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Cyclometalated Ir(Ill) complexes are widely used as phosphorescent materials in organic light-emitting diodes.
In this work, the vibrationally resolved phosphorescence spectra of an experimental reported and four novel de-
signed Ir(Ill) complexes with 2-(2,5,2',3",4,5,6’-heptafluoro-biphenyl-4-yl)-pyridine (HFYP) as primary ligand
are investigated by theoretical calculations. The ancillary ligands are 3-(pentafluorophenyl)-pyridin-2-yl-1,2,4-
triazolate (exp3), 3-(trifluoromethyl)-pyridin-2-yl-1,2,4-triazolate (5), 5-methylsulfonyl-2-oxyphenyl-2-
oxazole (6), 5-trifluoromethyl-2-oxyphenyl-2-oxazole (7), 2-(3-(trifluoromethyl)-1H-1,2-diazol-5-yl) pyridine
(8), respectively. Phosphorescence spectra show that there are mainly two strong peaks, which can be ascribed
as low-frequency vibrational modes such as the rotation of ligand plane, and benzene ring/pyridine ring in ligand
HFYP1 skeleton vibration coupled with C—H in pyridine ring in plane bending vibration. The phosphorescence
quantum yields were quantitatively determined by evaluating radiative decay rate constant k;, intersystem cross-
ing rate constatant kjsc and temperature-dependent nonradiative decay rate constant k,.(T). It shows that the
quantum yields of compounds exp3, 5 and 8 are relative higher, while those of compounds 6 and 7 are much
smaller. This is mainly caused by larger k,.(T) of compounds 6 and 7. It is anticipated that in Ir(Ill) complex
with HFYP primary ligand, pyridin-2-yl-1,2,4-triazolate, 1,2-diazol-5-yl-pyridine are good ancillary ligand,
while 2’-oxyphenyl-2-oxazoline is not appropriate to be ancillary ligand.

Keywords:

Organic light-emitting diodes
Vibronic phosphorescence spectra
CIE coordinates

Photoluminescence quantum yields
Ir(Ill) complex

Density functional theory

© 2019 Published by Elsevier B.V.

1. Introduction

For the next-generation illumination sources and flat-panel display
[1-4], phosphorescent iridium(Ill) complexes have gained intense re-
search interest [5-8] because of their wide applications in organic
light-emitting diodes (OLEDs). They show high phosphorescence quan-
tum efficiencies, short phosphorescent lifetimes and good color tunabil-
ity [9,10] by modifying their structure. Among them, white OLED
(WOLED) can result from simultaneous emission of two (most com-
monly blue and orange) or three (red, green and blue) emitting compo-
nents blended in a single host material or confined in different stacked
layers.

Recently, Ragni et al. synthesized a new heteroleptic iridium
complex, namely iridium(IIl) bis[2-(2,5,2',3,4",5',6’-heptafluoro-biphe-
nyl-4-yl)-pyridinato-N,C2’][3-(pentafluorophenyl)-pyridin-2-yl-1,2,4-
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triazolate] (Ir-F19), bearing highly fluorinated cyclometalating ligands
and acting as an efficient blue-green phosphor [11]. Thus, a two-color
based stacked WOLED was obtained, with CRI of 76 and 10.5 cd/A lumi-
nous efficiency at 100 cd/m?, almost constant (10.1 cd/A) up to
1000 cd/m?, using Ir-F19 and the commercial orange emitter bis(2-
methyldibenzo[f,h]quinoxaline)(acet-ylacetonate)iridium [Ir(MDQ),
(acac)] in a two stacked layer device architecture. Fluorination can in-
crease volatility favouring vapour deposition, enhance electron mobil-
ity, and prevent close packing that can cause electroluminescence self-
quenching of molecular active materials in devices [12-14]. It is also re-
ported that the bulky pentafluorophenyl markedly reduce concentra-
tion quenching of phosphorescence by the steric hindrance effect [15].
Therefore, 2-(2,5,2',3',4',5',6’-heptafluoro-biphenyl-4-yl)-pyridine
(HFYP) is likely to be a suitable primary ligand for potential efficient
phosphors. So we want to investigate the effect of ancillary ligand on
the phosphorescence spectra and quantum yield in Ir(Ill) complex
with HFYP as primary ligand.

As is known to all, experimental discovery is limited by high costs
and time-consuming process of synthesis. On the contrary, theoretical
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calculation might be a reliable and important tool to illustrate properties
of the well-known chemical species and to predict the novel
one [16-19]. The shortage of efficient method to evaluate the
photoluminescence quantum yield (PLQY) is one of the key challenges
in the field of theoretical research due to complicated nonradiative
decay process. In the past several years, significant progresses have
been made to determine the PLQY theoretically, especially the
nonradiative decay rate constant. Che's group calculated nonradiative
decay rate constant with the convolution method in which the low-
frequency modes are treated in the strong coupling limit and the
high-frequency modes in the weak coupling limit [20]. Escudero
proposed a simplified expression to compute relative PLQY with radia-
tive transition rate constant and the activation energy for the limiting
step related with temperature-dependent nonradiative decay channel
[21]. Zhang's group has also carried out a series of work on the
calculation of PLQY for transition-metal complexes with qualitative,
semi-quantitative, and quantitative methods [22-29]. Recently,
Shuai's group presented a general approach for computing the
photoluminescence efficiencies of Ir(Ill) complexes by considering all
possible competing excited-state deactivation processes and explicitly
including the strongly temperature-dependent ones [30,31]. It is
shown to be an efficient and reliable approach for the calculation of
PLQY of Ir(Il) complexes. This provides us a simple method to calculate
the PLQY quantitatively, which is one aim of this work.

From another point of view, photo emission is intrinsically involved
in the effect of the nuclear motions of molecules. Vibronic spectra are
essential to straightforwardly compare with experimental data and
find the mode-specific effect on the spectra [29,32]. These fine spectra
can then be used to calculate the Commission Internationale de
I'Eclairage (CIE) coordinates. Thus another aim in this study is to simu-
late the phosphorescent spectra with fine structures including vibronic
transitions.

In this work, five Ir(Ill) compounds with HFYP as primary ligand are
selected, including Ir-F19 (exp3) which was synthesized in Ref [11] and
four theoretically designed compounds (see Fig. 1). Therein, the ancil-
lary ligands are based on previous literatures [3,33,34].

The paper is organized as follows. In Section 2, we briefly present a
general description of the computational methods used in this paper.
Section 3 shows the results and discussions including geometries,
vibrationally resolved phosphorescence spectrum, quantum yield. Fi-
nally, conclusions are given in Section 4.

2. Computational details

The ground-state and triplet excited-state geometries for all investi-
gated Ir(Ill) complexes were optimized by Becke's three-parameter hy-
brid exchange functional combined with the Lee-Yang-Parr correlation
functional (B3LYP) [35,36], in combination with the LANL2DZ
pseudopotential [37,38] for the Ir atom and 6-31G(d) atomic basis set
[39] for other atoms. According to previous studies [22-24,26], the
temperature-dependent nonradiative decay rate constant was
quatitatively evaluated via constructing the potential energy surfaces

3
of the kinetic scheme 3MLCT — 3Mc ™" So, where 3MLCT refers to

metal-to-ligand charge transfer state, >MC is metal centered state, Sy is
the ground singlet state, >TS is the transition state between >MLCT and
3M(C states, and MECP is the minimum energy crossing point connecting
3MC and S, potential energy surface. Therein, the >MC state, 3TS and
MECP were located by the UB3LYP method. The geometry of MECP
was optimized using Gaussian 09 together with the code developed
by Lu, which is a modified version of Harvey's MECP program [40,41].
On the basis of the lowest optimized triplet states, the vertical emission
energies were simulated by the ASCF-DFT (Delta-self-consistent field
density-functional theory) calculations [42,43]. Based on the ground-
state geometries, the spin-orbit coupling matrix elements and transition
dipole moments between singlet and triplet states were respectively
evaluated using the linear and quadratic response theories in the frame-
work of TDDFT with the B3LYP functional, as implemented in the Dalton
program [44]. During the calculations, the solvent effect was considered
by the polarized continuum model (PCM) with acetonitrile as solvent
[45]. Except for the special mentioned, all calculations were performed
by the Gaussian 09 program [46]. The radiative rate constant (k,),
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Fig. 1. Sketch structures of all the investigated Ir(Ill) complexes.
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S, SMLCT/ALCypypy SMLCT/ALCypyp,

Fig. 2. Selected bond lengths (A) in the optimized structures of S , the lowest triplet excited states of complexes exp3 (a), 5 (b), 6 (c), 7 (d), and 8 (e) in acetonitrile solvent. The computed
spin density distributions at the B3LYP/6-31G(d)-LANL2DZ level@re also presented. Purple color represents the positive value that means a-electrons are more than 3-electrons, and green
color represents negative value.
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Table 1
Computed vertical phosphorescent emission energy (E,) and 0-0 transition energies (Eq
_o) in acetonitrile.
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Table 2
The values of the electronic transition dipole moment (u) (Debye) between S and Ty
states of complexes exp3, 5, 6, 7 and 8 in acetonitrile solvent and vacuum.

Emission energy exp3? 5 6 7 8 u (Debye) exp3 5 6 7 8
E, [eV/nm] 2.33/533  2.33/532 2.29/541 2.28/544  2.32/533 acetonitrile 0.21 0.20 0.24 0.25 0.21
Eo-o [€V/nm] 2.53/490  2.53/490  2.48/500  2.47/502  2.53/491 vacuum 0.22 0.21 0.24 0.26 0.22
2 The experimental emission peaks are 480 nm (2.58 eV) and 512 nm (2.42 eV) [11].
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Fig. 3. The comparison of the calculated and experimental spectra of exp3 at 298 K (The

calculated spectrum was shifted 29 nm and 22 nm to blue in vacuum and acetonitrile
solvent respectively).

Computed ki, kisc, and ky, (T), @p values from the triplet excited states of complexes exp3,
5, 6,7 and 8 in acetonitrile solvent.

Items exp3 5 6 7 8

ke (s™1) 7.84x10*  713x10* 979x10* 1.02x10° 822x10*
kisc (s71) 1.98x10° 1.79x10° 3.84x10* 1.07x10° 2.03x10°
kor (T) (s™1)  3.14x10*  431x10* 203x10° 326x10° 222x10*
Dp 0.25 0.24 0.05 0.03 0.27

nonradiative intersystem crossing rate constant (kisc) rate and
vibrationally-resolved emission spectrum calculations were performed
with the MOMAP suite of programs [47-50]. In the simulation of
vibrationally-resolved emission spectrum, a scale factor of 0.96 is used
to calibrate the vibrational frequencies.

3. Results and discussion
3.1. Ground-state and the triplet excited-state geometries

The selected optimized geometric parameters of the singlet ground
state (Sp) of five Ir(Ill) complexes in acetonitrile solvent are shown in
Fig. 2. The ball-and-stick models of fully optimized ground state geo-
metrical structures are presented in Fig. S1. All the investigated Ir(III)
complexes present a slight distorted octahedral symmetry coordinated
with C1, N1, C2, N2 atoms in two principal ligands (HFYP) and N3, N4/
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Fig. 4. In acetonitrile solvent, the calculated emission spectra (a) at finite temperatures and (b) at 0 K for compounds exp3, 5, 6, 7 and 8. (The individual vertical spectral lines can be
assigned to the involved vibrational states of the Sy state. Vibrational contributions are shown with pink vertical lines labeled by 1%, where n is the normal mode number, x indicates
the quanta in the ground state deposited on normal mode n, while y is the quanta in the excited state deposited on normal mode n.)
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Table 4 01 atoms in one ancillary ligand. The accurate triplet state geometries

The values of adiabatic excitation energy (AE,q) (eV), total reorganization energy A = Z and emission spectra are important to study the phosphorescent prop-
k . . . . . .

At (eV) and the SOC matrix elements (cm™") between So and T, states of complexes exp3, erties. The optimized geometries of thg lowest trlplet. excited states for

5, 6,7 and 8 in acetonitrile solvent. the five compounds are plotted in Fig. 2 along with the key bond

lengths, respectively. It is a *MLCT/°LC (ligand-centered) state. The cor-

Items exp3 5 6 7 8 . h . L e
responding values in vacuum are listed in Fig. S2.
AEaq (eV) 2.64 2.63 2.58 2.57 2.63 For the lowest triplet states of the five compounds, the spin density
;T(1|350|50 >(em™h) 1741217492 18742 19343 179.25 is distributed over the HFYP1 ligand and Ir atom, which is in accordance
v 032 032 032 036 031 with the contracted Ir—N1 and Ir—C1 bonds. It is worth noting that the
bond length of Ir—N1/N2 is longer than that of Ir—C1/C2 in the HFYP
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Fig. 5. Calculated reorganization energy of each normal mode for exp3 (a), 5 (b), 6 (c), 7 (d), and 8 (e) in acetonitrile solvent. The displacement vectors of its most relevant modes are
depicted.
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6

Fig. 6. (a) Selected bond lengths (A) in the optimized structures of MC states for Ir(Ill) complexes exp3, 5, 6, 7, and 8 in acetonitrile. (b) The computed spin density distributions at the
B3LYP/6-31G(d)-LANL2DZ level, purple color represents the positive value that means a-electrons are more than -electrons, and green color represents negative value.

ligand of the Sy and 3MLCT/LC states, while in the ancillary ligand the
bond length of Ir—N3 is longer than that of Ir—N4, both of which are
longer than that of Ir—N1/N2. For compounds 6 and 7, the bond length
of Ir—N3 is obviously shorter than that of the other compounds both in
S and >MLCT/LC states.

3.2. Phosphorescence spectra

The vertical phosphorescence emission energy and 0-0 transition
energy are listed in Table 1, as well as the available experimental values
[11]. From Table 1, it can be found that the 0-0 transition energy of com-
pound exp3 is closer to the experimental maximum, in accordance with
previous studies [24,26,27]. It can also be seen from Table 1 that the

emission energies of compounds 5 and 8 are similar to exp3, while
those of compounds 6 and 7 decrease about 0.05 eV, which will lead
to red shift in the phosphorescent spectra.

The vibrationally resolved emission spectra are very helpful to get
deep insight into the photophysical properties. The simulated spectrum
of compound exp3 shows good agreement with the experimental one
(see Fig. 3). Fig. 4 shows the calculated spectra at 298, 77 and 0 K for
all the compounds. At low temperatures, the vibrationally resolved
spectra can be used to clarify the electronic transition properties and
electron-phonon interaction [30]. For every compound, the spectrum
exhibits fine structures at low temperatures. The origin of the emission
bands and the contribution of the vibration modes to such bands for all
compounds can be fairly figured out from the spectra at 0 K as shown in
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Fig. 4. The corresponding vibrational modes in vacuum and acetonitrile
solvent are plotted in Fig. S3.

For compound exp3, it can be seen that the spectral features in the
experiment were well reproduced in the simulated spectrum, including
two strong emission peaks. The emission peak at 502 nm (480 nm in the
experiment) is mainly contributed by some low-frequency vibrational
modes such as the rotation of ligand plane, partly contributed by 0-0
transition. The emission peak at 539 nm (512 nm in the experiment)
is mainly caused by the HFYP1 ligand whose benzene ring and pyridine
ring skeleton vibration transitions coupled with C—H of pyridine ring in
plane bending vibration transitions. Compared with the most intense
emission peak (around 0-0 transition), the intensities of the other
peaks increase with the temperature rising. Moreover, the emission
spectra red shifts with increasing temperatures. Besides, the nature of
the vibrational satellites is related to the distributions of the Huang-
Rhys factors (see Fig. S4), which are the key parameters to characterize
vibronic couplings. According to the simulated emission spectrum
(unshifted) under 298 K, the CIE1931 coordinates are calculated as
(0.34,0.58), which are comparable with (0.26, 0.51) obtained by the ex-
perimental spectrum [11]. The CIE1931 coordinates of the other mole-
cules are calculated as (0.35, 0.58), (0.39, 0.58), (0.41, 0.56), (0.34,
0.59), respectively. The chromaticity diagram is presented in Fig. S5. It
can be seen that CIE coordinates of compounds exp3, 5 and 8 are similar,
while x coordinates of compounds 6 and 7 are a little bigger.

Compared with the calculated spectra in vacuum (see Fig. S6), the
maximum emission peaks in acetonitrile solvent shift to blue within
10 nm; the spectral characteristics remains and the spectral shape is al-
most unchanged.

3.3. Phosphorescence quantum efficiency

The photoluminescence quantum yield is one of the most vital fac-
tors to assess the performance of phosphors. The quantum yield is de-
termined by the following relationship [31]:

ke

Op(T) = —————
P = e + ke (1)

)

where k; is the radiative decay rate and kjsc is the nonradiative intersys-
tem crossing rate (ISC), which in principle is temperature-dependent
through vibration population, and k,(T) is the strongly temperature-
dependent nonradiative decay rate associated with the population of
the 3MC well.

3.3.1. Radiative rate constant (k;)

The radiative decay rate constant was calculated by integrating over
the whole emission spectrum [30]:

ke (T /oem (o, T)d (2)

Oem(@,T) = ww,fu_w) 3)

ZPIV ‘<6fu

.uf‘91v>

Here P;, is the Boltzmann distribution function of the initial state at
certain temperature; @ is the nuclear vibrational wave function. 1/ = (

&¢| I |d;) is the electric transition dipole moment between two elec-
tronic states. o, c, h, T represent frequency, speed of light, reduced
Planck's constant and thermodynamic temperature, respectively.

In the formalism for spectrum calculation, the electric transition di-
pole moment (), adiabatic excitation energy (AE,q) and vibronic cou-
pling are three fundamental physical parameters [44,51]. As pointed
out by previous work, the vibronic couplings mainly determine the
shape and width of an emission spectrum but hardly change the inte-
gration of the spectrum [21]. Therefore, the radiative rates are primarily
controlled by pand AE.q between Sp and T; states. From the Eq. (3), it

can be seen that the larger u (see Table 2) would be favorable for the im-
provement of k;, and Table 3 lists the radiative rate constants in acetoni-
trile solvent for all the compounds. Compounds 6 and 7 with the bigger
k. are in accordance with their larger (. Comparison of p in acetonitrile
and vacuum, no significant change is found. Calculated ki, kjsc, and ky;
(T), ®p values from the triplet excited states of complexes exp3, 5, 6, 7
and 8 in vacuum are listed in Table S2 of supplementary material.

3.3.2. Nonradiative intersystem crossing rate constant (k;sc)

For Ir(Ill) complexes with large SOCs, first-order perturbation theory
is a good approximation to compute the nonradiative intersystem cross-
ing (kisc) rate [30]. The values of adiabatic excitation energy (AE,q), total
reorganization energy and the SOC matrix elements between Sy and T;
states of complexes exp3, 5, 6, 7 and 8 in vacuum are listed in Table S3 in
supplementary material. By applying the short-time approximation the
first-order perturbation theory formula is simplified under the frame-
work of the displaced harmonic oscillator model to intuitively analyze
the nonradiative intersystem crossing rate constant (kisc) [30].

2
(AEad ¥ Ak)
4 Z )\kEk

In [kisc(T1—=So)] = —
Hso

1 A 2
+ In Z’<SO T1>

where AE,q4 denotes the adiabatic excitation energy; Ay is the reorgani-
zation energy for the kth mode; E, = (7, + 1/2)hy is the average vi-
bration energy and 7, is the phonon occupation number; f, @y, kg, T
represent reduced Planck's constant, frequency, the Boltzmann constant
and thermodynamic temperature, respectively. From Eq. (4), it can be
seen that adiabatic excitation energy, spin-orbit coupling and reorgani-
zation energy between Ty and Sy are three key factors to govern the
nonradiative intersystem crossing rate constant. The AE,4 and SOC in
acetonitrile are listed in Table 4.

From Tables 3 and 4, we can see that the k;sc of compounds 6 and 7
are significantly smaller than the other three molecules even if they
have larger SOC values. This is mainly caused by the other two factors.
The reorganization energy of each normal mode for the five compounds
are displayed in Fig. 5. The distributions of A\, for these compounds are
similar. The normal modes in the 1000-1700 cm™! region predomi-
nantly contribute to the kisc value of all compounds (see the

T
> MEx
k

J 3TS

Relative energy

So

Ryp

Fig. 7. Schematic potential energy profiles of the deactivation pathway via the >MC state
for all complexes.
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vacuum

Fig. 8. The structures of transition state for Ir(Ill) complexes exp3, 5, 6, 7, and 8 at the B3LYP/6-31G(d)-LANL2DZ level of theory in vacuum and acetonitrile.

displacement vectors of its three most relevant modes in Fig. 5, and it in-
volves benzene ring and pyridine ring in HFYP1 ligand skeleton vibra-
tion transitions coupled with C—H of pyridine ring in plane vibration
transitions). It should be noted that in the high frequency region, A; of
the normal mode at 1651 cm™~! in compounds exp3, 5 and 8 is about
500 cm™ !, while that in compounds 6 and 7 is only about 400 cm™!;
the normal mode at 458 cm ™! in compounds 6 and 7 (benzene ring
and pyridine ring deformation vibration in the primary ligands) contrib-
ute to the reorganization energies more than 100 cm™!, while that in

compounds exp3, 5 and 8 is less than 50 cm ™.

3.3.3. Temperature-dependent nonradiative rate constant (ky, (T))

The temperature-dependent nonradiative decay pathway is charac-
terized by population of the >MC well through a transition state (TS) and
the irreversible recovery of the ground-state (Sp) geometry through the

So/>°MC minimum energy crossing point (MECP). Therein, the spin den-
sity of >MC state is mainly populated in Ir atom (see Fig. 6). To get an in-
sight into the temperature-dependent nonradiative decay process, the
potential energy curves of the deactivation pathway from the
3MLCT/2LC to S, state via the >MC state are constructed, which are plot-
ted in Fig. 7. Thus,

ka .
3MLcrk=3Mc£ So

b

Using the steady-state approximation and assuming this complex
kinetic scenario, the ky, (T) decay rate has the following form [31].

ke (T) = keka/ (ke + k) (5)
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Fig. 9. The structures of MECP for Ir(Ill) complexes exp3, 5, 6, 7, and 8 at the B3LYP/6-31G(d)-LANL2DZ level of theory in vacuum.

where k,, ky, and k. (i.e., k,) can be expressed as

kn = An exp(—En/kgT) (6)

E, is the activation energy, which is shown in Fig. 7; A, is its corre-
sponding pre-exponential factor; and kg is the Boltzmann constant.

Under these circumstances, Eq. (5) can straightforwardly be approx-
imated as

kne(T) = AoA exp(—Ea/ksT) (7)

where Ag stands for a temperature-dependent Boltzmann prefactor in
accordance to Eq. (5), i.e.,

Ag = 1

T E—EN )
1+ exp (ECkBTEb>

and herein the pre-exponential factor for the 3MLCT — >MC transforma-
tion of A is set as 1.70 x 10'® s~ according to previous study [31]. Acti-
vation barriers of the temperature-dependent nonradiative pathway
and Ag, a temperature-dependent Boltzmann prefactor for all com-
plexes in vacuum are listed in Table S4 in supplementary material.

The relevant structures of TS are displayed in Fig. 8. The correspond-
ing bond lengths in vacuum and in acetonitrile are similar. Furthermore,
the corresponding bond lengths of different compounds are also similar,
except of much shorter Ir—N3 bonds in compounds 6 and 7. For

Table 5
Activation barriers of the temperature-dependent nonradiative pathway and Ay, a temper-
ature-dependent Boltzmann prefactor for all complexes in acetonitrile solvent.

Items exp3 5 6 7 8

E, (kcal/mol) 11.91 11.72 9.44 9.16 12.12
E}, (kcal/mol) 727 6.69 5.41 533 7.67
E (kcal/mol) 223 224 249 223 2.55
Ao 0.9998 0.9995 0.9928 0.9947 0.9998

example, Ir—N3 in compound 6 is 0.16 A shorter than that in compound
exp3. This may result in relative stable TS state in compounds 6 and 7.

The relevant structures of MECP are shown in Fig. 9. The bond length
of I—N3 in compounds 6 and 7 is a little shorter than that in the other
compounds.

For all the compounds, the value of E;, is larger than E., which are
both smaller than E,. So the barrier to populate the TS (E,) is the rate-
limiting step of this decay pathway. The specific values of E,, Ey, Ec, Ag
are listed in Table 5. From Eq. (4), the k,(T) decay rates of compounds
6 and 7 are much larger due to their smaller E..

According to the calculation results in Table 3, even if compounds 6
and 7 have larger k. and smaller k;sc, their &p is quite small due to the
larger k,(T) with 10° order of magnitude. For compounds exp3, 5 and
8, the ®p of them are similar and they are much higher than those of
compounds 6 and 7.

4. Conclusion

In this paper, the vibrationally-resolved phosphorescent spectra and
quantum yield of an experimental reported and four novel designed Ir
(1) complexes with 2-(2,5,2",3",4',5’,6'-heptafluoro-biphenyl-4-yl)-
pyridine (HFYP) as primary ligand are investigated by theoretical calcu-
lations both in vacuum and in solvent. Vibrationally-resolved spectra
show that there are mainly two strong peaks, which can be ascribed
as low-frequency vibrational modes such as the rotation of ligand
plane, and benzene ring/pyridine ring in ligand HFYP1 skeleton vibra-
tion coupled with C—H in pyridine ring in plane bending vibration. By
quantitative calculation of the quantum yields, PLQY of compounds
exp3, 5 and 8 are relative higher, while those of compounds 6 and 7
are much smaller. This is mainly caused by larger k. (T), resulting
from smaller energy barrier from >MLCT/LC state to MC state of com-
pounds 6 and 7. The lower barrier may be caused by shorter Ir—N3
bond in the transition state. So in the presence of HFYP primary ligand
in Ir(lll) complex, pyridin-2-yl-1,2,4-triazolate, 1,2-diazol-5-yl-
pyridine are good ancillary ligand, while 2’-oxyphenyl-2-oxazoline is
not appropriate to be ancillary ligand. Compared with the vibronic
phosphorescence spectra in vacuum, the emission peak position in
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solvent shifts to blue within 10 nm and the spectra shape is almost un-
changed. By comparison of the quantum yields calculated in vacuum
and in solvent, it shows that the quantum yields of compounds exp3,
5 and 8 in solvent become smaller.
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