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and X is bromine or iodine. The present invention further
discloses application of the thermally activated delayed
fluorescence material as a host material or a luminescent dye
of a luminescent layer of an organic electroluminescence
device.
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THERMALLY ACTIVATED DELAYED
FLUORESCENCE MATERIAL AND
APPLICATION THEREOF IN ORGANIC
ELECTROLUMINESCENCE DEVICE

TECHNICAL FIELD

[0001] The present invention belongs to the field of mate-
rials, and particularly relates to a thermally activated delayed
fluorescence material and application thereof in an organic
electroluminescence device.

BACKGROUND ART

[0002] In the electroluminescence process of an organic
electroluminescence device, luminescence occurs mainly
due to the electronic transition of an organic luminescent
material from an excited state to a ground state. At room
temperature, luminescence generated by the electronic tran-
sition from a triplet excited state back to the ground state is
extremely weak, most of the energy is lost in the form of
heat, and luminescence is mainly generated by the electronic
transition from a singlet excitation state to the ground state,
and is called electroluminescence. Since the probability of
the triplet excited state is three times that of the singlet
excitation state, the equivalent of 75% of the energy is not
used for luminescence. Making full use of the energy will
effectively improve the luminescence efficiency of the
organic electroluminescence device.

[0003] In order to make full use of the energy of the triplet
excited state of a host material of a luminescent layer,
various methods have been proposed. For example, by
researching and developing an efficient phosphorescence
doping dye and doping the phosphorescence doping dye into
the host material, the triplet energy of the host material can
be effectively transmitted to the phosphorescence doping
dye, and then the phosphorescence doping dye generates
phosphorescence, thereby allowing the energy of the triplet
excited state of the host material of the luminescent layer to
be effectively used. The organic electroluminescence device
obtained by this method has high efficiency, but material
synthesis requires precious metals such as ruthenium and
platinum which are expensive. Another method is to utilize
the intersystem crossing property of lanthanide compounds,
namely intramolecular energy transfer, to transfer the triplet
energy of the host material of the luminescent layer to the 4f
energy level of lanthanide metal ions, and then luminescence
and the like are achieved, but current devices are inefficient.
[0004] Thermally activated delayed fluorescence (TADF)
is a quite popular scheme utilizing triplet exciton energy at
present. For example, Adachi reported in his article a
thermally activated delayed fluorescence material which has
a small difference (AEg;) between the triplet energy level
(T,) and the singlet energy level (S,), in this way, triplet
energy can be transmitted to the singlet energy level, and
light is emitted through fluorescent radiation. Patent CN
102709485 A mentions that device efficiency is improved by
doping a fluorescent dye in a thermal delay fluorescent host.
In order to further improve energy transmission recombina-
tion efficiency, in the article “High-efficiency organic light-
emitting diodes with fluorescent emitters” by Adachi et al. in
Nature communications 2014, a wide-band-gap host doped
TADF material is proposed as an auxiliary dye solution.
However, in the process of charge recombination, part of the
energy is directly compounded on a host, the host transmits
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the singlet energy to a dye, and the other part is compounded
on an auxiliary dye. The structure reported in the article can
not fully and effectively utilize the energy directly com-
pounded on the host. At the same time, an ordinary host
material is used, a band gap is wide, and required driving
voltage is high.

[0005] However, the current TADF material has a short
lifetime, and one of the reasons is that the lifetime of the
triplet state is too long, and exciton quenching can be caused
easily due to processes such as TPA. Therefore, the lifetime
of a TADF device can be effectively increased by reducing
the lifetime of triplet excitons.

Technical Problems

[0006] The technical problem to be solved by the present
invention is that a TADF material in the prior art has a short
lifetime.

Technical Solution

[0007] In order to solve the above technical problem, the
present invention provides a novel TADF material. By
introducing heavy atoms such as bromine or iodine into
original TADF molecules, reverse intersystem crossing and
intersystem crossing of the TADF material can be increased
through the heavy atom effect, so that the lifetime of triplet
excitons can be reduced, and ultimately the lifetime of a
device can be increased.

[0008] The thermally activated delayed fluorescence
material provided by the present invention is a compound
having the general structure of Formula 1 or Formula 1I:

Formula I

N

(Ar;)F/T\/\(Roq,
P

Formula II

[0009] In Formula T and Formula II, R, is a cyano, p is 1,
2or3,qis1,2or3, mislor2,nis 1 or2,

Ar, is a phenyl substituted with one or more groups selected
from C,_ alkyl, methoxy, ethoxy, or phenyl,

Ar, and Ar, are selected from the following groups:

| |
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[0010] Preferably, the thermally activated delayed fluores-
cence material is a compound having the following struc-
ture:

Br Br

CN 8
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[0011] The present invention also provides application of
the thermally activated delayed fluorescence material as a
host material or a luminescent dye of a luminescent layer of
an organic electroluminescence device.

[0012] The present invention further provides an organic
electroluminescence device, comprising a luminescent layer,
the luminescent layer comprises a host material and a
luminescent dye doped in the host material, and the lumi-
nescent dye is the above thermally activated delayed fluo-
rescence material. Preferably, the luminescent dye accounts
for 0.5 wt %-10 wt % of the luminescent layer, and more
preferably 5 wt %.

[0013] As a preferred technical solution, the organic elec-
troluminescence device described above comprises an
anode, a hole transport layer, a luminescent layer, an elec-
tron transport layer, and a cathode, which are successively
deposited on a substrate and are laminated.

[0014] Preferably, a hole injection layer is further disposed
between the anode and the hole transport layer.

[0015] The present invention further provides an organic
electroluminescence device, comprising a luminescent layer,
the luminescent layer comprises a host material and a
luminescent dye doped in the host material, and the host
material is the above thermally activated delayed fluores-
cence material.

[0016] Preferably, the luminescent dye accounts for 1 wt
%-10 wt % of the luminescent layer.

Advantageous Effects

[0017] According to the TADF material provided by the
invention, by introducing heavy atoms such as bromine or
iodine into molecules, the lifetime of the triplet state of the
TADF material is reduced, and efficiency roll-off is reduced,
thereby increasing the lifetime of the organic electrolumi-
nescence device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is the schematic diagram of the structure of
an organic electroluminescence device of the present inven-
tion.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0019] The present invention will be further illustrated
below by referring to the drawings and the special examples,
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to enable a person skilled in the art to better understand and
implement the present invention, but the examples are not
taken as limiting the present invention.

[0020] A thermally activated delayed fluorescence mate-
rial provided in the invention is a compound having the
general structure of Formula I or Formula 1I:

Formula I

| x

(Am)p/l\/\amq,
N
TN

<Ar3)mq Ilq\(Arm,
\/

Formula IT

[0021] In Formula I and Formula II, R, is a cyano, p is 1,
2or3,qisl,2or3, mislor2,nis1or2,

Ar, is a phenyl substituted with one or more groups selected
from C, ¢ alkyl, methoxy, ethoxy, or phenyl,

Ar, and Ar, are selected from the following groups:

X N o=
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and X is bromine or iodine.

[0022] According to the thermally activated delayed fluo-
rescence material, by introducing heavy atoms such as
bromine or iodine into original TADF molecules, reverse
intersystem crossing and intersystem crossing of the TADF
material can be increased through the heavy atom effect, so
that the lifetime of triplet excitons can be reduced, and
ultimately the lifetime of a device can be increased.
[0023] Specifically, the thermally activated delayed fluo-
rescence material of the present invention is compounds
having the following structures, and properties and prepa-
ration methods of the compounds are as follows:
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Formula (1-1)
NC CN

AEsr=0.16eV

Preparation Method:

[0024] Synthesis of the compound having the structure
represented by Formula (1-1): in the nitrogen range, 3-bro-
mocarbazole (5 mmol) is dissolved in 2 mL of anhydrous
THEF, then sodium hydride (5 mmol) is added, and the
mixture is stirred at room temperature for 30 minutes;
subsequently, 1,2-dicyano-4,5-difluorobenzene (1 mmol) is
added to a reaction flask and stirring is continued for 1 hour;
finally, 2 mL of cold water is added to the mixture to quench
the reaction. After the mixture is cooled to room tempera-
ture, a product of Formula (1-1) is purified by vacuum
filtration followed by column chromatography, and the prod-
uct is dried in vacuum. Yield: 75%.

[0025] Molecular weight obtained through mass spec-
trometry: 615.97.

[0026] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 62.36; H:
2.62; N: 9.09; Br: 25.93.

Formula (1-2)

'z
w
o

Br

AEs7=0.14 eV

Preparation Method:

[0027] Synthesis of the compound having the structure
represented by Formula (1-2): in the nitrogen range, 3-bro-
mophenothiazine (10 mmol) is dissolved in 4 mL of anhy-
drous THF, then sodium hydride (10 mmol) is added, and the
mixture is stirred at room temperature for 30 minutes;
subsequently, 2,3,5,6-tetrafluoro nitrile benzene (1 mmol) is
added to a reaction flask and stirring is continued for 1 hour;
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finally, 2 mL of cold water is added to the mixture to quench
the reaction. After the mixture is cooled to room tempera-
ture, a product of Formula (1-2) is purified by vacuum
filtration followed by column chromatography, and the prod-
uct is dried in vacuum. Yield: 62%.

[0028] Molecular weight obtained through mass spec-
trometry: 1206.80.

[0029] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 54.70; H:
2.42; N: 5.80; S: 10.62; Br: 26.46.

Formula (1-3)

Br Br

CN
0]
N N, !
N
N Br,
0]
0

Br

0]

ABgr=0.13eV

Preparation Method:

[0030] Synthesis of the compound having the structure
represented by Formula (1-3): the reactant 3-bromophe-
nothiazine is replaced with 3-bromophenoxazine, the com-
pound having the structure represented by Formula (1-3) is
obtained by a synthesis method which is the same as that of
Formula (1-2), and yield is 59%.

[0031] Molecular weight obtained through mass spec-
trometry: 1142.89.

[0032] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 57.77; H:
2.56; N: 6.12; O: 5.60; Br: 27.95.

Formula (1-4)

AEsr=10.13eV
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Preparation Method:

[0033] Synthesis of the compound having the structure
represented by Formula (1-4): the reactant 3-bromophe-
nothiazine is replaced with 9-p-iodobenzene phenazine, the
compound having the structure represented by Formula
(1-4) 1s obtained by a synthesis method which is the same as
that of Formula (1-2), and yield is 55%.

[0034] Molecular weight obtained through mass spec-
trometry: 1631.03.

[0035] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 58.14; H:
3.03; N: 7.72; I 31.11.

Formula (1-5)

JOQ,

AEgr—0.09 eV

Preparation Method:

[0036] Synthesis of the compound having the structure
represented by Formula (1-5): in the nitrogen range, (1,1'-
p-dibromobenzene) p-aminobenzene (15 mmol) is dissolved
in 6 mL of anhydrous THEF, then sodium hydride (15 mmol)
is added, and the mixture is stirred at room temperature for
30 minutes; subsequently, 2,4,6-tetrafluoro-1,3,5-tricya-
nobenzene (1 mmol) is added to a reaction flask and stirring
is continued for 1 hour; finally, 2 mL of cold water is added
to the mixture to quench the reaction. After the mixture is
cooled to room temperature, a product of Formula (1-5) is
purified by vacuum filtration followed by column chroma-
tography, and the product is dried in vacuum. Yield: 31%.

[0037] Molecular weight obtained through mass spec-
trometry: 1355.80.

[0038] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 55.78; H:
2.68; N: 6.20; Br: 35.34.
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Formula (2-1)

0 0O
SN

Br Br
AEgr=0.10 eV

Preparation Method:

[0039] Synthesis of the compound having the structure
represented by Formula (2-1): in the nitrogen range, 3,6-
dibromocarbazolylbenzene (10 mmol) is dissolved in 4 mL
of anhydrous THEF, then sodium hydride (15 mmol) is added,
and the mixture is stirred at room temperature for 30
minutes; subsequently, 1-phenyl-1,3,5-triazine (1 mmol) is
added to a reaction flask and stirring is continued for 1 hour;
finally, 2 mL of cold water is added to the mixture to quench
the reaction. After the mixture is cooled to room tempera-
ture, a product of Formula (2-1) is purified by vacuum
filtration followed by column chromatography, and the prod-
uct is dried in vacuum. Yield: 49%.

[0040] Molecular weight obtained through mass spec-
trometry: 955.33.

[0041] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 56.58; H:
2.64; N: 7.33; Br: 33.46.

Formula (2-2)

Br
AEgr=0.15¢eV
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Preparation Method:

[0042] Synthesis of the compound having the structure
represented by Formula (2-2): in the nitrogen range, p-bro-
mobenzene (5 mmol) is dissolved in 4 mL of anhydrous
THF, then sodium hydride (5 mmol) is added, and the
mixture is stirred at room temperature for 30 minutes;
subsequently, 2,4-bis(3-bicarbazole)-6-fluoro-1,3,5-triazine
(1 mmol) is added to a reaction flask and stirring is contin-
ued for 1 hour; finally, 2 mL of cold water is added to the
mixture to quench the reaction. After the mixture is cooled
to room temperature, a product of Formula (2-2) is purified
by vacuum filtration followed by column chromatography,
and the product is dried in vacuum. Yield: 53%.

[0043] Molecular weight obtained through mass spec-
trometry: 895.21.

[0044] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 76.34; H:
3.82; N: 10.93; Br: 8.91.

AL
O W

AEgr=020eV

Formula (2-3)

Preparation Method:

[0045] Synthesis of the compound having the structure
represented by Formula (2-3): in the nitrogen range, p-io-
dobenzene (10 mmol) is dissolved in 4 mL of anhydrous
THF, then sodium hydride (10 mmol) is added, and the
mixture is stirred at room temperature for 30 minutes;
subsequently.  2,4-bis(3-bicarbazole)-1,3,5-triazine (1
mmol) is added to a reaction flask and stirring is continued
for 1 hour; finally, 2 mL of cold water is added to the mixture
to quench the reaction. After the mixture is cooled to room
temperature, a product of Formula (2-3) is purified by
vacuum filtration followed by column chromatography, and
the product is dried in vacuum. Yield: 53%.

[0046] Molecular weight obtained through mass spec-
trometry: 891.04.

[0047] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 60.62; H:
3.05; N: 7.86; I. 28.47.
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Formula (2-4)
I
1o
N
ovate
6 |
o

hG

ABgr=0.16 eV

Preparation Method:

[0048] Synthesis of the compound having the structure
represented by Formula (2-4): in the nitrogen range, p-di-
iodobenzene-4,4'-diaminobenzenes (5 mmol) is dissolved in
4 mL of anhydrous THF, then sodium hydride (5 mmol) is
added, and the mixture is stirred at room temperature for 30
minutes; subsequently, 4-fluoro-2,6-phenyl-1,3,5-triazine (1
mmol) is added to a reaction flask and stirring is continued
for 1 hour; finally, 2 mL of cold water is added to the mixture
to quench the reaction. After the mixture is cooled to room
temperature, a product of Formula (2-4) is purified by
vacuum filtration followed by column chromatography, and
the product is dried in vacuum. Yield: 40%.

[0049] Molecular weight obtained through mass spec-
trometry: 1313.93.

[0050] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 52.08; H:

291; N: 6.39; I: 38.61. ,
Formula (2-5)

Br Z Br,

Br Br

AEsr=0.11eV
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Preparation Method:

[0051] Synthesis of the compound having the structure
represented by Formula (2-5): the reactant 3,6-dibromocar-
bazolylbenzene is replaced with 3,7-dibromophenox-
azinebenzene, the compound having the structure repre-
sented by Formula (2-5) is obtained by a synthesis method
which is the same as that of Formula (2-1), and yield is 61%.
[0052] Molecular weight obtained through mass spec-
trometry: 986.87.

[0053] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 54.74; H:
2.55; N: 7.09; O: 3.24; Br: 32.37.

Formula (2-6)

AEsr=0.05eV

Preparation Method:

[0054] Synthesis of the compound having the structure
represented by Formula (2-6): the reactant 3,6-dibromocar-
bazolylbenzene is replaced with 3,7-dibromophenoxazine-
m-benzene, the compound having the structure represented
by Formula (2-6) is obtained by a synthesis method which
is the same as that of Formula (2-1), and yield is 61%.
[0055] Molecular weight obtained through mass spec-
trometry: 1174.82.

[0056] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 45.99; H:
2.14; N: 5.96; 0: 2.72; T. 43.19.

Formula (2-7)

Q Br,

Br
ABEsr=0.16 eV
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Preparation Method:

[0057] Synthesis of the compound having the structure
represented by Formula (2-7): in the nitrogen range,
dibromo-benzene (10 mmol) is dissolved in 4 mL of anhy-
drous THF, then sodium hydride (10 mmol) is added, and the
mixture is stirred at room temperature for 30 minutes;
subsequently, 2,4-difluoro-6-(11-phenyl-11,12-dihydroin-
dolo[3,2b]carbazolyl)-2,6-phenyl-1,3,5-triazine (1 mmol) is
added to a reaction flask and stirring is continued for 1 hour;
finally, 2 mL of cold water is added to the mixture to quench
the reaction. After the mixture is cooled to room tempera-
ture, a product of Formula (2-7) is purified by vacuum
filtration followed by column chromatography, and the prod-
uct is dried in vacuum. Yield: 34%.

[0058] Molecular weight obtained through mass spec-
trometry: 721.03.

[0059] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 64.93; H:
3.21; N: 9.71; Br: 22.15.

Formula {2-8)

AEgr=0.16 eV

Preparation Method:

[0060] Synthesis of the compound having the structure
represented by Formula (2-8): in the nitrogen range, 6-phe-
nyl-2,9-diiodo-indolo[2,3a]carbazole (10 mmol) is dis-
solved in 4 mL of anhydrous THF, then sodium hydride (10
mmol) is added, and the mixture is stirred at room tempera-
ture for 30 minutes; subsequently, 6-fluoro-2,4-diphenyl-1,
3,5-triazine (1 mmol) is added to a reaction flask and stirring
is continued for 1 hour; finally, 2 mL of cold water is added
to the mixture to quench the reaction. After the mixture is
cooled to room temperature, a product of Formula (2-8) is
purified by vacuum filtration followed by column chroma-
tography, and the product is dried in vacuum. Yield: 31%.

[0061] Molecular weight obtained through mass spec-
trometry: 815.44.

[0062] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 57.44; H:
2.84; N: 8.59; I 31.13.
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Formula (2-9)

Br,

AEsr=0.17 eV

Preparation Method:

[0063] Synthesis of the compound having the structure
represented by Formula (2-9): in the nitrogen range, 11-p-
bromophenyl-indolo[2,3a]carbazole (7 mmol) is dissolved
in 4 mL of anhydrous THF, then sodium hydride (10 mmol)
is added, and the mixture is stirred at room temperature for
30 minutes; subsequently, 6-fluoro-2,4-p-dibromophenyl-1,
3,5-triazine (1 mmol) is added to a reaction flask and stirring
is continued for 1 hour; finally, 2 mL of cold water is added
to the mixture to quench the reaction. After the mixture is
cooled to room temperature, a product of Formula (2-9) is
purified by vacuum filtration followed by column chroma-
tography, and the product is dried in vacuum. Yield: 36%.

[0064] Molecular weight obtained through mass spec-
trometry: 800.34.

[0065] Relative molecular mass percentage of each ele-
ment obtained through elemental analysis: C: 58.53; H:
2.77; N: 8.75; Br: 29.95.

[0066] The thermally activated delayed fluorescence
material of the present invention can be used as a lumines-
cent dye for a luminescent layer of an organic electrolumi-
nescence device.

[0067] As shown by FIG. 1, the organic electrolumines-
cence device of the present invention comprises an anode
02, a hole injection layer 04, a hole transport layer 05, a
luminescent layer 06, an electron transport layer 07 and a
cathode 03, which are successively deposited on a substrate
01 and are laminated.

[0068] The material of the luminescent layer 06 comprises
a host material and a luminescent dye doped in the host
material, and

the luminescent material is a compound having the structure
of Formula I or Formula II.

[0069] The embodiments of the organic luminescence
display device of the present invention: the anode 02 may
employ an inorganic material or an organic conductive
polymer. The inorganic material may generally employ
metal oxides such as indium tin oxide (ITO), zinc oxide
(Zn0), and indium zinc oxide (IZO) or metals of high work
functions such as gold, copper and silver, preferably 1TO.
The organic conductive polymer is preferably one of poly-
thiophene/polyvinyl sodium benzenesulfonate (hereafter
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referred to as simply PEDOT/PSS) and polyaniline (here-
after referred to as simply PANI).

[0070] The cathode 03 generally employs metals of low
work function such as lithium, magnesium, calcium, stron-
tium, aluminum and indium or their alloys with copper, gold
or silver, or an electrode layer that is formed by the alter-
nating of a metal and a metal fluoride. In the present
invention the cathode is preferably laminated LiF layer and
Al layer (the LiF layer is on the outer side).

[0071] The material of the hole transport layer 05 may be
selected from lower molecular weight materials of the
arylamine type and the branched polymer type, preferably
NPB.

[0072] The material of the electron transport layer 07 may
employ an organic metal complex (such as Alq,, Gaq,, BAlg
or Ga (Saph-q)) or other materials that are commonly used
for electron transport layer, such as aromatic condensed ring
type (such as pentacene and perylene) or o-phenanthroline
type (such as Bphen and BCP) compounds.

[0073] The organic electroluminescence device of the
present invention may also be provided with the hole
injection layer 04 between the anode 02 and the hole
transport layer 05. The material of the hole injection layer 04
may employ. for example, 4,4'4"-tris(3-methylphenylani-
line)triphenylamine doped F4TCNQ or copper phthalocya-
nine (CuPc¢), or may be a metal oxide, such as molybdenum
oxide and rhenium oxide.

[0074] The thicknesses of the layers may employ the
conventional thicknesses of the layers in the art.

[0075] The present invention further provides a prepara-
tion method of the organic electroluminescence device,
which comprises successively depositing on the substrate 01
the anode 02, the hole injection layer 04, the hole transport
layer 05, the luminescent layer 06, the electron transport
layer 07 and the cathode 03, which are laminated, and
packaging.

[0076] The substrate may be glass or a flexible base sheet.
The flexible base sheet may employ a polyester type or
polyimide type compound material or a thin sheet metal. The
laminating and the packaging may employ any suitable
method that is known by a person skilled in the art.

Comparative Example 1

[0077] This comparative example uses ITO (indium tin
oxide) as the anode; NPB as the hole injection layer; TCTA
as the hole transport layer; the luminescent layer uses CBP
as the host material and DSA-Ph as the luminescent dye, and
the mass percentage of the luminescent dye doped in the
luminescent layer is 5 wt %; Bphen as the electron transport
layer; LiF (5 nm)/Al as the cathode. The structures are as
follows:

ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % DSA-Ph (30
nm)/Bphen (40 nm)/LiF (5 nm)/Al

NPB
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Comparative Example 2
[0078]

luminescent dye used in the luminescent layer is 2CzPN:

ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % 2CzPN (30

nm)/Bphen (40 nm)/LiF (5 nm)/Al

The structure of this Comparative Example differs
from that of Comparative Example 1 only in that the

Mar. 7, 2019

NC CN

2CzPN

Embodiment 1

[0079] The structure of this embodiment differs from that
of Comparative Example 1 only in that the luminescent dye
used in the luminescent layer is compound 1-1 of the present
invention:

1-1

NC CN

ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % compound
1-1 (30 nm)/Bphen (40 nm)/LiF (5 nm)/Al

Current Lumen
Serial Luminance efficiency efficiency
number cd/m? Voltage V. cd/A Im/W  x (V) y(V) Tysh
Comparative 1000 6.7 10.2 4.8 016 035 51
Example 1
Comparative 1000 4.5 11.38 6.25 012 032 24
Example 2
Embodiment 1 1000 43 12.20 7.23 0.14 029 78
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[0080] According to the TADF material in Embodiment 1,
due to the introduction of the heavy atoms, reverse intet-
system crossing and intersystem crossing of the TADF
material are increased through the heavy atom effect, so that
the lifetime of triplet excitons is reduced, and ultimately the
lifetime of the device is increased.

Embodiments 2-5

[0081] The structures of Embodiments 2-5 differ from that
of Embodiment 1 only in that the doping concentration of
the luminescent dye compound 1-1 in the luminescent layer
is different: ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 0.5-10
wt % compound 1-1 (30 nm)/Bphen (40 nm)/LiF (5 nm)/Al
Embodiments with Different Doping Concentrations
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[0084] From the above table, it can be seen that the
lifetime of the thermally activated delayed fluorescence
material containing the heavy atoms of bromine or iodine, as
well as the lifetime of the device protected by the invention
are both increased, the reason is that reverse intersystem
crossing and intersystem crossing of the TADF material are
increased through the heavy atom effect, so that the lifetime
of triplet excitons is reduced, and ultimately the lifetime of
the device is increased.

Embodiments 7-9

[0085] The difference between the OLED structure in the
embodiments and Embodiment 1 lies in that the host mate-
rial in the luminescent layer is compound 2-2, and the

Doping Current Lumen
Serial congentration  Luminance efficiency efficiency
number of dye wt % ed/m? Voltage V cd/A /W x (V) y(V) Tosh
Embodiments 1 5 1000 43 12.20 7.23 0.14 029 78
Embodiments 2 0.5 1000 3.2 10.35 6.02 0.14 029 5§
Embodiments 3 1 1000 4.0 10.56 5.98 0.14 029 6l
Embodiments 4 3 1000 4.2 11.32 6.99 0.14 029 69
Embodiments 5 10 1000 4.4 10.79 6.89 0.14 029 79
[0082] From the above table, it can be seen that the luminescent dye is Ir(ppy),. The doping concentration

increase of the concentration of the luminescent dye causes
the current efficiency of the device to increase first and then
decrease. When the doping concentration is 5 wt %, the
current efficiency of the device is the highest, and the voltage
of the device basically does not change, but the lifetime of
the device is increased as the doping concentration of the
luminescent dye increases.

Embodiment 6

[0083] The OLED structure in this embodiment differs
from Embodiment 1 only in that the luminescent layer is
doped with a different compound having the structure of
Formula I or Formula II as the luminescent dye:

ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % (compound
having the structure of Formula I or Formula II) (30 nm)/
Bphen (40 nm)/LiF (5 nm)/Al

(weight percentage in the luminescent layer) of Ir(ppy); is
1-10 wt %. ITO/NPB (40 nm)/TCTA (10 nm)/compound
2-2: 1-10 wt % Ir(ppy); (30 nm)/Bphen (40 nm)/LiF (5
nm)/Al

Comparative Example 3

[0086] The difference between the structure of this Com-
parative Example and Embodiments 7-9 is only that the host
material used for the luminescent layer is CBP:

ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % Ir(ppy); (30
nm)/Bphen (40 nm)/LiF (5 nm) Al

Comparative Example 4

[0087] The difference between the structure of this Com-
parative Example and Embodiments 7-9 is only that the host
material used for the luminescent layer is CC2TA:

TADF

material

used in Current Lumen
Serial luminescent Luminance efficiency efficiency
number layer cd/m? Voltage V cd/A /W x (V) vy (V) Tesh
OLED1 1-2 1000 54 13.26 8.98 013 022 59
OLED2 1-3 1000 4.9 11.38 6.57 015 022 62
OLED3 1-4 1000 5.0 29.32 19.25 0.56 050 132
OLED4 1-5 1000 4.8 30.21 20.36 0.50, 0.48 111
OLEDS5 2-1 1000 4.9 31.15 22.89 0.51, 049 110
OLED6 2-2 1000 4.5 38.56 24.25 049, 045 75
OLED7 2-3 1000 3.0 28,78 20.45 0.55, 050 121
OLED8 2-4 1000 3.5 6.00 5.21 020, 035 59
OLED9 2-5 1000 4.8 18.26 15.23 022 040 78
OLED10 2-6 1000 3.5 8.75 17.41 020 041 62
OLED11 27 1000 54 16.62 16.66 016 021 41
OLED12 2-8 1000 3.3 17.12 1591 017 0.21 50
OLED13 2-9 1000 5.2 18.22 15.02 017, 022 52
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different doping concentrations that the electrical property of
the device increases first and then decreases with an increase
in the doping concentration of the luminescent dye, and is
optimize at the doping concentration of 5 wt %, but the
lifetime of the device increases as the doping concentration
of the dye increases. In addition, the lifetime of the device

‘ :N
protected by the present invention with the thermally acti-
N\r
N

vated delayed fluorescence material containing the heavy

bromine atoms serving as the host is longer than that of a

conventional device with CBP as a host (Comparative

Example 3), and comparing with a device with a thermally

N N activated sensitized fluorescent material of the same struc-
\r ture but without heavy atoms serving as a host (Comparative

N Example 4), the electrical property does not change much,
but the lifetime of the device of Example 7 is longer than that
of the device of Comparative Example 4, because the
reverse intersystem crossing coeflicient of the TADF mate-
rial is increased through the heavy atom effect, so that the
lifetime of triplet excitons is reduced, and ultimately the
lifetime of the device is increased.

CCITA [0089] The above-described embodiments are merely pre-

2.2 ferred embodiments for fully explaining the present inven-

tion, and the scope of protection of the present invention is

not limited thereto. The equivalent substitutions or alterna-

tions that are made by a person skilled in the art on the basis

of the present invention all fall within the protection scope
N

of the present invention. The protection scope of the present
invention is limited by the claims.
1. A thermally activated delayed fluorescence material,

wherein the thermally activated delayed fluorescence mate-
rial is a compound having the general structure of Formula
I or Formula II:
N N, N
X
\f Y Formula I
N2 ¢

N
|
AT TR,
A

Formula IT
N
N
Anpy T T (An),
Br \/
Doping
concentration Current Lumen Tosh
Serial of dye Luminance efficiency efficiency (at
number wt % cd/m? Voltage V. ed/A W x (V) y (V) 10000 cd/m?)
Embodiments 7 5wt % 1000 3.4 67 91 0.27 0.63 274
Embodiments 8 1wt % 1000 3.0 60 86 0.26 0.63 260
Embodiments 9 10 wt % 1000 4.2 59 82 0.27 0.64 280
Comparative 5wt % 1000 5.4 45 62 0.26 0.63 242
Example 3
Comparative S wt % 1000 3.9 62 90 0.26 0.62 266
Example 4
[0088] From the above table, it can be seen by comparing in Formula T and Formula II, R, is a cyano, p is 1, 2 or 3,

Embodiment 7, Embodiment 8 and Embodiment 9 with qisl,2or3, mislor2,nis 1 or?2,



US 2019/0074447 Al

Ar, is a phenyl substituted with one or more groups selected

from C, ¢ alkyl, methoxy, ethoxy, or phenyl,

Ar, and Ar; are selected from the following groups:

17
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-continued

-continued

S/

and X is bromine or iodine.
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2. The thermally activated delayed fluorescence material _continued
according to claim 1, wherein the thermally activated 14
delayed fluorescence material is a compound having the

following structure: I\@\ .
N N /©/

11 ) CN

1-2
Br Br

Br Br
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-continued

3. Application of the thermally activated delayed fluores-
cence material according to claim 1, wherein the thermally
activated delayed fluorescence material is used as a host
material or a luminescent dye of a luminescent layer of an
organic electroluminescence device.

4. An organic electroluminescence device, comprising a
luminescent layer, wherein the luminescent layer comprises
a host material and a luminescent dye doped in the host
material, and one of the host material and the luminescent
dye is the thermally activated delayed fluorescence material
according to claim 1.

5. The organic electroluminescence device according to
claim 11, wherein the luminescent dye is the thermally
activated delayed fluorescence material, the luminescent dye
accounts for 0.5 wt %-10 wt % of the luminescent layer.

6. The organic electroluminescence device according to
claim 4, wherein the luminescent dye is the thermally
activated delayed fluorescence material, the luminescent dye
accounts for 5 wt % of the luminescent layer.

7. The organic electroluminescence device according to
claim 4, wherein wherein the luminescent dye is the ther-
mally activated delayed fluorescence material, the organic
electroluminescence device comprises an anode, a hole
transport layer, a luminescent layer, an electron transport
layer, and a cathode, which are successively deposited on a
substrate and are laminated.

8. The organic electroluminescence device according to
claim 7, wherein the anode and the hole transport layer has
a hole injection layer disposed therebetween.

9. (canceled)

10. The organic electroluminescence device according to
claim 4, wherein the host material is the thermally activated
delayed fluorescence material, the luminescent dye accounts
for 1 wt %-10 wt % of the luminescent layer.

Mar. 7, 2019

11. The organic electroluminescence device according to
claim 4, wherein the luminescent dye is the thermally
activated delayed fluorescence material according to claim
2.

12. A method of synthesizing a thermally activated
delayed fluorescence material being compound, comprising:

in the nitrogen range, a first compound is dissolved in
anhydrous THF,

sodium hydride is added to obtain a mixture,

the mixture is stirred at room temperature,

subsequently, a second compound is added to a reaction
flask and stirring, and

cold water is added to the mixture to quench the reaction.

13. The method as claimed in claim 11, further compris-
ing:

The mixture is cooled to room temperature, a compound
of Formula (1-1) is purified by vacuum filtration fol-
lowed by column chromatography, and

the compound is dried in vacuum.

14. The method as claimed in claim 11, wherein:

the first compound is 3-bromocarbazole, and the second
compound is 1,2-dicyano-4,5-difluorobenzene;

the first compound is 3-bromophenothiazine, and the
second compound is 2,3,5,6-tetrafluoro nitrile benzene;

the first compound is 3-bromophenoxazine, and the sec-
ond compound is 2,3,5,6-tetrafluoro nitrile benzene;

the first compound is 9-p-iodobenzene phenazine, and the
second compound is 2,3,5,6-tetrafluoro nitrile benzene;

the first compound is 1,1'-p-dibromobenzene, and the
second compound is p-aminobenzene, 2.4,6-tetra-
fluoro-1,3,5-tricyanobenzene;

the first compound is 3,6-dibromocarbazolylbenzene, and
the second compound is 1-phenyl-1,3,5-triazine;

the first compound is p-bromobenzene, and the second
compound is 2,4-bis(3-bicarbazole)-6-fluoro-1,3,5-tri-
azine;

the first compound is p-iodobenzene, and the second
compound is 2,4-bis(3-bicarbazole)-1,3,5-triazine;

the first compound is p-diiodobenzene-4,4'-diaminoben-
zenes, and the second compound is 4-fluoro-2,6-phe-
nyl-1,3,5-triazine;

the first compound is 3,7-dibromophenoxazinebenzene
dibromo-benzene, and the second compound is 1-phe-
nyl-1,3,5-triazine;

the first compound is dibromo-benzene, and the second
compound 2,4-difluoro-6-(11-phenyl-11,12-dihydroin-
dolo[3,2b]carbazolyl)-2,6-phenyl-1,3,5-triazine;

the first compound is 6-phenyl-2,9-diiodo-indolo|[2,3a]
carbarzole, and the second compound is 6-fluoro-2.,4-
diphenyl-1,3,5-triazine; or

the first compound is 11-p-bromophenyl-indolo[2,3a]car-
bazole, and the second compound is 6-fluoro-2,4-p-
dibromophenyl-1,3,3-triazine.

I S T T
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