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S1. Benchmark study with other DFT functionals

In order to test the reliability of the selected methodology, a benchmark study was
carried out for the [Ir(ppy)2(bpy)]* complex (ppy: 2-phenylpyridine, bpy: 2,2’-bipyridine).
The absorption spectrum and emission energy were determined with five different DFT
functional: B3LYP,*? Cam-B3LYP,® BLYP,?2 M06-2x,* TPSSh® and PBE,® frequently used

in Ir(111) complexes.

Table S1. Absorption and Emission wavelengths from ground and triplet excited states, respectively, for
[Ir(ppy)2(bpy)]* (in dichloromethane).

Aabs (NM) Aemi (NM)

Experimental * 2355%3;18%(('8:222? 598

B3LYP ggg:ﬁ’g 643

Cam-B3LYP gég:gg 625

BLYP igg:ggg 942

MO06-2X ggg:gzg 506
TPSsh 390430 730 [Ir(ppy),(bpy)1*

o

The absorption spectra were obtained from the optimized geometry at the ground state
using the TD-DFT methodology and the T state was fully optimized through TD-DFT
optimization. The emission energy was calculated as the vertical energy difference between
the relaxed triplet state and ground state at the optimized triplet geometry. The implicit
solvent effects by the IEF-PCM method were also included using dichloromethane as

solvent. The basis set and pseudo-potential used are the same described in the manuscript.



It is observed that the B3LYP and TPSSh functionals are the best methods to describe
the absorption bands with a slight underestimation of the broad absorption bands at lower
energies (350 to 480 nm) in comparison with the experimental data. Regarding the emission,
all the tested methods showed an overestimation of the emission wavelength between 27 to
331 nm, however, the B3LYP and Cam-B3LYP functionals show to be more adequate in
reproducing the Aemi with small deviations of 45 and 27 nm, respectively, compared to the
experimental data. In this way, the functional B3LYP is the only one able of properly
describing the photophysical properties of both, the ground and the excited states of
[Ir(ppy)2(bpy)]* complex, therefore, this pseudo functional was selected for the present

study.



S2. Geometry parameters of the ground states and the triplet states

Table S2. Optimized geometric parameters of all complexes under study in the S and T; states, determined at
the B3LYP/6-31G(d)-LANL2DZ level of theory.

1A 1B 2B 2C
So T: So T: So T So T

Bond length (A)
Ir-Cy 2.016 2.015| 2.021 1993 | 2.019 2.006 | 2.023 2.021
Ir-C 2.031 1.983 | 2.024 2.006 | 2.022 2.020 | 2.019 2.008
Ir-Nz 2.077 2.076 | 2.074 2.072 | 2.073 2.041 | 2.088 2.096
Ir-Nz 2.202 2225 | 2307 2245 2292 2311 | 2285 2291
Ir-Ns 2.325 2243 | 2.309 2274 | 2295 2296 | 2.287 2.307
Ir-Ng 2.083 2.089 | 2.082 2.090 | 2.081 2.092 | 2.074 2.042

Bond angle (deg)
Ci-1r-Ng4 96.2 979 | 957 969 | 955 949 | 958 95.9
Ci-1r-N3 169.4 1644 | 1771 1759 | 1775 1772 | 1722 1726
Ci-Ir-C; 85.4 90.2 | 824 882| 822 832| 823 83.1
Na2-1r-N3 74.0 74.9 74.4 74.5 74.8 74.1 74.9 74.4
N1-1r-Ng 174.4 1773 | 1746 1759 | 1746 1749 | 1744 174.8

Diedral angle (deg)
Ci- C2-N3-N; 4.0 5.6 4.7 5.3 4.5 35 6.1 4.8
Ni- C2-N4-N2 2.6 0.5 6.2 8.1 6.0 6.1 4.1 5.1
3B 3C 3D
So T So T3 So T So T

Bond length (A)
Ir-Cy 2.015 2.002 | 2.013 2.018 | 2.013 2.000 | 2.012 2.019
Ir-C, 2.012 2.021 | 2.017 2.023 | 2.013 2.000 | 2.016 2.025
Ir-Nz 2.085 2.065 | 2.078 2.077 | 2.084 2.082 | 2.075 2.073
Ir-N2 2.287 2199 | 2279 2232 | 2194 2179 | 2.293 2.223
Ir-Ns 2.284 2244 | 2277 2234 | 2194 2179 | 2.281 2.215
Ir-Ng4 2.077 2.096 | 2.092 2.094 | 2.084 2.083 | 2.089 2.098

Bond angle (deg)
Ci-Ir-Na4 95,7 965| 956 955 | 955 969 | 955 94.9
Ci-Ir-N3 1735 177.7 | 1726 1772 | 1725 170.1 | 178.9 178.3
Ci-Ir-C; 817 850| 817 826| 89.0 945| 821 83.9
Na2-1r-N3 75.0 75.4 75.1 75.8 75.2 75.8 74.0 75.8
Ni-1r-Ng 1745 1747 | 1743 173.7 | 174.0 176.7 | 174.6 173.1

Dihedral angle (deg)

Ci- C2-N3-N; 4.9 5.2 6.3 5.0 4.2 4.7 4.7 6.3
Ni- C2-Na-N2 3.6 6.7 3.4 3.9 7.6 7.9 7.1 7.5




S3. Energies of the molecular orbitals from HOMO-2 to LUMO+2, in the ground state

Table S3. Energy of frontier molecular orbitals (eV) and AHL of the ground state (So).

Complex HOMO-2 HOMO-1 HOMO LUMO LUMO+1 LUMO+2 AHL

1A -6.57 -6.42 -5.85 -2.85 -1.94 -1.85 3.00
1B -6.49 -6.32 -5.85 -2.46 -1.94 -1.82 3.39
2B -6.65 -6.58 -6.19 -2.54 -2.06 -1.95 3.65
2C -6.67 -6.59 -6.20 -2.59 -2.33 -2.05 3.61
3B -6.94 -6.92 -6.68 -2.66 -2.25 -2.15 4.02
3C -6.99 -6.95 -6.71 -2.70 -2.43 -2.24 4.01
3D -7.00 -6.86 -6.66 -2.65 -2.21 -2.12 4.01
3E -6.97 -6.94 -6.73 -3.22 -2.28 -2.19 3.51

S4. Contribution to molecular orbitals from HOMO-2 to LUMO+2, in the ground state

Table S4. Contribution to molecular orbitals (%) of all complexes calculated from HOMO-2 to LUMO+2 in
the ground state (So).

Complex HOMO-2 HOMO-1 HOMO

C~N Ir NN C~N Ir NN C~AN Ir NN
1A 47.7 46.4 5.9 95.6 2.9 1.5 58.4 39.5 21
1B 42.9 511 589 96.2 1.5 2.4 56.9 41.3 1.7
2B 73.6 22.3 4.1 97.1 1.7 1.2 59.1 39.0 1.9
2C 76.7 19.3 4.0 97.6 1.5 1.0 58.9 38.3 2.8
3B 53 3.6 91.2 67.5 6.4 26.1 60.7 33.4 59
3C 37.4 25.0 37.7 96.6 2.6 0.8 61.1 33.0 5.9
3D 75.1 23.1 1.8 89.4 9.2 1.4 61.7 36.5 1.8
3E 31.0 22.8 46.2 64.4 8.8 26.9 62.4 32.8 4.9




LUMO LUMO+1 LUMO+2
Complex C~N Ir NN C~N Ir NN C~N Ir NN
1A 0.7 2.2 97.1 94.7 4.0 1.3 89.7 4.3 6.0
1B 1.8 2.5 95.8 92.2 4.0 3.8 93.6 4.4 2.0
2B 2.1 25 95.4 91.8 4.1 4.1 93.5 4.6 1.9
2C 1.3 2.0 96.7 7.0 0.8 92.2 86.7 4.2 9.1
3B 2.6 2.7 94.7 92.0 3.9 4.1 94.1 4.6 1.3
3C 1.5 1.9 96.6 15.4 1.2 83.4 78.6 3.7 17.7
3D 0.8 2.1 97.1 94.6 4.2 1.2 94.8 4.0 1.2
3E 1.7 1.9 96.4 90.1 4.8 51 78.9 4.3 16.7

S5. Surface orbitals from HOMO and LUMO in the ground state

Figure S1. Surface of frontier molecular orbitals HOMO and LUMO (Sy) of series 1.



Figure S3. Surface of frontier molecular orbitals HOMO and LUMO (Sy) of series 3.



S6. Molecular orbitals of the triplet excited state
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Figure S4. Frontier molecular orbitals involved in the radiative deactivation of the lowest-lying triplet excited
state of series 1.
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Figure S5. Frontier molecular orbitals involved in the radiative deactivation of the lowest-lying triplet excited
state of series 2.



Figure S6. Frontier molecular orbitals involved in the radiative deactivation of the lowest-lying triplet excited

state of series 3.
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S7. Geometry parameters of 3MC state

Table S5. Selected geometric parameters of all complexes under study in the 3MC state, determined at the
B3LYP/6-31G(d)-LANL2DZ level of theory.

1A 1B 2B 2C 3B 3C 3D 3E

Bond length (A)
Ir-Cy 202 | 203 | 203 | 203 | 202| 202| 203]| 202
Ir-C, 199 | 205| 205| 205| 204| 201| 203| 205
Ir-Ny 208 | 223 | 221 | 222 222| 210| 229| 220
Ir-Na 222 | 236 | 236 | 237| 235| 227 | 225| 239
Ir-N3 223 | 226| 226| 226| 225| 226| 220| 225
Ir-Ng 209 | 269 | 263| 262| 264| 2.08| 258| 259

Bond angle (deg)
Ci-Ir-Ng4 98.0| 976 975| 97.7| 969 | 953 | 939 | 96.2
Ci-1r-N3 163.9 | 175.0 | 176.6 | 176.2 | 176.5 | 1719 | 175.0 | 177.1
Ca-Ir-C; 90.3| 873 | 871| 89| 866| 818| 913| 877
Na-1r-N3 750 | 726 | 733 | 738 | 737 | 746 | 742 | 730
Ni-1r-Ng 1771 | 1542 | 1549 | 1549 | 154.6 | 173.9 | 1543 | 1525

Dihedral angle (deg)

C1- C2-N3-N; 58| 333 | 303| 295| 305 59| 230 297
Ni- C2-Na-N2 02| 118 | 107 9.8 | 10.8 40| 129] 130

S8. Spin density of 3MC state

.

14

Figure S7. Spin density distribution in the optimized 3MC state for representative complexes.
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S9. Root-mean-square deviation (RMSD) between the 3MLCT and *MC states

Figure S8. Superimposed structures of the 3MLCT states (bluen) and 3MC states (orange) for 3B and 3D,

and their RMSD values.

S10. Qualification scales of kr, knr, IP, EA and A4 to choose RGB systems

To build scales that would allow us to qualify the parameters studied as very
favourable, favourable, or slightly favourable (or unfavourable in the case of knr), the
calculated values of IP, EA and A4 were taken. In the case of k;, an approximate
calculation was made according to equation 2 described in section 3.4, considering
the following expression: kr = (M %LCT)u(%1)?/AE(S1-Tn)?. Finally, in the case of K,
the values of AE(®MC-MLCT) were considered as an approximation to identify
whether or not this energy difference favours the radiative process of phosphorescence.
The values calculated and determined according to this explanation are presented in
Table S6. Table S7 shows the scales constructed to qualify each value as very

favourable, favourable, or slightly favourable (or unfavourable in the case of knr).
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Table S6. Photophysics and charge transport parameters to determine the best RGB systems.

Complex 1A 1B 3E 2C 2B 3C 3B 3D

Color Red Red Green Green Green Blue Blue Blue

Aem/NM 701 599 574 548 547 454 448 440
kr 211,600 | 538,756 3,844 25,600 47,089 5,041 685,584 | 229,441
Knr 0.13 0.41 0.48 0.19 0.26 -0.26 -0.18 0.05
1P 5.85 5.85 6.75 6.21 6.20 6.72 6.70 6.67
EA 2.83 2.42 3.21 2.55 2.50 2.65 2.63 2.59
AA 0.13 0.27 0.20 0.18 0.30 0.21 0.32 0.27

Table S7. Building scales to quantify the photophysics and charge transport parameters to determine the best

RGB systems.

Parameter Very favorable Favorable Slightly Unfavorable
favorable
+++ ++ + 0
kr 538,756 - 685,584 25,600 — 229,441 3,844 - 5,041
Knr >0.48 0.26 - 0.48 0.05-0.19 -0.26 - -0.18
IP 5.85 6.20-6.21 6.67 —6.75
EA 2.83-321 2.59-2.65 242 -255
A2 0.13-0.21 0.27 0.30-0.32
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