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Abstract

Carbazole-triazine dendrimers with a bulky terminal substituent were synthesized,
and the thermally activated delayed fluorescence (TADF) property was investigated.
Compared to unsubstituted carbazole dendrimers, dendrimers with bulky termi-
nal substituents showed comparable to better photoluminescence quantum yields
(PLQY) in neat films. Phenylfluorene (PF)-substituted dendrimers showed the high-
est PLQY of 81%, a small AEy of 0.06 eV, and the fastest reverse intersystem
crossing (RISC) rate of ~1 x 10° s~! compared to other dendrimers. Phospho-
rescence measurements of dendrimers and dendrons (fragments) indicate that the
close proximity of the triplet energy of phenylfluorene-substituted carbazole den-
drons (CLE) to that of phenylfluorene-substituted dendrimers (!CT, 3CT) contributes
to RISC promotion and improves TADF efficiency. Terminal modification fine-tunes
the energy level and suppresses intermolecular interactions, and this study pro-
vides a guideline for designing efficient solution-processable and non-doped TADF
materials.

KEYWORDS
dendrimer, OLED, TADF

design concept of TADF materials is that the intramolecular
separation of highest occupied molecular orbital (HOMO)

Thermally activated delayed fluorescence (TADF)!'! mate-
rials, which are inexpensive and highly efficient alternatives
to fluorescent and phosphorescent materials as light-emitting
materials for organic light-emitting diodes (OLEDs),!?! have
been attracting attention and were being vigorously studied
for higher efficiency in terms of photoluminescence quantum
yield (PLQY),*! reverse intersystem crossing (RISC) rate,!*]
narrow emission bandwidth,°! and device stability.!®] The

and lowest unoccupied molecular orbital (LUMO) results in
a small AEqt (energy difference between singlet and triplet
excited states). The importance of controlling higher triplet
state (Tn) energy levels to increase the RISC rate has also
been pointed out through an increase in the spin—orbit cou-
pling (SOC) between the charge-transfer singlet ('CT) and
locally excited triplet ’LE) states through the Tn levels.!”]
Reducing the energy gap between the charge-transfer singlet
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('CT), charge-transfer triplet (*CT), and locally excited
triplet CLE) states maximizes the SOC and RISC processes.
Small AEgr and large SOC are believed to achieve a fast
RISC of the triplet exciton to the singlet state at room tem-
perature and enable an internal quantum efficiency (IQE) of
100% in an OLED device.

A large fraction of the reported TADF OLEDs have been
fabricated by the vacuum deposition method employing low-
molecular-weight materials.[8] However, there are several
problems with the restricted thermal stability of the OLED
materials, low material utilization during deposition, man-
ufacturing complexity, and time and energy consumption.
OLED device fabrication methods using solution process
are gaining attention to address these issues and reduce
product costs.!”l Employing a non-doped emissive mate-
rial layer can also simplify the device fabrication process
because optimization (selection) of the host, doping concen-
tration, and consideration of the solubility is unnecessary
and potential thread of phase separation can be avoided.!'"]
In contrast to the vacuum evaporation method, TADF mate-
rials that are applicable to solution process can reduce
costs by increasing the device area and productivity and
saving production energy. OLED materials are required to
form amorphous, smooth films and have sufficient solu-
bility for ink preparation. Ordinary low-molecular-weight
materials are not suitable for the solution process. Solution-
processable TADF materials must also meet these require-
ments, and low- and medium-molecular materials with
bulky structures,!'!! polymers,'?! and dendrimers!'*! have
been considered. Dendrimers!'! are polymers with abso-
lute molecular weight and well-defined chemical structures
and have been employed as OLED materials due to their
high purity, thermal stability, structural designability, and
high solubility.['>] Furthermore, the structure with a large
steric hindrance can prevent aggregation caused quenching
(ACQ) by isolating chromophores at the core. Carbazole den-
drimers have been widely studied as solution-processable
OLED materials such as hole transport materials,['®! host
materials,!'”] and single-component emitting materials!'®]
because of their hole-transporting character, high triplet
energy, cross-linking ability, and unique polarized electronic
structure! ' that makes them also suitable as donor units in
TADF materials. "]

Triphenyltriazine (TAZ) is a commonly used electron
acceptor for TADF emitters in combination with vari-
ous donors,[?!'! including carbazole dendrimers.!'**?*] The
first TADF dendrimers were second- to fourth-generation
carbazole-triazine dendrimers, and these dendrimers have
very small AEgr due to the separation of the outer-layer local-
ized HOMO and LUMO distributing on the core triazine.
The PLQY in solution is nearly 100% but in neat film lower
than 50% indicating the ACQ. Generally, to decrease the
concentration quenching, it has been shown that the introduc-
tion of bulky substituents or spacers reduces intermolecular
interactions and suppresses ACQ.[??

The recent non-doped solution-process OLEDs using
TADF dendrimers with relatively high PLQY up to over
80% in the neat film have been rarely reported.[>”¢-?*! In
the previous study with carbazole-benzophenone dendrimer,
adamantane and tetraphenylphenyl group was shown to be
insufficient to suppress ACQ, and the terminal structure
strongly affected the TADF properties.[”>] In this study, we
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FIGURE 1 The synthesis of 9-phenylfluorene-substituted carbazole.

have focused on carbazole-triazine dendrimer that, previ-
ously, a fert-butyl group had been introduced as a bulky
substituent but was not sufficient to suppress ACQ.I>?*] Here
we will report a carbazole-triazine dendrimer with bulkier
substituents to inhibit ACQ and report a top-class PLQY as a
non-doped TADF dendrimer (81%).

2 | RESULTS AND DISCUSSION

2.1 | Synthesis

Three TAZ core carbazole dendrimers with bulky substituents
(Ad, adamantane; TPPh, tetraphenylphenyl; PF, phenylfluo-
rene) were designed and synthesized using copper-catalyzed
N-arylation as the key reaction (Figures 1 and 2).[°°! The Ad-
(271 and TPPh-I?*] modified carbazoles were synthesized by
Friedel-Crafts type aromatic electrophilic substitution reac-
tion and Diels—Alder reaction according to the literature. The
PF-modified carbazole was synthesized by Friedel-Crafts
type aromatic electrophilic substitution reaction of 9-phenyl-
9-fluorene and carbazole.[””! The G2 dendron was synthe-
sized via copper-catalyzed N-arylation!'”*] of the modified
carbazole and silyl-protected 3,6-diiodocarbazole (I2CzTBS)
and following deprotection of the silyl group by tetrabuty-
lammonium fluoride (TBAF). Dendrons (Ad, TPPh, and
PF) were reacted with 2,4,6-tris(4-iodophenyl)-1,3,5-triazine
under N-arylation condition at 160°C (microwave) to afford
the corresponding carbazole TAZ dendrimers (AdG2TAZ,
TPPhG2TAZ, and PFG2TAZ). Unsubstituted G2TAZ was
also synthesized according to the literature.l'3*! G2TAZ,
TPPhG2TAZ, and PFG2TAZ showed good solubility (>5
mg/mL) in toluene, THF, and chloroform and poor solubil-
ity in cyclohexane, acetone, and DMSO. AdG2TAZ showed
good solubility in THF, poor solubility in cyclohexane, and
insoluble in acetone and DMSO (the saturated solution did
not show detectable fluorescence). New carbazole-triazine
dendrimers with bulky substituents were successfully synthe-
sized, and all new compounds were characterized by 'H and
13C NMR, MALDI-TOF-MS.

2.2 | Film formation property

THF solutions of AdG2TAZ and chloroform solutions of
G2TAZ, TPPhG2TAZ, and PFG2TAZ were spin coated onto
Si substrates to prepare films (5 mg/mL THF solution), and
AFM images were obtained (Figures S1, S3, S5, and S7). The
images of AdG2TAZ show some flat deposition areas (0.8 X
0.8 um), but on a larger scale, the surface was rough, and
sphere aggregates were observed (5 X 5 um). The solubility
of AdG2TAZ is lower, and 5 mg/mL chloroform could not
be prepared. The 5 mg/mL THF could be prepared, and the
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relatively lower solubility of AAG2TAZ will lead to aggrega-
tion and precipitation during the drying process. Roughness
was calculated from the enlarged image. Root mean square
(RMS) was 0.27 nm (0.8 X 0.8 um) for the flat deposition
area and 70.19 nm (5 X 5 um) for the whole image, including
the aggregates. This indicates that AAG2TAZ is not favorable
for film deposition in devices. On the other hand, all other
dendrimer films were found to have smooth surfaces in both
the wide (5 X 5 um) and narrow (2 X 2 um) ranges. RMS
was 0.44, 0.28 nm (G2TAZ); 0.37, 0.36 nm (TPPhG2TAZ);
and 0.32, 0.29 nm (PFG2TAZ) for the respective ranges. The
same trend was observed when a higher boiling point toluene
solution (5 mg/mL) was used to prepare the film (Figures
S2, S4, S6, and S8). Note that AAG2TAZ was used as a
dispersion due to the low solubility. G2TAZ, TPPhG2TAZ,
and PFG2TAZ have good film-forming properties for future
device fabrication, but AAG2TAZ has insufficient solubility
in common organic solvents and easily formed aggregates.

2.3 | Thermal property

The thermal stability of the dendrimers was checked with
thermogravimetric (TG) analysis (Figure S9). The 5%
weight loss temperatures (Tdsq,) of dendrimers were 588°C
(G2TAZ), 524°C (AdG2TAZ), 588°C (TPPhG2TAZ), and
583°C (PFG2TAZ). differential TG (DTG) curves indicate
that the fully aromatic dendrimers start to degrade at around
540°C, comparable to previously reported carbazole-based
dendrimers.['?%] In contrast, AAG2TAZ started to degrade at
about 450°C. The degradation of AdG2TAZ starting at 450°C
and lower Td5% can be attributed to the partial degrada-
tion of the aliphatic adamantane group.[*! Although aliphatic
adamantane substitution lowers the degradation tempera-
ture of the dendrimers, all dendrimers have sufficiently high
thermal stability for applications in electronic devices.

Synthesis of carbazole G2 dendrons and triphenyltriazine core dendrimers.

2.4 | Electrochemical property

The cyclic voltammogram of each dendrimer was obtained in
dichloromethane or THF (Figure S11). Unsubstituted G2TAZ
showed oxidative electropolymerization behavior that is typi-
cal to 3,6-unsubstituted carbazole derivatives.['°4311 On the
other hand, 3,6-substituted dendrimers showed two stable
redox waves that did not change after 5 cycles. This stable
oxidation behavior will be an advantage under device oper-
ation conditions, that is, stability during hole transportation.
The redox waves can be attributed to the oxidation of one
of the outermost carbazoles of the dendron, and the second
oxidation can be attributed to the oxidation of the remaining
carbazole unit at the outermost layer.['°"! Due to the differ-
ence in the diffusion constant of each dendrimer (suggested
by the difference in current), it is difficult to determine the
accurate number of electrons involving oxidation. In a previ-
ous report, multi-electron oxidation and interaction between
carbazole moieties in the carbazole dendron are reported.! "]
Three dendrons in one dendrimer should be independently
oxidized due to the limited conjugation. Therefore, each
oxidation peak is assumed to be three electron-transfer reac-
tions. The electrochemical behavior guarantees that new
dendrimers are stable hole-transporting materials.

3 | QUANTUM CHEMICAL
CALCULATIONS

Density functional theory (DFT) and time-dependent density
functional theory (TD-DFT) calculations were performed to
determine the electronic structure of dendrimers. In addition,
natural transition orbital (NTO) pairs for the lowest sin-
glet and triplet state transitions in toluene were investigated
(Figure S10). The calculated HOMO/LUMO levels were
—5.40/-2.62, —5.16/-2.53, —5.16/-2.57, and —5.24/-2.54
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FIGURE 3 UV-vis spectra and PL spectra of dendrimers (A) toluene solution and (B) neat film.

eV for G2TAZ, AdG2TAZ, TPPhG2TAZ, and PFG2TAZ,
respectively (Table S1). The calculated HOMO levels were
higher than the values determined by cyclic voltammetry
(CV) and atmospheric photoelectron spectroscopy (PYS)
(Figure S11, Tables S2 and S3). Calculations often include
errors, and the absolute value is not accurate, but the trend
was similar to the experimental values. The higher HOMO
levels of the substituted dendrimers than of the unsubstituted
G2TAZ reflect the increased electron-donating nature of the
substituents. In particular, AAG2TAZ has a higher HOMO
level due to its aliphatic substituents. The AEy of all den-
drimers was small (0.06-0.11 eV), and the NTO shows that
the excited state has a CT character indicating their potential
as TADF emitters (Table S1).

4 | PHOTOPHYSICAL PROPERTIES

UV-vis absorption and PL spectra of the synthesized den-
drimers in toluene and in the neat film state were measured
(Figure 3). The UV-vis spectra showed a broad and weak
absorption band around 390 nm both in toluene and the film.
This absorption band was not observed in the UV-vis spec-
tra of the dendrimer fragments (carbazole and TAZ) (Figure
S12) and was attributed to charge-transfer (CT) absorption
from carbazole to TAZ. The PL spectra were observed in
toluene at 468 nm (G2TAZ), 484 nm (AdG2TAZ), 481
nm (TPPhG2TAZ), and 477 nm (PFG2TAZ) and in neat
films at 492 nm (G2TAZ), 493 nm (AdG2TAZ), 476 nm
(TPPhG2TAZ), and 490 nm (PFG2TAZ). Both PL spectra
were broad, attributed to emission from CT excited states.
The large bathochromic shifts in G2TAZ, AdG2TAZ, and
PFG2TAZ can be explained by the changes in the medium
polarity and intermolecular interaction. On the other hand,
the slight hypsochromic shift in TPPhG2TAZ may be due
to the similar environment in solution and in the neat film
due to the substituents consisting of many benzene rings as in
toluene. The excited state CT character of all dendrimers was
confirmed, and the behavior in the solution and the neat film
showed different behaviors depending on the dendrimer.

The PL spectra were also measured in various solvents
with different polarities to confirm the excited state CT char-
acter (Figure S13, Tables S4-S7). Large bathochromic shifts
of the PL. maxima were observed with increasing polarity. In
DMSO, the most polar solvent in the measurement, emission
was observed at 576 nm (G2TAZ), 552 nm (TPPhG2TAZ),

and 580 nm (PFG2TAZ). The PL spectrum of AdG2TAZ
could not be detected in DMSO due to poor solubility.
Lippert—Mataga plot showed that the emission peak energy
is linearly related to the solvent polarity parameter (E),?]
indicating that the emission is from a single excited state. All
dendrimers were confirmed to emit from a single CT excited
state.

The PLQY was measured in toluene and neat film
(Table 1). The PLQY in toluene solutions of each dendrimer
was 72% (G2TAZ), 67% (AdG2TAZ), 74% (TPPhG2TAZ),
and 77% (PFG2TAZ) under atmospheric conditions, but
increased to nearly 100% for all dendrimers in a nitrogen
atmosphere. This suggests the contribution of a long-lived
excited state, such as a triplet excited state that is easily
quenched by oxygen diffusion, and the PL can be attributed
to TADF or phosphorescence. The PLQY of neat films under
a nitrogen atmosphere was 54% (G2TAZ), 65% (AdG2TAZ),
51% (TPPhG2TAZ), and 81% (PFG2TAZ). In general, ACQ
takes place in the solid state of luminophores. The PLQY
data of the films indicates that even for bulky substituents, the
ACQ cannot be perfectly avoided, but the PF group serves as
the best substituent by inhibiting intermolecular interactions.
The PLQY revealed that all dendrimers have a long-lifetime
component that is quenched with oxygen, and the concen-
tration quenching can be largely suppressed by locating the
bulky PF group at the terminal of the dendrimer.

From the onset of the fluorescence and phosphorescence
spectra at 77 K, the energy levels of S; and T; excited
states were determined, and AE was calculated (Figures S14
and S15). The AE in neat films were 0.11 (G2TAZ), 0.09
(AdG2TAZ), 0.17 (TPPhG2TAZ), and 0.06 eV (PFG2TAZ),
respectively, which are sufficiently small to expect TADF
expression. The smallest AE, of PFG2TAZ among the new
dendrimers reflects a large PLQY.

Transient PL decay curves were measured in toluene
and in neat films to confirm the TADF expression of den-
drimers (Figure 4, Figure S16, Table 11331); the apparatus
and method are described in the literature.[**! The PL life-
times clearly indicate the presence of a short-lived component
of the order of ns and a long-lived component of the order
of us. The lifetimes of the delayed components in toluene
and in neat films were G2TAZ (17, 5.5 us), AdG2TAZ
(10, 9.2 us), TPPhG2TAZ (1.7, 7.7 us), and PFG2TAZ
(36, 8.6 us). The lifetime and the similarity of the emis-
sion spectra between the prompt and delayed components
indicate that the long-lifetime component is attributed to
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TABLE 1

G2TAZ
AdG2TAZ
TPPhG2TAZ

PFG2TAZ
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State
Solution
Neat film
Solution
Neat film
Solution
Neat film
Solution

Neat film

Ppy,

(air/degassed TTADF
orin vacuum) 7y [ns]  [us]
72/98 10 17
41/54 120 5.5
67/94 13 10
45/65 15 9.2°
74/95 12 1.7
47/51 11° 7.7°
7799 11 36
50/81 16° 8.6"

Py
97.1
47
91.1
58
94.8
50.1
923
64.3

Prapr
0.9

7.0
28
7.0
0.2
0.9
6.7
16.7

Photophysical properties of dendrimers in toluene solution and neat films at 300 K.

ke (107)
[s~'7?
9.7

4.0

7.0

3.8

7.9

47

8.6

4.1

13
0.4
6.2

kysc (107)
[s1)°
0.29

4.5

0.68

2.7

0.43

4.6

0.71

2.2

kgsc (10%)
[s~']

2.0

5.1

3.6

3.1

2.4

0.4

2.6

8.4

AE st
[eV]

0.16
0.11
0.11
0.09
0.16
0.17
0.16
0.06

#Fluorescence decay rate (kg), internal conversion decay rate from T; to Sy (Kjc 1), intersystem crossing decay rate from S, to T, (kisc), and reverse intersystem crossing decay
rate from Ty to S| (kgisc) are calculated from ®pp , @, Prap, 7f , and Tyapg according to [ref 32], where non-radiative decay from S; to S, and radiative decay from T to S, are

assumed to be zero.

Y An average lifetime calculated by 7,, = XA,7,%/ ZA,T;, where A, is the pre-exponential for lifetime ;.

G2TAZ
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7 L | |
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FIGURE 4

TADF. The temperature dependence of the long-lifetime
component (Figure S17) supports this assignment. At higher
temperatures, the lifetime of the long-lifetime component
decreases due to the increase of the kgjgc rate, similar to
previous reports! 1?2?21 The calculated rate constants for
RISC were classified into three types when going from solu-
tion to film, that is, larger (G2TAZ, PFG2TAZ), almost the
same (AdG2TAZ), and smaller (TPPhG2TAZ). This can be
related to the degree of decrease in AEy when changing
from toluene to neat films. AE in solution and neat films

AdG2TAZ

— w/o air
107 — with air

PL (a.u.)

0 10 20 30 40 50
Time (us)

PFG2TAZ

—— w/o air
107 — with air

PL (a.u.)

10°

10

107
0 10 20 30 40 50

Time (ps)

Transient PL decay profiles of G2TAZ, AdG2TAZ, TPPhG2TAZ, and PFG2TAZ neat film at 300 K.

were 0.16, 0.11 (G2TAZ), 0.11, 0.09 (AdG2TAZ), 0.16, 0.17
(TPPhG2TAZ), 0.16, and 0.06 eV (PFG2TAZ). The change in
AE from solution to neat film was significantly decreased for
G2TAZ and PFG2TAZ, with a slight decrease for AAG2TAZ.
TPPhG2TAZ slightly increased, and AE; was larger than the
other dendrimers. This behavior matches the trend of the life-
time of the TADF component, that is, when AE is smaller
lifetime will be shorter. The k¢ 1 (non-radiative deactivation
constant from the triplet) was the smallest for PFG2TAZ in
both toluene and neat films. The highest PLQY of PFG2TAZ
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FIGURE 5 Energy diagram of excited states of G2TAZ, AdG2TAZ, TPPhG2TAZ, and PFG2TAZ in toluene solution and neat film.

in neat films is supported by the largest kg;sc and the small-
est kicr. On the other hand, in TPPhG2TAZ, the kgrjsc in
neat films is one order of magnitude smaller than other new
dendrimers, and the ®15pg shows little TADF characteristics.
This may be due to the large AE, and the presence of other
deactivation pathways related to benzene ring rotation, as pre-
viously reported.!”>! The TADF expression was confirmed,
and these data suggest that the terminal modification of the
dendrimer strongly affects the TADF property.

To further understand the effect of terminal structure on
TADF efficiency, the energy levels 'CT and 3CT of the den-
drimer and 3LE from the donor unit (carbazole dendron) were
investigated. Note that the triplet energy of the triazine core
is higher than the carbazole dendron.[**! 3LE mediation plays
an important role in efficient RISC processes by increasing
the SOC between the triplet and singlet states. In general,
efficient TADF (RISC) can be expected by decreasing the
gap between 3CT and ’LE. The energy levels of ’LE were
determined from the onset of fluorescence and phosphores-
cence spectra of frozen toluene solutions and neat films of
the dendron at 77 K (Figure 5, Figures S18 and S19). The
energy difference *LE — >CT is defined as AT — T. In toluene,
AT — T were +0.28 (G2TAZ), +0.26 (AdG2TAZ), +0.12
(TPPhG2TAZ), and +0.16 eV (PFG2TAZ). Thus, *LE was
found to be located above *CT. The energy levels are far apart
and may not be considered to be an effective arrangement for
the RISC process in the toluene solutions. In fact, AdG2TAZ
exhibits smallest AE (0.11 eV) and largest kgjsc (3.6 X 10*
s~1), while other dendrimers possess the larger AE (0.16 eV)
and comparably smaller kggc (2.0-2.6 x 10* s~1). In the neat
films, AT — T values of +0.09 (G2TAZ), +0.22 (AdG2TAZ),
+0.02 (TPPhG2TAZ), and +0.01 eV (PFG2TAZ) have been
observed. In G2TAZ and PFG2TAZ, the energy level configu-
ration was ideal for accelerating the RISC process due to their
close energetic proximity. In TPPhG2TAZ, even though the
AT — T was small, the AE was larger than other dendrimers,
which reduces kgjgc. Also, in AAG2TAZ, 3LE is located fur-
ther above 'CT, which is presumed that it does not contribute

to accelerating RISC. This explains the reason why kgrigc of
AdG2TAZ is similar in toluene and neat film. PFG2TAZ not
only has a small AE, but also allows for an efficient RISC
process mediated by 3LE in neat film.

Three dendrimers (G2TAZ, TPPhG2TAZ, and PFG2TAZ)
were evaluated as emitting layers in OLED devices, although
AdG2TAZ could not be evaluated due to its poor solubil-
ity and film-forming property (Figures S20 and S21, Table
S8). OLED devices with the configuration of ITO/PEDOT-
PSS/PVK/dendrimer/PPF/B3PyPB/Liq/Al were fabricated
and evaluated. PEDOT-PSS was a hole-injection layer, PVK
was an electron blocking layer, dendrimer neat film was the
emitting layer, PPF was hole blocking layer, and B3PyPB
was electron-transporting layer. PEDOT-PSS, PVK, and den-
drimer layers were fabricated by spin-coating method, and
other layers were fabricated by vacuum deposition. All
devices showed EL spectra that match the PL spectra of the
dendrimer neat films, while a slight red shift was observed,
probably due to the difference in electronic excitation and
photoexcitation. The maximum EQE (EQE,,.,) of the devices
reached 4.1% for G2TAZ, 2.9% for TPPhG2TAZ, and 5.2%
for PFG2TAZ. These devices were not fully optimized, so
that the EQE,,,, values did not reach the theoretical limit that
can be estimated from the PLQY of the neat film. However,
the EQE,,,,x value of G2TAZ is comparable to that described
in the previous report.!’”* The device employing PEG2TAZ
exhibited the highest EQE,. as a consequence of the highest
PLQY and efficient TADF properties, whereas TPPhG2TAZ
showed the lowest EL performance. These results indicate
that the terminal modification enable to tune the PLQY and
TADF properties of dendrimers, resulting in the enhancement
of OLED performance.

S | CONCLUSION

TAZ core carbazole dendrimers with bulky substituents
(adamantane, tetraphenylphenyl, and phenylfluorene) were
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synthesized, and their photophysical properties were investi-
gated. In toluene, all dendrimers showed almost 100% PLQY,
and in neat film, PLQY was equal to or higher than that of
the unsubstituted G2TAZ, and as high as 81% for PFG2TAZ.
As a result, the bulky substituents, such as adamantane and
tetraphenylphenyl were unsuitable for suppressing concentra-
tion quenching, but phenylfluorene was an ideal substituent.
The dendrimers, except AAG2TAZ, have good solubility and
film-forming properties. AAG2TAZ has low solubility, result-
ing in films with aggregated particle and rough surface that
is unsuitable for OLED devices. PL lifetime measurements
showed that TPPhG2TAZ showed little TADF properties,
while the other dendrimers showed efficient TADF proper-
ties. A large kggc due to the energy level matching and
small kjc 1 due to the ideal isolation could explain the high-
est PLQY of PFG2TAZ in neat film. The OLED device
with PFG2TAZ neat film as emitting layer exhibited EQE .«
of 5.2% which was the highest compared to G2TAZ and
TPPhG2TAZ that showed lower PLQY and TADF efficiency.
This study does not only contribute to designing TADF den-
drimers but also to designing efficient luminescent materials
with minimum concentration quenching.
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