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General Experimental Procedures

Measurements for structural characterization

"H NMR spectra were recorded using a Bruker AIII 500 (500 MHz) or an INOVA 300 (300
MHz) spectrometer, using CD3CN as solvent. The residual solvent signals were employed as
internal standards.

Mass spectroscopy was performed using a Bruker Daltonics MAXIS HD.
Photophysical measurements

UV-Vis absorption spectra were recorded on a Hewlett-Packard diode array
spectrophotometer model 8453. Steady-state and time-resolved emission spectra were recorded
using a Horiba Fluorolog time-correlated single photon-counting or an ISS-PC1 photon-counting
spectrofluorometer. For experiments using the Horiba Fluorolog, a xenon lamp (Aex. = 365 nm, 1
nm bandwidth, 400 nm long pass filter) or a Horiba Delta Diode source (4ex. = 370 nm, frequency
= 20 kHz) were employed as excitation sources for steady-state or time-resolved measurements,
respectively. When using the ISS-PC1, a xenon lamp (Aexc = 365 nm, 2 nm bandwidth, 389 nm
long pass filter) or an ISS laser (Lex. = 378 nm, frequency = 20 kHz) were employed. Emission
intensities (photon counting) of steady-state spectra were corrected for the system spectral
response. For room temperature measurements, the absorbance of sample solutions in acetonitrile

was set between 0.1 and 0.3 in a quartz cuvette with 1.000 cm optical path length. Solutions were



deoxygenated with N, or Ar for at least 10 minutes prior to measurement. For 77 K experiments,
samples were prepared in a 4/5 (v/v) mixture of propionitrile/butyronitrile (prop:but) in cylindrical
quartz tubes, 0.4 cm radius, and were inserted into a Dewar flask containing liquid N,.

Absolute emission quantum yields (¢) of the complexes in degassed acetonitrile at room
temperature were measured applying the methodology described by de Mello et al.,' using a
BaSOQ, coated integrating sphere, Horiba Quanta- ¢, with samples positioned in its center.

The radiative (k;) and nonradiative decay (k,,) rates were calculated by Equations SI1a and

SI1b,
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in which 7, is the emission lifetime of the sample in degassed solvent.
Singlet oxygen quantum yields (®,) in deuterated acetonitrile were obtained from Equation

S12 23 using [Ru(bpy);]*" in the same solvent as a reference (@, = 0.57 ),
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in which 4 1s the singlet oxygen quantum yield of the sample, ™ 4 is the singlet oxygen quantum
yield of the reference, 4° and A" are the absorbances at the excitation wavelength of sample and
reference solutions; I° and 1"/ are the integrals of the oxygen’s emission spectrum for sample and
reference solutions.

The quenching rate constant (k;) was obtained by Stern—Volmer analyses using Equation

SI3,3
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in which ¢ is the emission quantum yield of the complex in a sample solution with a known [30,]
concentration and 7 is the T,’s lifetime in the degassed solution.

The x and y CIE coordinates were calculated by Equations SI4a and SI4b from their X, ¥
and Z tristimulus, Equations SI5a to SI5c, using photoluminescence spectral data in acetonitrile at

298 K. The numerical values of the CIE standard x(1), y(1) and z(4), are available as online free-

access tables.®
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Franck-Condon spectral analyses

In the fitting procedure, Ey, i, S and vy, (Equation 1 in the Article) were optimized with
a least-squares minimization routine with application of a Generalized Reduced Gradient (GRG?2)
algorithm.” Prior to the spectral fitting analysis, the number of photons at a given wavelength were
corrected to the wavenumber scale by using the relationship, (V) = I(1) x A2. The summation was

carried out from v* = 0 in the excited state to levels v = 0—10 in the ground state.

Theoretical calculations



Molecular-orbital calculations for the complex were conducted with the Gaussian 09W
software.” Optimization of the ground-state geometry was performed by using DFT with the
B3LYP functional. The LanL.2DZ'%-!2 and 6-31G(d,p)'>!* basis sets were used to treat iridium and
all other atoms, respectively. TD-DFT calculations were then performed to estimate energies and
oscillator strengths of the lowest-lying 50 singlet and 3 triplet transitions; the triplet calculations
were performed using the singlet-optimized geometries. All the calculations were carried out in
acetonitrile as solvent by using a Polarizable Continuum Model (PCM).!16 Kohn—Sham orbitals

were plotted using GaussView 5.0.7



General Results and Discussions
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Figure SI1. '"H NMR spectra for the investigated [Ir(pgi),(NN)]* complexes in CD;CN. For all
compounds, the "H NMR spectra exhibit only one set of ten aromatic signals for pgi and one set
for the NN diimine ligands whose total signal integration is equal to half of the amount of protons
in these ligands. These facts indicate the two pgi ligands are equivalent and the complex symmetry
is C,, where the C, axis bisects the NN ligand. Interestingly, the change of the ancillary NN ligand
leads to electronic perturbations in the phenyl portion of the cyclometalated pgi ligand, which
holds the organometallic C-Ir bond. The H, proton (meta to the C-Ir bond), for example, is
deshielded by changing the diimine ligand from dmb (8.00 ppm) to phen (8.57 ppm) then to
Phyphen (8.62 ppm) as an evidence to the stronger electron-withdrawing nature of the
phenanthroline ligands, as opposed to the electron donation from dmb. This effect has interesting
consequences on the photophysical characteristics of the complexes, as discussed in the Article.
The 'H NMR spectra also indicate that the isolated powders of the synthesized compounds have
no impurities.
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Figure SI12. Mass spectra for pqilrDmb in acetonitrile.
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Figure SI3. Mass spectra for pqilrPhen in acetonitrile.
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Figure SI4. Mass spectra for pqilrPh,phen in acetonitrile.
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Figure SI5. Absorption spectra for the free, non-coordinated ligand in acetonitrile at 298 K. Tthe
low energy mn* transitions within the pgi ligands are more stabilized than for the NN ligands,
hence 'LC,, transitions exert a higher influence on the complex’s light absorption at lower

energies.
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Figure SI6. Orbital contours (0.03 eA-3) for HOMO sets related to S;—S,4 and T,—Tj5 excited states
in the [Ir(pqi),(NN)]" series.
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Figure SI7. Orbital contours (0.03 eA?) for LUMO sets related to S;—S, and T,—T; excited states
in the [Ir(pqi),(NN)]" series.



Table S11. Calculated Excited States for [Ir(pgi),(dmb)]* in CH3CN.

E)s(g:zd Transition Energy (Wavelength) %Stféﬂ;ﬁr

MO164 — MO165 (77%)

Sy MO164 — MO167 (23%) 2.6539 eV (467.17 nm) | 0.0092

S, MO164 — MO166 2.7224 ¢V (45542 nm) :  0.0024

S; MO164 — MO167 2.7297 eV (454.20 nm) i 0.0525
MO161 — MO165 (17%)

S, MO163 — MO165 (83%) 3.3231eV (373.10 nm) ; 0.0337
MO161 — MO166 (25%)

Ss MO163 — MO166 (75%) 3.3558 ¢V (369.46 nm) ; 0.0290
MO161 — MO167 (22%)

Se MO163 — MO167 (78%) 3.3982 eV (364.85nm) { 0.0161
MO162 — MO165 (81%)

S7 MO163 — MO166 (19%) 3.4397 eV (360.45 nm) i 0.0085
MO162 — MO167 (84%)

Sg MO163 — MO166 (16%) 3.5498 eV (349.27 nm) i 0.0525
MO162 — MO166 (61%)

So MO163 — MO165 (16%) i 3.5566 ¢V (348.61 nm) : 0.0275
MO163 — MO167 (23%)
MO162 — MO167 (28%)

Sio MO163 — MO166 (12%) : 3.5894 eV (345.42nm) ;: 0.0268
MO164 — MO168 (60%)

S - 3.6359 eV (341.00 nm) i 0.0065

Sin -- 3.6560 eV (339.13 nm) | 0.1952

ME - 3.6883 eV (336.16 nm) i 0.0439

Sia - 3.7794 eV (328.06 nm) i 0.0069

Sis 3.8105eV (32538 nm) ; 0.0338

HOMO: MO164, L

UMO: MO165



Table SI2. Calculated Excited States for [Ir(pgi).(phen)]” in CH5CN.

E)s(g;[zd Transition Energy (Wavelength) %iféﬂ;ﬁr
S MO162 — MO163 2.6030 eV (476.31 nm) i 0.0004
S, MO162 — MO164 2.6529 eV (467.35nm) i 0.0002
S; MO162 —» MO165 2.7323 eV (453.77 nm) i 0.0620

MO162 — MO164 (14%)
Sy MO162 — MO166 (86%) 2.9249 eV (423.89 nm) | 0.0059
MO159 — MO163 (19%)
Ss MO161 — MO163 (81%) 3.2737eV (378.73 nm) i 0.0431
MO159 — MO164 (22%)
Se MO161 — MO164 (78%) 3.3072eV (37490 nm) i 0.0384
S, MO160 — MO163 3.3824 eV (366.56 nm) i 0.0002
MO159 — MO165 (16%)
Sg MO160 — MO164 (35%) : 3.4132eV (363.25nm) ; 0.0049
MO161 — MO165 (49%)
MO159 — MO163 (43%)
So MO160 — MO164 (57%) 3.4991 eV (35433 nm) ; 0.0288
MO155 — MO165 (10%)
MO158 — MO165 (10%)
Sio MO159 — MO166 (15%) i 3.5307 eV (351.16 nm) : 0.0045
MO161 — MO164 (17%)
MO161 — MO166 (48%)
Sii - 3.5603 eV (348.24 nm) i 0.0040
Sin -- 3.5788 eV (346.45nm) ;| 0.1236
ME - 3.5881 eV (345.54nm) i 0.0673
Sia - 3.6845 eV (336.50 nm) | 0.0577
Sis 3.7094 eV (334.24 nm) i 0.0056

HOMO: MO162, L

UMO: MO163



Table SI3. Calculated Excited States for [Ir(pgi),(Phyphen)]” in CH;CN.

E)s(g;[zd Transition Energy (Wavelength) %iféﬂ;ﬁr
S MO202 — MO203 2.5732 ¢V (481.83 nm) 0.0010
S, MO202 — MO204 2.6197 eV (473.29 nm) 0.0007
Ss MO202 — MO205 2.7275 eV (454.57 nm) 0.0600
MO202 — M0O204 (18%)

S4 MO202 — MO206 (82%) 2.8743 eV (431.36 nm) 0.0050
MO200 — M0O203 (17%)

Ss MO201 — MO203 (83%) 3.2163 eV (385.49 nm) 0.1207
MO200 — MO204 (16%)

Se MO201 — MO204 (84%) 3.2478 eV (381.75 nm) 0.0860
MO198 — M0O203 (22%)

S MO199 — MO203 (78%) 3.3520 eV (369.88 nm) 0.0015
MO194 — MO205 (13%)

Sg MO200 — MO205 (18%) 3.3797 eV (366.85 nm) 0.0045
MO201 — MO205 (69%)

So MO200 — M0O203 3.4349 eV (360.96 nm) 0.0549
MO199 — MO205 (15%)
MO200 — MO206 (14%)

Sio MO201 — MO204 (17%) 3.4658 eV (357.74 nm) 0.0080
MO201 — MO206 (54%)

St - 3.4987 eV (354.37 nm) 0.0195

Sz -- 3.5031 eV (353.93 nm) 0.0876

Si3 - 3.5704 eV (347.26 nm) 0.0762

Si4 -- 3.6502 eV (339.66 nm) 0.0551

Sis 3.6707 eV (337.76 nm) 0.0161

HOMO: MO202, L

UMO: M0O203



Table SI4. Molecular-Orbital contributions for [Ir(pgi),(dmb)]" in CH;CN.

1 o
Molecular Eigenvalue Ml(?)qfopulatlon [% Jmb
Orbital hartree Ir phenyl  quinoline bpy methyl
172 (LUMO+7) | —0.00933 12.59 35.31 38.53 13.46 0.11
171 (LUMO+6) | —0.03966 1.59 10.34 35.02 50.18 2.87
170 (LUMO+5) | —0.04262 241 15.91 53.24 27.94 0.50
169 (LUMO+4) | —0.04321 0.27 6.66 46.82 44.55 1.70
168 (LUMO+3) | —0.05165 3.65 6.48 21.81 66.86 1.20
167 (LUMO+2) | —0.08052 3.02 15.02 78.37 3.46 0.13
166 (LUMO+1) | —0.08171 3.75 15.78 77.04 3.36 0.07
165 (LUMO) —0.08372 3.39 0.64 3.82 87.99 4.16
164 (HOMO) —0.20639 47.78 39.63 9.43 3.12 0.04
163 (HOMO-1) | —0.22873 30.63 27.18 37.96 4.01 0.22
162 (HOMO-2) | —0.23564 41.16 18.27 38.81 1.73 0.03
161 (HOMO-3) | —0.23830 32.98 33.18 28.88 4.63 0.33
160 (HOMO—4) | —0.24283 20.44 41.38 36.73 1.38 0.07
159 (HOMO-5) | —0.24677 5.35 78.14 11.85 4.60 0.06
158 (HOMO—-6) | —0.25587 34.20 5.40 47.34 12.63 0.43
157 (HOMO-7) | —0.25600 29.11 5.53 54.88 10.04 0.44
Table SI5. Molecular-Orbital contributions for [Ir(pgi),(phen)]" in CH3CN.
Molecular Eigenvalue MO I"opulatlon [%
Orbital /hartree Ir pqr phen
phenyl  quinoline phen
170 (LUMO+7) | —0.01016 4.14 5.52 20.52 69.82
169 (LUMO+6) | —0.03532 3.28 3.25 12.49 80.98
168 (LUMO+5) | —0.04182 1.39 17.41 79.81 1.39
167 (LUMO+4) | —0.04686 1.71 19.59 65.53 13.17
166 (LUMO+3) | —0.07734 1.82 7.24 42.03 48.91
165 (LUMO+2) | —0.08089 3.76 15.02 78.66 2.56
164 (LUMO+1) | —0.08618 2.13 8.64 38.62 50.61
163 (LUMO) —0.08686 3.65 0.63 341 92.31
162 (HOMO) —0.20728 47.20 40.02 9.69 3.09
161 (HOMO-1) | —0.22983 27.79 28.62 39.36 4.23
160 (HOMO-2) | —0.23661 38.33 19.65 40.26 1.76
159 (HOMO-3) | —0.23859 34.07 29.35 26.95 9.63
158 (HOMO—4) | —0.24348 20.49 39.86 38.50 1.15
157 (HOMO-5) | —0.24738 5.13 77.26 9.85 7.76
156 (HOMO—-6) | —0.25260 6.82 4.09 48.85 40.24
155 (HOMO-7) | —0.25724 43.77 5.60 40.01 10.62




Table S16. Molecular-Orbital contributions for [Ir(pgi),(Phsphen)]” in CH3CN.

Molecular Eigenvalue MO I"opulatlon [%
Orbital /hartree Ir pqr Phophen

phenyl  quinoline phen phenyl
210 (LUMO+7) | —0.02894 0.20 0.81 3.70 47.79 47.50
209 (LUMO+6) | —0.03901 1.80 5.40 18.48 60.07 14.25
208 (LUMO-+5) | —0.04177 1.35 16.93 78.92 1.97 0.83
207 (LUMO+4) | —0.04730 1.68 16.66 56.52 21.99 3.15
206 (LUMO+3) | —0.07862 2.55 10.16 55.86 27.60 3.83
205 (LUMO+2) | —0.08070 3.66 15.08 78.97 2.27 0.02
204 (LUMO+1) | —0.08791 1.37 5.48 23.58 61.69 7.88
203 (LUMO) —0.08824 3.73 0.49 2.68 83.60 9.50
202 (HOMO) —0.20689 47.29 39.80 9.55 3.27 0.09
201 (HOMO-1) | —0.22878 33.84 22.03 32.61 8.87 2.65
200 (HOMO-2) | —0.23559 19.10 28.51 21.77 21.50 9.12
199 (HOMO-3) | —0.23626 39.18 19.25 39.27 2.08 0.22
198 (HOMO—4) | —0.24301 21.42 39.74 35.59 2.05 1.20
197 (HOMO-5) | —0.24502 2.41 44.02 20.18 23.73 9.66
196 (HOMO-6) | —0.24820 3.92 44.49 34.47 12.45 4.67
195 (HOMO-7) | —0.25357 19.57 3.84 29.95 20.32 26.32
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Figure SI8. HOMO and LUMO energies (involved in the S; transition) calculated by
B3LYP/LanL2DZ (Ir) and B3LYP/6-31(d,p) (CHN). A typical trend for heteroleptic
[Ir(NC)>,(NN)]" complexes!®22 can be observed: the electron-donating CH; moiety in dmb
increases the n*yy (LUMO) energy in opposite to electron-withdrawing phenyl groups in Phyphen
that stabilizes m*yy; in parallel, the dym,,; (HOMO) energies are practically constant among the
series since the three complexes have the same pgi cyclometalated ligand. Consequently, the S,
state (HOMO — LUMO) in pqilrDmb lies at a higher energy (2.654 eV; 467 nm) while
pqilrPh2phen’s S, is situated at a lower energy (2.573 eV; 482 nm). Such trend, however, cannot
be directly observed in their experimental absorption spectra since the magnitude of the oscillator
strength for S; transitions (HOMO — LUMO+2) at 454 nm is much higher than for S, overlapping
the absorption contributions from S; and S, around 455 to 485 nm.
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Figure S19. Experimental (solid grey areas) and fitted emission spectra by use of Equation 1 of
the Article with the parameters listed in Table 4 of the Article (colored solid curves) for the
emission of pqilrDmb (blue), pqilrPhen (green) and pqilrPh,phen (red) in degassed acetonitrile
at 298 K.
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Figure SII0. Emission spectra for the free pgi ligand in  prop:but
at 77 K (Aey = 360 nm), ascribed to the weak 3nn* phosphorescence.
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Figure SI11. Experimental (grey area) and simulated emission spectra by use of Equation 1 of the
Article with the parameters listed in Table 4 of the Article (black solid curves) for the emission of
the free pgi ligand in prop:but at 77 K.
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Figure SI12. Excitation (— — —, Ay, = 1270 nm) and emission spectra (——, Aexe = 435 nm) of

oxygen-saturated acetonitrile solutions of complexes pqilrDmb (A, blue), pqilrPhen (B, green)
and pqilrPh,phen (C, red) at 298 K. For these solutions, the excitation spectra of the singlet
oxygen’s 1270 nm emission perfectly superimpose with the excitation spectra of the complex’s
564 nm emission in degassed acetonitrile, including the direct excitation of the T, state around 525
nm. These facts indicate an efficient energy transfer from the complex to the oxygen, as ascertained
by a favorable, spontaneous free energy change (AG.,’) for energy transfer from complex’s T; to

1
oxygen’s A (i.e. AG,Y = AG, ag — AGr) that ranges from -10820 to -10880 cm™! (considering
AGipg = 7940 cm'! 23), Table 6 in the Article.
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Figure SI13. Stern—Volmer plots for pqilrDmb (¢, — ——, R?=0.9996), pqilrPhen (e, <<=, R> =
0.9973) and pqilrPh,phen (A, ——, R? =0.9999) in acetonitrile at 298 K.
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Figure SI14. Linear fits for the plots of 1-10-4435"m a5 a function of O,’s emission intensity around
1270 nm.
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Figure SI15. Emission spectra for pqilrDmb (blue — — -), pqilrPhen (green <¢*) and

pqilrPh,phen (red ——) in prop:but at 77 K: (A) Experimental spectra in wavelengths, with their
CIE color coordinates shown in the inset; (B) Fitted emission spectra by use of Equation 1 of the
Article with the parameters listed in Table SI7 (colored solid curves) overlapped to the

experimental spectra in wavenumbers (solid grey areas).



Table SI7. Spectral fitting parameters for the emission of pqilrDmb, pqilrPhen, pqilrPh,phen

and pqi at 77 K (in prop:but).

Compound Ejjem vV /em'  heog/cm’ S, ho, /em S, R
77 K prop:but
pqilrDmb | 18540 620 1350 0.94 570 0.60  0.99823
pqilrPhen | 18520 640 1360 0.93 590 0.56  0.99847
pqilrPh,phen | 18580 620 1370 0.92 590 0.55  0.99828
Free pgiH | 18580 690 1400 0.56 600 0.63  0.99935
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