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General informations.

The solvents and chemicals were used as received from sellers, unless otherwise mentioned. NMR spectra
were recorded by using a Varian Mercury 400 MHz or a Varian Inova 300 MHz spectrometer with
tetramethylsilane as the internal standard. Elemental analyses were performed on a ThermoQuest Flash
1112 series EA instrument. ESI-MS analysis were performed by direct injection of acetonitrile solutions of
the compounds using a WATERS ZQ 4000 mass spectrometer. UV/Vis absorption spectra were measured on
a Varian Cary 4 double-beam UV-Vis spectrometer and baseline corrected. Steady-state emission spectra
were recorded on an Edinburgh FLS920P spectrofluorimeter equipped with a 450 W Xenon arc lamp,
double excitation and single emission monochromators and a peltier cooled Hamamatsu R928P
photomultiplier tube (185-850 nm). Emission and excitation spectra were corrected for source intensity
(lamp and grating) and emission spectral response (detector and grating) by calibration curve supplied with
the instrument. Emission lifetimes were determined on the same Edinburgh instrument with the Time
Correlated Single Photon Counting (TCSPC) technique using pulsed picosecond LEDs (EPLED 295 or EPLED
360, FHWM <800 ps, repetition rates between 10 kHz and 1 MHz) as the excitation source and the above-
mentioned R928P PMT as detector. The goodness of fit was assessed by minimizing the reduced x* function
and visual inspection of the weighted residuals. The emission quantum yields were determined according
to the optically dilute solutions method in ACN solutions with reference to Ru(bpy)sCl, as the standard (r)
according to Equation (1)," where | refers to the area of the emission peaks of the complex and the

reference, A to their absorptions and n is the refractive index of the corresponding solvents.
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Synthesis of ligand 2.

Ligand 2 was obtained according the following synthetic scheme:
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A solution of 2-aminoethanol 1 (2.40 mL, 40.0 mmol) in ethyl formate (4.20 mL) was refluxed for 24 h. The
solution was cooled and the solvent was evaporated to give crude 1a as brown oil that was used in the next
step without purification. To a stirred solution of crude 1a (3.60 g) and ethyl benzoylacetate (7.00 mL, 40.4
mmol) in toluene (200 mL) triphenylphosphine (1.05 g, 4.0 mmol) was added. The resulting reaction

mixture was refluxed and the progress of the reaction was monitored by TLC. After complete conversion of

LK. Binnemans, Chem. Rev. 2009, 109, 4283-4374
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the substrate (6h), the solvent was evaporated and the product was purified by column chromatography on
silica gel (DCM/MeOH=97:3) to afford 1b (3.58 g, 38% yield) as a mixture of keto-enol and amide-imidic
acid tautomers at the equilibrium, represented in the following figure as Major (M1, M2) and minor (m1,
m2) species. In the *H NMR description we indicated with M the sum of M1 and M2 species and with m the
sum of m1 and m2 species.
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'H NMR (300 MHz, CDCl3):8 12.31 (S, 1Hmy), 12.27 (S, 1Hm2), 8.17-7.99 (M, 1Hysm), 7.90-7.83 (M, 2Hyy), 7.79-
7.68 (M, 2Hy), 7.62-7.53 (M, 3Hy), 7.48-7.32 (M, 3Hw), 6.42-5.78 (M, 1Hyum), 5.62 (5, 1Hm), 4.31-4.13 (M,
2Hwsm), 4.00 (S, 2Hwy), 3.99 (S, 2Huz), 3.60-3.50 (M, 2Hwm). *C NMR (75 MHz, CDCl3):836.8 (CH,), 37.2
(CH,), 40.6 (CH,), 45.6 (CH,), 45.8 (CH,),62.8 (CH,), 63.8 (CH,), 64.6 (CH,), 86.8 (CH), 126.1 (CH), 128.4 (CH),
128.5 (CH), 128.6 (CH), 128.7 (CH), 128.9 (CH), 131.5 (CH), 131.9 (CH), 132.0 (CH), 132.1 (CH), 132.1 (CH),
134.1 (CH), 135.6 (C), 161.6 (CH), 164.8 (CH), 167.5 (C), 172.1 (C), 172.9 (C), 192.7 (CH), 193.2 (CH).

Then a DCM solution (50 mL) of 1b (3.53 g, 15 mmol) and Et;N (5.2 mL, 37.5 mmol) was cooled at 0°C, and
phosphorous oxychloride (1.4 mL, 15.0 mmol) in 20 mL of DCM was added dropwise over a period of 10
min. After the reaction was completed, the reaction was quenched with saturated Na,CO5; aqueous solution
at 0°C to and the product was extracted with DCM. The organic phase was washed with ag NH4CI, then
dried over anhydrous MgSO, and the solvent evaporated. The residue was purified by column
chromatography (silica gel, DCM/MeOH=99:1) to give 2 ( 0.65 g) in 20% yields as a mixture of tautomers M
and m as depicted in the following figure:
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'H NMR (300 MHz, CDCly): & 12.27 (s, 1Hy), 7.97-7.91 (m, 2Hy), 7.91-7.75 (m, 2H,,), 7.66-7.58 (m, 3H,),
7.55-7.41 (M, 3Hw), 5.75 (S, 1Hm), 4.43-4.26 (M, 2Hy +m), 4.09 (S, 2Hy), 3.77-3.50 (M, 2Hy + m). **C NMR (75
MHz, CDCls): § 40.6, (t, CHy), 45.5 (CH,), 61.0 (CH,), 62.0 (CH,), 105.0 (CH), 126.2 (CH), 128.4 (CH), 128.6
(CH), 128.8 (CH), 128.9 (CH), 129.2 (CH), 131.7 (CH), 134.0 (CH), 135.7 (C), 167.1 (CO), 191.9 (CO). Anal.
Calculated for C1,H13NO3 (217.22): C, 66.35; H, 5.10; N, 6.45 %. Found C, 66.58; H, 4.94; N, 6.29 %. ESI-MS:
218 [ M+ 1], 240 [ M™+ Nal.

S3



Synthesis of Europium complex 3

To a solution of 2 (18.8 mg, 0.08 mmol) in 1.0 mL of DCM and 0.2 mL of ACN, triethylamine (16 pL, 0.117
mmol) was added. After 5 min. EuCl36H,0 (7.3 mg, 0.02 mmol) was added and the reaction was vigorously
stirred overnight at room temperature. Then the solvent was removed and the crude was dissolved in DCM
(1 mL) and then Et,0O (5 mL) was added. The precipitated ammonium salt was filtered off and the solution
evaporated to give 3 as a whitish oil (15.7 mg, 70% yield). Anal. Calculated for Cs4sHssEUNsO;, (1119.01): C,
57.96; H, 5.04; N, 6.26 %. Found C, 58.10; H, 4.95; N, 6.42 %.ESI-MS: 1017 [M'].

Synthesis of the Ir(l11)-Eu(IIl) complexes 7-9

Dimers 4-6 were obtained according to reported procedures.?

In a 50 ml round-bottom flask equipped with a stirring bar, Ir(lll) dimer 4 (21.4 mg, 0.02mmol) was
dissolved in DCM (1mL). Then complex 3 (22 mg, 0.02mmol) was added and the reaction mixture was
stirred under N, at 30°C overnight. Complex 7 (41.1 mg) was isolated in quantitative yield by precipitation
by addition of Et,O. Anal. Calculated for Cg,H7,CIEUlr,NgO;, (2053.45): C, 53.81; H, 3.53; N, 5.46 %. Found C,
54.03; H, 3.72; N, 5.40 %. ESI-MS: 2018[M"].

The same procedure was used for 8 (Anal. Calculated for Cg,HegCIEUF4Ir:NgO1, (2125.41): C, 51.99; H, 3.22;
N, 5.27 %. Found C, 52.26; H, 3.15; N, 5.39 %. ESI-MS: 2089[M']) and 9 (Anal. Calculated for
Co2Hs4CIEUFgIraNgO1, (2197.38): C, 50.29; H, 2.94; N, 5.10 %. Found C, 49.93; H, 2.72; N, 5.31 %. ESI-MS:
2161[M]).

Synthesis of Ir(lll) complexes 10-12

In a 50 ml round-bottom flask equipped with a stirring bar, the Ir(lll) dimer 4 (10.7 mg, 0.01 mmol) was
dissolved in a mixture of DCM/MeOH 1:1 (4 mL). Then AgOTf (7.7 mg, 0.03 mmol) was added and the
mixture was stirred for 2h at room temperature. The solution was filtered to remove AgCl and the solvent
evaporated. The residual solid was dissolved in 5 mL of DCM and ligand 2 (9.4 mg, 0.04 mmol) was added.
After stirring 24 h at room temperature the solvent was removed. The solid was dissolved in the minimum
amount of DCM and Et,0 (10 mL) was added. The obtained precipitate was filtered and dried to give pure
10 (10.8 mg) in 50% vyield. *H NMR (400 MHz, CDCl): § 12.18 (s, 1Hp), 9.25-9.15 (m, 2H), 8.00-7.30 (m,
18H), 7.00-6.80 (m, 4H), 6.20-6.10 (M, 2H), 5.42 (s, 1Hy), 4.50-4.30 (M, 4H), 4.20-4.00 (m, 4H), 3.90-3.80 (M,

2 (a) E. Baranoff, B. F. E. Curchod, J. Frey, R. Scopelliti, F. Kessler, I. Tavernelli, U. Rothlisberger, M. Gratzel and M. K.
Nazeeruddin, Inorg. Chem., 2012, 51, 215. b) M. Nonoyama, Bull. Chem. Soc. Jpn. 1974, 47, 767. c) S. Lamansky, P.
Djurovich, D. Murphy, F. Abdel-Razzag, R. Kwong, I. Tsyba, M. Bortz, B. Mui, R. Bau, M. E. Thompson, Inorg. Chem.
2001, 40, 1704-1711)
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4H). Anal. Calculated for C47H3gF3IrN4OoS (1084.10): C, 52.07; H, 3.53; N, 5.17 %. Found C, 51.88; H, 3.64; N,
5.33 %. ESI-MS: 935[M], 936 [M™+ 1], ESI-MS: 149[M].

The same procedure was used to obtain 11 (11.6 mg, 52% yield): '"H NMR (400 MHz, CDCl3): & 12.19 (s,
1Hm1), 12.16 (S, 1Hmp), 9.25-9.10 (m, 2H), 8.30-8.20 (m, 1H), 8.10-7.20 (m, 16H), 7.00-6.80 (m, 2H), 6.45-6.30
(m, 1H), 6.10-6.00 (M, 1H), 5.75 (S, 1Hm1), 5.65-5.55 (M, 1H), 5.40 (S, 1Hmy), 4.60-4.25 (m, 4H), 4.25-4.00 (m,
4H), 4.00-3.90 (m, 4H). "*F NMR (400 MHz, CDCl5): § -78.19 (s), ~106.47 (q, J=9.4Hz), =109.05 (t, J=11.0 Hz).
Anal. Calculated for C47H3sF5IrN;OoS (1120.08): C, 50.40; H, 3.24; N, 5.00 %. Found C, 50.18; H, 3.43; N, 5.21
%. ESI-MS*: 971[M'], 972 [M*+ 1], 149[MT; and 12 (11.3 mg, 49% yield): *"H NMR (400 MHz, CDCl5): §12.23
(s, 1Hp), 9.20-9.15 (m, 2H), 8.35-8.20 (m, 2H), 7.90-7.20 (m, 14H), 6.60-6.40 (m, 2H), 5.74 (s, 1Hn), 5.55-5.45
(m, 2H), 4.50-4.40 (m, 4H), 4.20-4.10 (m, 4H), 4.00-3.80 (m, 4H). °*F NMR (400 MHz, CDCl,): § -78.10 (s),
-106.03 (q, J=10.2Hz), -108.55 (t, J=12.4 Hz). Anal. Calculated for C,7Hz4F-IrN4OgS (1156.06): C, 48.83; H,
2.96; N, 4.85 %. Found C, 49.07; H, 2.82; N, 4.99 %. ESI-MS": 1007[M"], 1008 [M*+ 1], ESI-MS": 149[M].

Figure S1: ESI MS spectrum of ligand 2
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Figure S2: ESI MS spectrum of complex 3
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Figure S3: ESI MS spectrum of complex 7 and measured and simulated isotopic patterns
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Figure S4: ESI MS spectrum of complex 8 and measured and simulated isotopic patterns
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Figure S5: ESI MS spectrum of complex 9 and measured and simulated isotopic patterns
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Figure S6: ESI MS spectrum of complex 10
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Figure S8: ESI MS spectrum of complex 12
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Table S1: Photophysical data of the obtained complexes

1100

1200

Absorption Emission 298 K Emission 77K Solid state
Complex Amax(nNmM) A (nm) T (us) T (us) A (nm) T (us) A (nm) T (us)
10% (M cm™) deair air
86.44(25%) 267 (25%)
3 ;gggig 612 / 447 42(75%) 59726%12 573(75%) | 612  251(612nm)
' (612nm) (612nm)
0,
24009.52) | 471,504 (56 0700m)  0.12(470nm) 464,498 6,0 (464nm) 365.61(42%)
! 284(5.18) | 573(M) 503 G1onm) 608 (612nm) 612 680 (612nm) | o1 70281(58%)
375(0.42) 612 (611nm)
0,
o 22‘:390((162;8(;) 465497 1.23(466nm)  0.30(466nm) 465,495 62 (agonm) | . 632191 625((2800/00/3)
001, | 530612 509 (612am) 597 (612) 524,612 591 (612nm) S1inm)
5.8 (479nm) 0
9 22;‘(75(1&;231) 452,482 1.20(482nm)  0.30(482nm) 447,479 506(60%) | o1 233%222;’;
' 612  613(612nm) 613 (612nm) 506,613 943 (40%) 45(65%
362(0.87) (612nm)
(612nm)
245(8.00) 457 0.24(16%)
10 283(3.67) 455;185 263(485nm)  0.81(485nm) 4436‘;81 242(481nm) | 489 2.46(84%)
347(0.77) 520 (489nm)
247 (10.33) 453
11 282 (4.38) 45521"884 16.71(484m)  0.95(484nm) 44586‘;80 12 (480nm) 484 1.50(484nm)
346 (1.06) 514
444 0.14(16%)
12 242(9.18) | 442470 g c170nm) 1.04(470nm) 434466 o) agenm) | 474 1.31(84%)
301(2.57) 496 502
499 (472nm)
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Figure S9: Absorption spectra of complexes 3, 7 and 10
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Figure S10: Absorption spectra of complexes 3,9 and 12
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Figure S11: Emission map of complex 7 and corresponding CIE coordinates
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Figure S12: Emission map of complex 8 and corresponding CIE coordinates
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Complex 7
X Y Z
0,611 0,337 0,053
0,621 0,335 0,044
0,63 0,335 0,035
0,629 0,335 0,035
0,628 0,335 0,037
0,626 0,335 0,04
0,629 0,333 0,038
0,617 0,335 0,049
0,539 0,342 0,119
0,356 0,358 0,287

Complex 8
X Y YA
0,285 0364 0,351
0313 0362 0,325
0,336 0,36 0,304
[0,333 0,359 [0,308|
0,338 0,358 0,304
0,341 0,356 0,303
032 0,356 0,323
025 0361 0,389
0,202 0,365 0,433
0,193 0,362 0,444




Figure S13: Solid state emission map of complex 8 (20%) in PMMA and corresponding CIE

coordinates
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Figure S14: Emission map of complex 9 and corresponding CIE coordinates
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Table 2: CIE data of complexes 3, 10-12

Complex | X Y Z
3 0,644 0,356 0
10 0,191 0,320 0,489
11 0,188 0,318 0,494
12 0,172 0,228 0,600
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Ex

290
300
310
320
330
340
350
360
370
380

Complex 8 (20%) in PMMA
X Y Z
0,316 0,353 0,332

0,324 0,352 0,324
0,331 0,351 0,318
0,331 0,350] 0,319
0,329 0,350 0,321
0,322 0,351 0,328
0,307 0,351 0,343
0,273 0,353 0,374
0,247 0,355 0,398
0,238 0,357 0,405

Complex 9
X Y Z
0,278 0,276 0,445
0,301 0,278 0,421
0,316 0,279 0,404
0,318 0,279 0,403
0,333 0,281 0,387
0,328 0728 0,392
027 0,271 0,459
0,218 0,263 0,519
0,204 0,262 0,534
0,202 0,262 0,536




