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Excited state dynamics and charge transfer property of an orange-red thermally activated delayed
fluorescence (TADF) emitter are theoretically investigated by a quantum mechanics/molecular mechanics
(QM/MM) method and kinetic Monte Carlo simulation. The factors that influence internal quantum ef-
ficiency of the organic light-emitting diode (OLED) based on an asymmetric donor—acceptor (D—A) type
molecule 10-(7-fluoro-2,3-diphenylquinoxalin-6-yl)-10H-phenoxazine (FDQPXZ) are analyzed. The re-
sults show that the intramolecular rotation of donor unit is restricted because of the enhanced inter-
molecular interaction in solid phase, which hinders the non-radiative consumption of the excited state
energy. The decreased reorganization energy in solid phase is mainly contributed by dihedral angle in
low-frequency (<500 cm™!) region. Moreover, the non-radiative decay rate from the first singlet excited
state (S1) to the ground state (SO) in solid phase is shown to be smaller than that in gas phase. In order to
explore the charge transfer process in the film of FDQPXZ, Marcus theory is used to study the hole and
electron transfer rates, and the charge mobility is thus obtained by Monte Carlo simulation. The theo-
retical calculation indicates that the FDQPXZ film is a p-type organic molecular material under the
hopping mechanism. Intermolecular interaction for theoretical simulation of the working principle of

OLEDs is highlighted.

© 2017 Published by Elsevier B.V.

1. Introduction

During the last two decades, organic light emitting diodes
(OLEDs) have attracted considerable attention due to their prom-
ising application in flexible flat-panel displays and solid-state
lighting sources [1—3]. Small OLED displays have been widely
used in mobile phones such as Galaxy and OPPO. Although great
progress has been made in the field of OLEDs, high external
quantum yield of OLEDs remain a subject of great interest [4]. Ac-
cording to spin statistics, the singlet and triplet excitons are
generated with the ratio of 1:3. For conventional fluorescent OLEDs,
only singlet excitons can be used, all triplet excitons are wasted due
to spin symmetry. In contrast, OLEDs use phosphorescent materials
have achieved exciton utilization of 100% [5,6]. Owing to the rather
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long lifetime of triplet excited states, a significant roll-off of the
external efficiency has been observed with an increase of the cur-
rent density [7]. Moreover, the phosphorescent materials are
limited to Ir and Pt complexes, thus both fluorescence and phos-
phorescence OLEDs have advantages and disadvantages. Novel light
emitting mechanisms are hoped and expected. Recently, Adachi's
group proposes potential mechanism to achieve compatibility of
harvesting both singlet and triplet excitons and avoiding triplet
annihilation by the use of thermally activated delayed fluorescence
(TADF) OLEDs [8—12]. For TADF-OLEDs, a small energy gap between
lowest singlet (S1) and triplet (T1) excited state is regarded as the
key factor for realizing high utilization of triplet excitons through a
fast reverse intersystem crossing (RISC) process [ 13,14]. The general
way to decrease the S1-T1 energy gap is connecting suitable donor
(D) and acceptor (A) groups by a steric hindrance such as bulky,
twist or spirojunction [15—17], because such methods can effec-
tively decrease the spatial overlap between the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO), furthermore, these configurations can modulate the
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packing model in device through intermolecular interaction and
change the charge transfer property which is related to the external
quantum efficiency and efficiency roll-off of OLEDs [18,19]. Besides,
the radiative and non-radiative decay processes from S1 to SO as
well as the intersystem crossing and reverse intersystem crossing
processes between S1 and T1 play an important role in determining
the internal quantum efficiency. Thus, investigations on excited
state dynamics and charge transfer property for thermally activated
delayed fluorescence emitter in device are crucial to understand
the inner mechanism and further to design more efficient TADF-
OLEDs.

In this work, an asymmetric donor—acceptor (D—A) type
molecule 10-(7-fluoro-2,3-diphenylquinoxalin-6-yl)-10H-phenox-
azine (FDQPXZ) is adopted to illustrate the excited state dynamics
and charge transfer property for thermally activated delayed fluo-
rescence emitter in solid phase. FDQPXZ is the first reported effi-
cient orange-red TADF molecule, and it contains a fluorine-
substituted quinoxaline as an electron-acceptor and phenoxazine
(PXZ) as an electron-donor (shown in Fig. 1a) [19]. This work could
serve as an important supplement to experiments in guiding the
synthesis of more efficient orange and red TADF-OLEDs.

Fig. 1. (a) Chemical Structure of FDQPXZ. (b) ONIOM model: the centered molecule is
treated as high layer and the surrounding molecules are fixed as low layer. (c) Close
look at the packing structure.

2. Computational details

For TADF molecules, the light-emitting efficiency is determined
by the competition between the radiative decay rate and the non-
radiative decay rate according to the following equations

PV (1)
PEZKS+KS, + Kisc
Kisc
B = o€ 2
BCTKS K3, + Kisc 2)
K
RISC (3)

D =
RSC ™ Krusc + K& + KT

where K? and K3, are the radiative and non-radiative decay rate
from S1 to SO, K. is the non-radiative decay rate from T1 to SO, K]
is the phosphorescent rate, which can be neglected for organic
molecules. Kjsc and Kgjsc represents the intersystem crossing (ISC)
and reverse intersystem crossing (RISC) rate between S1 and T1
respectively. ®pris quantum efficiency of prompt fluorescence, ®;s¢
and ®gsc are the intersystem crossing efficiency and reverse
intersystem crossing efficiency respectively [20]. Thus, theoretical
calculations of radiative and non-radiative rate play an important
role in predicting luminescent efficiencies. The radiative and non-
radiative rate constants are evaluated by using the multimode
coupled spectrum and rate theories, which are provided in detail in
the supporting information (SI). For calculating the charge transfer
rate, the Marcus theory is adopted. Corresponding details are
shown in supporting information SII. The macroscopic charge
mobility is obtained by subsequent Monte Carlo simulation [21].

Based on the X-ray crystal data of FDQPXZ, a computational
quantum mechanics/molecular mechanics (QM/MM) method
consisting of one central molecule for QM part and sixteen
sounding molecules for the MM part is constructed by considering
the effect of the environment (shown in Fig. 1b), and the detail
packing structure is shown in Fig. 1c. Our QM/MM calculation is
realized with the ONIOM method in Gaussian 09 program [22].
Besides, the electronic embedding scheme is adopted in the ONIOM
calculation. This model consists two “layers”, the centered mole-
cule is treated as a high layer and calculated by quantum me-
chanical method. The surrounding molecules are treated as low
layer and computed by molecular mechanics with UFF forces field.
As for the excited states (S1 and T1), the optimization of geometries
and excitation energies calculation of the molecule are performed
by the time-dependent density functional theory (TD-DFT) at BMK/
6-31G(d) level. One should note that the “frozen optimization” is
assumed in the optimization, which means that the surrounding
molecules are frozen and only the centered molecule is optimized.
To obtain the frequency of SO, S1 and T1, the calculations are per-
formed by DFT and TD-DFT at the same computational levels of
optimization.

In order to calculate the non-radiative rate and the charge
mobility, the reorganization energy (details shown in Fig. 2) should
be obtained first. E,p, and Eepy is the absorption and emission energy.
Ags and Aes is the reorganization energy of the ground state SO and
the first excited state S1 respectively. The reorganization energy can
be expressed as a summation of the contributions from normal
modes (NM) relaxation as in the harmonic oscillator approximation

Agg = Z A] = Z hijj. (4)

jEgs jEgs
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Fig. 2. Schematic representation of the adiabatic potential energy surfaces (PES) for SO
and S1 states.

Aes = Z A] = Z hszj (5)
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here, D; represents the displacement for the mode j between the
equilibrium geometries of SO and S1. As for the reorganization
energy and NM analysis of anionic and cationic states, the above-
mentioned method is also applicable. All these expectations can be
realized in the DUSHIN program. Based on the calculation above,
we calculate the non-radiative decay rate from S1 and T1 to SO as
well as the intersystem crossing rate and the reverse intersystem
crossing rate between S1 and selected triplet states (T1, T2, T3) by
using the multimode coupled thermal vibration correlation func-
tion (TVCF) formalism realized in MOMAP (Molecular Materials
Property Prediction Package) which shows superiority in
describing and predicting optical properties of polyatomic mole-
cules [23—-26].

Besides, in order to analyze the impact of molecular surround-
ings to electroluminescence properties of FDQPXZ, single molecule
in gas phase is also studied with the same QM method as per-
formed in the solid phase.

3. Results and discussion

Publications have shown that TD-DFT with nonhybrid func-
tional always underestimates transition energies for charge trans-
fer (CT) states due to the neglecting of long-range Columbic
attraction between the separated electrons and holes. While time-
dependent Hartree-Fork (TD-HF) usually suffers from the so-called
electron correlation problem and it may overestimate transition
energies. Thus, some ingenious approaches have been proposed
and well applied recently, the optimal Hartree-Fock (OHF) method,
LC-wPBE method and LC-BLYP method [27—29]. Here, we calcu-
lated the emission wavelength in gas and solid phase with different
percentage of HF exchange incorporated within the functionals (HF
%), all data are collected in Tables S1 and S2. Comparing with the
experimental values (606 nm in neat film), BMK is determined and
the following calculation is carried out with the BMK functional.

3.1. Influence of intermolecular interaction

To shed light on the influence of molecular surroundings to
electroluminescence properties of FDQPXZ, selected geometry pa-
rameters (marked out in Fig. 1a) are listed in Table 1. Through
analysis, we know B1 and B2 are weakly changed from gas phase to
solid phase, and B3 possesses the maximum changes about 0.011 A
of T1 state from gas phase to solid phase. The calculated 03 is 82.3°
in SO state which is consistent with the experimental result (81°).
Moreover, a restricted dihedral angle change of 63 can be seen
when molecule transfers from gas phase to solid phase, for
example, 63 changes about 7.2° (from SO to S1) and 42.7° (from SO
to T1) in gas phase, while these changes become 2.7° and 19.4° in
solid phase. Thus an obviously restricted intramolecular rotation
(RIR) can be seen which is caused by intermolecular interaction of
neat film, and a small non-radiative decay rate can be expected in
solid phase.

Moreover, the selected frontier molecular orbital distributions
and orbital energies are shown in Fig. 3. As picture shows, HOMO is
distributed on the donor part and LUMO is localized in the acceptor
unit, and a typical D-A type feature can be found. Besides, inter-
molecular interactions almost have no effect on the distribution of
HOMO and LUMO, but can increase the energy of HOMO greatly,
thus a decreased HOMO-LUMO gap can be found in solid phase.
Further, we calculated the UV-absorption and emission spectrums
in toluene (Fig. 4a) and neat film (Fig. 4b). In toluene, the strong
absorption peak at 317 nm (Exp: 334 nm) is attributed to the =-7*
transition and the weak absorption at 444 nm (Exp: 400—500 nm)
is assigned to the CT absorption from the donor to acceptor. An
orange emission at 591 nm (Exp: 606 nm) of neat film can be seen,
and the calculated phosphorescence wavelength is 624 nm (Exp:
616 nm in 77 K). All these data are in good agreement with the
experimental results, and this can provide support for our adopted
QM/MM method, ONIOM model and the selected BMK functional.

3.2. Huang-Rhys factor and reorganization energy

Huang-Rhys factor and reorganization energy are two effective
ways to measure the non-radiative consumption of excited state
energy. Schematic diagram is shown in Fig. 2 and corresponding
data are collected in Table 2. We divide Ags, Aes and A5 into the
contribution of bond length, bond angle and dihedral angle
respectively, and detailed percentages are shown in Figs. S1 and S2.
The contribution from bond length takes the major part for Ags, Aes
and /,y;, the total reorganization energy of FDQPXZ is 724.1 meV and
673.4 meV in gas and solid phase respectively, and the decreased
energy (50.7 meV) is mainly contributed by changes of dihedral
angle (39.7 meV) with the variation of bond length is 0.5 meV and
bond angle is 10.5 meV. This is consistent with the result collected
in Table 1, the rotation of dihedral angle is suppressed when
molecule is in solid phase.

Further, we analyze the HR factor of each normal mode which is

Table 1
The selected bond lengths (B1, B2 and B3 (A)) as well as dihedral angles (01, 62 and
63 (°)) marked in Fig. 1a for SO, S1 and T1 states in gas and solid phase respectively.

Geometry Gas Solid
SO S1 T1 SO S1 T1

01 143.8 142.6 142.0 155.5 153.1 160.3
02 143.9 149.1 154.5 1234 120.5 127.4
03 82.3 89.5 125.2 91.0 93.7 71.6
B1 1.496 1.500 1.498 1.497 1.498 1.496
B2 1.496 1.492 1.481 1.496 1.496 1.489
B3 1.420 1.436 1.403 1.420 1.437 1414




352 L. Lin et al. / Organic Electronics 51 (2017) 349—356

.
2 1 |
1 |
o~ [ !
> 3} | |
2 I
S |
> " 3.97eV | 3.60eV
D 4t I
o I
c [ |
1] | 1
5| " =22V Homo
3 oV5.51ev ‘g,
h4 : i %99 e a2
6L 3°9%0® 3wy
sgdeteteds gf™
P45 e
J
Gas phase Solid phase

Fig. 3. Frontier orbital distributions and their energy gaps of FDQPXZ in gas and solid
phase respectively.
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Fig. 4. The calculated absorption and emission spectrums for molecule in toluene (a)
and in solid phase (b).

Table 2
Contributions to the reorganization energies (meV) from bond length, bond angle,
and dihedral angle of FDQPXZ in the gas and solid phase.

Gas Solid

Ags Aes Aall Ags Aes Aall
Bond length 246.3 250.7 497.0 248.8 247.7 496.5
Bond angle 46.6 49.2 95.8 40.4 449 85.3
Dihedral angle 393 92.0 1313 211 70.5 91.6
Total 3322 3919 7241 3103 363.1 673.4

an important parameter in measuring the extent of the electron-
vibration coupling shown in Fig. 5a and Fig. 5b. Comparing these
HR factors, two distinct features can be found: (I) The maximum HR
factor of FDQPXZ calculated in gas phase is about 2 times bigger
than that in solid phase. (II) Vibration modes with large HR factor
(>0.5) all appear in the low frequency region (<500 cm™!) such as
24.0 cm™! (HR = 3.49) and 28.8 cm ™! (HR = 1.57) in the gas phase,
and no HR factor is larger than 1.4 in the solid state. Through
analysis, we know the vibration modes especially these in low
frequency regions are restricted, and these vibration modes with
large HR factors in the gas phase are the out-of-plane twisting
motion of PXZ which brings the change of the dihedral angle 63
(show as insets in Fig. 5a and b). Besides, the reorganization energy
(Ags) versus vibration mode both in gas phase and solid phase are
shown in Fig. 5¢ and d. We find that (I) The Ag contributed by
dihedral angle is 39.3 meV in gas phase whereas it decreases to
21.1 meV is solid phase (shown in Table 2), with the decreased
energy is 18.2 meV (II) Ags in low frequency modes (<500 cm™ 1) is
decreased about 15.9 meV from gas phase to solid phase. This can
confirm that, the intermolecular interaction in solid phase can
restrict the low-frequency rotation of PXZ, and further brings
decreased reorganization energies. Similar conditions can be ac-
quired by analyzing Aes, details are shown in Fig. S3. Due to the
twisted molecular configuration of FDQPXZ, we neglect the intra-
molecular interaction such as intramolecular hydrogen-bonding
and intramolecular m-m stacking interaction. More interests can
refer to Tang's and Duan's work [30—32].

3.3. Excited state dynamics and quantum efficiency

In order to investigate the excited state dynamics, the energy
landscape is necessary. Through TD-DFT calculations, the vertical
excitation and adiabatic excitation energy diagrams are shown in
Fig. 6. As we know, the vertical excitation energy can be used to
measure the UV-absorption properties, and a precise adiabatic
energy is needed to evaluate the emission properties. The calcu-
lated adiabatic energy gap between S1 and T1 is 0.06eV which is
corresponding well with the 0.04eV measured by the fluorescence
(298 K) and phosphorescence (77 K) spectrum experimentally.
Thus, a fast reverse intersystem crossing process can be expected.
Besides, the spin-orbit coupling constants (with the unit of cm™!)
between S1 and selected triplet states (T1, T2 and T3) calculated by
Dalton package are listed in Table S3 [33]. It can be seen that the
spin orbit coupling constants are all quite small both in gas phase
and solid phase for organic molecule, so, a wise way to enhance the
delayed fluorescence is decreasing the S1-T1 gap. According to the
theory described in supporting information, the radiative and non-
radiative decay rate as well as the ISC and RISC rate between
selected singlet and triplet states are calculated and listed in
Table 3.1t is found that the non-radiative decay rate (K3,) from S1 to
S0 is 9.82 x 108 s~! which is comparable with the radiative decay
rate (K7) and the ISC (Kjsc) rate, moreover, the calculated non-
radiative decay rate in gas phase is 9.10 x 10'° s~ To confirm the
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Fig. 6. The energy landscape of vertical excitation (a) and adiabatic excitation energy (b) for FDQPXZ in solid phase.

reliability of the internal conversion rate in our calculation, we plot
the log Ky (AE (eV)) parabola in Fig. 7. No vibrational feature is
found in both two lines, which indicates the accuracy of the
calculated K. Thus, we know the intermolecular interactions can
effectively hinder the non-radiative consumption of the excited

state energy. All these investigations demonstrate the importance
of molecular interaction for theoretical simulating the working
principle of OLEDs. Due to the quasi-degenerate triplet excited
states and intermediate energy levels between S1 and T1, we define
the effective ISC and RISC rate as
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Table 3
The calculated rate constants of radiative and non-radiative as well as ISC and RISC of FDQPXZ in solid state.
K3(s™) KT(s™h) K(s™) Kl(s™h Kisc (s™) Krisc (s™) Kisc (s™) Krisc (s™) Kisc (s™) Krisc(s ™)
(S1-50) (T1—50) (S1-50) (T1-50) (S1-T1) (T1—S1) (S1-T2) (T2—-S1) (S1-T3) (T3-51)
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These effect rate constants for ISC and RISC are defined ac-
cording to the distribution probability. Based on the formula above,
we can obtain the effective ISC and RISC rate are 6.21 x 10° s~ ! and
215 x 10° s~ ! respectively in solid state. In addition, Penfold and
Gibson et al. have demonstrated that the non-adiabatic coupling
between the lowest local excitation triplet (°LE) and lowest charge
transfer triplet (3CT) can open the possibility for second order
coupling effect [34—39]. And this effect promotes ISC and RISC
processes. In our manuscript, the ISC and RISC rates are calculated
based on the Fermi's golden rule and first order perturbation theory
(shown in SI), the second order coupling between these excited
states with the same spin multiplicity is not considered in our
calculation which is being actively pursued. Furthermore, combing
the adiabatic energy landscape with the calculated radiative and
non-radiative decay rates, the excited state dynamics for thermally
activated delayed fluorescence molecule FDQPXZ is shown in Fig. 8.
From Fig. 8, efficient hole and electron are injected from the anode
and cathode respectively. The singlet and triplet excitons are
generated with the ratio of 1:3, and 8.2% of singlet excitons are
directly emitted as prompt fluorescence (PF) and 5.5% of them are
transferred to triplet states through the ISC process, most of them
(86.3%) are wasted non-radiatively. Under the electrical excitation
in OLEDs, the theoretical maximum internal quantum efficiency
(IQE) of the TADF-OLEDs can be estimated by following equations

(o]

k Disc Prisc
Dpr = DD, bpp = ———————Ppf. 9
DF k§:1 (Prsc Prisc)” Prr = 17— py—— 9)

0.75 + 0.25(1 — ®pf)

IQE = yn,np = v |0.25@pr + T
— ¥PF

DPpE| - (10)

where v is the ration of charge combination to the electron and hole
transportation. The calculated @pr @5, Prisc and @pr is 8.2%, 5.5%,
99.6% and 0.5% respectively, further, the IQE can be estimated to be
2.6%. However, the experimental result shows that the EQE can
reach to 9% in device (CBP:PBD:FDQPXZ = 70:20:10, 40 nm). Dif-
ference between theoretical calculation and experimental mea-
surement is caused by the large non-radiative decay process from
S1 to SO. As a matter of fact, the OLED emitting layer is composed by
host and guest molecules, the thermally activated delayed fluo-
rescence molecules of FDQPXZ (guest) are made into device in the
host-guest system. Here, we only calculated the photophysical
properties in the neat film of guest. The packing mode of host-guest
system can be obtained by performing molecular dynamics (MD)
simulation, [40,41] which will be studied in advance. Furthermore,
the importance of intermolecular interaction for theoretical simu-
lation of the working principle of OLEDs is demonstrated.

3.4. Transfer integral and charge transfer rate

As illustrated in the previous chapter, the charge transport
property is an important factor to determine the external quantum
efficiency and efficiency roll-off of device. Good injection, bipolar
and balanced hole and electron transfer in FDQPXZ neat film is
expected to obtain successful TADF-OLEDs. Charge transfer prop-
erties are related to the charge reorganization energies. Moreover,
molecular charge reorganization energy strongly depends on the
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configuration differences between neutral and cationic (anionic)
states. Thus, we calculate the reorganization energy by the normal
mode analysis (NM) to determine the contribution of each vibra-
tion mode, and corresponding data are shown in Figs. S4 and S5.
Through comparison, we know the total reorganization for cationic
state (345.8 meV) is much smaller than that of anionic state
(687.2 meV), and this indicates a restricted geometry change for
cationic state. Further, a better hole transfer property of FDQPXZ
can be expected than electron transfer and this prediction can be
confirmed in the following chapter.

As illustrated in “Computational details” chapter, another
important factor that can influence the transfer rate is the transfer
integral. Based on the crystal structure, the charge transfer path-
ways are shown in Fig. 9, no obvious 7t-7v stacking interaction can
be found in the neat film and this can help to avoid the aggregation
caused quenching (ACQ) effect, meanwhile a small charge transfer
rate can be generated inevitably compared with the traditional p-
type and n-type organic semiconductors. Representative transfer
integral values are 16.3 meV, 6.9 meV and 1.9 meV with the electron
transfer rate 6.7 x 10° s71, 1.2 x 10° s~ ! and 9.3 x 107 s~! respec-
tively. Thus, for different packing model in crystal structure, the
transfer integral largely depends on the relative positions of the
two involved sites which can greatly change the transfer rate.

3.5. Hopping mechanism

Based on the abovementioned results, the kinetic Monte Carlo
approach is adopted to simulate the hole and electron transfer
process in organic single crystal systems. The squared displacement
versus the transfer time is shown in Fig. 10. Although, the individual
displacement is disordered, a quite liner relationship can be found

0 meV
14.673A

4 meV
14.229A

9.697A

Fig. 9. Hole transfer pathways with transfer integral and distance for neat film of
FDQPXZ. (a) X-axis view, (b) Y-axis view.
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Fig. 10. Hole transport trajectories versus time. The straight line (black) is the average
values of the square displacements versus time.

between the average values of all trajectories with the time. Based
on the Einstein equation, the calculated average mobility is
0.13 cm?/V and 0.63 x 10~3 cm?/V for hole and electron respectively
at 298 K. Thus, we know, the FDQPXZ neat film is a hole transfer
material and this is due to the molecular component PXZ who
possesses a good hole transfer ability and often be used an efficient
electron donor part. Besides, the temperature dependence of the
charge mobility is an important property for organic molecular
materials. The calculated hole and electron mobility increases with
the improvement of the temperature (show in Fig. 11), and the
calculated reorganization energies of hole (345 meV) and electron
(687 meV) are all larger than hole (24 meV) and electron (16 meV)
transfer integral. All these features (%> 0, A > V) indicate a hop-
ping mechanism for FDQPXZ neat film. So, the FDQPXZ is p-type
material and possesses the hopping model feature.

4. Conclusion

In summary, we investigate the excited state dynamics and
hole-electron transfer properties through the QM/MM method and
kinetic Monte Carlo simulation for the FDQPXZ film. Results show
that the rotation of donor can be efficiently restricted by enhanced
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Fig. 11. Temperature dependence of the mobility of FDQPXZ (neat film).
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intermolecular interaction in solid phase, this brings a decreased
non-radiative decay rate and the non-radiative consumption ways
of the excited state energy are hindered. Furthermore, through
comparing the reorganization energy in gas phase (724.1 meV) and
in solid phase (673.4 meV), we know the decreased reorganization
energy (50.7 meV) is mainly contributed by dihedral angle
(39.7 meV) which is associated with the rotation of donor part in
low-frequency (<500 cm™') region. Furthermore, the hole and
electron transfer rates of FDQPXZ film are studied by Marcus theory
and the charge mobility is thus obtained through Monte Carlo
simulation. Results show that the film is a p-type material under
the hopping mechanism. Thus, the internal quantum efficiency and
charge mobility are investigated for orange-red organic light
emitting materials, and the importance of molecular interaction for
theoretical simulation of the working principle of OLEDs is high-
lighted. Moreover, the method adopted in this article not only can
provide a reasonable simulation for the emitting layers in OLEDs
but also can be used to reveal the aggregation-induced emission
(AIE) and aggregation-caused quenching (ACQ) phenomenon, and
corresponding studies are in process.
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