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Keywords: The optoelectronic and electronic properties of coronene ([6]circulene) and push-pull coronene molecules were
Push-pull substituted coronene predicted by using different computational chemistry programs. For this aim, the electron/hole reorganization
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energies, the adiabatic/vertical ionization potentials, the adiabatic/vertical electron affinities, the chemical
hardness values, the frontier orbital shapes and energy levels of the coronene and its derivatives were obtained at
B3LYP/6-31G(d) level. Then the energies of the studied molecules in Sy, S;, and T; states were calculated at
PBEO/TZP level. From the obtained results, the emission values and TADF parameters of the investigated
compounds were determined. Based on the theoretically obtained results, it was found that 6ethynyl-coronene
and 12ethynyl-coronene molecules can be used as electron transfer materials and 6cyano-coronene and
12cyano-coronene compounds can be utilized as hole transfer materials. Additionally, it was noted that 6NOo-
coronene and 12NHj,-coronene derivatives can be good candidates for electron blocking materials, while 6NHo-
coronene and 12NHj-coronene molecules can be utilized as hole blocking materials. Furthermore, it was
emphasized that both 6NHz-coronene and 12NHj-coronene molecules can be good candidates as both electron
injection and hole injection materials. Lastly, it was reported that 6ethynyl-coronene and 12cyano-coronene
structures can be considered the most suitable candidates for near infrared organic emitting diodes.

1. Introduction organic light emitting diode (OLED) from tris-(8-hydroxyquinoline)
aluminum complex (Alq3) by Tang and Van Slyke in 1987 [1]. During
More than thirty years have passed since the discovery of the first this time, enormous development of the OLED performance has been
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achieved in terms of efficiency, color, and lifespan thanks to improve-
ments in device engineering technology [2-7]. The efficiency has been
quadrupled by developing OLED compounds that can convert singlet
and triplet excitons into light [8,9]. The color quality has been
tremendously improved by obtaining OLED molecules that emit
high-purity red, green, and blue (RGB) light [10,11]. The lifespan has
also been sufficiently extended for commercial use [12,13]. As a result of
these developments combined with their light, flexible and thin struc-
ture, OLEDs have recently been widely used in small and large display
screens [14-16]. While small sized-OLED panels are preferred for
screens in smartphones, smartwatches, and portable gaming consoles,
whereas large sized-OLED panels are used for high-performance displays
in televisions, monitors, and signages [17-21]. After the widespread use
of OLEDs, the discovery of new QLED devices has continued in recent
years [22-24]. For instance, recently thermal activated delayed fluo-
rescence (TADF) materials have been developed recently that can
convert triplet excitons into light via reverse intersystem crossing (RISC)
[25]. Addition to this, near infrared (NIR) OLED materials have been
developed, which are used in important applications such as commu-
tation networks, night vision devices and bioimaging, since their emis-
sion peak wavelengths are above 700 nm [26].

The circulenes are the macrocyclic arene in which a central n-sided
polygon is surrounded and fused by benzenoids [27,28]. Nomenclature
in this class of compounds is based on the number of benzene rings
surrounding the core, which is equivalent to the size of the central
polygon [29]. The optimized structures hydrocarbon [n]circulenes from
the [3]circulene to [20]circulene were estimated by Hopf and coworkers
using computational chemistry tools [30]. They have calculated the
strain energy associated with the [n]circulenes compared to the energy
related to [6]circulene (coronene). From strain energies, they have
determined that the coronene structure is the most stable structure.
Moreover, coronene can be imagined as the smallest graphite sheet and
it are completely delocalized among the seven peri-fused aromatic
benzene rings [31,32]. In addition, coronene compounds can be stacked
closely in parallel with its adjacent molecule due to their unique flat
structure, allowing excellent self-assembly and increased mobility of
electrons [33,34]. Therefore, it can be considered as an important
building block that can be used in new optoelectronic structures as
OLED devices. Incorporation of heteroatoms into the coronene mole-
cules can be develop its optoelectronic properties [30,35]. As an alter-
native to this modification, substituted coronene derivatives with
electron with-drawing and electron-donating groups can also be taken
into account [36]. Because, it is well known that electron with-drawing
and electron-donating groups can be change the optoelectronic or
electronic properties of the compounds [36,37]. Additionally, the sym-
metry group of the coronene molecule is D6h [29]. The high symmetry
of the coronene compound causes fundamental restrictions in its
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electronic and vibrational spectra [38]. One way to reduce high sym-
metry is to attach a substituent to the molecule. Thus, the degree of the
symmetry-point group of the molecule can be reduced and the afore-
mentioned spectra can be improved.

The density functional theory (DFT) is a method that has been widely
used in recent years as it has a low calculation cost and greater accuracy
and is compatible with experimental result [39-42]. Additionally, the
DFT method gives reasonable results for numerous aromatic and/or
conjugated molecules [43-47]. The partial aims of this study are (1) to
optimize the structures of the neutral, cationic and anionic charged
states; (2) to determine energies of the highest occupied (HOMO) and
the lowest unoccupied (LUMO) molecular orbitals, and (3) to interpret
the electron and hole reorganization energies of push-pull substituted
coronene compounds given in Scheme 1 by DFT method with the help of
computational chemistry tools.

2. Methods

All calculations were performed by different computational tools,
which are Gaussian 16 [48], Amsterdam Density Functional (ADF) 2019
[49], and Schrodinger Suite 2021-2 [50] programs, in the vacuo.

In Gaussian program, the electron/hole reorganization energies, the
adiabatic/vertical ionization potentials, the adiabatic/vertical electron
affinities, and the chemical hardness values of the studied push-pull
coronene molecules were obtained at B3LYP/6-31G(d) level. Addition
to these calculations, the frontier orbital shapes, the lowest unoccupied
molecular orbital (LUMO) energy levels, the highest occupied molecular
orbital (HOMO) energy levels and energy gaps of the investigated
compounds were achieved at the same level.

In ADF program, the energies of the coronene and substituted cor-
onene molecules in Sy, S1, and T; states were calculated at PBEQ/TZP
level because previous studies have indicated that PBEO could be uti-
lized as a good hybrid functional for emission computations [51]. From
the results, the emission values and thermal activated delayed fluores-
cence (TADF) parameters of the studied molecules were computed.

In Schrodinger program, the reorganization energies, absorption/
emission values and TADF parameters of the aforementioned com-
pounds were calculated at B3LYP/MIDIXL level by using optimized
structures obtained at B3LYP/6-31G(d) level in Gaussian program.

Charge transfer rates (k) of the molecules can be predicted using
Marcus equation, expressed by Eq. (1) [52]:

_4n®exp(—2/4ksT)
T h AntksT

where V is the charge transfer integral, T is the absolute temperature,
and A is the reorganization energy which is sum of internal reorgani-
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Scheme 1. Molecular structures of coronene and its derivatives discussed in this paper.
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zation energy (Ain¢) and external (Aex) reorganization energy. In addition
to these descriptors, kg and h are the Boltzmann and Planck constants,
respectively. The charge-transfer rate of the compounds can be esti-
mated by two key parameters, which are V and A, at a certain temper-
ature. To examine V, crystal data is generally needed. However, the
designed molecules can be noncrystal, and the charge transfer integral is
very limited. Therefore, to interpret the charge transfer rates of the
studied molecules, their reorganization energies were taken into ac-
count. The reorganization energies are usually determined by a rapid
change in molecular geometry when a charge is removed or added from
compound (Ajy¢) and indicates the impact of enraptured medium on
charge transfer (Aex). The Ayt Was ignored in the previous studies
because there is an obvious correlation between A;,¢ and charge transfer
rates. For that reason, it was focused on the debate of the Aj,; to explain
the charge transfer rates of the investigated compounds in this paper.

The reorganization energies (As), the adiabatic/vertical ionization
potentials (IPs), and the adiabatic/vertical electron affinities (EAs) can
be calculated from single point energies via Egs. (2)-(7) [53-55].

de=(Ey —E_) + (E* —EY) @)
A= (Ey —E) + (B — Ey) ®
IPa=ET — E) @
IPv=Ef — E} )
EAa=E) — E- (6)
EAv=E — E; @

where, Ej(E;) presents the energy of the anion (cation) obtained
through the optimized neutral complex. Likewise, E- (E_) stands for the
energy of the anion (cation) calculated using the optimized anion
(cation) structure, E® (E%) defines the energy of the neutral compound
computed at the anionic (cationic) state. E8 also states the energy of the
neutral molecule at the ground state.

In addition to the aforementioned descriptors, to estimate the sta-
bility of molecules, the absolute chemical hardness () [56] can be
determined by the adiabatic ionization potential (IPa) and the electron
affinity (EAa) by Eq. (8):

n=(IPa— EAa) /2 8)

All investigated molecules are closed-shell systems. The emission
values of closed-shell systems can be predicted by utilizing the energy
differences between ground-state energy (Eg) and the lowest excited-
state energies (E;) of the compounds via Egs. (9) and (10):

AE=E, — E, (©)
A=hc/AE (10)
here, AE and X stands for the emission energy and wavelength, respec-
tively. c is the light speed and h is Planck constant.

Finally, TADF performance of molecules are estimated with the help
of Eq. (11) [57]:

AEgr = (ES, — ETy) (11

where, ES; is the lowest-energy excited singlet state, while ET; is the
lowest-energy excited triplet state.

3. Results and discussion
3.1. HOMO-LUMO analyses

Push-pull substituted coronene molecules are designed by attaching
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6 or 12 electron-donating and electron-drawing groups to the coronene.
Six-substituted coronene derivatives are labelled as 6X-coronene,
whereas twelve-substituted coronene derivatives are presented as 12X-
coronene. The studied coronene and push-pull substituted coronene
compounds are optimized at B3LYP/6-31G(d) level and the optimized
molecules are given in Tables S1 and S2. Additionally, Tables S1 and S2
show HOMO, LUMO shapes of the investigated molecules achieved at
the same level. It is apparent from Tables S1 and S1, in the chemical
systems substituted except for the systems having phenyl and 4-pyridyl
substituents, it can be seen that frontier orbitals of the studied structures
are also concentrated on the regions where substitutions are made.
Addition to this, it can be said that HOMO and LUMO orbitals are
delocalized on all molecules. On the other words, there is no the clear
spatial separation of the frontier orbitals of the compounds. This situa-
tion causes to the obtaining of a high AEgr for the investigated struc-
tures. Thus, it should be expected that all studied molecules will not be
used as TADF materials.

On the other hand, the assessment of frontier molecular orbital en-
ergy levels is useful to estimate OLED behaviors because it has been
reported that the HOMO and LUMO energy levels of molecules play an
important role in OLED performance [58]. According to the report,
higher exciton recombination occurs when the energy barrier between
OLED layers is lower than 0.4 eV. Additionally, the LUMO levels of the
molecules in the layer play a more important role than its HOMO levels
in the governance of exciton recombination. To product
high-performance OLEDs, particularly the differences between the
LUMO values of the molecules located next to each other in the OLED
layers should be considered. For that reason, the HOMO and LUMO
energy levels of the studied compounds are also calculated at the
B3LYP/6-31G(d) level and the obtained results are presented in Tables 1
and 2.

Within the framework of the HOMO and LUMO values given in Ta-
bles 1 and 2, the high-performance OLED structure consisting of the
studied coronene and substituted coronene molecules can be designed.
For instance, 60H-coronene and 6phenyl-coronone compounds can be
found in adjacent layers because their LUMO energy difference is 0.03
eV or 12Cl-coronene and 12Br-coronone molecules can be found in
adjacent layers because their LUMO energy difference is 0.01 eV.

3.2. Reorganization energies

Reorganization energies, which are electron and hole reorganization
energies, play a significant role in material efficacy for optoelectronic
devices such as OLEDs. In the scope of Marcus theory, it is well-known
that a small reorganization energy facilitates acceleration of the inter-
molecular charge hopping rate and develops the emission quantum yield
for intramolecular excitations by decreasing the nonradiative decay
rate. Therefore, the electron and hole reorganization energies of the
studied coronene and substituted coronene derivatives are calculated at
the B3LYP/6-31G(d) level and are given in Tables 1 and 2 Referring to
Table 1, it can be shown that the electron reorganization energies of all
compounds except for 6NH,-coronene, 60H-coronene, and 6NO,-coro-
nene derivatives are higher that of standard electron transport materials
(ETL) which is AlQ3 (Ae = 0.276) [59]. Therefore, the investigated
compounds except for 6NHs-coronene, 60H-coronene, and 6NO,-cor-
onene derivatives can be proposed as ETL materials because of their low
electron reorganization energies compared to the standard ETL com-
pound. Moreover, it is can be said that the 6ethynyl-coronene derivative
can be used as best ETL molecules among the studied all compounds.
Considering the calculated hole reorganization energies from Table 1, it
may be stated that the hole reorganization energies of all compounds
except for 6NH-coronene and 60H-coronene derivatives are higher that
of standard hole transport materials (HTL) which is TPD (A, = 0.290)
[60]. For that reason, these structures except for 6NH,-coronene and
60H-coronene molecules can be recommended as HTL molecules due to
their low hole reorganization energies compared to the standard HTL
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Table 1

The achieved computational chemical parameters (all in eV) of the studied 6X-coronene molecules at B3LYP/6-31G(d) level.
6X HOMO LUMO e Ah IPa IPv EAa EAv n
-H —5.45 —-1.41 0.18 0.13 6.79 6.85 0.11 0.03 3.34
-BH, —6.38 —-2.96 0.16 0.18 7.52 7.61 1.86 1.79 2.83
-CH3 —5.18 -1.25 0.17 0.13 6.39 6.46 0.07 —0.02 3.16
-NH, —4.42 —0.78 0.31 0.45 5.48 5.70 —0.35 —0.51 2.91
-OH -5.23 —1.47 0.32 0.30 6.42 6.58 0.29 0.13 3.06
-F —-5.99 —-2.02 0.23 0.20 7.29 7.39 0.75 0.63 3.27
-Cl —6.28 —2.45 0.20 0.18 7.44 7.53 1.30 1.20 3.07
-Br —6.21 —2.42 0.20 0.16 7.32 7.40 1.31 1.21 3.00
-CN —7.44 -3.81 0.15 0.11 8.59 8.65 2.67 2.59 2.96
-NO, -7.70 —4.14 0.36 0.20 8.85 8.95 3.11 2.92 2.87
-C=CH —5.66 —2.18 0.14 0.11 6.74 6.80 1.10 1.03 2.82
_@ —5.23 -1.50 0.22 0.18 6.16 6.25 0.60 0.49 2.78

6.96 7.04 1.38 1.24 2.79

VA —6.00 -2.26 0.27 0.16
N

Table 2

The obtained computational chemical parameters (all in eV) of the studied 12X-coronene compounds at B3LYP/6-31G(d) level.
12X HOMO LUMO re Ah Pa Pv FAa EAv n
-H —5.45 —1.41 0.18 0.13 6.79 6.85 0.11 —-0.09 3.34
-BH, —6.05 —2.87 0.19 0.17 7.16 7.24 1.81 1.72 2.67
-CH3 —4.80 -1.16 0.21 0.18 5.91 6.00 0.08 —0.03 2.92
-NH, —-3.96 —0.58 0.56 0.54 4.90 5.18 —0.36 —0.64 2.63
-OH —4.63 —-1.09 0.31 0.29 5.79 5.94 —0.07 —-0.22 2.93
-F —6.35 —2.56 0.27 0.25 7.61 7.74 1.30 1.17 3.16
-Cl —6.55 -3.18 0.26 0.21 7.59 7.70 2.16 2.03 2.72
-Br —6.35 -3.09 0.25 0.18 7.34 7.42 2.14 2.01 2.60
-CN —8.45 -5.31 0.16 0.11 9.49 9.54 4.29 4.21 2.60
-NO, —8.73 —5.40 0.37 0.22 9.75 9.86 4.45 4.26 2.65
-C=CH —5.52 —2.59 0.14 0.11 6.48 6.54 1.64 1.57 2.42
_@ —5.09 -1.64 0.22 0.19 5.86 5.96 0.88 0.77 2.49

7.05 7.13 2.03 1.90 2.51

VAN —6.23 —2.80 0.26 0.17
N

material. In addition to this, one says that the 6ethynyl-coronene and
6cyano-coronene derivatives can be utilized as good HTL materials
among the investigated all molecules. Taken into consideration calcu-
lated low electron and hole reorganization energies from Table 1, it is
required to note that 6ethynyl-coronene and 6cyano-coronene mole-
cules can be used as ambipolar material. Moreover, it is shown from
Table 1 that the molecule having the highest electron reorganization
energy (0.36 eV) is 6NOs-coronene. Thus, it can be stated that
6NO,-coronene can be proposed as an electron blocking layer (EBL)
material because of its high A, value [61]. In addition, it is apparent from
Table 1 that molecules with the highest hole reorganization energy
(0.45 eV) is 6NH,-coronene. Therefore, it can be stated that 6NH5-cor-
onene can be considered as hole blocking layer (HBL) materials due to
their high Ay, values [61].

Considering reorganization energies given in Table 2, it is shown that
the electron reorganization energies of 12X-coronene molecules are
generally increased compared to those of 6X-coronene derivatives.
Additionally, a trend similar to that of 6X-coronene is observed in
reorganization energies taken into account. In other words, it can also be
said from data given in Table 2 that the electron reorganization energies
of all compounds except for 6NH;-coronene, 60H-coronene, and 6NO»-
coronene structures are higher that of is AlQ3. It can be noted from
Table 2 that 12X-coronene molecules having lower electron reorgani-
zation energies from that of AlIQ3 can be suggested as ETL materials and
12ethynyl-coronene molecule within these compounds can be used as
the best ETL material. From hole reorganization energies given in
Table 2, it can be noticed that the hole reorganization energies of all
coronene structures except for 12NHjy-coronene molecule are higher

that of TPD. Thus, all 12X-coronenes except for 12NHy-coronene can be
utilized as HTL materials owing to their lower hole reorganization en-
ergies compared to that of TPD. Furthermore, it can be stated that the
12ethynyl-coronene and 12cyano-coronene can be used as good HTL
materials within the studied 12X-coronenes. Additionally, it is impor-
tant to note that 12ethynyl-coronene and 12cyano-coronene molecules
can be suggested as ambipolar material. It can also be seen from data
given in Table 2 that the coronene derivative having the highest electron
reorganization energy (0.56 eV) is 12NHjy-coronene. Thus, it can be said
that 12NHy-coronene can be considered as an electron blocking layer
(EBL) material because of its high A. value [61]. In addition, it is obvious
from Table 2 that substituted coronene with the highest hole reorgani-
zation energy (0.54 eV) is 12NHs-coronene. Therefore, it can be stated
that 12NHjy-coronene can be considered as hole blocking layer (HBL)
materials due to their high Ay, values [61]. From the high reorganization
energies, it should be noted that 12NH;-coronene can be used as both
EBL and HBL materials.

3.3. Ionization potentials and electron affinities

Ionization potentials and electron affinity values are useful de-
scriptors used to estimate the materials in the injection layers of OLED
structure. Therefore, the adiabatic/vertical ionization potential and the
adiabatic/vertical electron affinity values of the studied coronene and
push-pull coronene compounds are calculated at B3LYP/6-31G(d) level
and the obtained results are tabulated in Tables 1 and 2 As shown in
Table 1, the coronene derivative having the lowest ionization potential
and electron affinity value is 6NHa-coronene molecule. For that reason,
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it can be said that 6NHy-coronene can be used as a good electron in-
jection layer (EIL) compound and a good hole injection layer (HIL)
material [62]. Taken into account Table 2, it can be said that
12NHjy-coronene can be utilized as good EIL and HIL materials. As a
result, one says that the amino group causes the coronene molecule to
act as good EIL and HIL materials.

3.4. Chemical hardnesses

Chemical hardness value calculated from Koopmans’ theorem is a
useful quantum chemical parameter used in many theoretical studies
[63]. In this study, it can be used to predict the stability of materials used
in OLED layers. For that reason, the chemical hardness values of the
coronene and coronene derivatives are computed at B3LYP/6-31G(d)
level. The calculated chemical hardness values are given in Tables 1
and 2 Considering Tables 1 and 2, it is clearly seen that the compound
with the highest hardness value is unsubstituted coronene. Thus, it can
be stated that coronene is the most stable molecule among all the
compounds studied. Addition to this, one can say that the investigated
substituents reduce the stability of the coronene.

3.5. TADF performances

The absorption calculations of studied molecules are carried out at
B3LYP/TZP level. From absorption spectra, the maximum oscillator
strengths for SO—S1 transitions are determined and these values are
given in Tables 3 and 4. Considering to Tables 3 and 4, it can be seen that
the oscillator strengths of studied molecules are is quite high. This
means that the SO—S1 transition in all investigated compounds can be
quite easy. From data given in Tables 3 and 4, it can be said that the
n-conjugated substituents increase the oscillator strengths of coronene
structure.

TADF OLED performance of molecules can be estimated from the
energy difference between S1 and T1 levels in the compound. In addi-
tion, the S1-T1 value of compound must be less than 0.2 eV for efficient
TADF OLED material. To estimate TADF OLED performance of the
studied structures, the energies of the coronene and push-pull coronene
structures in Sy, S1, and T states are calculated at PBEQ/TZP level. The
S1-T1 energy differences obtained through the calculations made are
presented in Tables 3 and 4 Referring to Tables 3 and 4, it is obviously
seen that the S1-T1 values of all studied compounds are considerably
higher than the aforementioned reference value. Therefore, it can easily
be said that the investigated coronene and coronene derivatives could
not good candidate for TADF OLED materials.

Table 3
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3.6. NIR properties

Near-Infrared organic (carbon-based) light-emitting diodes (NIR
OLEDs) are a class of OLEDs that emits light beyond 700 nm wavelength.
For NIR OLED candidates, emission wavelength of the compound should
be above 700 nm. From energy values calculated from geometries in Sy,
S1, and Tj states, fluorescence and phosphorescence emission wave-
lengths are roughly determined and the obtained results are given in
Tables 3 and 4 As shown in Table 3, the fluorescence and phosphores-
cence emission wavelengths of coronene are calculated as 380 and 516,
respectively. Considering the effect of the substituents on the emission
values, it can be said that all of the substituents examined show a
bathochromic effect by increasing the aforementioned emission wave-
lengths of coronene. Despite the bathochromic effect, it is required to
mention that the investigated 6X-coronene derivatives could not be
candidate for NIR OLED materials because their emission values are
below 700 nm. However, among the substituted coronene molecules, it
can be said that the phosphorescence emission wavelengths of 6ethynyl-
coronene molecule is near to infrared region. Referring to Table 4, it is
seen that 12 substituents have a greater bathochromic effect on the
emission of coronene than 6 substituents. From the emission values
obtained in Table 4, it is shown that the phosphorescence emission
wavelengths of 12cyano-coronene and 6ethynyl-coronene molecules
among 12X-coronene compounds are in the NIR region. Based on these
results, it can be stated that 12cyano-coronene and 6ethynyl-coronene
derivatives can be proposed as NIR OLED materials.

3.7. A simple way to predict the OLED parameters

The computational cost of OLED descriptor in some computational
chemistry software such as Gaussian and Amsterdam Density Functional
programs are very high. For example, the seven energy values which are
Ey, EJ, EZ, EX, E°, EY, EJ must be obtained for the calculation of the
reorganization energies in Gaussian program or to find the energy dif-
ference between S1 and T1 levels is required to calculate the energies of
the lowest-energy excited singlet and the lowest-energy excited triplet
states in Amsterdam Density Functional program. In this study, a way
has been proposed to reduce the cost of the calculations mentioned.
Aforementioned OLED parameters can be easily calculated B3LYP/
MIDIXL level in the Schrodinger program using the optimized structures
obtained in the Gaussian program. This means that the calculation cost
is considerably reduced. The results obtained from the compounds
studied in this way are presented in Tables 5 and 6. In addition to the
values obtained in other programs, absorption values are provided as
well in the same table. When Table 5(6) is compared with Table 1(2) and
3(4), it is clearly seen that the OLED parameters obtained in different

The oscillator strengths for SO—S1 transitions, the energy differences (eV) between the ground (S0) and the singlet (S1)/the triplet (T1) states of the examined 6X-
coronene molecules at B3LYP/TZP level and the emission wavelengths (nm) corresponding to these differences.

6X fiso=s1) S1-S0 T1-SO S1-T1 Fluorescence Phosphorescence
-H 1.45 3.26 2.40 0.86 380 516
-BH, 0.67 2.81 2.10 0.71 442 591
-CH;3 0.85 3.15 2.34 0.81 394 530
-NH, 0.74 2.92 2.21 0.71 425 562
-OH 0.72 3.06 2.28 0.77 406 543
-F 0.73 3.21 2.37 0.84 386 523
-Cl 0.83 3.05 2.23 0.82 406 556
-Br 0.86 3.04 2.24 0.81 407 555
-CN 0.90 2.95 2.12 0.84 420 586
-NO» 0.64 2.94 2.16 0.78 422 573
-C=CH 0.98 2.82 2.01 0.81 440 618
_@ 1.31 3.01 2.23 0.78 411 555
0.78 410 553

g 1.23 3.02 2.24
N




C. Demir and A. Ungordii

Table 4
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The oscillator strengths for SO—S1 transitions, the energy differences (eV) between the ground (S0) and the singlet (S1)/the triplet (T1) states of the investigated 12X-
coronene structures at BALYP/TZP level and the emission wavelengths (nm) corresponding to these differences.

12X fso—s1) S1-S0 T1-SO S1-T1 Fluorescence Phosphorescence
-H 1.45 3.26 2.40 0.86 380 516
-BH, 1.22 2.59 1.95 0.64 479 637
-CHj3 0.81 2.87 2.09 0.79 431 594
-NH, 0.74 2.68 1.96 0.72 463 634
-OH 0.76 2.89 2.12 0.78 428 585
-F 0.74 3.10 2.25 0.85 400 551
-Cl 1.45 2.63 1.91 0.72 472 651
-Br 0.64 2.54 1.82 0.71 488 680
-CN 0.88 2.57 1.74 0.83 483 714
-NO, 0.65 2.85 2.03 0.82 435 610
—C=CH 1.78 2.35 1.59 0.76 527 778
_@ 1.15 2.86 1.93 0.93 434 644
0.97 424 635

VA 1.17 2.92 1.95
N

Table 5

The obtained reorganization energies (eV), absorption wavelengths (nm),
emission wavelengths (nm), and TADF parameters (eV) of the mentioned 6X-
coronene molecules at B3LYP/MIDIXL level.

6X e Ah Lmax Emax S1-T1
-H 0.12 0.16 280 396 0.81
-BH,» 0.17 0.15 352 465 0.63
-CH;3 0.13 0.16 292 408 0.77
-NH, 0.44 0.31 320 437 0.71
-OH 0.30 0.32 304 424 0.76
-F 0.19 0.22 286 402 0.80
-Cl 0.17 0.19 301 419 0.77
-Br 0.17 0.20 307 423 0.75
-CN 0.11 0.14 319 442 0.71
-NO» 0.21 0.19 348 453 0.69
-C=CH 0.10 0.13 337 463 0.69
0.17 0.21 321 438 0.74

_</:\/\ 0.16 0.26 320 437 0.71
N

Table 6

The obtained reorganization energies (eV), absorption wavelengths (nm),
emission wavelengths (nm), and TADF parameters (eV) of the mentioned 12X-
coronene molecules at B3LYP/MIDIXL level.

12X he Ah Lmax Emax S1-T1
-H 0.12 0.16 280 396 0.81
-BH, 0.15 0.18 382 507 0.58
-CH;3 0.17 0.20 319 454 0.83
-NH, 0.51 0.54 345 484 0.69
-OH 0.29 0.29 318 449 0.73
-F 0.24 0.26 296 420 0.80
-Cl 0.21 0.26 352 495 0.76
-Br 0.17 0.28 380 518 0.74
-CN 0.09 0.14 369 518 0.63
-NO» 0.15 0.37 354 472 0.78
-C=CH 0.11 0.13 407 564 0.62

_@ 0.19 0.31 344 463 0.89
_</:/\\N 017 0.26 337 459 0.89

computational programs are compatible. In this case, it is important to
report that OLED descriptors can be easily obtained with the
Schrodinger program using optimized structures because the mentioned
way has low computational cost.

4. Conclusions

In this study, the coronene and push-pull substituted coronene
molecules are theoretically designed via different computational
chemistry tools. The optoelectronic and the electronic properties of the
mentioned coronene molecules are estimated using quantum chemical
descriptors. From theoretical obtained results, it can be said that 6ethy-
nyl-coronene (or 12ethynyl-coronene) and 6cyano-coronene (or
12cyano-coronene) derivatives can be proposed as good candidates for
ETL and HTL materials, respectively. Moreover, it can be stated that
6NO,-coronene (or 12NHs-coronene) and 6NH;-coronene (or 12NHs-
coronene) derivatives can be predicted as good candidates for EBL and
HBL compounds, respectively. Furthermore, it is required to note that
both 6NH5-coronene and 12NH,-coronene molecules can be considered
both EIL and HIL materials. Finally, it can be said from values given in
related to tables that 6ethynyl-coronene and 12cyano-coronene struc-
tures can be suitable candidates for NIR OLED materials.
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