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Vibration Correlation Function Investigation on the Phosphorescence Quan-
tum Efficiency and Spectrum for Blue Phosphorescent Ir(Ill) Complex
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Abstract A challenging issue for white organic light-emitting diodes is to improve the luminescence efficiency and stability
for blue phosphorescence materials. In order to deeper understand the relationship between molecular structure and lumines-
cence quantum efficiency, we apply our recently developed correlation function method coupled with density functional the-
ory calculation to investigate the photophysical properties of fac-tris(2-(4,6-difluorophenyl)pyridyl iridium (fac-Ir(F.ppy)s),
including phosphorescence emission spectra, radiative and nonradiative decay rates, and excited-state decay lifetime at dif-
ferent temperatures. All the calculated results can well reproduce the available experimental measurements. We further ana-
lyze the relevance of molecular parameters governing the photophysical processes. We found out that in fac-Ir(Foppy)s: (1)
when compared with the archetypal green fac-Ir(ppy)s, the introduction of F atoms can enlarge the energy gap between the
excited triplet T| and the ground state S, resulting in blue-shift. This does not introduce extra reorganization energies in the
excited-state relaxation process. So the blue phosphorescent fac-Ir(F,ppy); can exhibit high luminescence efficiency; (2) the
main channels for nonradiatively dissipating the electronic excited-state energy are found to be the stretching vibrations of
carbon and carbon bonds, such as C(5)—C(46) linking the fluorophenyl and pyridyl rings, C(43)—C(44) and C(42)—C(47)
of pyridyl ring, and C(3)—C(6) of fluorophenyl ring in L1 ligand. This points out the direction for further increasing the
light-emitting efficiency through suppressing these motions.

Keywords theory of intersystem crossing; molecular design of iridium (III) complex; phosphorescence spectrum; phos-
phorescence quantum efficiency
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Table 1 Selected bond length (A), bond angles and dihedral angles (°) in the Spand T, for fac-Ir(Fappy)s

Bond length So T, A(T,—So) Bond angles and dihedral angles So T, A(T,—So)
Ir(1)—C(2) 2.034 2011  —0.023 Ir(1)-N(45)-C(46) 1147 1137  —10
Ir(1)—N(45) 2177 2133 —0.044 C(2)-C(5)-C(6) 118.5 116.6 —1.9
C(5)—C(46) 1466 1404  —0.062 C(6)-C(3)-C(7) 116.8 118.4 1.6
L1 C(46)—N(45) 1367 1435  0.068 C(44)-N(45)-C(46) 120.1 118.8 —13
C(44)—N(45) 1.344  1.337 —0.007 C(5)-C(46)-C(47) 126.5 127.5 1.0
C(5)—C(2) 1434 1487  0.053 C(2)-C(5)-C(46)-N(45) —19 1.0 2.9
C4)—C(2) 1.405 1.397 —0.008 C(44)-N(45)-C(46)-C(5) 179.2 1756 —3.6
Ir(1)—C(10) 2,035  2.049 0.014 Ir(1)-N(29)-C(30) 114.7 114.5 —0.2
Ir(1)—N(29) 2179 2193 0.014 C(10)-C(13)-C(14) 118.6 118.4 —0.2
C(13)—C(30) 1.467 1.468  0.001 C(14)-C(11)-C(15) 116.8 116.9 0.1
L2 C(30—N(29) 1.367 1.366  —0.001 C(28)-N(29)-C(30) 120.1 1205 04
C(28)—N(29) 1344 1344 0 C(13)-C(30)-C(31) 126.5 126.4 —0.1
C(13)—C(10) 1.434 1433 —0.001 C(10)-C(13)-C(30)-N(29) —1.8 —19 —0.1
C(12)—C(10) 1.405 1.403 —0.002 C(28)-N(29)-C(30)-C(13) 179.2 179.6 0.4
Ir(1)—C(18) 2.036  2.031 —0.005 Ir(1)-N(37)-C(38) 114.8 114.5 —0.3
Ir(1)—N(37) 2179 2190  0.011 C(18)-C(20)-C(23) 118.5 118.3 —0.2
C(20—C(38) 1466 1466 0 C(23)-C(19)-C(22) 116.8 1169 0.1
L3 C(38—N(37) 1.367 1.365 —0.002 C(36)-N(37)-C(38) 120.1 1203 0.2
C(36)—N(37) 1.344  1.343 —0.001 C(20)-C(38)-C(39) 126.5 1265 0
C(20)—C(18) 1.434 1433 —0.001 C(18)-C(20)-C(38)-N(37) —-16 —17 —0.1
C(21)—C(18) 1.405 1.404  —0.001 C(36)-N(37)-C(38)-C(20) 179.0 178.6 —0.4
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Figure 2 Calculated HOMOs in the electronic states Sy and T for fac-Ir(F,ppy);
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Figure 3 Phosphorescence spectra for fac-Ir(F,ppy)s: (a) Comparison between the calculated normalized spectrum and the experiment measured in
2-MeTHF at 77 K; (b) Calculated phosphorescence spectra at different temperatures
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Table 2 Photophysical properties of fac-Ir(F,ppy); at 298 K

Jomax/M A kfs™! /s ™!
Cal. 469.10 0.76  2.81X10° 8.9%x10*
Exp.* 466 098  58X10° 1.2%10*
Exp.” 469 0.77  47X10° 1.4%X10°
Exp. 468 043  27X10° 3.6X10°

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“in 2-MeTHF solution, ref. [7]; “in 2-MeTHF glass, ref. [14]; “in CH,Cl,, ref.
[15].
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Figure 4 (a) Temperature dependence of the radiative and nonradiative
transition rates; (b) Temperature dependence of the excited state lifetime
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Figure 6 Diagrammatic illustrations of the displacement vectors of the selected vibrational normal modes for fac-Ir(F.ppy)s
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