-3->LUMO (14%), H-1->LUMO (68%) MLLCT
8 26012,19 384,44 0 H-8->LUMO (32%), H-2->LUMO (51%) MLLCT - LC (NN)
i o | st | e
4 %) H-2- %) H-2- NTER

10 26295,29 380,30 0 H-4->L+1 (14%), H-2 >>L:+11((113125 H-2->L+2 (12%), H-1 eTc e




Table S24. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irppy-

2244tpy in MeCN with their oscillator strength and major orbitals contributions

Ener Wavelength Osc. . I —
So to S« &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 19725,90 506,95 0,0007 HOMO->LUMO (99%) MLLCT
2 25341,13 394,62 0,0042 H-4->LUMO (16%), H-2->LUMO (80%) MLLCT
3 25541,97 391,51 0,0596 HOMO->L+2 (95%) MLCT/LC (CAN)
4 25688,76 389,28 0,0426 H-1->LUMO (83%) ILCT
5 25948,47 385,38 0,0032 HOMO->L+1 (83%) MLLCT
6 26478,38 377,67 0,0022 HOMO->L+3 (83%) MLCT/LC (CN)
7 27186,53 367,83 0,1014 H-3->LUMO (79%) MLLCT
8 28324,58 353,05 0,0006 H-4->LUMO (81%), H-2->LUMO (16%) MLLCT
9 28869,81 346,38 0,0085 HOMO->L+4 (96%) MLLCT
10 29481,98 339,19 0,0121 H-5->LUMO (92%) MLLCT
11 31153,97 320,99 0,0024 HOMO->L+5 (81%) MLCT/LC (CAN)
12 31269,31 319,80 0,034 H-2->1+2 (42%), H-1->L+1 (13%), HOMO->L+5 (15%) MLCT/LC (CAN)
13 31387,07 318,60 0,0353 H-3->L+2 (12%), H-1->1+2 (53%) MLCT/LC (CAN)
14 31436,27 318,10 0,0187 H-2->142 (11%), H-1->L+1 (53%), HOMO->L+6 (18%) MLLCT(C'A'\S')'CT/ L
15 31576,61 316,69 0,0026 H-1->L+1 (13%), HOMO->L+6 (73%) MLCT/LC (CAN)
16 31807,28 314,39 0,0163 H-4->L+1 (10%), H-2->L+1 (69%) MLLCT
17 32108,93 311,44 0,0427 H-1->L+3 (64%) MLCT/LC (CAN)
18 32230,72 310,26 0,0177 H-3->L+2 (16%), H-2->L+3 (45%), H-1->L+2 (17%) MLCT/LC (CN)
19 32759,82 305,25 0,0114 H-3->L+1 (70%), H-1->L+1 (10%) MLLCT
20 33184,07 301,35 0,0108 H-3->L+2 (51%), H-2->L+3 (20%) MLCT/LC (CAN)
21 33304,25 300,26 0,0517 H-7->LUMO (30%), H-6->LUMO (42%) LC (NAN)
Ener Wavelength Osc. . I L
So to Tx &Y J Major contributions Attribution
(cm-1) (nm) Strength
1 19488,77 513,12 0 HOMO->LUMO (97%) MLLCT
2 22418,99 446,05 0 H-1->L+3 (18%), HOMO->L+2 (62%) MLCT/LC (CAN)
3 22760,16 439,36 0 H-1->L+2 (27%), HOMO->L+3 (50%) MLCT/LC (CAN)
H-6->LUMO (13%), H-4->LUMO (15%), H-2->LUMO
4 23104,56 432,82 0 (35%) MLLCT - LC (NAN)
5 24215,18 412,96 0 H-3->LUMO (41%), H-1->LUMO (29%) MLLCT
6 25771,83 388,02 0 HOMO->L+1 (72%) MLLCT
7 26047,68 383,91 0 H-2->L42 (20%), H-1->L+3 (12%), HOMO->L+2 (27%) MLCT/LC (CAN)
H-6->LUMO (21%), H-2->LUMO (27%), HOMO->L+3
8 26133,17 382,66 0 (12%) MLLCT - LC (NAN)
H-6->LUMO (10%), H-2->LUMO (14%), HOMO->L+1
° 26173,50 382,07 0 (14%), HOMO->L+3 (19%) MLLCT - LC (NAN)
10 26312,23 380,05 0 H-3->LUMO (26%), H-1->LUMO (51%) MLLCT




Table S25. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irppy-

2254tpy in MeCN with their oscillator strength and major orbitals contributions

Ener, Wavelength Osc. . I —
So to S« &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 19464,58 513,75 0,0001 HOMO->LUMO (99%) MLLCT
2 25128,20 397,96 0,0012 H-4->LUMO (16%), H-2->LUMO (82%) MLLCT
3 25370,98 394,15 0,0218 H-1->LUMO (92%) ILCT
4 25530,67 391,69 0,0595 HOMO->L+1 (96%) MLCT/LC (CAN)
5 26366,26 379,27 0,0024 HOMO->L+2 (60%), HOMO->L+3 (29%) MLLCT( éA“:l;CT/ L
6 26867,94 372,19 0,0491 H-3->LUMO (79%) MLLCT
7 27095,39 369,07 0,0034 HOMO->L+2 (28%), HOMO->L+3 (67%) MLCT (NAN)
8 27981,79 357,38 0,0026 H-4->LUMO (81%), H-2->LUMO (16%) MLLCT
9 29150,49 343,05 0,0074 H-5->LUMO (92%) MLLCT
10 29734,44 336,31 0,0041 HOMO->L+4 (97%) MLLCT
1 31001,53 322,56 0,01 HOMO->L+5 (88%) MLLCT(C'A'\S')'CT/ L
12 31296,73 319,52 0,035 H-4->L+1 (11%), H-2->L+1 (64%) MLCT/LC (CAN)
13 31445,14 318,01 0,0162 H-3->L+1 (11%), H-1->L+1 (59%) MLCT/LC (CN)
14 31570,15 316,75 0,0011 HOMO->L+6 (85%) MLCT/LC (CAN)
MLLCT - MLCT/LC
-6- 0, ) 0,
15 31939,56 313,09 0,2185 H-6->LUMO (58%), H-2->L+2 (10%) (CAN) - LC (NAN)
H-6->LUMO (10%), H-2->L+2 (11%), H-1->L+2 (36%), | MLLCT - MLCT/LC
16 32095,22 311,57 0,2048 HA1oL+3 (19%) (CAN) - LC (NAN)
H-3->L+1 (17%), H-2->L+2 (17%), H-2->L+3 (29%), H- | MLLCT - MLCT/LC
17 32245,24 310,12 0,0469 1141 (17%) (CAN)
18 32770,31 305,15 0,0145 H-1->1+2 (32%), H-1->1+3 (48%) MLLCT((;,\'\:‘;CT/LC
19 32984,85 303,17 0,0012 H-7->LUMO (88%) LC (NAN)
MLLCT -MLCT/LC
-6- 0, - 0, iy 0,
20 33077,60 302,32 0,2642 H-6->LUMO (18%), H-2->L+2 (25%), H-2->L+3 (34%) (CAN) - LC (NAN)
21 33226,01 300,97 0,0095 H-3->L+1 (50%), H-2->L+2 (11%) MLLCT(C-AMNI)'CT/LC
22 33447,01 298,98 0,0985 H-3->L+2 (35%), H-3->L+3 (29%) MLLCT( é,\'\c‘)LCT/ Le
Ener, Wavelength Osc. . — _—
So to Tx &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 19266,97 519,02 0 HOMO->LUMO (97%) MLLCT
2 22406,08 446,31 0 HOMO->L+1 (54%) MLLCT((;A'\:‘;CT/ L
H-6->LUMO (41%), H-4->LUMO (13%), H-2->LUMO MLLCT -MLCT/LC
3 22449,64 445,44 0 (19%) (CAN) - LC (NAN)
H-1->L+1 (27%), HOMO->L+2 (23%), HOMO->L+3 MLLCT -MLCT/LC
4 22758,55 439,40 0 27%) (CAN)
H-5->LUMO (10%), H-3->LUMO (42%), H-1->LUMO
5 24204,70 413,14 0 (40%) MLLCT
6 25323,39 394,89 0 H-6->LUMO (32%), H-2->LUMO (57%) MLLCT - LC (NAN)
7 25923,47 385,75 0 H-3->LUMO (18%), H-1->LUMO (33%) MLLCIC' ,'\\f\l'SCT/ Le
8 26042,84 383,98 0 H-2->L+1 (21%), HOMO->L+1 (27%) MLLCT(éA“ﬂ;CT/LC
H-3->LUMO (18%), H-1->LUMO (20%), HOMO->L+2 | MLLCT - MLCT/LC
9 26195,27 381,75 0 (18%) (CAN)
10 26768,73 373,57 0 HOMO->L+2 (40%), HOMO->L+3 (49%) MLLCIC' ,'\\,/\'lL)CT/ Le




Table $26. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for IrppyF,-

2244tpy in MeCN with their oscillator strength and major orbitals contributions

Ener, Wavelength Osc. . I —
So to S« &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 21732,61 460,14 0,0008 HOMO->LUMO (98%) MLLCT
2 26354,97 379,44 0,0359 H-1->LUMO (91%) ILCT
3 26418,69 378,52 0,0009 H-3->LUMO (36%), H-2->LUMO (53%) MLLCT
4 27230,08 367,24 0,0554 HOMO->L+2 (96%) MLCT/LC (CAN)
5 27940,66 357,90 0,0017 HOMO->L+1 (59%), HOMO->L+3 (37%) MLLCIC' ,'\\,/\'lL)CT/ L
6 28013,25 356,97 0,0089 H-3->LUMO (55%), H-2->LUMO (40%) MLLCT
H-4->LUMO (45%), HOMO->L+1 (20%), HOMO->L+3 | MLLCT - MLCT/LC
7 28143,91 355,32 0,037 (27%) (CAN)
-4- 9, - 0 - -
g 28568,16 350,04 0,088 H-4->LUMO (39%), HOMO->L+1 (17%), HOMO->L+3 | MLLCT - MLCT/LC
(30%) (C~AN)
9 30334,51 329,66 0,008 H-5->LUMO (91%) MLLCT
10 30964,43 322,95 0,0057 HOMO->L+4 (95%) MLLCT
H-3->L+2 (10%), H-2->L+2 (10%), H-1->L+1 (26%), H- | MLLCT - MLCT/LC
11 31974,24 312,75 0,0367 150142 (34%) (CAN)
H-4->L+2 (11%), H-3->L+2 (12%), H-2->L+2 (28%), H-
12 32114,58 311,39 0,0269 15142 (29%) MLCT/LC (CAN)
13 32270,24 309,88 0,0152 H-2->L+2 (10%), H-1->L+1 (58%), H-1->L+2 (11%) MLLCT((;A'\:")'CT/ L
14 32663,03 306,16 0,0682 H-2->L+1 (22%), H-1->L+3 (42%) MLLCT(C_AMN;CT/ L
MLLCT - MLCT/LC
15 32796,92 304,91 0,0023 H-6->LUMO (32%), H-2->L+1 (11%), H-1->L+3 (20%) (CAN) - LC (NAN)
H-7->LUMO (19%), H-6->LUMO (29%), H-2->L+1
16 32968,72 303,32 0,0237 27%) ILCT - LC (NAN)
17 33173,58 301,44 0,0492 H-3-5L+3 (25%), H-2->L+3 (45%), H-1->L+2 (10%) MLCT/LC (CAN)
Ener, Wavelength Osc. . I T
So to Ty &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 21455,96 466,07 0 HOMO->LUMO (94%) MLLCT
2 23442,50 426,58 0 H-2->L+2 (12%), H-1->L+3 (24%), HOMO->L+2 (46%) MLCT/LC (CAN)
H-7->LUMO (12%), H-6->LUMO (12%), H-3->LUMO
3 23586,88 423,96 0 (35%) MLLCT - LC (NAN)
4 23645,76 422,91 0 H-2->L+3 (12%), H-1->L+2 (35%), HOMO->L+3 (36%) MLCT/LC (CAN)
5 25062,87 399,00 0 H-4->LUMO (40%), H-1->LUMO (36%) MLLCT
H-7->LUMO (13%), H-6->LUMO (14%), H-3->LUMO
6 26618,72 375,68 0 (10%), H-2->LUMO (53%) MLLCT - LC (NAN)
7 27005,06 370,30 0 H-4->LUMO (24%), H-1->LUMO (57%) MLLCT
8 27198,63 367,67 0 H-2->L+2 (23%), H-1->L+3 (10%), HOMO->L+2 (41%) MLCT/LC (CAN)
9 27416,40 364,75 0 H-2->L+3 (15%), HOMO->L+3 (42%) MLCT/LC (CAN)
10 27977,76 357,43 0 HOMO->L+1 (75%) MLLCT




Table S$27. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for IrppyF,-

2254tpy in MeCN with their oscillator strength and major orbitals contributions

Ener Wavelength Osc. . N —
So to S« &Y g Major contributions Attribution
(cm-1) (nm) Strength
1 21551,94 464,00 0,0001 HOMO->LUMO (98%) MLLCT
2 26082,36 383,40 0,0155 H-1->LUMO (95%) ILCT
3 26217,05 381,43 0,0011 H-3->LUMO (40%), H-2->LUMO (58%) MLLCT
4 27272,02 366,68 0,0556 HOMO->L+1 (95%) MLCT/LC (CAN)
5 27730,15 360,62 0,0049 H-3->LUMO (57%), H-2->LUMO (41%) MLLCT
6 27986,63 357,31 0,0269 H-4->LUMO (46%), HOMO->L+2 (42%) MLLCT(C‘A'\,/'\")'CT/ L
7 28268,93 353,75 0,0374 H-4->LUMO (40%), HOMO->L+2 (49%) MLLCT((;A'\:‘;CT/ L
8 29218,24 342,25 0,0015 HOMO->L+3 (92%) MLLCT(C_A'\,/'\")'CT/ L
9 30062,70 332,64 0,0041 H-5->LUMO (89%) MLLCT
10 31794,38 314,52 0,0266 HOMO->L+4 (91%) MLLCT
MLCT/LC (CAN) -
I~ 0,
1 32037,15 312,14 0,379 H-6->LUMO (57%) LC (NAN)
H-6->LUMO (26%), H-3->L+1 (12%), H-2->L+1 (18%), | MLCT/LC (CAN)-
12 32133,94 311,20 0,1268 HAsLr1 (27%) LC (NAN)
13 32182,33 310,73 0,026 H-3->L+1 (12%), H-2->L+1 (21%), H-1->L+1 (40%) MLCT/LC (CAN)
14 32680,78 305,99 0,0078 H-7->LUMO (70%), H-1->L+2 (14%) MLCT mixte
N -
15 32718,69 305,64 0,1541 H-7->LUMO (21%), H-1->L+2 (47%) MLCLTC/tﬁ,SE)N)
16 33119,54 301,94 0,0541 H-3->L+2 (20%), H-2->L+2 (40%), H-1->L+1 (10%) MLLCT(C'A'\S;CT/ L
17 33318,76 300,13 0,0005 H-3->L+1 (13%), HOMO->L+5 (69%) MLLCT(C'A'\S;CT/ L
Ener Wavelength Osc. . I I
So to Ty &Y & Major contributions Attribution
(cm-1) (nm) Strength
1 21292,23 469,65 0 HOMO->LUMO (91%) MLLCT
2 22719,03 440,16 0 H-6->LUMO (51%), H-3->LUMO (26%) MLLCT - LC (NAN)
3 23452,99 426,38 0 H-2->L+1 (12%), H-1->L+2 (22%), HOMO->L+1 (48%) MLLCT(C'A'\,G;CT/ L
4 23640,92 423,00 0 H-2->L+2 (10%), H-1->L+1 (34%), HOMO->L+2 (32%) MLLCT(C'A'\S;CT/ L
5 25184,66 397,07 0 H-4->LUMO (31%), H-1->LUMO (51%) MLLCT
H-6->LUMO (20%), H-3->LUMO (20%), H-2->LUMO
6 26121,88 382,82 0 (54%) MLLCT - LC (NAN)
7 26926,01 371,39 0 H-4->LUMO (39%), H-1->LUMO (44%) MLLCT
8 27231,70 367,22 0 H-2->L+1 (24%), HOMO->L+1 (42%) MLCT/LC (CAN)
9 27483,34 363,86 0 H-2->L+2 (14%), HOMO->L+2 (44%) MLLCT((;A'\:‘;CT/ L
H-6->LUMO (11%), H-3->LUMO (41%), H-2->LUMO
10 27767,25 360,14 0 (40%) MLLCT - LC (NAN)




Table S28. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irpig-

2244tpy in MeCN with their oscillator strength and major orbitals contributions

So to S« Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 19602,50 510,14 0,0009 HOMO->LUMO (98%) MLLCT
2 21985,06 454,85 0,0976 HOMO->L+1 (97%) MLCT/LC (CAN)
3 22997,29 434,83 0 HOMO->L+2 (96%) MLCT/LC (CAN)
4 23909,50 418,24 0,0374 H-1->LUMO (96%) ILCT
5 24522,48 407,79 0,0008 H-4->LUMO (10%), H-2->LUMO (84%) MLLCT
6 25930,72 385,64 0,0001 HOMO->L+3 (96%) MLLCT
7 26601,78 375,91 0,0377 H-1->L+1 (85%) MLCT/LC (CAN)
8 26926,82 371,38 0,0599 H-3->LUMO (80%) MLLCT
9 27020,38 370,09 0,0515 H-2->L+1 (39%), H-1->L+2 (37%) MLCT/LC (CAN)
10 27290,58 366,43 0,0293 H-4->LUMO (80%) MLLCT((;A'\:‘;CT/ L
11 27625,30 361,99 0,0908 H-2->L+1 (33%), H-1->L+2 (53%) MLCT/LC (CAN)
12 28315,71 353,16 0,0351 H-2->L+2 (69%) MLCT/LC (CAN)
13 28802,06 347,20 0,0072 HOMO->L+4 (88%) MLLCT
14 29085,16 343,82 0,0062 H-5->LUMO (75%) MLLCT
15 29467,47 339,36 0,0193 H-3->L+1 (64%), H-2->L+2 (10%) MLCT/LC (CAN)
16 29732,82 336,33 0,0466 H-3->L+2 (10%), H-1->L+3 (80%) MLLCT(C'A'\S')'CT/ L
17 29765,89 335,96 0,0932 H-3->L+2 (73%), H-1->L+3 (12%) MLCT/LC (CAN)
18 29919,94 334,23 0,2156 H-4->L+1 (74%), H-2->L+1 (12%) MLCT/LC (CAN)
19 30526,47 327,58 0,0287 H-5->L+1 (11%), H-4->L+2 (61%) MLCT/LC (CAN)
20 30899,10 323,63 0,031 H-2->L+3 (81%) MLLCT
21 31102,35 321,52 0,0149 H-5->L+1 (65%), H-4->L+2 (10%) MLCT/LC (CAN)
2 3155160 316,94 0,0457 H-5->L+2 (23%), HOM(Z-;;;;»S (18%), HOMO->L+6 e e
23 31852,45 313,95 0,002 HOMO->L+5 (72%), HOMO->L+6 (11%) MLCT/LC (CAN)
24 31966,17 312,83 0,065 H-5->L+2 (56%), HOMO->L+6 (36%) MLCT/LC (CAN)
25 32701,75 305,79 0,0028 H-8->LUMO (13%)"_‘&;_1;:‘;3&;’/)")' H-3->L+3 (43%), LLCT
26 32860,64 304,32 0,0052 H-6->LUMO (17%), H-1->L+4 (66%) et
27 32867,90 304,25 0,0061 H-6->LUMO (69%), H-3->L+3 (22%) ILCT
28 33143,74 301,72 0,0193 H-8->LUMO (23%), H-4->L+3 (31%), H-3->L+3 (14%) | MLLCT - LC (NAN)
So to Tx Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 18125,70 551,70 0 H-2->L+1 (15%), H-1->L+2 (31%), HOMO->L+1 (43%) MLCT/LC (CAN)
2 18298,30 546,50 0 H-2->L+2 (15%), H-1->L+1 (41%), HOMO->L+2 (33%) MLCT/LC (CAN)
3 19386,34 515,83 0 HOMO->LUMO (94%) MLLCT
4 21806,01 458,59 0 H-2->L+1 (25%), H-1->L+2 (13%), HOMO->L+1 (46%) MLCT/LC (CAN)
5 22288,33 448,67 0 H-2->L+2 (18%), H-1->L+1 (10%), HOMO->L+2 (56%) MLCT/LC (CAN)
4-> %), H-2->| %), H-1->
6 22750,48 439,55 0 H-4->LUMO (19%), H 2(45:/::;\/@(154), H-1->LUMO e
-3- 0 -2- o -1-;
5 23390,08 427,53 0 H-3->LUMO (10%), H 2(;;)1\/10 (21%), H-1->LUMO e
8 25272,58 395,69 0 H-8->LUMO (20%), H-2->LUMO (47%) MLLCT - LC (NAN)
9 25649,24 389,88 0 H-3->LUMO (48%), H-1->LUMO (20%) MLLCT
10 25809,74 387,45 0 HOMO->L+3 (91%) MLLCT




Table S29. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for Irpig-

2254tpy in MeCN with their oscillator strength and major orbitals contributions

Soto Energy Wavelength Osc. Strength Major contributions Attribution
S« (cm-1) (nm)
1 | 19368,60 516,30 0,001 HOMO->LUMO (98%) MLLCT
2 22009,26 454,35 0,0957 HOMO->L+1 (97%) MLCT/LC (CAN)
3 | 22998,09 434,82 0,0001 HOMO->L+2 (95%) MLCT/LC (CAN)
4 23565,10 424,36 0,0179 H-1->LUMO (95%) ILCT
5 | 2425148 412,35 0,0008 H-2->LUMO (86%) MLLCT
6 | 2656548 376,43 0,0622 H-3->LUMO (75%), H-1->L+1 (12%) MLLCT - MLCT/LC (CAN)
7 | 2667598 374,87 0,0055 H-3->LUMO (11%), H-1->L+1 (77%) MLLCT - MLCT/LC (CAN)
8 | 26901,01 371,73 0,0156 H-4->LUMO (50%), HOMO->L+3 (21%) MLLCT - MLCT/LC (CAN)
9 27070,39 369,41 0,0374 H-4->LUMO (10%), H-2->L+1 (37%), H-1->L+2 (30%) | MLLCT - MLCT/LC (CAN)
10 | 27184,11 367,86 0,0049 H-4->LUMO (27%), HOMO->L+3 (67%) MLLCT
11 27636,59 361,84 0,0805 H-2->L+1 (33%), H-1->L+2 (54%) MLCT/LC (CAN)
12 28297,96 353,38 0,0435 H-2->L+2 (70%) MLCT/LC (CAN)
13 | 28794,80 347,28 0,0047 H-5->LUMO (86%) MLLCT
14 | 29394,07 340,20 0,0137 H-3->L+1 (54%), HOMO->L+4 (24%) MLLCT - MLCT/LC (CAN)
15 | 2080216 337,81 0,0564 H-3->L+1 (16%), H-3(-g|1_;2) (10%), HOMO->L+4 P
16 29778,80 335,81 0,0646 H-3->L+2 (71%) MLCT/LC (CAN)
17 29975,60 333,60 0,2104 H-4->L+1 (67%) MLCT/LC (CAN)
18 30547,44 327,36 0,0476 H-5->L+1 (10%), H-4->L+2 (63%) MLCT/LC (CAN)
19 31117,68 321,36 0,0101 H-5->L+1 (33%), H-4->L+2 (12%), H-1->L+3 (35%) MLLCT - MLCT/LC (CAN)
20 | 31181,39 320,70 0,0039 H-5->L+1 (33%), H-1->L+3 (54%) MLLCT - MLCT/LC (CAN)
21 31445,94 318,01 0,0552 H-5->L+2 (13%), HOMO->L+5 (66%) MLLCT - MLCT/LC (CAN)
22 | 31757,27 314,89 0,1669 H-6->LUMO (30%), H-2->L+3 (35%) MLLCT 'L'\g 'EETA/h:)C (C*N) -
23 | 31921,00 313,27 0,0277 HOMO->L+6 (66%) MLCT/LC (CAN)
20 | 3194359 313,05 00735 H-5->L+2 (56%), HOM(?;/SS (14%), HOMO->L+6 T e
25 32356,54 309,06 0,2784 H-6->LUMO (49%), H-2->L+3 (36%) MLLCT - LC (NAN)
26 32543,66 307,28 0,0934 H-7->LUMO (86%) ILCT
27 32988,88 303,13 0,0082 H-9->LUMO (90%) LC (NAN)
28 33202,62 301,18 0,0014 H-8->LUMO (94%) ILCT
Soto Energy Wavelength Osc. Strength Major contributions Attribution
Tx (cm-1) (nm)
-2->L+ 9 -1->L+ 9 ->L+
X 18121,66 551,83 0 H-2->L+1 (15%), H 1(4I2_%2) (31%), HOMO->L+1 T ey
5 1830233 506,38 0 H-2->L+2 (16%), H1(3>|3_0+/°1) (41%), HOMO->L+2 T e
3 | 19191,16 521,07 0 HOMO->LUMO (93%) MLLCT
. 2181488 458,40 0 H-2->L+1 (24%), H_l(:é";)z) (13%), HOMO->L+1 T e
5 22306,07 448,31 0 H-2->L+2 (18%), HOMO->L+2 (52%) MLCT/LC (CAN)
6 22406,08 446,31 0 H-6->LUMO (35%), H-zt(-;é_;;wo (19%), H-2->LUMO e 1
7 22990,83 434,96 0 H-3->LUMO (11%), H-1->LUMO (74%) MLLCT
8 | 2447328 408,61 0 H-6->LUMO (25%), H-2->LUMO (65%) MLLCT - LC (NAN)
9 25571,00 391,07 0 H-3->LUMO (57%), H-1->LUMO (16%) MLLCT
w [wase | was | o | POWIESmGReES |




Table S30. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of Irppy-2244tpy in MeCN with their oscillator strength and major orbitals contributions

So to S« Energy | Wavelength Osc. Major contributions Attribution
(cm-1) (nm) Strength
1 15385,83 649,95 0,0021 HOMO->LUMO (97%) MLLCT - LC (CAN)
2 20872,82 479,09 0,0129 H-1->LUMO (96%) ILCT
3 21404,34 467,19 0,0106 H-4->LUMO (12%), H'z('; k;')v'o (60%), HOMO->L+1 | )| 11 ()
4 21472,90 465,70 0,003 H-2->LUMO (20%), HOMO->L+1 (74%) MLLCT - LC (CAN)
5 22874,69 437,16 0,0892 H-3->LUMO (88%) MLLCT - LC (CAN)
6 23422,34 426,94 0,0367 H-4->LUMO (77%), H-2->LUMO (13%) MLLCT - LC (CAN)
7 24531,35 407,64 0,0302 H-5->LUMO (91%) MLLCT - LC (CAN)
8 25695,21 389,18 0,061 HOMO->L+3 (95%) MLCT/LC (CAN)
9 26615,49 375,72 0,0006 HOMO->L+4 (94%) MLCT/LC (CAN)
10 27041,35 369,80 0,0051 H-1->L+1 (89%) ILCT
11 27390,59 365,09 0,0184 H-4->L+1 (19%), H-2->L+1 (73%) MLLCT
12 27846,29 359,11 0,0016 HOMO->L+2 (20%), HOMO->L+5 (76%) MLLCT
13 28422,98 351,83 0,0005 HOMO->L+2 (76%), HOMO->L+5 (19%) MLLCT
14 28536,70 350,43 0,0158 H-5->L+1 (10%), H-3->L+1 (68%) MLLCT - LC (NAN)
15 29465,05 339,39 0,0493 H-6->LUMO (63%), H-4->L+1 (16%), H-3->L+1 (10%) MLLCT
16 29702,98 336,67 0,0294 H-6->LUMO (24%), H-4->L+1 (60%), H-2->L+1 (13%) | MLLCT - LC (NAN)
17 30457,91 328,32 0,0031 HOMO->L+6 (96%) MLLCT
18 30741,82 325,29 0,0055 H-5->L+1 (84%), H-3->L+1 (12%) MLLCT
19 31303,99 319,45 0,0096 HOMO->L+7 (93%) MLCT/LC (CAN)
20 31529,83 317,16 0,0236 H-2->L+3 (22%), H-1->L+3 (48%) MLCT/LC (CAN)
21 31669,36 315,76 0,03 H-4->L+3 (11%), H-2->L+3 (39%), H-1->L+3 (29%) MLCT/LC (CAN)
2 31742,76 315,03 0,0017 H-7->LUMO (18%), HOMO->L+8 (74%) &ALLLCCTT/LCLéC(m),\”
N -

23 31809,70 314,37 0,0086 H-7->LUMO (72%), HOMO->L+8 (19%) ’\';/'LLLCCTT/LCL éC(N'\,'\)N)
24 32233,95 310,23 0,0582 H-1->L+4 (75%) LC (CAN)
25 32466,24 308,01 0,0107 H-4->L+4 (15%), H-3->L+3 (24%), H-2->L+4 (46%) MLCT/LC (CAN)
26 33143,74 301,72 0,0045 H-8->LUMO (87%) ,\“A"LLLCCTT/LCL éc(:"\,'\)N)
27 33205,04 301,16 0,0034 H-1->L+2 (70%), H-1->L+5 (19%) ILCT

So to Tx Energy | Wavelength Osc. Major contributions Attribution

(cm-1) (nm) Strength

1 15216,46 657,18 0 HOMO->LUMO (96%) MLLCT - LC (CAN)
2 20184,83 495,42 0 H-3->LUMO (18%), HZ(;GH/J ;wo (20%), H-1->LUMO |\ o7 (¢ (can)
3 20734,90 482,28 0 H-4->LUMO (15%), H-z(:;;;vlo (33%), H-1->LUMO |\ o1 (ean)
4 21354,34 468,29 0 HOMO->L+1 (92%) MLLCT
5 21754,39 459,68 0 H-5->LUMO (11%), H'3('2>2L;)MO (52%), H-1->LUMO. |\ 71 c (can)
6 22479,48 444,85 0 H-1->L+4 (18%), HOMO->L+3 (60%) MLCT/LC (CAN)
7 22827,10 438,08 0 H-1->L+3 (28%), HOMO->L+4 (49%) MLCT/LC (CAN)
8 23077,94 433,31 0 H-4->LUMO (49%), H-2->LUMO (30%) MLLCT - LC (CAN)
9 24321,65 411,16 0 H-5->LUMO (72%), H-3->LUMO (19%) MLLCT - LC (CAN)
o 24535,39 20757 o H-6->LUMO (34%), Hi?l;/l;;l (33%), H-4->LUMO LLeT




Table S31. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of Irppy-2254tpy in MeCN with their oscillator strength and major orbitals contributions

So to Sx l(z:rir%/ Wa\(/sl:];\gth Stisncg.th Major contributions Attribution
1 15107,57 661,92 0,0005 HOMO->LUMO (98%) MLLCT - LC (CAN)
2 20530,04 487,09 0,0045 H-1->LUMO (97%) ILCT - LC CAN)
3 21138,18 473,08 0,0013 H-4->LUMO (14%), H-2->LUMO (83%) MLLCT - LC (CAN)
4 22360,11 447,23 0,0229 H-3->LUMO (78%), HOMO->L+1 (15%) MLLCT - LC (CAN)
5 22578,68 442,90 0,0023 H-3->LUMO (14%), HOMO->L+1 (74%) MLLCT
6 23080,36 433,27 0,003 H-4->LUMO (74%), H-2->LUMO (12%) MLLCT - LC (CAN)
7 24186,95 413,45 0,0048 H-5->LUMO (86%) MLLCT - LC (CAN)
8 25659,72 389,72 0,0599 HOMO->L+3 (93%) MLCT/LC (CAN)
9 26567,90 376,39 0,0014 HOMO->L+4 (75%), HOMO->L+5 (15%) MLLCT - LC (CAN)
10 27164,75 368,12 0,0011 HOMO->L+2 (62%), HOMO->L+5 (34%) MLLCT - LC (CAN)
11 28376,20 352,41 0,0158 H-1->L+1 (87%) ILCT
BX 9 N o N 9
1 2847379 35120 0,005 H-2->L+1 (11%), H(:il\o/ll\o/lg-L:L2+(s,2?3/;)%l)-|OMo SL+4 (16%), e e
13 28499,60 350,88 0,0009 H-4->L+1 (14%), H-2->L+1 (58%) MLLCT - LC (CAN)
14 29258,57 341,78 0,0011 HOMO->L+6 (89%) MLLCT
15 29666,69 337,08 0,6152 H-6->LUMO (91%) LC
16 30166,75 331,49 0,0609 H-3->L+1 (77%) MLLCT
17 30883,78 323,79 0,0136 H-4->L+1 (71%), H-2->L+1 (20%) MLLCT
18 31327,38 319,21 0,0071 HOMO->L+7 (88%) MLLCT - LC (CAN)
19 31470,95 317,75 0,0172 H-7->LUMO (18%), H-2->L+3 (24%), H-1->L+3 (25%) “'\:LLLCCTT/ LCL éc(m)N)
20 31498,37 317,48 0,0153 H-7->LUMO (70%), H-1->L+3 (10%) MMLLI.(E:-l‘—I'/L(i((ZC(,I:l’\/l\)I\I-)
21 31663,71 315,82 0,0243 H-2->L+3 (32%), H-1->L+3 (38%) MLCT/LC (CAN)
22 31751,63 314,94 0,0006 HOMO->L+8 (90%) MLCT/LC (CAN)
23 32053,28 311,98 0,0154 H-5->L+1 (73%) MLLCT - LC (CAN)
24 32224,27 310,33 0,0687 H-1->L+2 (13%), H-1->L+4 (51%) MLLCT - LC (CAN)
25 32496,88 307,72 0,0048 H-2->L+4 (12%), H-1->L+2 (39%), H-1->L+5 (14%) MLLCT - LC (CAN)
2% 32517,05 307,53 0,009 H-3->L+3 (15%), H-2->L+4 ((:;E?L‘Z/z;)), H-1->L+2 (25%), H-1->L+5 MLLCT - LC ()
27 32859,03 304,33 0,0028 H-8->LUMO (90%) MLLCT - LC (CAN)
28 33162,29 301,55 0,0166 H-2->L+2 (47%), H-2->L+5 (27%) MLLCT - LC (CAN)
So to Tx f:;ri\)/ Wa\zslneq?gth Sti?]céth Major contributions Attribution
1 15022,08 665,69 0 HOMO->LUMO (98%) MLLCT - LC (CAN)
2 20248,55 493,86 0 H-3->LUMO (10%), H-1->LUMO (74%) MLLCT - LC (CAN)
3 20450,99 488,97 0 H-4->LUMO (22%), H-2->LUMO (48%), H-1->LUMO (11%) MLLCT - LC (CAN)
4 21615,66 462,63 0 H-5->LUMO (11%), H-3->LUMO (62%), H-1->LUMO (10%) MLLCT - LC (CAN)
5 22190,73 450,64 0 H-2->LUMO (14%), HOMO->L+1 (35%), HOMO->L+3 (11%) MLLCT - LC (CAN)
6- %) H-2- 9 N 9 N A
6 224810 444,82 0 H-6->LUMO (23%), :;'\;gﬁ?s((lfg/;);)mlvlo >L+1 (20%), MLI:CL‘I(': (k‘cl\'(qc) N)
7 22533,52 443,78 0 H-1->L+4 (10%), HOMO->L+1 (29%), HOMO->L+3 (34%) MLLCT - LC (CAN)
8 22865,82 437,33 0 H-1->L+3 (26%), HOMO->L+4 (30%), HOMO->L+5 (13%) MLLCT - LC (CAN)
9 23457,02 426,31 0 H-6->LUMO (36%), H-4->LUMO (47%) MLI:(i'Ié—('I:‘(i'(\‘C)"N)
10 24059,52 415,64 0 H-5->LUMO (73%), H-3->LUMO (12%) MLLCT - LC (CAN)




Table S32. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of IrppyF,-2244tpy in MeCN with their oscillator strength and major orbitals contributions

Ener; Wavelength Osc. . I —
So to S« &Y J Major contributions Attribution
(cm-1) (nm) Strength
1 17426,41 573,84 0,0021 HOMO->LUMO (97%) MLLCT - LC (CAN)
2 21488,22 465,37 0,0136 H-1->LUMO (96%) ILCT
3 22182,67 450,80 0,0031 H-3->LUMO (13%), H-2->LUMO (83%) MLLCT - LC (CAN)
4 23373,14 427,84 0,004 H-3->LUMO (60%), HOMO->L+1 (25%) MLLCT - LC (CAN)
5 23662,69 422,61 0,0004 H-3->LUMO (22%), HOMO->L+1 (70%) MLLCT
6 24345,04 410,76 0,145 H-5->LUMO (13%), H-4->LUMO (82%) MLLCT - LC (CAN)
7 25432,27 393,20 0,0203 H-5->LUMO (84%), H-4->LUMO (14%) MLLCT - LC (CAN)
8 27387,36 365,13 0,0579 HOMO->L+2 (26%), HOMO->L+3 (70%) MLLCT - LC (CAN)
9 27748,70 360,38 0,0026 H-1->L+1 (94%) ILCT
10 28318,13 353,13 0 H-2->L+1 (14%), HOMO->L+4 (74%) MLLCT - LC (CAN)
H-3->L+1 (15%), H-2->L+1 (57%), HOMO->L+4
11 28401,20 352,10 0,0114 (20%) MLLCT - LC (CAN)
12 29246,47 341,92 0,027 H-6->LUMO (62%), H-4->L+1 (10%), H-2->L+1 (13%) |  MLLCT - LC (NAN)
13 29760,25 336,02 0,0412 | H-6->LUMO (12%), H-3->L+1 (67%), H-2->L+1 (14%) |  MLLCT - LC (NAN)
H-4->L+1 (10%), HOMO->L+2 (13%), HOMO->L+5
14 29955,43 333,83 0,005 (65%) MLLCT - LC (CAN)
15 30214,34 330,97 0,0506 H-6->LUMO (18%), H-5->L+1 (14%), H-4->L+1 (49%) MLLCT - LC (NAN)
HOMO->L+2 (55%), HOMO->L+3 (21%), HOMO-
16 30902,33 323,60 0,0004 SL+5 (22%) MLLCT - LC (CAN)
17 31744,37 315,02 0,002 H-5->L+1 (74%), H-4->L+1 (23%) MLLCT
18 32160,55 310,94 0,0368 H-1->L+2 (23%), H-1->L+3 (51%) ILCT - LC (CAN)
H-3->L+3 (17%), H-2->L+2 (12%), H-2->L+3 (31%),
19 32373,48 308,89 0,0282 MLt (13%) MLLCT - LC (CAN)
20 32686,42 305,94 0,003 HOMO->L+6 (90%) MLLCT - LC (CAN)
21 32800,96 304,87 0,1016 H-2->L43 (10%), H-1->L+4 (66%) MLLCT - LC (CAN)
22 33330,06 300,03 0,0579 H-3->L+4 (20%), H-2->L+4 (53%) MLLCT - LC (CAN)
Ener,; Wavelength Osc. . I I
So to Tx gy J Major contributions Attribution
(cm-1) (nm) Strength
1 17256,23 579,50 0 HOMO->LUMO (96%) MLLCT - LC (CAN)
2 20980,09 476,64 0 H-4->LUMO (13%), H-1->LUMO (55%) MLLCT - LC (CAN)
H-3->LUMO (32%), H-2->LUMO (21%), H-1->LUMO
3 21621,30 462,51 0 (31%) MLLCT - LC (CAN)
H-5->LUMO (10%), H-4->LUMO (16%), H-2->LUMO
4 22521,42 444,02 0 (56%) MLLCT - LC (CAN)
H-5->LUMO (11%), H-4->LUMO (27%), H-3->LUMO
5 23043,26 433,97 0 (25%) MLLCT - LC (CAN)
H-1->L+4 (19%), HOMO->L+1 (25%), HOMO->L+3
6 23444,92 426,53 0 (24%) MLLCT - LC (CAN)
7 23576,39 424,15 0 HOMO->L+1 (50%), HOMO->L+3 (11%) MLLCT - LC (CAN)
H-2->L+4 (10%), H-1->L+3 (23%), HOMO->L+1
2 4 422
8 3694,96 03 0 (11%), HOMO->L+4 (30%) MLLCT - LC (CAN)
H-6->LUMO (40%), H-6->L+1 (29%), H-3->LUMO
9 24736,22 404,27 0 (21%) MLLCT - LC (NAN)
10 25299,19 395,27 0 H-5->LUMO (64%), H-4->LUMO (33%) MLLCT - LC (CAN)




Table S33. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of IrppyF,-2254tpy in MeCN with their oscillator strength and major orbitals contributions

Ener, Wavelength Osc. . I I
So to S« &Y J Major contributions Attribution
(cm-1) (nm) Strength
1 17415,93 574,19 0,0005 HOMO->LUMO (98%) MLLCT - LC (CAN)
2 21380,14 467,72 0,0038 H-1->LUMO (93%) ILCT
3 22117,34 452,13 0,0003 H-3->LUMO (11%), H-2->LUMO (83%) MLLCT - LC (CAN)
4 23390,88 427,52 0,0051 H-3->LUMO (82%), H-2->LUMO (11%) MLLCT - LC (CAN)
5 23983,70 416,95 0,0285 H-5->LUMO (13%), H-4->LUMO (80%) MLLCT - LC (CAN)
6 24695,08 404,94 0,0017 HOMO->L+1 (88%) MLLCT
7 25351,62 394,45 0,0029 H-5->LUMO (78%), H-4->LUMO (15%) MLLCT - LC (CAN)
8 27397,04 365,00 0,0562 HOMO->L+2 (31%), HOMO->L+3 (64%) MLLCT - LC (CAN)
9 28297,96 353,38 0,002 HOMO->L+4 (89%) MLLCT - LC (CAN)
10 29066,61 344,04 0,0122 H-1->L+1 (94%) ILeT
HOMO->L+2 (44%), HOMO->L+3 (22%), HOMO-
11 29382,78 340,34 0,0053 SL+5 (27%) MLLCT - LC (CAN)
H-6->LUMO (11%), H-3->L+1 (24%), H-2->L+1
12 29486,02 14 2
9486,0 339, 0,038 (58%) MLLCT - LC (C*N)
- N -
13 29892,52 334,53 0,5638 H-6->LUMO (84%), H-2->L+1 (11%) MLLCLTC (::li,(\lc) N)
H-3->L+1 (41%), H-2->L+1 (16%), HOMO->L+5
14 30790,22 324,78 0,0274 (21%) MLLCT - LC (CAN)
15 30888,61 323,74 0,0073 H-3->L+1 (24%), HOMO->L+5 (44%) MLLCT - LC (CAN)
16 31262,05 319,88 0,0195 H-4->L+1 (34%), HOMO->L+6 (47%) MLLCT
H-5->L+1 (11%), H-4->L+1 (37%), HOMO->L+6
17 31602,42 316,43 0,0642 (39%) MLLCT
18 32146,03 311,08 0,022 H-1->L+2 (21%), H-1->L+3 (39%) MLLCT - LC (CI\N)
H-3->L+3 (12%), H-2->L+2 (10%), H-2->L+3 (27%),
19 32408,97 308,56 0,0249 H-1oLs3 (18%) MLLCT - LC (CAN)
20 32809,02 304,79 0,1191 H-1->L+4 (62%) MLLCT - LC (CAN)
21 32934,04 303,64 0,0126 H-5->L+1 (69%), H-4->L+1 (16%) MLLCT - LC (CAN)
H-2->L+4 (12%), H-1->L+2 (33%), H-1->L+3 (23%),
22 33258,27 300,68 0,0064 Ho1 o145 (129%) MLLCT - LC (CAN)
Ener Wavelength Osc. . I I
Sp to Tx 34 € Major contributions Attribution
(cm-1) (nm) Strength
1 17323,18 577,26 0 HOMO->LUMO (97%) MLLCT - LC (CAN)
2 21175,28 472,25 0 H-1->LUMO (76%) MLLCT - LC (CAN)
H-6->LUMO (23%), H-3->LUMO (36%), H-2->LUMO
21387,4 467
3 387,40 67,56 0 (12%), H-1->LUMO (13%) MLLCT - LC (NAN)
4 22315,75 448,11 0 H-6->LUMO (14%), H-2->LUMO (72%) MLLCT - LC (NAN)
H-5->LUMO (17%), H-4->LUMO (53%), H-3->LUMO
2 433,21
5 3083,59 33, 0 (12%) MLLCT - LC (C*N)
H-1->L+4 (23%), HOMO->L+2 (16%), HOMO->L+3
6 23473,15 426,02 0 (29%) MLLCT - LC (CAN)
H-2->L+4 (10%), H-1->L+2 (11%), H-1->L+3 (21%),
7 23676,41 422
3676, 36 0 HOMO->L+4 (34%) MLLCT - LC (C*N)
8 23943,37 417,65 0 H-6->LUMO (37%), H-3->LUMO (41%) MLLCT - LC (NAN)
9 24525,71 407,74 0 HOMO->L+1 (85%) MLLCT
10 25262,09 395,85 0 H-5->LUMO (67%), H-4->LUMO (26%) MLLCT




Table S34. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of Irpig-2244tpy in MeCN with their oscillator strength and major orbitals contributions

So to S« Energy | Wavelength Osc. Major contributionss Attribution
(cm-1) (nm) Strength
1 15043,85 664,72 0,001 HOMO->LUMO (97%) MLLCT
2 18820,14 531,35 0,0183 H-1->LUMO (98%) ILCT
3 19979,16 500,52 0,0067 H-2->LUMO (93%) MLLCT
4 21312,39 469,21 0,0059 HOMO->L+1 (95%) MLLCT
5 22136,69 451,74 0,0583 H-3->LUMO (36%), HOMO->L+2 (50%) MLLCT - LC (CAN)
6 22247,19 449,49 0,0482 H-3->LUMO (45%), HOMO->L+2 (46%) MLLCT - LC (CAN)
7 22798,87 438,62 0,0839 H-4->LUMO (67%), HOMO->L+3 (18%) MLLCT - LC (CAN)
8 23291,68 429,34 0,0251 H-4->LUMO (13%), HOMO->L+3 (78%) MLLCT - LC (CAN)
9 24058,71 415,65 0,0379 H-5->LUMO (92%) MLLCT
10 25202,41 396,79 0,0053 H-1->L+1 (96%) ILeT
11 26275,12 380,59 0,0119 H-2->L+1 (88%) MLLCT
12 26759,06 373,71 0,0198 H-1->L+2 (92%) LC (CAN)
13 27240,57 367,10 0,0459 H-2->L+2 (34%), H-1->L+3 (51%) MLCT/LC (CN)
14 27385,75 365,15 0,002 H-7->LUMO (11%), H-6->LUMO (86%) ILCT
15 27790,64 359,83 0,0329 H2>t2 ((1222))', :é;giﬁ?@é;?MO»LM MLLCLTC_(LCCA,(\,'\;AN) _
16 27805,16 359,65 0,0503 H2>le ((21%2))', :.é.’\;gigg?z)&;)omo-xw MLLCLTC_(I&CA,(\,’\;AN) _
17 28178,59 354,88 0,0014 H-7->LUMO (87%), H-6->LUMO (11%) et
18 28314,90 353,17 0,0025 H-3->L+1 (21%), HOM(C?)’—;};;4 (40%), HOMO->L+5 e
3- 0 . . .
19 28379,42 352,37 00198 H-3->L+1 (50%), HOM(?;/LO;4 (11%), HOMO->L+5 e
20 28524,60 350,57 0,0378 H-2->L+3 (73%) MLCT/LC (CN)
21 28739,95 347,95 0,0181 H-8->LUMO (12%), H-4->L+1 (66%) MLLCT - LC (NAN)
22 29405,36 340,07 0,0755 H-8->LUMO (75%), H-4->L+1 (17%) MLLCT - LC (NN)
23 29671,52 337,02 0,0432 H-3->L+2 (73%) MLCT/LC (CAN)
24 29973,18 333,63 0,0334 H-4->L+2 (17%), H-3->L+3 (66%) MLCT/LC (CN)
25 30101,42 332,21 0,243 H-4->L+2 (56%), H-3->L+3 (16%) MLCT/LC (CAN)
26 30347,42 329,52 0,0048 H-5->L+1 (70%) MLCT/LC (CN)
27 30408,72 328,85 0,0079 HOMO->L+6 (89%) MLLCT
28 30724,88 325,47 0,038 H-5->L+1 (14%), H-4->L+3 (58%) MLLCT - LC (CAN)
29 31207,20 320,44 0,0131 H-5->L+2 (61%), H-4->L+3 (12%) MLCT/LC (CN)
30 31280,60 319,69 0,0008 H-1->L+4 (93%) ILCT
31 31458,04 317,88 0,0219 H-11->LUMO (16%), H-9->LUMO (73%) MLLCT
3 31616,93 316,29 0,0306 H-5->L+3 (34%), HOM(C;—;/37 (32%), HOMO->L+8 e e e
-5->L+ 9 -1->L+ 9 ->L+

33 31992,79 312,57 0,0293 H-5->L+3 (16%), H 1(4;%5) (22%), HOMO->L+7 MLLCT - LC (CN)
34 32079,0 31173 0,0554 H-5->L+3 (25%), H-1(-;|1;5; (34%), HOMO->L+8 e te e
35 32132,32 311,21 0,01 H-1->L+5 (33%), HOMO->L+8 (49%) MLLCT - LC (CAN)
36 32513,82 307,56 0,0361 H-10->LUMO (81%) MLLCT
37 32667,87 306,11 0,0162 H-2->L+4 (66%), H-2->L+5 (21%) MLLCT
38 33154,23 301,62 0,0229 H-2->L+4 (27%), H-2->L+5 (57%) MLLCT
39 33261,50 300,65 0,0209 H-11->LUMO (66%), H-9->LUMO (17%) MLLCT




Ener Wavelength Osc. . _— I
o to Ty ajor contributions ribution
SotoTe | (o :gl\)’ (nm)g Strength M tribut Attribut
1 14886,58 671,75 0 HOMO->LUMO (96%) MLLCT
H-2->142 (14%), H-1->L+3 (31%), HOMO->L+2
2 18161,19 550,62 0 (40%) MLLCT - LC (AN
H-2->L+3 (12%), H-1->LUMO (20%), H-1->L+2
3 18303,14 546,35 0 (31%), HOMO->L+3 (26%) MLLCT - LC (CAN)
4 18470,10 541,42 0 H-1->LUMO (64%) MLLCT - LC (CAN)
5 19622,66 509,61 0 H-4->LUMO (11%), H-2->LUMO (76%) MLLCT
6 21117,21 473,55 0 H-4->LUMO (17%), HOMO->L+1 (62%) MLLCT
H-5->LUMO (13%), H-4->LUMO (11%), H-3->LUMO
7 21383,37 467,65 0 (41%), HOMO->L+1 (21%) MLLCT
H-4->LUMO (19%), H-3->LUMO (13%), H-2->L+2
8 21920,54 456,19 0 (13%), HOMO->L+2 (20%) MLLCT - LC (CAN)
H-4->LUMO (17%), H-3->LUMO (19%), H-2->L+2
o 21976,19 455,04 0 (11%), HOMO->L+2 (28%) MLLCT - LC (CAN)
10 22467,38 445,09 0 H-2->L+3 (19%), HOMO->L+3 (56%)

MLLCT - LC (CAN)




Table S35. Singlet-singlet transitions above 300nm and 10 first singlet-triplet transitions predicted for the
protonated form of Irpig-2254tpy in MeCN with their oscillator strength and major orbitals contributions

Sosfo I(E::]ri\)/ Wa\zilne]r;gth Strce)zsncg.th Major contributions Attribution
1 14901,90 671,06 0,001 HOMO->LUMO (98%) MLLCT - LC (CAN)
2 18574,95 538,36 0,0035 H-1->LUMO (97%) ILCT
3 19777,52 505,62 0,0003 H-2->LUMO (93%) MLLCT - LC (CAN)
4 21985,87 454,84 0,0206 H-3->LUMO (74%), HOMO->L+1 (10%), HOMO->L+2 (12%) MLLCT - LC (CAN)
5 22015,71 454,22 0,0493 H-3->LUMO (18%), HOMO->L+1 (21%), HOMO->L+2 (48%) MLLCT - LC (CAN)
6 22262,52 449,19 0,0368 H-4->LUMO (34%), HOMO->L+1 (27%), HOMO->L+2 (33%) MLLCT - LC (CAN)
7 22622,24 442,04 0,0179 H-4->LUMO (49%), HOMO->L+1 (37%) MLLCT
8 23345,72 428,34 0,0006 HOMO->L+3 (91%) MLLCT - LC (CAN)
9 23864,33 419,04 0,0083 H-5->LUMO (88%) MLLCT - LC (CAN)
10 26471,92 377,76 0,0192 H-1->L+1 (92%) ILCT - LC (CAN)
11 26712,28 374,36 0,0321 H-1->L+2 (86%) LC (CAN)
12 27033,28 369,91 0,0004 HOMO->L+4 (73%), HOMO->L+5 (20%) MLLCT
-7->1 9 -6-> 9 -2->L+ 9 -2->L+
13 27122,01 368,70 00003 | M7 LUMO (12%), H-6 LUM((il(;S)A), H-2->L+1 (14%), H-2->L+2 LT te e
- %) H2- %) H.2- INTER
14 27172,82 368,01 0,0158 H-6->LUMO (29%), H-2 >L+1(g;/)o), H-2->L+2 (23%), H-1->L+3 LT e e
15 27477,70 363,93 0,0228 H-2->L+1 (58%), H-2->L+2 (13%), H-1->L+3 (13%) MLLCT - LC (CAN)
16 27799,51 359,72 0,0678 H-2->L+2 (31%), H-1->L+3 (57%) MLCT/LC (CAN)
17 28000,34 357,14 0,0007 H-7->LUMO (78%), H-6->LUMO (21%) ILCT
18 28442,34 351,59 0,0011 HOMO->L+4 (19%), HOMO->L+5 (75%) MLLCT
19 28561,71 350,12 0,0537 H-2->L+3 (73%) MLCT/LC (CAN)
20 29088,39 343,78 0,0068 HOMO->L+6 (83%) MLLCT
21 29292,44 341,38 0,2033 H-8->LUMO (29%), H-3->L+1 (23%), H-3->L+2 (31%) MLLCLTC'(;CA,(\IC)AN) )
22 29569,09 338,19 0,0692 H-4->L+1 (11%), H-3->L+1 (14%), H-3->L+2 (39%) MLLCT - LC (CAN)
23 29673,94 337,00 0,3084 H-8->LUMO (52%), H-3->L+1 (18%), H-3->L+3 (10%) MLLCLTC'(;CA,(\IC)AN) )
24 30057,06 332,70 0,272 H-4->L+2 (56%), H-3->L+3 (15%) MLCT/LC (CAN)
25 30146,58 331,71 0,1198 H-4->L+1 (52%), H-4->L+2 (10%), H-3->L+3 (13%) MLLCT - LC (CAN)
26 30418,39 328,75 0,0451 H-4->L+1 (20%), H-3->L+1 (20%), H-3->L+3 (39%) MLLCT - LC (CAN)
27 30578,90 327,02 0,0161 H-4->L+3 (15%), H-1->L+4 (62%), H-1->L+5 (10%) MLLCT - LC (CAN)
28 30757,15 325,13 0,0147 H-5->L+2 (16%), H-4->L+3 (40%), H-1->L+4 (22%) MLLCT - LC (CAN)
29 31221,72 320,29 0,0056 H-5->L+2 (57%), H-4->L+3 (21%) MLCT/LC (CAN)
30 31234,63 320,16 0,0137 H-11->LUMO (15%), H-9->LUMO (56%), H-5->L+1 (14%) MLLCT - LC (CAN)
31 31457,24 317,89 0,0059 H-9->LUMO (12%), H-5->L+1 (41%), H-5->L+3 (16%) MLLCT - LC (CAN)
3 31822,60 314,24 0,046 H-5->L+1 (11%), H-2->L+4 (2(721;)%;-1 1->L+5 (10%), HOMO->L+7 MLLCT-LC ()
33 31921,81 313,27 0,0381 H-2->L+4 (28%), HOMO->L+7 (31%) MLLCT - LC (CAN)
34 31983,11 312,67 0,0037 H-2->L+4 (12%), H-1->L+4 (11%), H-1->L+5 (59%) MLLCT
35 32068,60 311,83 0,0002 HOMO->L+7 (28%), HOMO->L+8 (44%) MLLCT - LC (CAN)
36 32321,86 309,39 0,0468 H-5->L+1 (12%), H-5->L+3 (50%), HOMO->L+8 (20%) MLLCT - LC (CAN)
37 32363,80 308,99 0,0012 H-10->LUMO (80%) MLLCT - LC (CAN)
38 33086,48 302,24 0,0029 H-12->LUMO (10%), H-11->LUMO (60%), H-9->LUMO (19%) MLLCT - LC (CAN)
39 33129,22 301,85 0,0242 H-2->L+5 (13%), H-1->L+6 (70%) MLLCT
40 33292,95 300,36 0,0197 H-2->L+4 (14%), H-2->L+5 (56%), H-1->L+6 (17%) MLLCT




S?r:o f::]ﬁ\)/ Wa\:sl:]r;gth Str(zsrlcéth Major contributions Attribution

1 14813,18 675,07 0 HOMO->LUMO (98%) MLLCT

5 1809747 55256 0 H-1->LUMO (25%), H-1—>l_:+22((1;1;/;)’,) H-1->L+3 (13%), HOMO- T e (o)
4 18563,66 538,69 0 H-1->LUMO (53%), H-1->L+2 (19%), HOMO->L+3 (12%) MLLCT - LC (CAN)
5 19554,11 511,40 0 H-2->LUMO (82%) MLLCT - LC (CAN)
6 21364,82 468,06 0 H-8->LUMO (22%), H-4->LUMO (42%), H-2->LUMO (12%) MLLCT - LC (NAN)
7 21480,16 465,55 0 H-5->LUMO (11%), H-3->LUMO (75%) MLLCT - LC (CN)
8 21751,16 459,75 0 H-2->L+2 (17%), HOMO->L+1 (23%), HOMO->L+2 (35%) MLLCT - LC (CAN)
9 22252,84 449,38 0 HOMO->L+1 (37%), HOMO->L+2 (12%) MLCT/LC (CAN)
10 22752,90 439,50 0 HOMO->L+1 (22%), HOMO->L+3 (50%)

MLLCT - LC (CAN)




Figure S78. Experimental spectra and calculated transitions for Irppy-bpy in MeCN
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Figure $79. Experimental spectra and calculated transitions for IrppyF,-bpy in MeCN
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Figure S80. Experimental spectra and calculated transitions for Irpig-bpy in MeCN
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Figure S81. Experimental spectra and calculated transitions for Irppy-2244tpy in MeCN
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Figure S82. Experimental spectra and calculated transitions for Irppy-2254tpy in MeCN
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Figure S83. Experimental spectra and calculated transitions for IrppyF,-2244tpy in MeCN
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Figure S84. Experimental spectra and calculated transitions for IrppyF,-2254tpy in MeCN
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Figure S85. Experimental spectra and calculated transitions for Irpig-2244tpy in MeCN
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Figure S86. Experimental spectra and calculated transitions for Irpig-2254tpy in MeCN
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Figure S87. Experimental spectra and calculated transitions for Irppy-2244tpy-H* in MeCN
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Figure S88. Experimental spectra and calculated transitions for Irppy-2254tpy-H* in MeCN
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Figure S89. Experimental spectra and calculated transitions for the IrppyF,-2244tpy-H* in MeCN
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Figure S90. Experimental spectra and calculated transitions for IrppyF,-2254-H* in MeCN
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Figure S91. Experimental spectra and calculated transitions for Irpig-2244-H* in MeCN
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Figure $92. Experimental spectra and calculated transitions for Irpig-2254tpy-H* in MeCN
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Photo-catalyzed hydrogen production

Co(dmgH),CIPyr. Co(dmgH),CIPyr is synthetized by a procedure as reported*.

CoCl,,6H,0 (150 mg, 0.65 mmol), dimethylglyoxime (167 mg, 1.4 mmol) and NaOH (26.0 mg, 0.65 mmol)
were dissolved in 95% ethanol (5.0 mL) and heated to 70 °C. Pyridine (51 mg, 0.65 mmol) were then added
and the resulting solution cooled to room temperature. A stream of air was then passed through the
solution for 30 min, which caused precipitation of a brown solid. The suspension was stirred for 1 h and
filtered. The precipitate was successively washed with water (10 mL), ethanol (10 mL), and diethyl ether (10
mL). The product was then extracted with acetone (15 mL) and the solution is let to a slow evaporation (m =
130 mg 49%). Elemental Analysis: calc for C13H19CICoNsO4 C= 38, 68 % H=4, 74 % N=17.35 %, found C=38,59
% H=4,82 % N=17.12 %

Set up of gas chromatography

Monitoring of hydrogen evolution is measured using a Perkin ElImer Clarus-580 gas chromatograph
(GC) with a thermal conductivity detector, argon as carrier and eluent gas, a 7 HayeSep N 60/80 pre-column,
a 9’ molecular sieve 13x45/60 column and a 1 mL injection loop. Three distinct solutions for photosensitizer,
for catalyst and last for sacrificial donor and acid source (HBFs 48% water) or two distinct solutions when Ir(lll)-
Co(lll) dyads are used : the dyad solution and the electron and proton source solutions are mixed together to
obtain 5 mL of sample solutions in standard 20 mL headspace vials. In DMF, the resulting molar concentration
of photocatalytic components are: 1 M for triethanolamine (TEOA), 0.1 M for (HBF,4), 0.56 M for water, 0.1
mM for the dyad Ir-Co or 0.1 mM for the photosensitizer [Ir(ppy)2(bpy)](PFs)2 and 0.1 mM for Co(dmgH),PyrCI.
(pH apparent= 8.9) Those vials are placed on LED panel in a thermostatic bath set at 20°C. They were sealed
with a rubber septum pierced with two stainless steel tubes. The first tube carried an argon flow pre-bubbled
in spectrograde solvent. The flow was set to 10 mL/min (unless otherwise specified) (adjusted with a manual
flow controller (Porter, 1000) and referenced with a digital flowmeter (Perkin Elmer FlowMark). The second
tube lead the flow to the GC sample loop through a 2 mL overflow protection vial, then through a 8-port
stream select valve (VICCI) and finally to GC sample loop. A microprocessor (Arduino Uno) coupled with a
custom PC interface allowed for timed injections. For general calibration, stock cylinders of known
concentration of H; in nitrogen replaced the nitrogen flow (inserted at the pre-bubbler, to keep the vapor
matrix consistent). The measured results, independent of flow rate (under same pressure) can be easily
converted into a rate of hydrogen following equation 1. For calibration of H, production, a nitrogen bottle of
100 ppm hydrogen certified is set to deliver a specific flow. H, production rate at a specific nitrogen flow, a
syringe pump (New Era Pump) equipped with a gas-tight syringe (SGE) and a 26s gauge needle (Hamilton) was
used to bubble different rates of pure hydrogen gas into the sample, to a minimum of 0.5 pL /minute. This
gave a linear fit for peak area for H; versus the flow rates of H,.

(Eq. 1) Hy rate (uL/min) = [H; standard] (ppm)x N, flow rate (L/min)
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Figure S93: Emission spectra of light-emitting diodes used as irradiation sources
(blue, green, yellow, red).

Table S36. Maxima, width band of emission spectra and photon flux of used L.E.D.’s.

Blue Green Yellow Red

Amaxem (NM) 452 525 595 630

AA (nm) 150 170 85 125

Photon flux in uEinstein.min™.cm? 12 20.5 10.1 13.9 24.5

el An analog power-meter PM100A (THORLABS) associated with a compact photodiode power head with
silicon detector S120C is used to evaluate the photon flux for each LEDs. Photo-diode detector is placed at the
same distance from the LED surface than the bottom of illuminated vial (0.7 cm for blue, green and red LED
panels and 1.2 cm for yellow LED).
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Figure 94. Hydrogen evolution of Irppy-2244tpy-Co(blue), Irppy-2254tpy-Co (green) ad dissociated system
Irppy-bpy with Co(dmgH)2PyCl (Red). Solid line : TON, dashed line : TOF. Blue LED irradiation centered at 452
nm. (blue light).
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Figure 95. Hydrogen evolution of Irppy-2244tpy-Co (blue), IrppyF2-2244tpy-Co (purple) and Irpig-2244tpy-Co
(olive). Solid line: TON, dashed line: TOF. Irradiation centered at 525 nm (green light).
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Figure 96. Hydrogen evolution of Irppy-2244tpy-Co (blue), IrppyF2-2244tpy-Co (purple) and Irpig-2244tpy-Co
(olive). Solid line: TON, dashed line: TOF. Irradiation centered at 525 nm (green light).
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Figure S97. Hydrogen evolution of Irpiq-2244tpy-Co (blue), Irpig-2254tpy-Co (green) and Irpig-
bpy/Co(dmgH),PyrCl (red). Solid line: TON, dashed line: TOF. Irradiation centered at 452 nm (blue light).
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Figure S98. Hydrogen evolution of Irppy-2244tpy-Co (blue), Irppy-2254tpy-Co (green) and Irppy-
bpy/Co(dmgH).PyrCl (red). Solid line: TON, dashed line: TOF. Irradiation centered at 452 nm (blue light).
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Figure $99. Hydrogen evolution of IrppyF,-2244tpy-Co (blue), IrppyF,-2254tpy-Co (green) and IrppyF,-bpy
/Co(dmgH),PyrCl (red). Solid line: TON, dashed line: TOF. Irradiation centered at 452 nm (blue light).
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Figure S100. Hydrogen evolution of Irpig-2244tpy-Co (blue), Irpig-2254tpy-Co (green) and Irpig-
bpy/Co(dmgH),PyrCl (red). Solid line: TON, dashed line: TOF, Irradiation centered at 523 nm ( green light ).
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Figure S101. Hydrogen evolution of Irppy-2244tpy-Co (blue), Irppy-2254tpy-Co (green) and Irppy-
bpy/Co(dmgH),PyrCl (red). Solid line: TON, dashed line: TOF. Irradiation centered at 523 nm ( green light ).
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Figure $102. Hydrogen evolution of IrppyF,-2244tpy-Co (blue), IrppyF,-2254tpy-Co (green) and IrppyF,-
bpy/Co(dmgH).PyrCl (red). Solid line: TON, dashed line: TOF. Irradiation centered at 523 nm (green light)
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Figure S103. Hydrogen evolution of Irpig-2244tpy-Co (blue), Irpig-2254tpy-Co (green). Solid line: TON,
dashed line: TOF, Irradiation centered at 595 nm (Yellow light).
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Figure S104. Hydrogen evolution of Irppy-2244tpy-Co (blue), Irppy-2254tpy-Co (green). Solid line :

TON, dashed line: TOF, Irradiation centered at 595 nm (Yellow light). A data smoothing with the
ORIGIN software is performed on the TOF data.
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Table S37.

Performances of photo-catalytic systems under yellow and red LEDs.

Yellow LED Red LED
Centered at 595 nm Centered at 630 nm
Compounds TON TOFmax TON TOFmax
Irppy-2244tpy-Co 431 (110 h) 7 (9h) No detection of hydrogen  No detection of hydrogen
Irppy-2254tpy-Co 662 (110 h) 14 (9 h) No detection of hydrogen  No detection of hydrogen
Irpig-2244tpy-Co 109 (42 h) 66 (2,4 h) 16 (100 h) 3 4 (66 h)
Irpig-2254tpy-Co 180 (17 h) 263 (0,6 h) 75 (100 h) * 15 (23 h)

TON in moluz2.mol™s. TOF in mmoliz. mol™smin™; * 1 hour of induction time; 240 minutes of induction time; * 3 hours 15 min of induction
time; * 40 min of induction time.
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