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7) ABSTRACT

A compound and an organic optoelectronic device are pro-
vided. The compound has the following chemical formula

(@

wherein: in the chemical formula (I), R, to R, are indepen-
dently selected from hydrogen, deuterium, C, to C;, alkyl,
C, to C;q heteroatom-substituted alkyl, C4 to C;, aryl, and
C, to C,, heteroaryl, X, to X, are independently selected
from C and N, when N is selected, N does not include a
substituent, and when C is selected, C includes a substituent
selected from hydrogen, deuterium, C, to Cs, alkyl, C, to
C,, heteroatom-substituted alkyl, Cy to C;, aryl, and C, to
C;, heteroaryl, at least one of X, to X5 and at least one of X,
to X, are selected as C and, meanwhile, connected to A, and
A,, respectively, and A and A, are chemical groups inde-
pendently represented by the following chemical formula

1D:

- _ formula (II)
Re R
Rs Re
— Ar— N Yy
Rpp Ro
Ry Ryp
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ORGANIC ELECTROLUMINESCENT
MATERIAL AND ORGANIC
OPTOELECTRONIC DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority of Chinese Patent
Application No. 201611264917.8, filed on Dec. 30, 2016,
the entire contents of which are hereby incorporated by
reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the field
of organic electroluminescent material, and, more particu-
larly, relates to an organic electroluminescent material and
an organic optoelectronic device thereof.

BACKGROUND

[0003] Recently, organic light-emitting diodes (OLEDs)
are emerging as a new generation of display products,
because of various advantages such as self-luminous, high
efficiency, wide color gamut, and wide viewing angle.
Organic electroluminescent materials play a critical role for
the continuous development of OLEDs.

[0004] The organic electroluminescent materials can be
excited to generate singlet excited state (S,) excitons and
triplet excited state (T,) excitons. According to the spin
statistics, the ratio of the S, excitons to the T, excitonsis 1:3.
According to different light-emitting mechanisms, the exist-
ing organic electroluminescent materials are often catego-
rized into fluorescent materials, phosphorescent materials,
triplet-triplet annihilation (TTA) materials, and heat acti-
vated delayed fluorescence (TADF) materials.

[0005] TADF materials have the advantages of high quan-
tum yield and low production cost, and comparable lumi-
nous efficiency as the phosphorescent material. TADF mate-
rials are expected to be new organic electroluminescent
materials with great applications. However, the choices of
the existing TADF materials are rather limited, and the
performance of the TADF materials has not been improved
yet. Diverse and high performance TADF materials are
highly desired.

[0006] The disclosed organic electroluminescent material
and organic optoelectronic device thereof are directed to
solve one or more problems set forth above and other
problems.

BRIEF SUMMARY OF THE DISCLOSURE

[0007] One aspect of the present disclosure provides a
compound of the following chemical formula (I):

formula (I)
X4\X
Az N7
Ty Ay,
X]\N N/Xs
Ry Ry
Ry Rz
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[0008] wherein: in the chemical formula (I), R, to R, are
independently selected from hydrogen, deuterium, C, to Cy,
alkyl, C, to C,, heteroatom-substituted alkyl, C, to C5, aryl,
and C, to C,, heteroaryl, X, to X are independently selected
from C and N, when N is selected, N does not include a
substituent, and when C is selected, C includes a substituent
selected from hydrogen, deuterium, C, to C,, alkyl, C, to
Cj, heteroatom-substituted alkyl, C, to C,, aryl, and C, to
C,,, heteroaryl, at least one of X to X and at least one of X,
to X, are selected as C and, meanwhile, connected to A, and
A, respectively, and A, and A, are chemical groups inde-
pendently represented by the following chemical formula

1.

- _ formula (IT)
R R;
Rs Rg
*—FAr — N Y
R Ro
Ry Ry

wherein: in the chemical formula (IT), R5 to R, are inde-
pendently selected from hydrogen, deuterium, C, to Cj,
alkyl, C, to C,, heteroatom-substituted alkyl, C, to C5, aryl,
and C, to C,g heteroaryl, Y is selected from O, S, substituted
or unsubstituted imino, substituted or unsubstituted methyl-
ene, substituted or unsubstituted silylene, and a substituent
is selected from hydrogen, deuterium, C, 1o C,, alkyl, C, to
C;, heteroatom-substituted alkyl, C, to C,, aryl, and C, to
C,, heteroaryl, Ar is selected from Cq to C, aryl and C, to
C,, heteroaryl, m represents O or 1, and n represents 0 or 1,
and nin A, and n in A, are not zero at the same time.
[0009] Another aspect of the present disclosure provides
an organic optoelectronic device. The organic optoelectronic
device comprises an anode; a cathode; and one or more
organic thin film layers disposed between the anode and the
cathode. At least one of the one or more organic thin film
layers includes one or more disclosed compounds.

[0010] Other aspects of the present disclosure can be
understood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
disclosure.

[0012] FIG. 1 illustrates a schematic diagram of an exem-
plary organic light-emitting diode (OLED) consistent with
disclosed embodiments;

[0013] FIG. 2 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments;

[0014] FIG. 3 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments;
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[0015] FIG. 4 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments;
[0016] FIG. 5 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments;
[0017] FIG. 6 illustrates a flow chart of an exemplary
OLED fabrication method consistent with disclosed
embodiments; and

[0018] FIG. 7 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments.
[0019] In FIGS. 1-5 and 7, the various reference numerals
and corresponding names are as follows; 100-substrate;
110-anode; 120-cathode; 130-light-emitting layer; 140-hole
transport layer (HTL); 150-electron transport layer (ETL);
160-hole injection layer (HIL); 170-electron injection layer
(FIL); 180-electron blocking layer (EBL); and 190-hole
blocking layer (HBL).

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Hereinafter, embodiments consis-
tent with the disclosure will be described with reference to
drawings. In the drawings, the shape and size may be
exaggerated, distorted, or simplified for clarity. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts, and a
detailed description thereof may be omitted.

[0021] Further, in the present disclosure, the disclosed
embodiments and the features of the disclosed embodiments
may be combined under conditions without conflicts. It is
apparent that the described embodiments are some but not
all of the embodiments of the present disclosure. Based on
the disclosed embodiments, persons of ordinary skill in the
art may derive other embodiments consistent with the pres-
ent disclosure, all of which are within the scope of the
present disclosure.

[0022] As discussed in the background, according to dif-
ferent light-emitting mechanisms, the existing organic elec-
troluminescent materials are often categorized into fluores-
cent materials, phosphorescent materials, triplet-triplet
annihilation (TTA) materials, and heat activated delayed
fluorescence (TADF) materials. In fluorescent materials, S1
excitons transit to the ground state S, by radiation, thereby
emitting light. The material cost is substantially low, how-
ever, due to the limited number of S, excitons (i.e., account-
ing for 25% of the excitons generated by the organic
electroluminescent material), the quantum efliciency is sub-
stantially low.

[0023] Phosphorescent materials not only utilize S, exci-
tons accounting for 25% of the excitons generated by the
organic electroluminescent material, but also utilize T,
excitons accounting for 75% of the excitons generated by
the organic electroluminescent material. Thus, the theoreti-
cal quantum efliciency of phosphorescent materials is up to
100%, and when used as organic electroluminescent mate-
rials for the OLEDs, the phosphorescent materials has
significantly improved the luminous efficiency as compared
to the fluorescent materials. However, the phosphorescence
materials are limited to It, Pt, Os, Re, Ru and other heavy
metal complexes. The production cost is higher, and the
structure is substantially simple.

[0024] TTA materials utilize two T, excitons interactions
to produce one S, exciton that transitions back to the ground
state S, by radiation. Although T, excitons are utilized, the
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production cost is not high, and the theoretical maximum
quantum yield of TTA materials is only about 62.5%. The
practical aplications of TTA materials are still rather limited.
[0025] TADF materials utilize both S, excitons accounting
for 25% of the excitons generated by the organic electrolu-
minescent material, and T, excitons accounting for 75% of
the excitons generated by the organic electroluminescent
material. Thus, the theoretical quantum efficiency of TTA
materials is up to 100%. TADF materials are mainly aro-
matic organic materials without rare metal elements, and the
production cost is substantially low.

[0026] According to the above discussion of various exist-
ing organic electroluminescent materials, TADF materials
have high quantum yield, low production cost, and compa-
rable luminous efficiency as the phosphorescent material.
TADF materials are expected to be organic electrolumines-
cent materials with great application prospect. However, the
choices of the existing TADF materials are rather limited,
and the performance the TADF materials has to be
improved. Diverse and high performance TADF materials
are highly desired.

[0027] The present disclosure provides an organic elec-
troluminescent material to be used in an organic optoelec-
tronic device, and an organic optoelectronic device thereof.
[0028] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. In case of conflict, the present specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are for illustrative only
and not intended to limit the scope of the present disclosure.
[0029] When no other definition is provided, the term
“substituted” used herein means that the hydrogen of the
compound is substituted with at least one of the following
groups: halogen (F, Cl, Br or I), hydroxy, alkoxy, nitro,
cyano, amino, azido, amidino, nitrile, carbonyl, carbamoyl,
thiol, ester, carboxyl or salt thereof, sulfonic acid group or
salt thereof, phosphoric acid group or salt thereof, C, to C;,
alkyl group, C, to C,, alkenyl group, C, to C,, alkynyl
group, Cg to C, aryl group, C, to C,, aralkyl group, C, to
C, alkoxy group, C, to C,, heteroaryl group, and C, to Cs,
cycloalkyl.

[0030] Alkyl group refers to a hydrocarbyl group that is
fully saturated (without double or triple bond), which may
be linear or branched, or cycloalkyl, and may also be a
straight or branched chain containing a cycloalkyl substitu-
ent chain. The alkyl group may contain 1 to 30 carbon
atoms, 1 to 20 carbon atoms, 1 to 10 carbon atoms or 1 to
6 carbon atoms. The numerical range of “1 to 3” refers to all
integers in the range, including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29 or 30. The alkyl group may include, but not limited to,
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl and hexyl. The alkyl group may be sub-
stituted or unsubstituted.

[0031] Heteroatom-substituted alkyl group includes an
alkyl group substituted at any position by a heteroatom. For
example, the heteroatom-substituted alkyl group may be
attached to the compound nucleus by a heteroatom, in a
“—Z-alkyl” form, where Z may represent a heteroatom such
as O (i.e,, oxygen, atom), S (i.e., sulfur atom). The heteroa-
tom-substituted alkyl group may also be an alkoxy group.
The heteroatom-substituted alkyl group may include 1 to 30
carbon atoms, 1 to 20 carbon atoms, 1 to 10 carbon atoms
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or 1 to 6 carbon atoms. The numerical range of “I to 30”
refers to all integers in the range, including 1, 2, 3, 4.5, 6, 7,
8,9,10,11, 12,13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29 or 30. The alkoxy group may include, but not
limited to, methoxy, ethoxy, propoxy, isopropoxy, and
butoxy. The heteroatom-substituted alkyl group may be
substituted or unsubstituted.

[0032] Aromatic or Aryl group refers to carbocyclic (all
carbon) having a completely delocalized m-electron system
over all rings, including monocyclic aromatic or polycyclic
aromatic groups. The polycyclic aromatic group may
include two or more aromatic rings, such as a benzene ring,
which are linked to each other by a single bond or by mutual
chemical bonds. The number of carbon atoms in the aryl
group may vary. For example, the aryl group may contain 6
to 30 carbon atoms. For example, a numerical range of 6 to
30 refers to all integers in the range, including 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29 or 30. The aryl group may include, but be not
limited to, benzene, biphenyl, naphthalene, anthracene,
phenanthrene or pyrene. The aryl group may be substituted
or unsubstituted.

[0033] Heteroaryl group refers to a monocyclic or poly-
cyclic aromatic ring system comprising one or more het-
eroatoms in which the heteroatoms are elements other than
carbon, including but not limited to nitrogen, oxygen and
sulfur. The number of carbon atoms in the heteroaryl ring
may vary. For example, the heteroaryl group may include 1
to 20 carbon atoms in the ring, and a numerical range of 1-20
refers to all integers in the range, including 1, 2, 3, 4, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. For example,
the heteroaryl group may include 1 to 30 ring skeleton atoms
in its ring, for example, a numerical range of 1-30 refers to
all integers in the range, including 1, 2, 3, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30.
[0034] In addition, the heteroaryl group may include a
fused ring system in which two rings, such as at least one
aryl ring and at least one heteroaryl ring or at least two
heteroaryl rings, share at least one chemical bond. For
example, the heteroaryl ring may include, but not limited to,
furan, furazan, thiophene, benzothiophene, phthalazine, pyr-
role, oxazole, benzoxazole, 1,2,3-oxadiazole, oxadiazole,
thiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, benzothiazole,
imidazole, benzimidazole, indole, indazole, pyrazole, ben-
zopyrazole, isoxazole, benzisoxazole, isothiazole, triazole,
benzotriazole, thiadiazole, tetrazole, pyridine, pyridazine,
pyrimidine, pyrazine, purine, pteridine, quinoline, isoquino-
line, auinazoline, quinoxaline, cinnoline and triazine. The
heteroaryl may be substituted or unsubstituted.

[0035] The present disclosure provides an organic elec-
troluminescent material comprising a compound of the
following chemical formula (I):

chemical formula ()

~
N XN\ 7S
™ Ay
XI\N N/Xs
Ry Ry
R R;
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[0036] 1In the chemical formula (I), R, to R;, may be
independently selected from hydrogen, deuterium, C, to Cy,
alkyl, C, to C,, heteroatom-substituted alkyl, C, to C5, aryl,
and C, 1o C,, heteroaryl. X, to X, may be independently
selected from C and N, when N is selected, N may not
include a substituent, while when C is selected, C may
include a substitutent selected from hydrogen, deuterium, C,
to Gy, alkyl, C, to C;, heteroatom-substituted alkyl, C; to
C,, aryl, and C, to C,, heteroaryl.

[0037] Further, at least one of X, to X5 may be selected as
C and, meanwhile, connected to A . At least one of X, to X,
may be selected as C and, meanwhile, connected to A,. A,
and A, may be chemical groups independently represented
by the following chemical formula (IT):

chemical formula (I)

R¢ Ry
Rs Rg
—tAr— N Y
Rp; Ro
| R, Ro |
[0038] In the chemical formula (II), Rs to R,, may be

independently selected from hydrogen, deuterium, C, to Cs,
alkyl, C, to C;,, heteroatom-substituted alkyl, C, to C,, aryl,
and C, to C;, heteroaryl. Y may be selected from O, S,
substituted or unsubstituted imino, substituted or unsubsti-
tuted methylene, substituted or unsubstituted silylene, in
which a substituent may be selected from hydrogen, deute-
rium, C, to C,, alkyl, C, to C;, heteroatom-substituted alkyl,
C¢ 10 Cyg aryl, and C, to C,, heteroaryl.

[0039] Ar may be selected from C, to C;, aryl and C, to
C;, heteroaryl. m represents 0 or 1, and n represents 0 or 1.
nin A, and in A, may not be zero at the same time.
[0040] 1In certain embodiments, the disclosed compounds
may be represented by the following chemical formula (IIT):

chemical formula (IIT)

Rz X Ry;

X Rys.

Ry Rys

[0041] In one embodiment, Y may be selected from O, S,
—C(CH;),—, —C(Ph),-, and —Si (CH;),—.

[0042] In one embodiment, the C4 to C;, aryl group may
be selected from phenyl and naphthyl.

[0043] In one embodiment, m in A, and m in A, may be
1 at the same time.
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[0044] In one embodiment, n in A, and n in A, may be 1 _continued
at the same time.

[0045] Certain examples of the disclosed compounds are
shown below as Compounds 1-35, which are for illustrative 5
purposes and are not intended to limit the scope of the
present discourse.
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[0046] In one embodiment, the energy difference between
the lowest singlet excited state (S,) and the lowest triplet
excited state (T,) in the disclosed compounds may be
configured to be AE_,<0.30 eV.

[0047] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (T,) in the ddisclosed compounds may
be configured to be AE_<0.25 eV.

[0048] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (T, ) in the disclosed compounds may be
configured to be AE_,<0.20 eV.

[0049] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (T) in the disclosed compounds may be
configured to be AE_,<0.15 eV.

[0050] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (T) in the disclosed compounds may be
configured to be AE_,<0.10 eV.

[0051] In another embodiment, the energy difference
between the lowest singlet excited state (S;) and the lowest
triplet excited state (T, ) in the disclosed compounds may be
configured to be AE_,<0.05 eV.

[0052] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (1) in the disclosed compounds may be
configured to be AE_=<0.02 eV.

[0053] In another embodiment, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (1)) in the disclosed compounds may be
configured to be AE_,<0.01 eV.

[0054] In the disclosed compounds, the energy difference
between the lowest singlet excited state (S,) and the lowest
triplet excited state (T;) may be configured to be AE_=E, -
E;,=<0.30 eV, or even less than or equal to 0.02 eV, such that
the disclosed compounds may exhibit a heat activated
delayed fluorescence (TADF) material luminescence mecha-
nism. Thus, the disclosed compounds may be used as TADF
materials for the organic optoelectronic devices to improve
the luminous efficiency. Moreover, the disclosed compounds
may not contain expensive metal complexes, thereby reduc-
ing the manufacturing cost and widening the applications.
[0055] The present discourse also provides an organic
optoelectronic device. The organic optoelectronic device
may include an OLED, an organic solar cell, an organic
photoelectric sensor, an organic storage device and any other
appropriate organic optoelectronic devices. In one embodi-
ment, the organic optoelectronic device may be an OLED.
The OLED may include an anode, a cathode, and one or
more organic thin film layers disposed between the anode
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and the cathode. At least one of the organic thin film layers
may be a light-emitting layer, and the light-emitting layer
may comprise any of the disclosed compounds provided by
the present disclosure. The disclosed compound may be used
as a dopant material, a co-doping material, or a host material
in the light-emitting layer.

[0056] In certain embodiments, the OLED may also
include at least one or a combination of at least two of a hole
transport layer (HTL), a hole injection layer (HIL), an
electron blocking layer (EBL), a hole blocking layer (HBL),
an electron transport layer (ETL), an electron injection layer
(EIL). At least one of the hole transport layer (HTL), the
hole injection layer (HIL), the electron blocking layer
(EBL), the hole blocking layer (HBL), the electron transport
layer (ETL), the electron injection layer (EIL) may comprise
any of the disclosed compounds, in which the disclosed
compound may be used as a dopant material, a co-doping
material, or a host material.

[0057] FIG. 1 illustrates a schematic diagram of an exem-
plary OLED consistent with disclosed embodiments. As
shown in FIG. 1, the OLED may include an anode 110 and
a cathode 120 disposed on a substrate layer 100. At least a
light-emitting layer 130 may be disposed between the anode
110 and the cathode 120. Other appropriate components may
also be included. Electrons and holes may be recombined in
the light-emitting layer 130, such that light is emitted from
light-emitting layer 130.

[0058] FIG. 2 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments.
The similarities between FIG. 1 and FIG. 2 are not repeated
here, while certain difference may be explained. As shown
in FIG. 2, a hole transport layer (HTL) 140 and a light-
emitting layer 130 may be disposed between the anode 110
and the cathode 120. The hole transport layer (HTL) 140
may transfer the holes to the light-emitting layer 130.
[0059] FIG. 3 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments.
The similarities between FIG. 1 and FIG. 3 are not repeated
here, while certain difference may be explained. As shown
in FIG. 3, a hole transport layer (HTL) 140, a light-emitting
layer 130 and an electron transport layer (ETL) 150 may be
disposed between the anode 110 and the cathode 120. The
electron transport layer (ETL) 150 may transfer the electrons
to the light-emitting layer 130.

[0060] FIG. 4 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments.
The similarities between FIG. 1 and FIG. 4 are not repeated
here, while certain difference may be explained. As shown
in FIG. 4, a hole injection layer (HIL) 160, a hole transport
layer (HTL) 140, a light-emitting layer 130, an electron
transport layer (ETL) 150, and an electron injection layer
(EIL) 170 may be disposed between the anode 110 and the
cathode 120. The hole injection layer (HIL) 160 may
improve the ability to transfer holes from the anode to the
organic thin film layers. The electron injection layer (EIL)
170 may improve the ability to transfer electrons from the
cathode to the organic thin film layers to reduce the driving
voltage of the OLED.

[0061] FIG. 5 illustrates a schematic diagram of another
exemplary OLED consistent with disclosed embodiments.
The similarities between FIG. 1 and FIG. 5 are not repeated
here, while certain difference may be explained. As shown
in FIG. 5, a hole injection layer (HIL) 160, a hole transport
layer (HTL) 140, an electron blocking layer (EBL) 180, a
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light-emitting layer 130, a hole blocking layer (HBL) 190,
an electron transport layer (ETL) 150, and an electron
injection layer (EIL) 170 may be disposed between the
anode 110 and the cathode 120.

[0062] Materials of the anode, the cathode, and one or
more organic thin film layers disposed between the anode
and the cathode will be explained in detail, which are for
illustrative purposes and are not intended to limit the scope
of the present disclosure.

[0063] The anode 110 may be formed by an electrode
material having a substantially large work function. The
anode 110 may be formed by metals or mixtures of, for
example, copper, gold, silver, iron, chromium, nickel, man-
ganese, palladium, platinum. The anode 110 may be formed
by metal alloys, for example, copper, gold, silver, iron,
chromium, nickel, manganese, palladium or platinum. The
anode 110 may be formed by metal oxides or mixture of, for
example, indium oxide, zinc oxide, indium tin oxide (ITO),
indium zinc oxide (IZO). The anode 110 may be formed by
the conductive polymers or mixtures of, for example, polya-
niline, polypyrrole, poly (3-triethylthiophene). In the dis-
closed embodiments, the anode may be formed by indium
tin oxide (ITO).

[0064] The cathode 120 may be formed by an electrode
material having a low work function. The cathode 120 may
be formed by metals or mixtures of, for example, aluminum,
magnesium, silver, indium, tin, titanium, calcium, sodium,
potassium, lithium, ytterbium, lead. The cathode 120 may
also be formed by multi-layer metal materials, such as
LiF/Al, Liq (8-hydroxyquinoline)/Al or a mixture thereof. In
the disclosed embodiments, the cathode 120 may be formed
by a magnesium silver alloy or, a LiF/Al double layer
material,

[0065] The hole injecting layer (HIL) 160 may be formed
by a material, which may facilitate the hole injection at the
interface between the anode and the organic film layer and,
meanwhile, may be well bonded to the surface of the ITO
anode. The material forming the hole injecting layer (HIL)
160 may include, for example, copper phthalocyanine
(CuPc) polyporphyrin compounds such as 4,4',4"-tri-N-
naphthyl-N-anilino-triphenylamine (TNATA), poly (3.4-
ethylenedioxythiophene): polystyrene sulfonate (PEDOT;
PSS) having an HOMO level matching the work function of
ITO, 2,3,6,7,10,11-hexacyanoyl-1,4,5,8.9,12-hexaazaben-
zophenanthrene (HATCN), electron-withdrawing N-hetero-
cyclic compounds such as 2,3,6,7,10,11-hexacyanoyl-1,4,5,
8,9,12-hexaazabenzophenanthrene (HATCN).

[0066] The hole transport layer (HTL) 140 and the elec-
tron blocking layer (EBL) 180 may be formed by a material
having a high glass transition temperature and a high hole
mobility. Materials used as the hole transport layer (HTL)
140 and the electron blocking layer (EBL) 180 may include
bipheny! diamine derivatives such as diphenylnaphthylene-
diamine (NPD), crosslinked diamine biphenyl derivatives
such as 2,2'.7,7'-tetrakis (diphenylamino)-9,9"-spirobifluo-
rene (spiro-TAD), stellate triphenylamine derivatives such
as 4'.4"-tris (N-carbazolyl) triphenylamine (TCTA).

[0067] The hole blocking layer (HBL) 190 and the elec-
tron transport layer (ETL) 150 may be formed by a material
having a low HOMO level and high electron mobility.
Materials used as the hole blocking layer and the electron
transport layer may include quinoline metal complexes such
as bis (8-hydroxy-2-methylquinoline)-diphenol aluminum
(BAlg), tris (8-quinolinolato) aluminum (Alg), 8-hydroxy-
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quinoline lithium, phenanthroline derivatives such as 4,7- _continued
diphenyl-1,10-phenanthroline (Bphen), imidazole deriva- Br

tives such as 1,3,5,3-tris (N-phenyl-benzimidazol-2-yl)

benzene (TPBI), and triazine derivatives such as 2.4,6-

tricarbazolyl-1,3,5-triazine.

[0068] FIG. 6 illustrates a flow chart of an exemplary |
N

OLED fabrication method consistent with disclosed
embodiments. As shown in FIG. 6, the OLED may be |

N, HN
fabricated by forming an anode on a transparent or opaque X cucl2 @
smooth substrate (S602), forming an organic film layer on DMF N @’

the anode (S604), and forming a cathode on the organic film N HN
layer (S606). The organic film layer may be formed by an

existing method, such as vapor deposition, sputtering, spin

coating, dipping, or ion plating.

[0069] The preparation of the certain disclosed Com-
pounds will be explained as follows, which is for illustrative
purposes and is not intended to limit the scope of the present

disclosure. The disclosed compounds may be prepared in
other appropriate methods.
EXAMPLE 1 N
— \N
Preparation of Compound 3 N
N
[0070] Compound 3 H
N Xy Pd(OAc)
/ @co @
—N P(Bu)
N’N\ /N\N
L < |
N N
O @ Br
N
) \
o« A\
N N

O - -

N

may be prepared through the following chemical reaction: O O

N

Br

KHS Compound 3
N . NI—%HZ H@O @ indicates text missing or illegible when filed
>\ /<

a cl [0071] In particular, in the first step, to prepare the inter-
19) mediate (3-a), a solution of 2,3-dichloroquinoxaline (7.92 g,
\ 40 mmol) and potassium thiocyanate (0.25 g, 3.4 mol) was
Br dissolved in 50 mL of aqueous solution of hydrazine, and
- reacted in an ice bath for 5 hours under a nitrogen atmo-
N N EtOH sphere. The reaction solution was washed successively with
\> /< water and saturated brine, dried, and purified by silica gel
column chromatography. Then solid compounds 3-a (5.27 g,
HN—IHN IN—HN 28 mmol) was obtained. The yield was about 70% yield, and
3-a ESI-MS (m/z7) obtained by liquid phase mass spectrometry

was about 188.1.
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[0072] 1In the second step, to prepared the intermediate
(3-b), the intermediate (3-a) (3.76 g, 20 mmol) and 4-bro-
mobenzaldehyde (9.20 g, 50 mmol) were dissolved in etha-
nol and refluxed for 5 hours. The ethanol was dried under
vacuum, and the solid was dissolved in ethyl acetate. The
mixture was stirred, filtered, washed with saturated brine
three times, and the solvent was evaporated under vacuum
and purified by silica gel column chromatography. Solid
compound 3-b (5.76 g, 11 mmol) was obtained. The yield
was about 55%, and ESI-MS (m/z) obtained by liquid phase
mass spectrometry was about 524.

[0073] In the third step, to prepared the intermediate (3-c),
the intermediate (3-b) (9.48 g, 18.1 mmol) and copper
chloride (1.3 g, 18 mmol) were dissolved in 50 mL of
N,N-dimethylformamide solution, and reacted in an ice bath
for 5 hours under a nitrogen atmosphere. The reaction
solution was washed successively with water and saturated
brine, dried, and purified by silica gel column chromatog-
raphy. Solid compound 3-¢ (6.5 g, 12.5 mmol) was obtained.
The yield was about 69%. and ESI-MS (m/z) obtained by
liquid phase mass spectrometry was about 519.9.

[0074] After the intermediate (3-c) was prepared, Com-
pound 3 may be obtained as follows. In the fourth step, the
intermediate (3-c) (8.32 g, 16 mmol), 9,9-dimethylacridine
(7.59 g, 36.30 mmol), palladium acetate (0.4 g, 1.98 mmol),
cesium carbonate (11.5 g, 33 mmol) and tert- (0.5 g, 2.4
mmol) were dissolved in toluene, refluxed and stirred for 5
hours. The toluene was dried under vacuum and the solid
was dissolved in ethyl acetate. The mixture was stirred,
filtered, and washed with saturated brine three times. The

B

oy
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solvent was evaporated in a vacuum steam machine. After
being purified by silica gel column chromatography, solid
Compound 3 (8.38 g, 10.8 mmol) was obtained. The yield
was about 67.5%, and ESI-MS (m/z) obtained by liquid
phase mass spectrometry was about 776.3.

[0075] The synthesis of Compounds 1, 2, 4, 5 may be
similar to that of Compound 3, except that in the step to
prepare Compounds 1, 2, 4, 5 based on the intermediate
(3-¢), 9,9-dimethylacridine was replaced by 10 hydrogen-
phenoxazine, 10 hydrogen-phenothiazine, 10,10-dimethyl-
5-hydro-phenylene 9,9-diphenylacridine, respectively.

EXAMPLE 2

Preparation of Compound 6
[0076]

N’N\/ (N\N
N N
O
) N

may be prepared through the following chemical:

Compound 6

w

O
N
H L.
Pd{OAc)
@ co @
P(Bu)
S
N
H
Pd{OAc)
N @ o @
P(Bu)
0]
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-continued

N—N

30 F

Compound 6

@indicates text missing or illegible when filed

[0077] In particular, in the first step, to prepare the inter-
mediate (6-d), the intermediate (3-c) (8.32 g, 16 mmol), 10
hydrogen-phenoxazine (3.02 g, 16.5 mmol), palladium
acetate (0.4 g, 1.98 mmol), cesium carbonate (11.5 g, 33
mmol) and t-butylphosphine (0.5 g, 2.4 mmol) were dis-
solved in toluene, refluxed and stirred for 5 hours. The
toluene was dried under volume and the solid was dissolved
in ethyl acetate. The mixture was stirred, filtered and washed
three times with saturated brine. The solvent was evaporated
in a vacuum steam machine. After being purified by silica
gel column chromatography, solid compound 6-d (4.24 g,
6.8 mmol) was obtained. The yield was about 42.5%, and
ESI-MS (m/z) obtained by liquid phase mass spectrometry
was about 623.1.

[0078] After the intermediate (6-d) was prepared, Com-
pound 6 may be obtained as follows. In the second step, the
intermediate (6-d) (9.97 g, 16 mmol), 10 hydrogen-phe-
nothiazine (3.38 g, 17 mmol), palladium acetate (0.4 g, 1.98
mmol), cesium carbonate (11.5 g, 33 mmol) and t-butyl-
phosphine (0.5 g, 2.4 mmol) were dissolved in toluene,
refluxed and stirred for 5 hours. The toluene was dried under
vacuum and the solid was dissolved in ethyl acetate. The
mixture was stirred, filtered and washed three times with
saturated brine. The solvent was evaporated in a vacuum
steam machine. After being purified by silica gel column
chromatography, solid Compound 6 (7.5, 10.1 mmol) was
obtained. The yield was about 63%, and ESI-MS (m/z)
obtained by liquid phase mass spectrometry was about
740.2.

[0079] Compounds 7-15 may be synthesized in a similar
manner as Compound 6 according to the desired structure,
except that in the first and second steps of preparing Com-
pound 6,10 hydrogen-phenoxazine, 9,9-dimethylacridine,
10-hydro-6,10-dimethyl-5-hydro-phenylene silane, 9,9-di-
phenylacridine was adopted.
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EXAMPLE 3

Preparation of Compound 21

[0080] Compound 21

may be prepared through the following chemical reaction:

N~N
)\Q\ _BULi = O
THFN, N2

N\I\

6@7 é@

@ indicates text missing or illegible whemtjemnd 21

Br
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[0081] In particular, in the first step, to prepare Compound
21, the intermediate (6-d) (6.97 g, 16 mmol) dissolved in 50
mL of tetrahydrofuran solution, and butyllithium (1.1 g, 17
mmol) was also slowly added under nitrogen and ice-salt
bath. After reacted for 2 hours, 20 ml of water was slowly
added to the reaction mixture, then the reaction mixture was
washed successively with water and saturated brine. After
being purified by silica gel column chromatography, solid
Compound 21 (7.06 g, 13 mmol) was obtained. The yield
was about 88%, and ESI-MS (m/z) obtained by liquid phase
mass spectrometry was about 543.2.

[0082] Compounds 21-25 may be synthesized in a similar
manner as Compound 21, except that in the first step of
preparing the Compound 21, 10 hydro-phenoxazine was
replaced by 10 hydrogen-phenothiazine, 9,9-dimethylacri-
dine, 10,10-dimethyl-5-hydro-phenylene silane, 9,9-diphe-
nylacridine, respectively.

[0083] Compound 28 may be synthesized in a similar
manner as the Compound 3, except that in the second step
of preparing the Compound 3, 4-bromobenzaldehyde was
replaced by 1-bromo-4-naphthaldehyde.

[0084] Compounds 26, 27, 29, 30 may be synthesized in
a similar manner as the Compound 28, except that in the
fourth step of preparing the Compound 28, 9,9-dimethyl-
acridine was replaced by 10-hydrophenazine, 10-hydro-
phenothiazine, 10,10-dimethyl-5-hydro-phenylene silane,
9,9-diphenylacridine, respectively.

[0085] Compound 33 may be synthesized in a similar
manner as the Compound 3, except that in the first step of
preparing the Compound 3, 2,3-dichloroquinoxaline was
replaced by 2,3-dichloro-7-phenylquinoxaline.

[0086] Compounds 31,32, 34, and 35 may be synthesized
in a similar manner as the Compound 33, except that in the
fourth step of preparing the Compound 33, 9,9-dimethyl-
acridine was replaced by 10-hydroo-phenoxazine, 10-hydro-
phenothiazine, 10-dimethyl-5-hydro-phenylene 9,9-diphe-
nylacridine, respectively.

EXAMPLE 4

Simulation of Compounds

[0087] The energy difference between single and triplet
states of the disclosed compounds may be obtained by
Guassian 09 software (Guassian Inc.). The energy difference
AEst may be simulated according to the simulation method
described in J. Chem. Theory Comput., 2013 (DOI: 10.1021/
ct400415r). The molecular structure optimization and
molecular excitation may be performed by using the TD-
DFT method “B3LYP” and the base group “6-31 g (d)”. For
illustrative purposes, a simulation is performed for the
Compounds 1-3 and 23 selected from the compounds 1-35.
The simulation results of the Compounds 1-3 and 23 are
shown in Table 1.

TABLE 1

Simulation results of four exemplary compounds

Compound Si(eV) T, (eV) AE (V)
3 3.01 294 0.07
1 2.75 2.69 0.06
2 3.10 2.86 0.24
23 3.03 295 0.08
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[0088] As shown in Table 1, the energy difference between
single and triplet states of disclosed compounds are sub-
stantially small, which may enable eflicient reverse inter-
system crossing (RISC) in the compounds and provide
TADF properties. Thus, the disclosed compounds may have
a heat activated delayed fluorescence (TADF) material lumi-
nescence mechanism, which may be used as a new type of
TADF material in the organic optoelectronic devices to
improve the luminous efficiency. Moreover, the disclosed
compounds may be prepared without expensive metal com-
plexes, thereby reducing the manufacturing cost and wid-
ening the applications.

EXAMPLE 5

Organic Optoelectronic Device Fabrication and
Testing

[0089] To evaluate the performance of the disclosed
organic optoelectronic devices, six exemplary organic opto-
electronic devices (named as 1* disclosed organic optoelec-
tronic device to the 8” disclosed organic optoelectronic
device), and two reference organic optoelectronic devices
(named as 1* reference organic optoelectronic device and
the 2™ reference organic optoelectronic device) were fabri-
cated. The 1% to the 8" disclosed organic optoelectronic
devices and the 1% to the 2" reference organic optoelec-
tronic devices have the same structure shown in FIG. 7,
except that the materials for forming various layers are
different.

[0090] To fabricate the 1° disclosed organic optoelec-
tronic device, a substrate coated with a 100-nm-thick ITO
film as the anode 110 was ultrasonically cleaned with
distilled water, acetone, isopropanol, then dried in an oven,
treated with UV for 30 minutes, and transferred to a vacuum
evaporation chamber. Various organic films were vapor-
deposited under a vacuum of 2x10-6 Pa, 60-nm-thick diphe-
nylnaphthalenediamine (NPD) film and 10-nm-thick 4,4',4"-
tris (N-carbazolyl) triphenylamine (TCTA) film were vapor-
deposited on the anode 110 to form a hole transport layer
(HTL) 140. 6 wt % Ir (ppy); was used as the green
phosphorescent dopant material and 94 wt % Compound 3
was used as the host material, which were vapor-deposited
on the hole transport layer (HTL) 140 to form a 30-nm-thick
light-emitting layer 130.

[0091] Then, bis (8-hydroxy-2-methylquinoline)-diphenol
aluminum (BAlq) was vapor-deposited on the light-emitting
layer 130 to form a 5-nm-thick hole blocking layer (HBL)
190. 4,7-diphenyl-1,10-phenanthroline (Bphen) was vapor-
deposited on the hole blocking layer (HBL) 190 to form a
20-nm-thick electron transport layer (ETL) 150. 1-nm-thick
LiF and 100-nm-thick Al were successively deposited as an
electron injection layer (EIL) 170 and the cathode 120 on the
electron transport layer (ETL) 150, respectively.

[0092] The fabricated 1% disclosed organic optoelectronic
device has a structure of ITO (100 nm)/NPD (60 nm)/TCTA
(10 nm)/Ir (ppy);; Compound 3 (6 wt %: 94 wt %, 30
nm)/BAlq (5 nm)/Bphen (20 nm)/LiF (1 nm)/Al (100 nm).
[0093] The 2" disclosed organic optoelectronic device
was fabricated in the same manner as 1° disclosed organic
optoelectronic device, except that Compound 1 was adopted
instead of Compound 3 as the host material in the 2™
disclosed organic optoelectronic device.

[0094] The 3™ disclosed organic optoelectronic device
was fabricated in the same manner as 1% disclosed organic
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optoelectronic device, except that Compound 2 was adopted _continued
instead of Compound 3 as the host material in the 3™

disclosed organic optoelectronic device.

[0095] The 4% disclosed organic optoelectronic device

was fabricated in the same manner as 1% disclosed organic

optoelectronic device, except that Compound 23 was

adopted instead of Compound 3 as the host material in the

4™ disclosed organic optoelectromc device.

[0096] The 1* reference organic optoelectronic device was szo O=P@
fabricated in the same manner as 1% disclosed organic

optoelectronic device, except that 6 wt % Ir (ppy), was 0

adopted as the dopant material, and 94 wt % CBP was

adopted as the host material, which were vapor-deposited on

the hole transport layer (HTL) 140 to form a 30-nm-thick

light-emitting la ayer 130. DPEPO

[0097] The 5% disclosed organic optoelectronic device

was fabricated in the same manner as 1** disclosed organic

optoelectronic device, except that 5 wt % Compound 1 was

adopted as the dopant material, and 95 wt % DPEPO was

adopted as the host material, which were vapor-deposited on

the hole transport layer (HTL) 140 to form a 30-nm-thick

light-emitting layer 130.

[0098] The fabricated 5% disclosed organic optoelectronic Ir

device has a structure of ITO (100 nm)/NPD (60 nm)/TCTA
(10 nm)/Compound 1: DPEPO (5 wt %: 95 wt %, 30 N
nm)/BAlq (5 nm)/Bphen (20 nm)/LiF (1 nm)/Al (100 nm).
[0099] The 6™ disclosed organic optoelectronic device
was fabricated in the same manner as 5% disclosed organic Ir(ppy)s
optoelectronic device, except that Compound 2 was adopted
instead of Compound 1 as the dopant material in the 6%
disclosed organic optoelectronic device.

[0100] The 7% disclosed arganic optoelectronic device
was fabricated in the same manner as 57 disclosed organic
optoelectronic device, except that Compound 3 was adopted
instead of Compound 1 as the dopant material in the 7%
disclosed organic optoelectronic device.

[0101] The 8” disclosed organic optoelectronic device
was fabricated in the same manner as 5% disclosed organic
optoelectronic device, except that Compound 23 was
adopted instead of Compound 1 as the dopant material in the
8" disclosed organic optoelectronic device.

[0102] The 2" reference organic optoelectronic device
was fabricated in the same manner as 5% disclosed organic
optoelectronic device, except that 5 wt % DPAVB was
adopted as the dopant material, and 95 wt % DPEPO was
adopted as the host material, which were vapor-deposited on
the hole transport layer (HTL) 140 to form a 30-nm-thick
light-emitting layer 130.

[0103] The chemical formulas of DPAVB, DPEPO,
Ir(ppy)s, BAlq, Bphen, a-NPD, TCTA, and CBP are shown

o CQ

DPAVB a-NPD

\

/
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-continued

TCTA

}HN

[0104] The current of the 1% to 67 disclosed organic
optoelectronic devices and the 1% to 2 reference organic
optoelectronic devices under different voltages was measure
by Keithley 2365A digital nanovolt meter, respectively.
Then the corresponding current density was calculated by
dividing the current by the light-emitting area. The lumi-
nance and radiant energy density of the 1% to 6” disclosed
organic optoelectronic devices and the 1 to 2/ reference
organic optoelectronic devices under different voltages was
measure by Konicaminolta CS-2000 spectrophotometer,
respectively. Based on the current density and the luminance
under different voltages, the current efficiency (Cd/A) and
the external quantum of efficiency (EQE) under a given
current density (0.1 mA/cm?) was obtained.

[0105] The testing results of the 1** to 4” disclosed organic
optoelectronic devices in which the disclosed compounds
are used as the host material and the 1* reference organic
optoelectronic device are shown in the following Table 2.

TABLE 2

Testing results of the 1" to 47 disclosed organic optoelectronic
devices and the 1 reference organic optoelectronic device

Current efficiency

Voltage (V) (Cd/A) EQE (%) Color

1% disclosed 4.6 43.2 17.1 Green
organic

optoelectronic

device

2" disclosed 47 44.0 17.2 Green
organic

optoelectronic

device
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TABLE 2-continued

Testing results of the 15" to 47 disclosed organic optoelectronic
devices and the 1 reference organic optoelectronic device

Current efficiency

Voltage (V) (Cd/A) EQE (%) Color

3" disclosed 4.8 41.6 16.5 Green
organic

optoelectronic

device

4™ disclosed 4.8 42.7 17.0 Green
organic

optoelectronic

device

1% reference 5.1 40.3 15.6 Green
organic

optoelectronic

device

[0106] The testing results of the 57 to 8” disclosed organic
optoelectronic devices in which the disclosed compounds
are used as the guest dopant material and the 27 reference
organic optoelectronic device are shown in the following
Table 3.

TABLE 3

Testing results of the 5% to 87 disclosed organic optoelectronic
devices and the 2" reference organic optoelectronic device

Current efficiency

Voltage (V) (Cd/A) EQE (%) Color

5™ disclosed 6.8 8.6 8.2 Blue
organic

optoelectronic

device

6™ disclosed 8.4 7.9 7.8 Blue
organic

optoelectronic

device

7% disclosed 7.5 8.5 8.1

organic

optoelectronic

device

8% disclosed 7.4 7.7 7.6

organic

optoelectronic

device

274 reference 8.8 5.5 4.9 Blue
organic

optoelectronic

device

[0107] According to the testing results shown in Table 2,
under the same current density (0.1 mA/em?), the 157 to 4%
disclosed organic optoelectronic devices have a driving
voltage lower than 5V, current efficiency higher than 40
Cd/A, and external quantum efficiency (EQE) largher than
15. That is, the 17 to 4™ disclosed organic optoelectronic
devices have a lower driving voltage, higher current effi-
ciency and external quantum efficiency (EQE) than the 1*
reference organic optoelectronic devices. The testing results
shown in Table 2 may indicate that the disclosed compounds
may be used as host materials.

[0108] According to the testing results shown in Table 3,
under the same current density (0.1 mA/cm?), the 5% to 8%
disclosed organic optoelectronic devices have a lower driv-
ing voltage, higher current efliciency and external quantum
efficiency (EQE) than the 2™ reference organic optoelec-
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tronic device. The testing results shown in Table 3 may
indicate that the disclosed compounds may be used as
dopant materials or co-doping materials. According to the
testing results shown in Table 2 and Table 3, the optoelec-
tronic device comprising the disclosed compounds may have
excellent luminescent properties.
[0109] The description of the disclosed embodiments is
provided to illustrate the present disclosure to those skilled
in the art. Various modifications to these embodiments will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodi-
ments without departing from the spirit or scope of the
disclosure. Thus, the present disclosure is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and
novel features disclosed herein.

What is claimed is:

1. A compound of the following chemical formula (T):

formula (I)
5 X4\X
N7
() A,
R Ry
R, R3

wherein: in the chemical formula (I),

R, to Ry, are independently selected from hydrogen,
deuterium, C, to C,, alkyl, C;to C;, heteroatom-sub-
stituted alkyl, C4 to C,, aryl, and C, to C;, heteroaryl,

X, to X, are independently selected from C and N, when
N is selected, N does not include a substituent, and
when C 1s selected, C includes a substituent selected
from hydrogen, deuterium, C, to C,, alkyl, C, to C;,
heteroatom-substituted alkyl, C, to C5, aryl, and C, to
C,, heteroaryl,

at least one of X, to X, and at least one of X, to X, are
selected as C and, meanwhile, connected to A, and A,,
respectively, and

A, and A, are chemical groups independently represented
by the following chemical formula (II):

_ _ formula (II)
Rg Ry
Rs Rg
*— Ar—] N Y
Rp Ry
Ry Ry
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wherein: in the chemical formula (IT),

R5 to R, are independently selected from hydrogen,
deuterium, C, to Cy, alkyl, C,; to Cy, heteroatom-
substituted alkyl, C¢ to C;, aryl, and C, to Cy, het-
eroaryl,

Y is selected from O, S, substituted or unsubstituted
imino, substituted or unsubstituted methylene, substi-
tuted or unsubstituted silylene, and a substituent is
selected from hydrogen, deuterium, C, to C,, alkyl, C,
to C;, heteroatom-substituted alkyl, C4 to C; aryl, and
C, to Cy, heteroaryl,

Ar is selected from C to C,, aryl and C, to C,, heteroaryl,

m represents 0 or 1, and n represents 0 or 1, and

nand A, and n in A, are not zero at the same time.

2. The compound according to claim 1, wherein:

the compound is represented by the following chemical
formula (I11):

chemical formula (IIT)

Ry X, Rz

X3 Rys.

Ry Ris

3. The compound according to claim 2, wherein:
Y is selected from O, S, —C(CH;),—, —C(Ph),—, and
—Si(CH;),—.

4. The compound according to claim 1, wherein:

the C¢ to C,4 aryl is selected from phenyl and naphthyl.
5. The compound according to claim 1, wherein:

mits A; and m in A, are 1 at the same time; and

nin A, and n in A, are 1 at the same time.

6. The compound according to claim 1, comprising a

compound selected from the following:

)
QNO* W
0
% &Ry
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7. The compound according to claim 1, wherein:

an energy difference between a lowest singlet excited state
S, and a lowest triplet excited state T, of the compound
is configured to be AEst, wherein AEst=0.30 eV.

8. The compound according to claim 7, wherein:

the energy difference between the lowest singlet excited
state S, and the lowest triplet excited state T, of the
compound is configured to be AEst, wherein AEst<0.02
eV.

9. The compound according to claim 1 is configured to
emit light by absorbing energy generated by an electron-hole
recombination.

10. An organic optoelectronic device, comprising:
an anode;
a cathode; and

one or more organic thin film layers disposed between the
anode and the cathode,

wherein at least one of the one or more organic thin film
layers includes one or more compounds each having
the following chemical formula (I):
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formula (I)
X X3 /X4“<
5 Xs
Ay ) A
R Ry
R, R;

wherein: in the chemical formula (I),

R, to R,y are independently selected from hydrogen,
deuteritun, C, to C,, alkyl, C, to C;, heteroatom-
substituted alkyl, C4 to C;, arvl, and C, to Cy, het-
eroaryl,

X, to X, are independently selected from C and N, when
N is selected, N does not include a substituent, and
when C is selected, C includes a substituent selected
from hydrogen, deuterium, C, to C,, alkyl, C, to C;,
heteroatom-substituted alkyl, C, to C;, aryl, and C, to
Cao

at least one of X, to X5 and at least one of X, to X are
selected as C and, meanwhile, connected to A, and A,,
respectively, and

A, and A, are chemical groups independently represented
by the following chemical formula (II):

formula (IT)

— R R —
Rs Re
—F Ar— N Y
Ry Ry
Ry Rip

wherein: in the chemical formula (II),

R to R, are independently selected from hydrogen,
deuterium, C, to C,, alkyl, C,; to C;, heteroatom-
substituted alkyl, C; to Cyq aryl, and C, to Cy, het-
eroaryl,

Y is selected from O, S, substituted or unsubstituted
imino, substituted or unsubstituted methylene, substi-
tuted or unsubstituted silylene, and a substituent is
selected from hydrogen, deuterium, C, to C,, alkyl, C,
to C,, heteroatom-substituted alkyl, C, to C;, aryl, and
C, to C,, heteroaryl,

Ar is selected from C to C,, aryl and C, to Cs heteroaryl,

m represents O or 1, and n represents 0 or 1, and

nin A, and n in A, are not zero at the same time.

11. The organic optoelectronic device according to claim

10, wherein:

the one or more compounds are heat activated delayed

fluorescence (TADF) materials.
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12. The organic optoelectronic device according to claim
10, wherein:
the at least one of the one or more organic thin film layers
disposed between the anode and the cathode is a
light-emitting layer, wherein the light-emitting layer
includes the one or more compounds.
13. The organic optoelectronic device according to claim
12, wherein:
the one or more compounds are used as a dopant material,
a co-doping material, or a host material in the light-
emitting layer.
14. The organic optoelectronic device according to claim
10, wherein:
the one or more organic thin film layers further include at
least one of a hole transport layer, a hole injection layer,
an electron blocking layer, a hole blocking layer, an
electron transport layer, and an electron injection layer.
15. The organic optoelectronic device according to claim
14, wherein:
at least one of the hole transport layer, the hole injection
layer, the electron blocking layer, the hole blocking
layer, the electron transport layer, and the electron
injection layer includes the one or more compounds.
16. The organic optoelectronic device according to claim
14, wherein:
the one or more organic thin film layers further include the
hole transport layer disposed between the light-emit-
ting layer and the anode.
17. The organic optoelectronic device according to claim
14, wherein:
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the one or more organic thin film layers further include the
hole transport layer and the electron transport layer,

wherein the hole transport layer is disposed between the
light-emitting layer and the anode, and

the electron transport layer is disposed between the light-
emitting layer and the cathode.

18. The organic optoelectronic device according to claim

14, wherein:

the one or more organic thin film layers further include the
hole transport layer, the electron transport layer, the
electron injection layer and the hole injection layer.

wherein the hole transport layer and the hole injection
layer are disposed between the light-emitting layer and
the anode, and

the electron transport layer and the electron injection layer
are disposed between the light-emitting layer and the
cathode.

19. The organic optoelectronic device according to claim

14, wherein:

the one or more organic thin film layers further include the
hole transport layer, the electron transport layer, the
electron injection layer, the hole injection layer, the
electron blocking layer, and the hole blocking layer,

wherein the electron blocking layer, the hole transport
layer and the hole injection layer are disposed between
the light-emitting layer and the anode, and

the hole blocking layer, the electron transport layer and
the electron injection layer are disposed between the
light-emitting layer and the cathode.
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