US 2020010602

a9y United States

Al

b
3

12y Patent Application Publication (o) Pub. No.: US 2020/0106023 A1

Zhang et al. (43) Pub, Date: Apr. 2, 2020
(54) THERMALLY ACTIVATED DELAYED (32) US.CL
MATERIAL AND ORGANIC CPC o HOIL 510071 (2013.01); CO7F 5/027

PHOTOELECTRIC DEVICE COMPRISING
THE SAME

(71) Applicant: Shanghai Tianma AM-OLED Co.,
Ltd., Shanghai (CN)

(72) Inventors: Lei Zhang, Shanghai (CN); Wei Gao,
Shanghai (CN); Qing Zhu, Shanghai
(CN); Jinghua Niu, Shanghai (CN);
Gaojun Huang, Shanghai (CN)

(73) Assignee: Shanghai Tianma AM-OLED Co.,
Ltd., Shanghai (CN)

(21) Appl. No.: 16/409,376

(22) Filed: May 10, 2019
(30) Foreign Application Priority Data
Sep. 30, 2018 (CN) e 201811160762.2
Publication Classification

(51) Inmt.ClL
HOIL 51/00 (2006.01)
CO7F 5/02 (2006.01)
CO9K 11/06 (2006.01)

(2013.01); CO9K 11/06 (2013.01); HOIL
5175012 (2013.01); CO9K 2211/1007
(2013.01); CO9K 2211/1018 (2013.01); CO9K
221171011 (2013.01); HOIL 51/0072 (2013.01)

(7) ABSTRACT

The present disclosure relates to a thermally activated
delayed material and an organic photoelectric device com-
prising the same, and the thermally activated delayed mate-
rial is a compound having the structure of formula (I). The
organic photoelectric device comprises an anode, a cathode,
and an organic thin film layer between the anode and the
cathode; the organic thin film layer comprises a light emit-
ting layer, and any one selected from the group consisting of
a hole transporting layer, a hole injection layer, an electron
blocking layer, a hole blocking layer, an electron transport-
ing layer, an electron injection layer, and a combination of
at least two thereof. The light emitting layer comprises any
one or a combination of at least two of the thermally
activated delayed materials, and the compound is used as
any one of a dopant material, a co-doping material, or a host
material.




Patent Application Publication Apr. 2, 2020 US 2020/0106023 A1

- 102

T~ 105
103

T 104
o 101




US 2020/0106023 A1

THERMALLY ACTIVATED DELAYED
MATERIAL AND ORGANIC
PHOTOELECTRIC DEVICE COMPRISING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The application claims the benefit of the earlier
filing date of C.N. Patent Application No. 201811160762.2,
filed on Sep. 30, 2019, the contents of which are incorpo-
rated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of organic electroluminescent materials, and in particular to
a thermally activated delayed material and an organic pho-
toelectric device comprising the same.

BACKGROUND

[0003] According to luminescence mechanisms, there are
four main materials that can be used for OLED light emitting
layer: fluorescent materials, phosphorescent materials, trip-
let-triplet annihilation (TTA) materials, and thermally acti-
vated delayed fluorescence (TADF) materials. Wherein, the
theoretical maximum internal quantum yield of the fluores-
cent material does not exceed 25%, the theoretical maxi-
mum internal quantum yield of the TTA material does not
exceed 62.5%; and the theoretical maximum internal quan-
tum yields of the phosphorescent material and the TADF
material can reach 100%. However, the phosphorescent
material is basically a heavy metal complex of Ir, Pt, Os, Re,
Ru, ete., which has high production cost and is not condu-
cive to large-scale production; and at high current density,
the phosphorescent material has a serious efficiency roll-off
phenomenon. In addition, the stability of phosphorescent
devices is also not good.

[0004] TADF materials can simultaneously utilize 75% of
triplet excitons and 25% of singlet excitons, the theoretical
maximum quantum yield thereof can reach 100%, and the
luminous efficiency thereof can be conparable with that of
phosphorescent materials. TADF materials are mainly
organic compounds, which do not need rare metal elements,
have low production cost, and can be chemically modified
by a variety of methods. TADF materials are new organic
electroluminescent materials which are very promising.
However, the TADF materials having been found are fewer
and the performance thereof needs to be improved. New
TADF materials that can be used for OLED devices need to
be developed urgently.

[0005] Therefore, more kinds of TADF materials with
higher performances need to be developed urgently.

SUMMARY

[0006] In order to develop more kinds of TADF materials
with higher performances, the first object of the present
disclosure is to provide a thermally activated delayed mate-
rial which is a compound having the structure of formula (I):
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[0007]
atom.

[0008] In formula (I), D, and D, are each independently
any one selected from the following groups:

In formula (I), X is a boron atom or a nitrogen
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[0009] Wherein R, R, Rs, Rg, R, Ry and R, are each
independently any one selected from the group consisting of
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substituted or unsubstituted C1-C20 alkyl, substituted or
unsubstituted C3-C20 cycloalkyl, substituted or unsubsti-
tuted C1-C20 alkoxy, substituted or unsubstituted C3-C20
heterocyclic group, substituted or unsubstituted C6-C40
aryl, and substituted or unsubstituted C35-C40 heteroaryl.

[0010] m, and m, are each independently an integer of
0-4, for example 1, 2, 3, etc.; in the same group, the sum of
m; and m, is less than or equal to 4, for example 1, 2, 3, etc.

[0011] In formula (I), R, and R, are each independently
any one selected from the group consisting of substituted or
unsubstituted C1-C20 alkyl, substituted or unsubstituted
C3-C20 cycloalkyl, substituted or unsubstituted C1-C20
alkoxy, substituted or unsubstituted C3-C20 heterocyclic
group, substituted or unsubstituted C6-C40 aryl, and sub-
stituted or unsubstituted C5-C40 heteroaryl.

[0012] In formula (I), n, and n, are each independently an
integer of 0-4, for example, 1, 2, 3, etc., and the sum of n;
and n, is less than or equal to 4, for example, 1, 2, 3, etc.

[0013] In formula (I), n, and n, are each independently an
integer greater than or equal to 0, for example 1, 2, 3, 5, 7,
9, 11, 15, 18, etc.

[0014] In formula (1), L, and L, are each independently
any one selected from substituted or unsubstituted aromatic
groups; and the number of the substituents on the aromatic
group in L, and L, is represented by m;.

[0015] The thermally activated delayed material provided
by the present disclosure has a boron-containing compound
group as an electron-withdrawing group, combining with a
group of an acridine-based structure as an electron-donating
group, so that electron clouds of the electron-withdrawing
group and the electron-donating group have a suitable
degree of overlap, enabling the energy level difference
(AE¢;=E s -E ) between the lowest singlet state S; and the
lowest triplet state T, of the thermally activated delayed
material to be less than or equal to 0.30 eV, even less than
or equal to 0.15 eV. Thus, the thermally activated delayed
material provided by the present disclosure has a TADF
material luminescence mechanism and can be used in the
field of organic photoelectric devices to improve luminous
efficiency.

[0016] The second object of the present disclosure is to
provide an organic photoelectric device comprising an
anode, a cathode, and at least one organic thin film layer
between the anode and the cathode; the organic thin film
layer comprises a light emitting layer, and any one selected
from the group consisting of a hole transporting layer, a hole
injection layer, an electron blocking layer, a hole blocking
layer, an electron transporting layer, an electron injection
layer, and a combination of at least two thereof.

[0017] The light emitting layer includes any one or a
combination of at least two of the thermally activated
delayed materials according to the first object, and the
compound is used as any one of a dopant material, a
co-doping material, or a host material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.11is a schematic view showing the structure of
the organic photoelectric device provided by the present
disclosure.
[0019] FIG. 2 is a structural view of the organic photo-
electric device provided by an example of the present
disclosure.
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DETAIL DESCRIPTION

[0020] To facilitate the understanding of the present dis-
closure, examples of the present application are listed below.
It should be understood by those skilled in the art that the
examples are only intended to assist in understanding the
present disclosure and should not be construed as limitations
to the present disclosure.

[0021] The first object of the present disclosure is to
provide a thermally activated delayed material which is a
compound having the structure of formula (I):

Formula (I)
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[0022] In formula (I), X is a boron atom or a nitrogen
atom.
[0023] In formula (I), D, and D, are each independently

any one selected from the following groups:
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-continued

[0024] Wherein R, Ry, Rs. Rg, R, Rg and Ry are each
independently any one selected from the group consisting of
substituted or unsubstituted C1-C20 alkyl, substituted or
unsubstituted C3-C20 cycloalkyl, substituted or unsubsti-
tuted C1-C20 alkoxy, substituted or unsubstituted C3-C20
heterocyclic group, substituted or unsubstituted C6-C40
aryl, and substituted or unsubstituted C5-C40 heteroaryl.

[0025] The thermally activated delayed material provided
by the present disclosure has a boron-containing compound
group as an electron-withdrawing group, combining with a
group of an acridine-based structure as an electron-donating
group, so that electron clouds of the electron-withdrawing
group and the electron-donating group have a suitable
degree of overlap, enabling the energy level difference
(AE;;=E,-E,) between the lowest singlet state S, and the
lowest triplet state T, of the thermally activated delayed
material to be less than or equal to 0.30 eV, even less than
or equal to 0.15 eV.

[0026] Wherein, m;, and m, are each independently an
integer of 0-4, for example 1, 2, 3, etc.; in the same group,
the sum of m; and m, is less than or equal to 4, for example
1, 2, 3, etc.

[0027] In formula (I), R, and R, are each independently
any one selected from the group consisting of substituted or
unsubstituted C1-C20 alkyl, substituted or unsubstituted
C3-C20 cycloalkyl, substituted or unsubstituted C1-C20
alkoxy, substituted or unsubstituted C3-C20 heterocyclic
group, substituted or unsubstituted C6-C40 aryl, and sub-
stituted or unsubstituted C5-C40 heteroaryl.

[0028] In formula (I), n, and n, are each independently an
integer of 0-4, for example 1, 2, 3, etc., and the sum of n,
and n, is less than or equal to 4, for example 1, 2, 3, efc.

[0029] In formula (I), n; and n, are each independently an
integer greater than or equal to 0, for example 1, 2, 3, 5, 7,
9, 11, 15, 18, etc.

[0030] In formula (I), L, and L, are each independently
any one selected from substituted or unsubstituted aromatic
groups; and the number of the substituents on the aromatic
group in L, and L, is represented by m,.

[0031] AEg; is positively correlated with the degree of
overlap between HOMO and LUMO. The degree of overlap
between HOMO and LUMO is reduced by introducing
electron donor unit D and electron acceptor unit A and large
sterically hindered building unit L, and thereby AE; is
reduced.

[0032] In one embodiment, the sum of n,, n,, m;, m, and
mj is less than or equal to 4, for example 3, 2, 1, 0, etc.

[0033] In one embodiment, the sum of n;, n,, m, and m,
isOor 1.
[0034] In one embodiment, the sum of n, n,, m,, m, and

mj is less than or equal to 3, for example 2, 1, 0, etc.
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[0035] 1In one embodiment, m,=0 or m,=0, or R, R,, R,
or R, are each independently any one selected from the
group consisting of methyl, ethyl, phenyl and tolyl.

[0036] Inoneembodiment, Ry, Ry, R, Ry and Ry are each
independently any one selected from the group consisting of
methyl, ethyl, phenyl and tolyl.

[0037] In one embodiment, in formula (I), L, group is
located on para position or meta position.

[0038] In one embodiment, in formula (I), D,-L,- group is
the same as D,-L,- group.

[0039] When D,-L,- group is the same as D,-L,- group,
firstly, the synthesis step is reduced, and therefore the
synthesis is convenient; secondly, when the two are the
same, the electron donating ability is enhanced, and the
HOMO level of the whole molecule is shifted upward, so
that the energy gap of the molecular is reduced, which
facilitates the material to emit deep blue light.

[0040] In one embodiment, in formula (I), both n, and n,
are 0, and D,-L,- group and D,-L,-group are the same.

[0041] In one embodiment, [, and [, are each indepen-
dently selected from any one of the following groups, or any
one of the following groups substituted with a substituent:

<\ />, A / \ //

[0042] In one embodiment, [, and [, are each indepen-
dently selected from any one of the following groups, or any
one of the following groups substituted with a substituent:
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-continued

e O

K / [0043] In one embodiment, the energy level difference

KN\ (N\ (AEg;=Es,-E7,) between the lowest singlet state S, and the
: , : , lowest triplet state T, of the thermally activated delayed
s KN/ material is less than or equal to 0.30 eV, for example 0.29 eV,

. 0.28¢V,0.27¢eV,0.26¢V,025eV, 0.24 ¢V, 0.23 ¢V,0.22 eV,
/ 0.21eV,0.20¢V,0.19¢V,0.18 eV, 0.16 ¢V, 0.14 ¢V, 0.13 eV,
-y 0.12¢eV,0.11eV,0.10¢V,0.09 eV, 0.08 ¢V, 0.07 ¢V, 0.06 eV,

’ 0.05 ¢V, 0.04 eV, 0.03 eV, 0.02 eV, 0.01 eV, etc.

AN
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P [0044] In one embodiment, for the thermally activated
- delayed material, AE,=0.15 eV, for example 0.14 eV, 0.13
N, eV,0.12¢eV,0.11 €V, 0.10eV, 0.09 eV, 0.08 €V, 0.07 eV, 0.06

N
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. AN o . AN o [0045] In one embodiment, the thermally activated
A ¢ delayed material comprises any one selected from the group

consisting of the following compounds, and a combination
of at least two thereof:
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[0046] In one embodiment, the thermally activated _continued
delayed material comprises any one selected from the group 577

consisting of the following compounds, and a combination
BQE SBNE O

of at least two thereof’
7\
N«} -2 :x
528

QQQ@%Q

Q O 04058
DI 5

[0047] In one embodiment, the thermally activated

delayed material comprises any one selected from the group

consisting of the following compounds, and a combination

of at least two thereof’ O B B N NO
O Q Q S31

Q Q N N/ )

N
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-continued
S32

[0048] The second object of the present disclosure is to
provide an organic photoelectric device comprising an
anode, a cathode, and at least one organic thin film layer
between the anode and the cathode; the organic thin film
layer comprises a light emitting layer, and any one selected
from the group consisting of a hole transporting layer, a hole
injection layer, an electron blocking layer, a hole blocking
layer, an electron transporting layer, an electron injection
layer, and a combination of at least two thereof.

[0049] The light emitting layer comprises any one or a
combination of at least two of the thermally activated
delayed materials according to the first object, and the
compound is used as any one of a dopant material, a
co-doping material, or a host material.

[0050] Referring to FIG. 1, the organic photoelectric
device comprises an anode 101 and a cathode 102, a light
emitting layer 103 disposed between the anode 101 and the
cathode 102, and any one or a combination of at least two
of a hole transporting layer (HTL), a hole injection layer
(HIL), an electron blocking layer (EBL), a hole blocking
layer (HBL), an electron transporting layer (ETL) and an
electron injection layer (EIL) is/are disposed on both sides
of the light emitting layer 103.

[0051] Since the thermally activated delayed material pro-
vided by the present disclosure as a luminescent material
(Dopant) has AE_, less than or equal to 0.30 eV, or even less
than or equal to 0.15 eV, the reverse intersystem crossing is
more easy to occur, and the long-lived triplet excitons are
easily up-converted into singlet excitons, which radiate in
the form of light and attenuate to the ground state SO,
resulting in high photoluminescence quantum yield PLQY,
and thereby, the roll-off effect can be effectively reduced and
the device has good luminescence performances and the
material can be used as a dopant material, a co-doping
material, or a host material of the light emitting layer in
organic photoelectric devices.
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[0052] In one embodiment, the cathode is covered with a
capping layer (CPL) which has a refractive index of 1.85-
2.05.

[0053] The reason for providing the capping layer lies in
that: since the refractive index of the capping layer is larger
than that of the organic light emitting layer material, accord-
ing to the law of refraction, the addition of the capping layer
helps to enhance the emission of light in the front view
direction, enhance the luminous intensity and efficiency, and
even improve the life of the device.

[0054] In one embodiment, the light emitting layer is
made of the thermally activated delayed material according
to the first object of the present disclosure and a host
material.

[0055] In one embodiment, the thermally activated
delayed material is used as a guest material for the light
emitting layer, and the difference between the HOMO of the
host material and the HOMO of the guest material is less
than 0.6 eV, for example 0.59 eV, 0.58 eV, 0.57 eV, 0.56 eV,
0.55eV,0.54 ¢V, 0.53 eV, 0.52 ¢V, 0.51 eV, 0.50 eV, 0.49 eV,
0.48eV,0.47eV,0.46eV,0.45eV,0.44 eV, 0.43 eV, 0.42 eV,
0.41eV,0.40¢V,0.39¢V,038 ¢V, 0.37eV,0.36 eV, 0.35 eV,
0.34eV,0.33eV,032eV,031eV,0.30eV,0.29eV,0.28 eV,
0.27eV,0.26¢eV,0.25¢V,0.24 ¢V, 0.23 eV, 0.22eV,0.21 &V,
0.20eV,0.19eV,0.18eV,0.16 eV, 0.14 eV, 0.13 eV, 0.12 eV,
0.11eV,0.10eV, 0.09 ¢V, 0.08 €V, 0.07 eV, 0.06 €V, 0.05 eV,
0.04 eV, 0.03 €V, 0.02 eV, 0.01 €V, etc. Or the difference
between the LUMO of the host material and the LUMO of
the guest material is less than 0.6 eV, for example 0.59 eV,
0.58eV,0.57¢eV,0.56 eV, 0.55 eV, 0.54 eV, 0.53 eV, 0.52 eV,
0.51eV,0.50eV,0.49eV,0.48 eV, 0.47 eV, 0.46 eV, 0.45 eV,
0.44eV,0.43¢eV,0.42¢V,041¢V,0.40 eV, 0.39eV,0.38 eV,
0.37eV,0.36¢V,035eV,034¢V,0.33eV,0.32eV,0.31 eV,
0.30eV,0.29¢V,0.28¢eV,0.27¢V,0.26eV,0.25eV,0.24 eV,
0.23eV,0.22¢eV,0.21eV,0.20eV,0.19eV,0.18eV,0.16 eV,
0.14eV,0.13¢V,0.12¢V,0.11eV,0.10 eV, 0.09 ¢V, 0.08 eV,
0.07eV,0.06 eV, 0.05eV,0.04 eV, 0.03 eV, 0.02 eV, 0.01 eV,
etc.

[0056] In one embodiment, the thermally activated
delayed material is used as a guest material for the light
emitting layer, and the host material is any one selected from
the group consisting of 2,8-bis(diphenylphosphinyl)diben-
zothiophene, 4,4'-bis(9-carbazole)biphenyl, 3,3'-bis(N-car-
bazolyl)-1,1'-biphenyl, 2,8-bis(diphenylphosphinoxy)diben-
zofuran, bis (4-(9H-carbazolyl-9-yl)phenyl)diphenylsilane,
9-(4-tert-butylphenyl)-3,6-bis(triphenylsilyl)-9h-carbazole,
bis(2-diphenylphosphine oxide)diphenylether, 1,3-bis[3,5-
di(pyridin-3-yl)phenyl]benzene, 4,6-bis(3,5-di (3-pyridin)
ylphenyl)-2-methylpyrimidine,  9-(3-(9H-carbazolyl-9-yl)
phenyl)-9H-carbazole-3-cyano, 9-phenyl-9-[4-
(triphenylsilyl)phenyl]-9H-fluorene,  1,3,5-tris(1-phenyl-
1H-benzimidazol-2-yl)benzene, diphenyl [4-(triphenylsilyl)
phenyl]phosphine oxide, 4,4' 4"-tris(carbazol-9-yl)
triphenylamine, 2,6-dicarbazole-1,5-pyridine,
polyvinylcarbazole, polyfluorene, and a combination of at
least two thereof, but is not limited to the above host
materials.

[0057] In one embodiment, the thermally activated
delayed material can also serve as a host material for the
light emitting layer. When the material is used as a host
material for the light emitting layer, the dopant material is
selected from a fluorescent material such as BczVBi, cou-
marin-6, DCITB, and can also be selected from a phospho-
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rescent material or a TADF dopant luminescent material, but
not limited to the above materials.

[0058] In one embodiment, the light emitting layer com-
prises the thermally activated delayed material according to
the first object, and the hole injection material, the hole
transporting material, and the electron blocking material are
each independently any one selected from the group con-
sisting of N,N'-diphenyl-N,N'-(1-naphthyl)-1,1'-biphenyl-4,
4'-diamine, 4,4',4"-tris(carbazol-9-yl)triphenylamine, 1,3-
dicarbazol-9-yl benzene, 4,4'-bis(9-carbazole)biphenyl, 3,3'-
bis(N-carbazolyl)-1,1'-biphenyl, 2,3,6,7,10,11-hexacyano-1,
4,5,8,9,12-hexaazabenzophenanthrene,  4,4'-cyclohexyldi
[N,N-di(4-methylphenyl)aniline, ~ N,N'-diphenyl-N,N'-(1-
naphthyl)-1,1'-biphenyl-4,4'-diamine, N,N'-bis(naphthalen-
2-y1)-N,N"-bis(phenyl)biphenyl-4,4'-diamine, poly(3.4-
ethylenedioxythiophene)-polystyrene sulfonic acid,
polyvinylcarbazole, 9-phenyl-3,9-bicarbazole, molybdenum
trioxide, and a combination of at least two thereof.

[0059] The hole blocking material, the electron transport-
ing material, and the electron injection material are each
independently any one selected from the group consisting of
2,8-bis(diphenylphosphinyl)dibenzothiophene, TSPO1,
TPB4, 2,8-bis(diphenylphosphinoxy)dibenzofuran, bis(2-di-
phenylphosphine oxide)diphenylether, lithium fluoride, 4,6-
bis(3,5-bis(3-pyridin)ylphenyl)-2-methylpyrimidine, 4,7-di-
phenyl-1,10-phenanthroline, 1,3,5-tris[ (3-pyridyl)-3-
phenyl]benzene, tris[2,4,6-trimethyl-3-(3-pyridyl)phenyl]
borane, 1.3-bis(3,5-dipyridin-3-ylphenyl)benzene, 1,3-bis
[3,5-bis(pyridin-3-yl)phenyl]benzene, 2,4,6-tris(biphenyl-3-
y1)-1,3,5-triazine,  diphenyl  bis[4-(pyridin-3-yl)phenyl]
silane, cesium carbonate, bis(2-methyl-8-hydroxyquinoline-
N1,08)-(1.1"-biphenyl-4-hydroxy)aluminum,
8-hydroxyquinoline-lithium, tris(8-hydroxyquinoline)alu-
minum, and a combination of at least two thereof.

[0060] The anode material may be a metal such as copper,
gold, silver, iron, chromium, nickel, manganese, palladium,
platinum, etc.; a metal oxide such as indium oxide, zinc
oxide, indium tin oxide (ITO), indium zinc oxide (IZ0), etc.;
an alloy; or a conductive polymer such as polyaniline,
polypyrrole, poly(3-methylthiophene), etc. In addition to the
above materials and combinations thereof which contribute
to hole injection, other known materials suitable for the
anode may also be used.

[0061] The cathode material may be a metal such as
aluminum, magnesium, silver, indium, tin, titanium, etc.; an
alloy such as Mg/Ag; or a composite of a metal and an
inorganic compound, such as a multilayer metal material—
LiF/Al, LiO,/Al, BaF,/Al, etc. In addition to the above
materials and combinations thereof which contribute to
electron injection, other known materials suitable for the
cathode may also be used.

[0062] The substrate may be a rigid substrate such as
borosilicate glass, float soda lime glass, high refractive index
glass, stainless steel, or may be a flexible substrate such as
polyimide (PI) plastic substrate, polyethylene terephthalate
(PET) plastic substrate, polyethylene naphthalate (PEN)
plastic substrate, polyether sulfone resin substrate (PES),
polycarbonate plastic substrate (PC), ultra-thin flexibility
glass substrate, metal foil substrate.
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[0063] The organic photoelectric device of the present
disclosure can be prepared by a vacuum evaporation
method.

[0064] The compound having the structure of formula (I)
provided by the present disclosure can be synthesized by the
existing technologies, and an exemplary synthetic route is as
follow:

[0065] The synthetic route for a compound
[0066] Step 1,

1 Br + NH

Cu, K2C03
—_—

DMF, 130

S2-1

[0067] 2-bromo-5-iodo-1,3-dimethylbenzene (10 mmol),
9,9-dimethylacridine (10 mmol), Cu (20 mmol), K,CO, (20
mmol) and N,N-dimethylformamide (20 ml) were mixed
under a nitrogen atmosphere to form a solution. The above
mixed solution was vacuumed three times with nitrogen gas,
and heated and stirred at 130° C. for 24 h. The reaction
mixture was filtered with diatomite and washed with dichlo-
romethane (20 ml). The solvent was evaporated under
reduced pressure and the resultant was purified by column
chromatography (hexane/dichloromethane: 10:1), and then a
white solid 9-(4-bromo-3,5-dimethylphenyl)-dimethyl acri-
dine S2-1 was obtained.
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[0068] Step 2,
N
n
Br
52-1
O\ o Pd(dppf)CLy, KOAc
B—B
/ Dioxane
O 6]
0] Q
\
B N
/ .
O Q
§2-2
[0069] The product of the previous step 9-(4-bromo-3,5-

dimethylphenyl)-dimethyl acridine S2-1 (10 mmol), bis
(pinacolato)diboron (20 mmol), (1,1'-bis(diphenylphos-
phino)ferrocene)palladium(Il)dichloride (0.3 mmol) and
potassium acetate (45 mmol) were separately added into a
250 ml three-necked flask, and the mixture was vacuumed
three times with nitrogen gas, and 100 mL of tetrahydrofuran
was added by a syringe. The mixture was stirred at a certain
speed. and the resulting mixed solution reactant was heated
with reflux at a reaction temperature of 80° C. for 5 h. After
the reaction was completed, the mixture was cooled to room
temperature and water (100 ml) was added. Then the mix-
ture was extracted with ethyl ether and the obtained organic
phase was dried with anhydrous sodium sulfate. The solvent
was distilled off and the resultant was purified by column
chromatography, and then a product 9-(4-borate-3,5-dimeth-
ylphenyl)-dimethyl acridine S2-2 was obtained.

[0070] Step 3,

Br—B B—Br +
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Pd(OAc)s, ‘BuONa
_————
BugPBF4, Toluene
B
O/ \O
S2-2
S2
[0071] In a 250 ml three-necked flask under a nitrogen
atmosphere,  9,10-dibromo-9,10-diboroanthracene (10

mmol), the product of the previous step 9-(4-borate-3,5-
dimethylphenyl)-dimethyl acridine S2-2 (20 mmol), palla-
dium acetate (0.0006 mol), sodium t-butoxide tBuONa (0.35
mol) and tBuPBF, (2 mmol) were successively added to 50
ml of toluene, stirred and mixed, and the mixture was
refluxed and reacted at 110° C. for 16 h. The resultant was
naturally cooled to room temperature, and 100 ml of water
was added thereto, and then the mixture was extracted with
dichloromethane and washed with saturated salt solution.
After drying the organic layer with anhydrous sodium sul-
fate, the solvent was distilled off, and the obtained residue
was further separated and purified on silica gel column to
give a compound S2.

[0072] Elemental analysis for the structure of the S2
compound (molecular formula CsgHs,B,N,): Theoretical
value: C, 87.22; H, 6.56; B, 2.71; N, 3.51. Measured Value:
C,87.22; H, 6.57, B, 2.72; N, 3.49. The ESI-MS (m/z) (M+)
was obtained by liquid chromatography-mass spectrometry:
the theoretical value was 798.43, and the measured value
was 798.50.

[0073] The synthetic route for a compound

H A H S
5OGY
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[0074] Step 1,
Cu, K2C03
I Br + O H ——
DMF, 130° C.
@O
/<N>\
Br
S5-1
[0075] 2-bromo-5-iodo-1,3-dimethylbenzene (10 mmol),

phenoxazine (10 mmol), Cu (20 mmol), K,CO; (20 mmol)
and N,N-dimethylformamide (20 ml) were mixed under a
nitrogen atmosphere to form a solution. The above mixed
solution was vacuumed three times with nitrogen gas, and
heated and stirred at 130° C. for 24 h. The reaction mixture
was filtered with diatomite and washed with dichlorometh-
ane (20 ml). The solvent was evaporated under reduced
pressure and the resultant was purified by column chroma-
tography (hexane/dichloromethane: 10:1), and then a white
solid 10-(4-bromo-3,5-dimethylphenyl)-phenoxazine S5-1
was obtained.

[0076] Step 2.

Cu, K2C03

y —
DMF, 130° C.

o)

Br
S5-2
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[0077] 2-bromo-5-iodo-1,3-dimethylbenzene (10 mmol),
phenoxazine (10 mmol), Cu (20 mmol), K,CO; (20 mmol)
and N,N-dimethylformamide (20 ml) were mixed under a
nitrogen atmosphere to form a solution. The above mixed
solution was vacuumed three times with nitrogen gas, and
heated and stirred at 130° C. for 24 h. The reaction mixture
was filtered with diatomite and washed with dichlorometh-
ane (20 ml). The solvent was evaporated under reduced
pressure and the resultant was purified by column chroma-
tography (hexane/dichloromethane (10:1)), and then a white
solid 10-(4-bromophenyl)-phenoxazine S5-2 was obtained.

[0078] Step 3,
O
0]
GRS
N /B_
0O
Pd(dppf)Cls, KOAc
Dioxane
Br
55-2
@ N
B
Pd(OAc)s, ‘BuONa
'BuyPBF,, Toluene
B
O/ \O
[0079] The product of the previous step 10-(4-bromophe-

nyl)-phenoxazine (10 mmol) S5-2, bis(pinacolato)diboron
(20 mmol), (1,1'-bis(diphenylphosphino)ferrocene)palla-
dium(IT)dichloride (0.3 mmol) and potassium acetate (45
mmol) were separately added into a 250 ml three-necked
flask, and the mixture was vacuumed three times with
nitrogen gas, and 100 mL of tetrahydrofuran was added by
a syringe. The mixture was stirred at a certain speed, and the
resulting mixed solution reactant was heated with reflux at
a reaction temperature of 80° C. for 5 h. After the reaction
was completed, the mixture was cooled to room temperature
and 100 ml of water was added. Then the mixture was
extracted with ethyl ether and the obtained organic phase
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was dried with anhydrous sodium sulfate. The solvent was
distilled off and the resultant was purified by column chro-
matography, and then a product 9-(4-borate-3,5-dimethyl-
phenyl)-phenoxazine was obtained.

[0080]
atmosphere
(10 mmol), 9-(4-borate-3,5-dimethylphenyl)-phenoxazine
(10 mmol), palladium acetate (0.0006 mol), sodium t-bu-
toxide tBuONa (0.35 mol) and tBuPBF, (2 mmol) were
successively added to 50 ml of toluene, stirred and mixed,

In a 250 ml three-necked flask under a nitrogen
5,10-dimethyl-5-nitrogen-10-boroanthracene

and the mixture was refluxed and reacted at 110° C. for 16
h. The resultant was naturally cooled to room temperature,
and 100 m] of water was added thereto, and then the mixture
was extracted with dichloromethane and washed with satu-
rated salt solution. After drying the organic layer with
anhydrous sodium sulfate, the solvent was distilled off, and
the obtained residue was further separated and purified on
silica gel column to give an intermediate product S5-3.

[0081]
O
906

:

Step 4,

0

\_

/
i:o

Pd(dppfClo, KOAc

Dioxane
B
S5-3
O@
N Br4§i>7 N 6]
35-1
N Pd(OAc),, 'BuONa
'Bu;PBF,, Toluene
I
B
O/ \O
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[0082] The intermediate product S5-3 (10 mmol), bis
(pinacolato)diboron (20 mmol), (1,1'-bis(diphenylphos-
phino)ferrocene)palladium(II)dichloride (0.3 mmol) and
potassium acetate (45 mmol) were separately added into a
250 ml three-necked flask, and the mixture was vacuumed
three times with nitrogen gas, and 100 mL of tetrahydrofuran
was added by a syringe. The mixture was stirred at a certain
speed, and the resulting mixed solution reactant was heated
with reflux at a reaction temperature of 80° C. for 5 h. After
the reaction was completed, the mixture was cooled to room
temperature and 100 ml of water was added. Then the
mixture was extracted with ethyl ether and the obtained
organic phase was dried with anhydrous sodium sulfate. The
solvent was distilled off and the resultant was purified by
column chromatography, and then a borate product of S5-3
was obtained.

[0083] In a 250 ml three-necked flask under a nitrogen
atmosphere, the borate product of S5-3 (10 mmol), the
product S5-1 obtained in step 1 (10 mmol), palladium
acetate (0.0006 mol), sodium t-butoxide tBuONa (0.35 mol)
and tBuPBF,, (2 mmol) were successively added to 50 ml of
toluene, stirred and mixed, and the mixture was refluxed and
reacted at 110° C. for 16 h. The resultant was naturally
cooled to room temperature, and 100 ml of water was added
thereto, and then the mixture was extracted with dichlo-
romethane and washed with saturated salt solution. After
drying the organic layer with anhydrous sodium sulfate, the
solvent was distilled off, and the obtained residue was
further separated and purified on a silica gel column to give
a final product SS.

[0084] Elemental analysis for the structure of the S5
compound (molecular formula C5,H;(BN;0,): Theoretical
value: C, 83.22; H, 5.03; B, 1.50; N, 5.82; O, 4.43. Measured
Value: C, 83.22; H, 5.01; B, 1.50; N, 5.83; O, 4.44. The
ESI-MS (m/z) (M+) was obtained by liquid chromatogra-
phy-mass spectrometry: the theoretical value was 721.29,
and the measured value was 721.40.

[0085] The synthetic route for a compound
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[0086] Step 1,
1
Br +
Cu, K2C03
N —_—
DMF, 130
N
N
Br
S18-1
[0087] 2-bromo-6-iodo-1,3-dimethylbenzene (10 mmol),

5-phenyl-5,10-phenazine (10 mmol), Cu (20 mmol), K,CO;
(20 mmol) and N,N-dimethylformamide (20 ml) were mixed
under a nitrogen atmosphere to form a solution. The above
mixed solution was vacuumed three times with nitrogen gas,
and heated and stirred at 130° C. for 24 h. The reaction
mixture was filtered with diatomite and washed with dichlo-
romethane (20 ml). The solvent was evaporated under
reduced pressure and the resultant was purified by column
chromatography (hexane/dichloromethane: 10:1), and then a
white solid 5-phenyl-10-(3-bromo-2,4-dimethylphenyl)-5,
10-phenazine S18-1 was obtained.

[0088] Step 2,
N
n
N
Br
S18-1
O\ / 0 Pd)dppf)Cl, KOAc
VAR T Dowme
0 0
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-continued

S18-2

[0089] The product of the previous step 5-phenyl-10-(3-
bromo-2,4-dimethylphenyl)-5,10-phenazine  S18-1 (10
mmol), bis(pinacolato)diboron (20 mmol), (1,1"-bis(diphe-
nylphosphino)ferrocene)palladium(IT)dichloride (0.3 mmol)
and potassium acetate (45 mmol) were separately added into
a 250 ml three-necked flask, and the mixture was vacuumed
three times with nitrogen gas, and 100 mL of tetrahydrofuran
was added by a syringe. The mixture was stirred at a certain
speed, and the resulting mixed solution reactant was heated
with reflux at a reaction temperature of 80° C. for 5 h. After
the reaction was completed, the mixture was cooled to room
temperature and 100 ml of water was added. Then the
mixture was extracted with ethyl ether and the obtained
organic phase was dried with anhydrous sodium sulfate. The
solvent was distilled off and the resultant was purified by
column chromatography, and then a product 5-phenyl-10-
(3-borate-2,4-dimethylphenyl)-5,10-phenazine S18-2 was
obtained.

[0090] Step 3,
Br—B B—Br +
N
N
Pd(OAc),, 'BuONa
—_—-
'Bu;PBF,, Toluene
B
O/ \O
518-2
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-continued

i

818

SN L

[0091]
atmosphere, the product of the previous step S18-2 (20
mmol), 9,10-dibromo-9,10-diboroanthracene (10 mmol),
palladium acetate (0.0006 mol), sodium t-butoxide tBuONa
(0.35 mol) and tBuPBF,, (2 mmol) were successively added
to 50 ml of toluene, stirred and mixed, and the mixture was
refluxed and reacted at 110° C. for 16 h. The resultant was
naturally cooled to room temperature, and 100 ml of water

In a 250 ml three-necked flask under a nitrogen

was added thereto, and then the mixture was extracted with
dichloromethane and washed with saturated salt solution.
After drying the organic layer with anhydrous sodium sul-
fate, the solvent was distilled off, and the obtained residue
was further separated and purified on a silica gel column to
give a final product S18.

[0092] Elemental analysis for the structure of the S18
compound (molecular formula Cg,Hs,B,N,): Theoretical
value: C, 85.72; H, 5.62; B, 2.41; N, 6.25. Measured Value:
C,85.72; H, 5.64; B, 2.41; N, 6.23. The ESI-MS (m/z) (M+)
was obtained by liquid chromatography-mass spectrometry:
the theoretical value was 896.42, and the measured value
was 896.61.

[0093] The synthetic route for a compound
[0094] Step 1,

Cu, K2C03
NH ——
DMF, 130

IAQ—BI + S

15
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§25-1

[0095] 2-bromo-4-i0do-1,3-dimethylbenzene (10 mmol),
5,10-phenothiazine (10 mmol), Cu (20 mmol), K,CO; (20
mmol) and N,N-dimethylformamide (20 ml) were mixed
under a nitrogen atmosphere to form a solution. The above
mixed solution was vacuumed three times with nitrogen gas,
and heated and stirred at 130° C. for 24 h. The reaction
mixture was filtered with diatomite and washed with dichlo-
romethane (20 ml). The solvent was evaporated under
reduced pressure and the resultant was purified by column
chromatography (hexane/dichloromethane: 10:1), and a
product  10-(4-bromo-3,5-dimethylphenyl)-phenothiazine
S25-1 was obtained.

[0096] Step 2,

S25-1
\
B N S.
j / i >
O

825-2

0 o)
N/
B—E
/N
o ) _

Pd(dppf)Cl,, KOAc
Dioxane

[0097] The product of the previous step S25-1 (10 mmol),
bis(pinacolato)diboron (20 mmol), (1,1-bis(diphenylphos-
phino)ferrocene)palladium(II)dichloride (0.3 mmol) and
potassium acetate (45 mmol) were separately added into a
250 ml three-necked flask, and the mixture was vacuumed
three times with nitrogen gas, and 100 mL of tetrahydrofuran
was added by a syringe. The mixture was stirred at a certain
speed, and the resulting mixed solution reactant was heated
with reflux at a reaction temperature of 80° C. for 5 h. After
the reaction was completed, the mixture was cooled to room
temperature and 100 ml of water was added. Then the
mixture was extracted with ethyl ether and the obtained
organic phase was dried with anhydrous sodium sulfate. The
solvent was distilled off and the resultant was purified by
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column chromatography, and then a product 10-(4-borate-
3,5-dimethylphenyl)-phenothiazine S25-2 was obtained.

[0098] Step 3,

0
Q (
B +
O O
S E Pd(OAc), BuONa {BuONa

Cl—B B—Br

E E tBugPBR;, Toluene

§25-3

[0099] In a 250 ml three-necked flask under a nitrogen
atmosphere, S-phenyl-10-borate-anthracene (10 mmol),
5-chloro-10-bromo-5,10-diboroanthracene (10 mmol), pal-
ladium acetate (0.0006 mol), sodium t-butoxide tBuONa
(0.35 mol) and tBuPBF, (2 mmol) were successively added
to 50 ml of toluene, stirred and mixed, and the mixture was
refluxed and reacted at 110° C. for 16 h. The resultant was
naturally cooled to room temperature, and 100 ml of water
was added thereto, and then the mixture was extracted with
dichloromethane and washed with saturated salt solution.
After drying the organic layer with anhydrous sodium sul-
fate, the solvent was distilled off, and the obtained residue
was further separated and purified on a silica gel column to
give a brominated intermediate product S25-3.

[0100] Step 4,

+
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Pd(OAc),, 'BuONa
R
BuyPBF,, Toluene

St

[0101] In a 250 ml three-necked flask under a nitrogen
atmosphere, S25-2 (10 mmol) and S25-3 10-(4-borate-3,5-
dimethylphenyl)-phenothiazine (10 mmol), palladium
acetate (0.0006 mol), sodium t-butoxide tBuONa (0.35 mol)
and tBuPBF, (2 mmol) were successively added to 50 ml of
toluene, stirred and mixed, and the mixture was refluxed and
reacted at 110° C. for 16 h. The resultant was naturally
cooled to room temperature, and 100 ml of water was added
thereto, and then the mixture was extracted with dichlo-
romethane and washed with saturated salt solution. After
drying the organic layer with anhydrous sodium sulfate, the
solvent was distilled off, and the obtained residue was
further separated and purified on a silica gel column to give
a final product S25.

[0102] Elemental analysis for the structure of the S25
compound (molecular formula Cg,H;,B,NS): Theoretical
value: C, 85.61; H, 5.11; B, 2.96; N, 1.92; S, 4.40. Measured
Value: C, 85.61; H, 5.12; B, 2.96; N, 1.93; S, 4.38. The
ESI-MS (m/z) (M+) was obtained by liquid chromatogra-
phy-mass spectrometry: the theoretical value was 729.28,
and the measured value was 729.35.

[0103] In the following, the invention will be explained in
detail by the following examples in order to give a better
understanding of the various aspects of the invention and its
advantages. However, it should be understood that the
following examples are non-limiting and are merely illus-
trative of certain embodiments of the invention.

Example 1

[0104] This example provides an organic light emitting
device N1. As shown in FIG. 2, the organic light emitting
device includes: a substrate 1, an ITO anode 2, a first hole
transporting layer 3, a second hole transporting layer 4, a
light emitting layer 5, a first electron transporting layer 6, a
second electron transporting layer 7, a cathode 8 (magne-
sium-silver electrode with a mass ratio of magnesium to
silver of 9:1) and a capping layer (CPL) 9; wherein the
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thickness of the ITO anode 2 is 15 nm, the thickness of the
first hole transporting layer 3 is 10 nm, the thickness of the
second hole transporting layer 4 is 110 nm, the thickness of
the light emitting layer 5 is 30 nm, the thickness of the first
electron transporting layer 6 is 30 nm, the thickness of the
second electron transporting layer 7 is 5 nm, the thickness of
the magnesium-silver electrode 8 is 15 nm, and the thickness
of the capping layer (CPL) 9 is 100 nm.

[0105] The steps for preparing the organic light emitting
device N1 are as follows:

[0106] 1) A glass substrate was cut into a size of 50
mmx50 mmx0.7 mm, sonicated in isopropanol and deion-
ized water for 30 minutes respectively, and then exposed to
ozone for about 10 minutes for cleaning; the obtained glass
substrate with ITO anode was mounted on a vacuum depo-
sition apparatus;

[0107] 2) Hole injection layer material HAT-CN was
deposited on the ITO anode layer 2 by a vacuum evaporation
method at a vacuum degree of 2x107° Pa to a thickness of
10 nm, and the obtained layer was the first hole transporting
layer 3;

[0108] 3) The material of the second hole transporting
layer 4 TAPC was deposited on the first hole transporting
layer 3 by a vacuum evaporation to a thickness of 110 nm,
and the obtained layer was the second hole transporting
layer 4.

[0109] 4) The light emitting layer 5 was co-deposited on
the hole transporting layer 4, wherein the compound S2

oG

designed in the present disclosure was used as a dopant
material for the light emitting layer, 3,3'-bis(N-carbazolyl)-
1,1'-biphenyl (mCBP) was used as a host material for the
light emitting layer, the mass ratio of the compound S2 to
mCBP was 1:9, and the thickness of the light emitting layer
5 was 30 nm;

[0110] 5) The first electron transporting layer 6 was
vacuum-deposited on the light emitting layer 5, wherein the
material of the first electron transporting layer 6 was TPB;,
and the thickness thereof was 30 nm;

[0111] 6) The second electron transporting layer 7 was
vacuum-deposited on the first electron transporting layer 6,
wherein the material of the second electron transporting
layer 7 was Alq3, the thickness thereof was 5 nm;

[0112] 7) The magnesium-silver electrode was vacuum-
deposited on the second electron transporting layer 7,
wherein the mass ratio of Mg to Ag was 9:1, and the
magnesium-silver electrode had a thickness of 15 nm and
was used as the cathode 8; and

[0113] 8) The material CBP was vacuum-deposited on the
cathode 8 to a thickness of 100 nm, and the obtained layer
was used as a cathode covering layer (capping layer).

Ny
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-continued
- St L
NQB 134@7
cBP Example 4
The difference of the present example from

[0116]
Example 1 is that an organic light emitting device N4 is
provided wherein the compound S2 is replaced with the
NN compound S23
(" SRR TN &)
N / \ B B \ / N
Alg3 —

40e

A

Example 5

[0117] The difference of the present example from
Example 1 is that an organic light emitting device N5 is
N provided wherein the compound S2 is replaced with the

| compound S25

A0 (o4 y.
asacecese!
Example 2 O

[0114] The difference of the present example from

Example 1 is that an organic light emitting device N2 is

provided wherein the compound S2 is replaced with the Example 6

compound S5 [0118] The difference of the present example from
Example 1 is that an organic light emitting device N6 is

provided wherein the compound S2 is replaced with the

Q Oy Q=
o} O%}G >§ Q %}§

Example 3
[0115] The difference of the present example from
Example 1 is that an organic light emitting device N3 is
provided wherein the compound S2 is replaced with the

compound S18
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Comparative Example 1

[0119] The difference of the present example from
Example 1 is that an organic light emitting device C1 is
provided wherein the compound S2 is replaced with a
compound D1

§ofof

Comparative Example 2

[0120] The difference of the present example from
Example 1 is that an organic light emitting device C2 is
provided wherein the compound S2 is replaced with a
compound D2

HOEP

[0121] Performance Testing:
[0122] (1) Simulation Calculation of Compounds:
[0123] The energy level difference between singlet state

and triplet state of organic materials can be obtained by
Guassian 09 software (Guassian Inc.). For specific simula-
tion method of energy level difference AF,, please refer to
J. Chem. Theory Comput., 2013, DOI: 10.1021/ct400415r.
Molecular structure optimization and excitation can be
accomplished by the TD-DFT method “B3LYP” and the
basis set “6-31g(d)”. The present disclosure is directed to the
compounds S2, 85, S18, 823, 825, S31 and D1 and D2, and
the results are shown in Table 1.

[0124] (2) Performance Evaluation of Organic Photoelec-
tric Devices
[0125] The present disclosure relates to compounds S2,

S5, 818, 823, S25, S31 and D1 and D2 in Table 1, which are
respectively made into devices, corresponding to the device
numbers N1-N6 and C1 and C2. The electric currents at
different voltages of these organic photoelectric devices
prepared in examples and comparative examples were tested
by a Keithley 2365 A digital nanovoltmeter, and then current
densities at different voltages of these organic photoelectric
devices were obtained through dividing the current by the
light emitting area. The brightnesses and radiant energy flow
densities at different voltages of the organic photovoltaic
devices prepared according to examples and comparative
examples were measured using a Konicaminolta CS-2000
spectroradiometer. Based on the current densities and bright-
nesses of the organic photoelectric device at different volt-
ages, the current efficiency (Cd/A) and the external quantum
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efficiency EQE at the same current density (10 mA/cm?)
were obtained, and the results are shown in Table 2.

TABLE 1

Results of simulation calculation of compounds

HOMO LUMO S, T, ABg
Compounds (ev) (ev) (ev) (ev) (ev)
Example 1 S2 =527 -246  2.60 2.65 0.05
Example 2 S5 -5.45 -2.84 278 274 0.04
Example 3 S18 -551 =275 283 269 0.14
Example 4 523 =557 =262 272 2.64 0.08
Example 5 825 -543 -2.66 289 276 0.13
Example 6 531 =540 =258 270 258 012
Comparative D1 -5.62 -2.81 2,65 228 037
Example 1
Comparative D2 -5.59 -2774 288 249 039
Example 2
[0126] It can be seen from Table 1 that the AE; of all the

compounds in the examples of the present disclosure is less
than 0.15 ev, which realizes a smaller energy level difference
between singlet state and triplet state and thereby facilitates
reverse intersystem crossing. In addition, the fluorescence
lifetime of all the compounds is on the order of microsec-
onds with significant delayed fluorescence effects. The ther-
mally activated delayed fluorescence material provided by
the present disclosure has a better potential compared to
comparative examples 1 and 2 in which the compounds have
larger energy level difference AE,.

TABLE 2

Results of performance evaluation of organic photoelectric devices

Devices V_.[V] CE16 matgons’y (©AA™)  EQE ) (%)
N1 3.81 27.3 17.8
N2 3.82 28.6 18.2
N3 3.80 30.1 18.9
N4 3.82 26.9 16.8
N5 3.81 31.7 19.1
N6 3.80 29.5 18.4
C1 4.02 20.3 13.4
C2 3.95 22.6 15.0
[0127] As can be seen from Table 2, the maximum exter-

nal quantum efliciencies of the N1-N6 devices comprising
the thermally activated delayed fluorescence material pro-
vided by the present disclosure are 16.8%-19.1%, and the
maximum reaches 19.1%, which is increased by about 42%
relative to the EQE,,,,,, of the comparative device C1 and
about 28% relative to the EQE,,,,, of the comparative
device C2. This is mainly due to the fact that the thermally
activated delayed fluorescence material provided by the
present disclosure has a higher triplet energy and a smaller
energy level difference AE,. The material designed by the
present disclosure is applied in the evaporation process, the
efficiency is obviously improved, the voltage reduction
effect is obvious, and the power consumption of the device
is effectively reduced.
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What is claimed is:

1. A thermally activated delayed material being a com-
pound having the structure of formula (I):

Formula ()
_—

R

B_L]_('Dl)n3>

"

"
Ry

—

B

(DZT L,—

in formula (I), X is a boron atom or a nitrogen atom;

in formula (I}, D, and D, are each independently any one
selected from the following groups:

Rs
|
N
I AN N
(R3T —tRo)m, .
NN
R, R¢
I X N
(Rs‘)ml—| TR,
IF S
S
I N N
(Rﬁml—| TR,
F N F
O
I AN I
(Rﬁml—l TR,
P N P
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wherein R;, R, Ry, R, R, R and R are each indepen-
dently any one selected from the group consisting of
substituted or unsubstituted C1-C20 alkyl, substituted
or unsubstituted C3-C20 cycloalkyl, substituted or
unsubstituted C1-C20 alkoxy, substituted or unsubsti-
tuted C3-C20 heterocyclic group, substituted or unsub-
stituted C6-C40 aryl, and substituted or unsubstituted
C5-C40 heteroaryl;

m, and m, are each independently an integer of 0-4; and
in the same group, the sum of m, and m, is less than or
equal to 4;

in formula (I), R, and R, are each independently any one
selected from the group consisting of substituted or
unsubstituted C1-C20 alkyl, substituted or unsubsti-
tuted C3-C20 cycloalkyl, substituted or unsubstituted
C1-C20 alkoxy, substituted or unsubstituted C3-C20
heterocyclic group, substituted or unsubstituted
C6-C40 aryl, and substituted or unsubstituted C5-C40
heteroaryl;

in formula (I), n, and n, are each independently an integer
of 0-4, and the sum of n, and n, is less than or equal to
4;

in formula (I), n, and n, are each independently an integer
greater than or equal to 0;

in formula (I), L, and L, are each independently any one
selected from substituted or unsubstituted aromatic
groups; and the number of the substituents on the
aromatic group in [, and L, is represented by m;.

2. The thermally activated delayed material of claim 1,
wherein the sum of n,, n,, m;, m, and mj, is less than or
equal to 4.

3. The thermally activated delayed material of claim 1,
wherein the sum of n;, n,, m, and m, is 0 or 1.

4. The thermally activated delayed material of claim 1,
wherein m,;=0 or m,=0, or R, R,, R; or R, are each
independently any one selected from the group consisting of
methyl, ethyl, phenyl and tolyl.

5. The thermally activated delayed material of claim 1,
wherein Rs, Rg, R, Rg and R, are each independently any
one selected from the group consisting of methyl, ethyl,
phenyl and tolyl.

6. The thermally activated delayed material of claim 1,
wherein in formula (I), L, group is located on para position
or meta position.

7. The thermally activated delayed material of claim 1,
wherein in formula (I), D,-L,- group is the same as D,-L,-
group.

8. The thermally activated delayed material of claim 1,
wherein in formula (I), both n, and n, are 0, and D,-L;-
group and D,-L,- group are the same.

9. The thermally activated delayed material of claim 1,
wherein I, and L, are each independently selected from any
one of the following groups, or any one of the following
groups substituted with a substituent:
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11. The thermally activated delayed material of claim 1,
wherein the energy level difference between the lowest
singlet state S, and the lowest triplet state T, of the thermally
activated delayed material AE is less than or equal to 0.30
ev.

10. The thermally activated delayed material of claim 1, 12. The thermally activated delayed material of claim 1,
wherein L, and L, are each independently selected from any wherein the thermally activated delayed material comprises
one of the following groups, or any one of the following any one selected from the group consisting of the following
groups substituted with a substituent: compounds, and a combination of at least two thereof:

@?Q%}
N{g:@?ﬁg}
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13. The thermally activated delayed material of claim 1,

wherein the thermally activated delayed material comprises
any one selected from the group consisting of the following O
compounds, and a combination of at least two thereof:
O
DAV ANR G /
7\
N B B N
QOQ - -
7\ < g
—N N B B N N—
QL0 & BB5o0Ro
asese
N= N
14. The thermally activated delayed material of claim 1, @ @

B{j
wherein the thermally activated delayed material comprises
any one selected from the group consisting of the following
compounds, and a combination of at least two thereof:
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_continued injection layer, an electron blocking layer, a hole blocking
layer, an electron transporting layer, an electron injection
layer, and a combination of at least two thereof;
\Si N B 5 N Si/ , the'light emitting layer comprises any one or a combina-
/ AN tion of at least two of the following thermally activated
delayed materials being a compound having the struc-
ture of formula (I):
. Formula (I)
2!
oz X @ \ /
O @ G DrLa— B—Li=tDn,,
O y
R,
O O Q , in formula (I), X is a boron atom or a nitrogen atom;
N B B N in formula (I), D, and D, are each independently any one
O O Q selected from the following groups:
Rs
O IL
| x X
O Q Rep —tRi)n,
NN
N B B N }[
R7 R5
@ O NS
(Rs‘)ml—| R,
P NP
N *
S
| X A
N - (Rg—)—m1 ] TR, ,
NN
0 |
O
O | X A
(Rﬁ—ml ] — Ry, ,
Vs Va
15. An organic photoelectric device comprising an anode,
a cathode, and at least one organic thin film layer between. =~ |
the anode and the cathode; the organic thin film layer

comprises a light emitting layer, and any one selected from
the group consisting of a hole transporting layer, a hole
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Rg Ry
\Si/
| x A
(Rs‘)ml—l Tt Rm, 5
PN NS

wherein R;, R, Rs, Rg, R, Ry and R, are each indepen-
dently any one selected from the group consisting of
substituted or unsubstituted C1-C20 alkyl, substituted
or unsubstituted C3-C20 cycloalkyl, substituted or
unsubstituted C1-C20 alkoxy, substituted or unsubsti-
tuted C3-C20 heterocyclic group, substituted or unsub-
stituted C6-C40 aryl, and substituted or unsubstituted
C5-C40 heteroaryl;

m; and m, are each independently an integer of 0-4; and
in the same group, the sum of m, and m, is less than or
equal to 4;

in formula (I), R, and R, are each independently any one
selected from the group consisting of substituted or
unsubstituted C1-C20 alkyl, substituted or unsubsti-
tuted C3-C20 cycloalkyl, substituted or unsubstituted
C1-C20 alkoxy, substituted or unsubstituted C3-C20
heterocyclic  group, substituted or unsubstituted
C6-C40 aryl, and substituted or unsubstituted C5-C40
heteroaryl;

in formula (1), n, and n, are each independently an integer
of 0-4, and the sum of n, and n, is less than or equal to
4,

in formula (1), n; and n, are each independently an integer
greater than or equal to 0;

in formula (I), L, and L, are each independently any one
selected from substituted or unsubstituted aromatic
groups; and the number of the substituents on the
aromatic group in L; and L, is represented by m;;

and the compound is used as any one of a dopant material,
a co-doping material, or a host material.

16. The organic photoelectric device of claim 15, wherein
the cathode is covered with a capping layer which has a
refractive index of 1.85-2.05.

17. The organic photoelectric device of claim 15, wherein
the light emitting layer is made of the thermally activated
delayed material according to claim 1 and a host material.

18. The organic photoelectric device of claim 15, wherein
the light emitting layer comprises a host material and a guest
material; the thermally activated delayed material is used as
the guest material for the light emitting layer, and the
difference between the HOMO of the host material and the
HOMO of the guest material is less than 0.6 eV, or the

27

Apr. 2,2020

difference between the LUMO of the host material and the
LUMO of the guest material is less than 0.6 eV.

19. The organic photoelectric device of claim 18, wherein
the thermally activated delayed material is used as a guest
material for the light emitting layer, and the host material is
any one selected from the group consisting of 2,8-bis
(diphenylphosphinyl)dibenzothiophene,  4,4'-bis(9-carba-
zole)biphenyl, 3,3'-bis(N-carbazolyl)-1,1'-biphenyl, 2,8-bis
(diphenylphosphinoxy)dibenzofuran, bis (4-(9H-carbazolyl-
9-yl)phenyl)diphenylsilane, 9-(4-tert-butylphenyl)-3,6-bis
(triphenylsilyl)-9h-carbazole, bis(2-diphenylphosphine
oxide)diphenylether,  1,3-bis[3,5-di(pyridin-3-yl)phenyl]
benzene, 4,6-bis(3,5-di (3-pyridin)ylphenyl)-2-methylpy-
rimidine, 9-(3-(9H-carbazolyl-9-yl)phenyl)-9H-carbazole-
3-cyano, 9-phenyl-9-[4-(triphenylsilyl)phenyl]-9H-
fluorene, 1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)
benzene, diphenyl [4-(triphenylsilyl)phenyl|phosphine
oxide, 4,4'4"-tris(carbazol-9-yl)triphenylamine, 2,6-dicar-
bazole-1,5-pyridine, polyvinylcarbazole, polyfluorene, and
a combination of at least two thereof.

20. The organic photoelectric device of claim 15, wherein
the light emitting layer comprises the thermally activated
delayed material according to claim 1, and the hole injection
material, the hole transporting material, and the electron
blocking material are each independently any one selected
from the group consisting of N,N'-diphenyl-N,N'-(1-naph-
thyl)-1,1'-biphenyl-4,4'-diamine, 4,4',4"-tris(carbazol-9-yl)
triphenylamine, 1,3-dicarbazol-9-yl benzene, 4,4'-bis(9-car-
bazole)biphenyl, 3,3'-bis(N-carbazolyl)-1,1'-biphenyl, 23,6,
7,10,11-hexacyano-1,4,5,8,9,12-
hexaazabenzophenanthrene,  4,4'-cyclohexyldi|N,N-di(4-
methylphenyl)aniline, N,N'-diphenyl-N,N'-(1-naphthyl)-1,
I'-biphenyl-4,4'-diamine, N,N'-bis(naphthalen-2-yl)-N,N'-
bis(phenyl)biphenyl-4,4'-diamine, poly(3,4-
ethylenedioxythiophene)-polystyrene sulfonic acid,
polyvinylcarbazole, 9-phenyl-3,9-bicarbazole, molybdenum
trioxide, and a combination of at least two thereof; and the
hole blocking material, the electron transporting material,
and the electron injection material are each independently
any one selected from the group consisting of 2,8-bis
(diphenylphosphinyl)dibenzothiophene, TSPO1, TPB, 2,8-
bis(diphenylphosphinoxy)dibenzofuran,  bis(2-diphenyl-
phosphine oxide)diphenylether, lithium fluoride, 4,6-bis(3,
5-bis(3-pyridin)ylphenyl)-2-methylpyrimidine, 4/7-
diphenyl-1,10-phenanthroline, 1,3,5-tris[(3-pyridyl)-3-
phenyl]benzene, tris[2,4,6-trimethyl-3-(3-pyridyl)phenyl]
borane, 1,3-bis(3,5-dipyridin-3-ylphenyl)benzene, 1,3-bis
[3,5-bis(pyridin-3-yl)phenyl]benzene, 2,4,6-tris(biphenyl-3-
yl)-1,3,5-triazine, diphenyl  bis[4-(pyridin-3-yl)phenyl]
silane, cesium carbonate, bis(2-methyl-8-hydroxyquinoline-
N1,08)-(1,1"-biphenyl-4-hydroxy)aluminum,
8-hydroxyquinoline-lithium, tris(8-hydroxyquinoline)alu-
minum, and a combination of at least two thereof.
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