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(57) ABSTRACT

An organic compound has a structure as shown in Formula
(D). The compound has a phosphorus-oxygen five-membered
ring combined with a five-membered ring as an electron
acceptor unit. The compound has a high luminous efficiency
and a lower material cost than phosphorescent metal com-
plexes. The compound can be built into a stack structure of
organic optoelectronic device, such as OLED. The resultant
organic optoelectronic device includes an anode, a cathode,
and at least one organic thin film located between the anode
and the cathode, the organic thin film contains the compound
as shown in Formula (I).
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COMPOUND AND ITS APPLICATION

CROSS-REFERENCE TO RELATED

APPLICATIONS
[0001] The application claims the benefit of the earlier
filing date of Chinese Patent Application No.

CN201910936377.0, filed on Sep. 29, 2019 to the China
National Intellectual Property Administration, the contents
of which are incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of organic electroluminescence technology, in particular,
relates to a compound and its application in OLED.

BACKGROUND

[0003] Organic Light-Emitting Diode (OLED), also
known as Organic Flectroluminesence EL, Organic Light-
emitting Semiconductor, is a current-type organic light-
emitting device, which involves a phenomenon of lumines-
cence caused by current-carrier injection and recombination.
The luminous intensity is proportional to the injected cur-
rent. When the OLED is under the action of electric field, the
holes generated by the anode and the electrons generated by
the cathode will move, be injected into the hole transport
layer and the electron transport layer, respectively, and then
migrate to the light-emitting layer. When the holes and
electrons recombine in the light-emitting layer, energy exci-
tons are generated, thereby exciting the light-emitting mol-
ecules to in turn generate visible light.

[0004] According to the light-emitting mechanism, the
materials that can be used in the OLED light-emitting layer
mainly include fluorescent materials, phosphorescent mate-
rials, triplet-triplet annihilation (TTA) materials, and ther-
mally activated delayed fluorescent (TADF) materials.
[0005] The singlet excited state S; of fluorescent materials
return to the ground state S, through radiative transition. The
triplet excited state T, of fluorescent materials is forbidden
to return to the ground state S, through radiative transition.
According to the spin statistics, the ratio of singlet and triplet
excitons among the excitons is 1:3, so that the maximum
internal quantum yield of fluorescent materials does not
exceed 25%. According to the Lambertian luminous mode,
the light extraction efficiency is about 20%, so that the
equivalent quantum efficiency (EQE) of OLED devices from
fluorescent materials does not exceed 5%.

[0006] The triplet excited state T, of the phosphorescent
materials attenuate to the ground state S, through direct
radiation. Due to the heavy atom effect, phosphorescent
materials can strengthen the intramolecular intersystem
crossing through the spin coupling, and can directly use 75%
triplet excitons to achieve the co-participated emission of S,
and T, at room temperature, and the theoretical maximum
internal quantum yield can reach 100%. However, phospho-
rescent materials are substantial complexes of heavy metals
such as Ir, Pt, Os, Re, and Ru, etc. The production cost
thereof is high, which is not conducive to large-scale pro-
duction. Under high current density, there is a serious
efficiency roll-off phenomenon of the phosphorescent mate-
rials, meanwhile the stability of the phosphorescent device
is not good.

[0007] Two of the triplet excitons of TTA material interact
and produce one singlet exciton, which returns to the ground
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state S, through the radiative transition, and the theoretical
maximum internal quantum yield can only reach 62.5%. In
order to prevent a greater efficiency roll-off phenomenon,
the concentration of triplet excitons during this process
needs to be adjusted.

[0008] In the TADF materials, when the energy gap value
of the S, state and the T, state is small and the excitons in
T, state have longer lifetime, under certain temperature
conditions, the reverse intersystem crossing (RISC) of the T,
state excitons may occur to achieve the T,—S, process, and
then the radiation attenuate from S, state to the ground state
S, may occur. Since energy level difference between singlet
excited state and triplet excited state is relatively small, in
the reverse intersystem crossing occurring inside the mol-
ecule, T, state excitons can up-switch to S, state by absorb-
ing environmental heat, 75% of triplet state excitons and
25% of single state excitons can be used at the same time,
and the theoretical maximum internal quantum yield can
reach 100%. It involves mainly organic compounds which
do not require rare metal elements, and production cost is
low. Chemical modification by various methods is possible.
[0009] However, less TADF materials have been found so
far, and the performance cannot meet the needs of existing
devices. Therefore, there is still a need to develop new,
efficient TADF materials that can be used in OLED devices.

SUMMARY

[0010] In view of the deficiencies described above, one
embodiment of the present disclosure is to provide a com-
pound. The compound is a bipolar material and has high
luminous efficiency, which can improve the luminous effi-
ciency of an organic photoelectric device, and the compound
has a lower cost than phosphorescent metal complexes.
[0011] The embodiment provides a compound having a
structure as shown in Formula (I):

Formula ()

D\
\ 1

i\"l
s

NG
[0012] In Formula (I), the X is selected from P—0;
[0013] the L, and L, are each independently selected from

any one of a single bond, a substituted or unsubstituted
C6-C40 (e.g., C10, C12, C14, C16, C18, C20, C26, C28,
C30, and C60, etc.) aryl or arylene group, a substituted or
unsubstituted C3-C40 (e.g., C6, C10, C12, C14, C16, C18,
C20, C26, C28, C30, and C60, etc.) heteroaryl or het-
eroarylene group; and D, and D, that are connected to L, or
L, respectively can be present or absent. In case D, or D, is
present, arylene group or heteroarylene group is formed;
otherwise, aryl group or heteroaryl group is formed. The
same rule is applied to 5 and L,.
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In Formula (I), L; and L, are each independently selected
from any one of a single bond, a hydrogen atom, a substi-
tuted or unsubstituted C6-C40 (e.g., C10, C12, C14, C16,
C18, C20, C26, C28, C30, and C60, etc.) aryl or arylene
group, a substituted or unsubstituted C3-C40 (e.g., C6, C10,
C12, C14, C16, C18, C20, C26, C28, C30, and C60, etc.)
heteroaryl or heteroarylene group; D,, D,, D; and D, are
each independently selected from any one of a substituted or
unsubstituted C6-C40 (e.g., C10, C12, C14, C16, C18, C20,
C26, C28, C30, and C60, etc.) aryl group, a substituted or
unsubstituted C4-C40 (e.g., C6, C10, C12, C14, C16, C18,
C20, C26, C28, C30, and C60, etc.) heteroaryl group, a
substituted or unsubstituted C6-C40 (e.g., C10, C12, C14,
Cle, C18, C20, C26, C28, C30, and C60, etc.) arylamine
group, and D,, D,, D; and D, are all electron-donating
groups; 0, n,, 1, and n, are each independently 0 or 1, and
at least one of the ny, n,, ny and n, is 1; m;, m,, m; and m,
are each independently O or 1.

[0014] When a substituent is present in the above group,
the substituent typically includes any one or a combination
of at least two of cyano, halogen, phenoxy, C1-C20 (e.g.,
C2,C3,C4, C5, Co, C7,C8, €9, C10, C15, C18, etc.) alkyl
group, C1-C20 (e.g., C2, C3, C4, CS, C6, C7, C8, C9, C10,
C15, C18, etc.) alkoxyl group, C6-C40 (e.g., C10,C12, C14,
C16, CI18, C20, C26, C28, C30, C60, etc.) aryl group,
C4-C40(e.g..C6,C10,C12,C14,C16,C18,C20,C26,C28,
C30, C60, etc.) heteroaryl group, and C6-C40 (e.g., C10,
C12, Cl4, C16, C18, C20, C26, C28, C30, C60, etc.)
arylamine group. The “substituted or unsubstituted” group
may be substituted with one substituent or multiple substitu-
ents. When there are multiple substituents, they may be
selected from different substituents, and the substituents of
L,,L,, L; and L, do not include halogen and cyano, and are
generally aryl or heteroaryl.

[0015] A second embodiment of the current disclosure is
to provide a way of fabricating the compound in an organic
photoelectric device.

[0016] A third embodiment of the present disclosure is to
provide an organic photoelectric device including this com-
pound.

[0017] The organic photoelectric device includes an
anode, a cathode, and at least one organic thin film located
between the anode and the cathode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic diagram of an organic pho-
toelectric device provided in one embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0019] To facilitate the understanding of the present dis-
closure, the following embodiments are listed below in the
present disclosure. It will be apparent to those skilled in the
art that the embodiments are merely illustrations of the
present disclosure for facilitating the understanding of the
present disclosure and should not be construed as specific
limitations to the present disclosure.

[0020] One embodiment according to the disclosure is to
provide a compound, which when used in an organic pho-
toelectric device enables the device to have higher luminous
efficiency and reduce the cost at the same time.
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[0021] The present disclosure provides a compound hav-
ing a structure as shown in Formula (I):

Formula ()

D\
&

X

[0022] In Formula (I), the X is selected from P—0O;
[0023] In Formula (I), the L, and L, are each indepen-
dently selected from any one of a single bond, a substituted
or unsubstituted C6-C40 (e.g., C10, C12, C14, C16, C18,
C20, C26, C28, C30, and C60, etc.) aryl or arylene group,
a substituted or unsubstituted C3-C40 (e.g., C6, C10, C12,
C14, C16, C18, C20, C26, C28, C30, and C60, etc.) het-
eroaryl or heteroarylene group;

[0024] D, and D, that are connected to L, and L, respec-
tively can be present or absent. If present, we get arylene
group and heteroarylene group; otherwise, we get aryl group
and heteroaryl group. The same applies to L, and L.
[0025] In Formula (D), the L and L, are each indepen-
dently selected from any one of a single bond, a hydrogen
atom, a substituted or unsubstituted C6-C40 (e.g., C10,C12,
C14, C16, C18, C20, C26, C28, C30, and C60, etc.) aryl or
arylene group, a substituted or unsubstituted C3-C40 (e.g,,
Co, C10, C12, C14, C16, C18, C20, C26, C28, C30, and
C60, etc.) heteroaryl or heteroarylene group;

[0026] In Formula (I), the D,, D,, D; and D, are each
independently selected from any one of a substituted or
unsubstituted C6-C40 (e.g., C10, C12, C14, Cl6, C18, C20,
C26, C28, C30, and C60, etc.) aryl group, a substituted or
unsubstituted C4-C40 (e.g., C6, C10, C12, C14, C16, C18,
C20, C26, C28, C30, and C60, etc.) heteroaryl group, a
substituted or unsubstituted C6-C40 (e.g., C10, C12, C14,
C16, C18, C20, C26, C28, C30, and C60, etc.) arylamine
group, and D,, D,, D, and D, are all electron-donating
groups;

[0027] The electron donating group is a group which
increases the electron cloud density on a benzene ring when
it replaces the hydrogen on the benzene ring;

[0028] then,,n,, n, and n, are each independently O or 1,
and at least one of the n,, n,, ny and n, is 1;

[0029] Them,, m,, m; and m, are each independently 0 or
I

[0030] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, C1-C20 (e.g., C2, C3, C4,
C5, Co6, C7, C8, €9, C10, C15, C18, etc.) alkyl group,
C1-C20 (e.g., C2, C3, C4, C5, C6, C7, C8, C9, C10, C15,
C18, etc.) alkoxyl group, C6-C40 (e.g., C10,C12, C14, C16,
C18, C20, C26, C28, C30, C60, etc.) aryl group, C4-C40
(e.g., C6, C10, C12, C14, C16, CI18, C20, C26, C28, C30,
C60, etc.) heteroaryl group, and C6-C40 (e.g., C10, C12,
C14, Cle, C18, C20, C26, C28, C30, C60, etc.) arylamine
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group. The “substituted or unsubstituted” group may be
substituted with one substituent or multiple substituents.
When there are multiple substituents, they may be selected
from different substituents, and the substituents of L., L,, L,
and L, do not include halogen and cyano, and are generally
aryl or heteroaryl.

[0031] In the present disclosure, drawing a single bond
across a benzene ring means that the single bond can be
connected to any available position of the benzene ring.
[0032] The present disclosure provides a new type of
bipolar material, which has a phosphorus-oxygen five-mem-
bered ring combined with a five-membered ring as an
electron acceptor unit. Since the phosphorus-oxygen group
has a strong electron accepting ability and a high triplet
energy level, when the phosphorus-oxygen five-membered
ring combined with a five-membered ring is used as an
acceptor group, together with appropriate donor group, used
in the light-emitting layer host or dopant material, it will
have good hole and electron transport properties, can bal-
ance the ratio of electron/hole in the light-emitting area,
thereby widening the light-emitting area, improving the
luminous efficiency, reducing the operating voltage of the
light-emitting device, and increasing the lifetime of the
light-emitting device. At the same time, the higher triplet
energy level of the phosphorus-oxide group is conducive to
the realization of light with a shorter wavelength. The
structure of the phosphorus-oxygen five-membered ring
combined with a five-membered ring contains two phospho-
rus oxygen groups, which can further improve the triplet
energy level of the designed material, and is easy to achieve
the emission of dark blue light;

[0033] In addition, the compound of Formula (I) is an
organic compound, and has a lower cost than a phospho-
rescent metal complex.

[0034] In one embodiment, at most two of the n;, n,, n,
and n, are 1.

[0035] The preferred compounds of the present disclosure
contain at most two electron-donating groups, so as to
balance the number of electrons and holes in the light-
emitting layer, which can widen the light-emitting region
and further improve the luminous efficiency of the device
and the lifetime of the device. Too many electron-donating
groups will result in the greater transmission rate and
number of holes in the light-emitting layer than electrons,
thus the accumulation of holes. The accumulation of exces-
sive positive charges will damage the stability of the mate-
rial and meanwhile reduce the number of formed excitons,
thus it will adversely affect the lifetime and luminous
efficiency of device.

[0036] In one embodiment, the compound has any one of
the structures shown by the following Formula (I-1) to
Formula (I-8):
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-continued
L Formula (I-8)
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[0037] the L, and L, are each independently selected from
any one of a single bond, a substituted or unsubstituted
C6-C40 aryl or arylene group, a substituted or unsubstituted
(C3-C40 heteroaryl or heteroarylene group;

[0038] the L, and L, are each independently selected from
any one of a single bond, a hydrogen atom, a substituted or
unsubstituted C6-C40 aryl or arylene group, a substituted or
unsubstituted C3-C40 heteroaryl or heteroarylene group;

[0039] the D,, D,, D, and D, are each independently
selected from any one of a substituted or unsubstituted
C6-C40 aryl group, a substituted or unsubstituted C4-C40
heteroaryl group, and a substituted or unsubstituted C6-C40
arylamine group, and the D,, D,, D; and D, are all electron-
donating groups;

[0040] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, CI1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group.

[0041] In the present disclosure, the structures shown in
the above I-1 to 1-8 are preferable. These structures are more
conducive to improving the luminous efficiency. This is
because a phosphorus-oxygen group having a strong elec-
tron withdrawing ability is combined with a suitable electron
donating group, resulting in a material with good electron
mobility and hole mobility to balance the concentrations of
electrons and holes, so that a wider carrier recombination
region can be formed, the exciton formation efficiency can
be improved, the luminous efficiency of the device can be
improved, and the lifetime of the device can be increased. At
the same time, because the structure contains two phospho-
rus-oxygen groups, it is easy to realize the emission of dark
blue light with a shorter wavelength.

[0042] In one embodiment, the compound has any one of
the structures shown by the following Formula (II-1) to
Formula (II-8):

Formula (II-1)
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-continued

Formula (II-2)

Formula (II-3)

Formula (II-4)

Formula (II-5)
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-continued
Formula (II-6)

)

P/
o %
G
P
6
Formula (II-7)
&O

Formula (II-8)

[0043] the D,, D,, D; and D, are each independently
selected from any one of a substituted or unsubstituted
C6-C40 aryl group, a substituted or unsubstituted C4-C40
heteroaryl group, and a substituted or unsubstituted C6-C40
arylamine group, and the D, D,, D, and D, are all electron-
donating groups;

[0044] the L,, L,, L; and L, are each independently
selected from any one of a single bond, a substituted or
unsubstituted C6-C40 arylene group, a substituted or unsub-
stituted C3-C40 heteroarylene group;

[0045] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, CI-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group.
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[0046] 1In the present disclosure, the structures shown in
the above 1I-1 to II-8 are further preferable, which can
further improve the luminous efficiency. This is because a
phosphorus-oxygen group having a strong electron with-
drawing ability is combined with a suitable electron donat-
ing group, resulting in a material with good electron mobil-
ity and hole mobility to balance the concentrations of
electrons and holes, so that a wider carrier recombination
region can be formed, the exciton formation efficiency can
be improved, and the luminous efliciency of the device can
be improved, and the lifetime of the device can be increased.
At the same time, because the structure contains two phos-
phorus-oxygen groups, it is easy to realize the emission of
dark blue light with a shorter wavelength.

[0047] Inoneembodiment, the D,, D,, D; and D, are each
independently selected from any one of a substituted or
unsubstituted C4-C40 carbazole group, a substituted or
unsubstituted C4-C40 acridine group, a substituted or
unsubstituted C6-C40 arylamine group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
spirofluorenyl group, a substituted or unsubstituted diphenyl
ether group, and a substituted or unsubstituted diindolocy-
clopentadiene group;

[0048] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, C1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group.

[0049] The combination of the above specific electron-
donating groups and the mother nucleus can enable the
compound to have a good transmission rate for both elec-
trons and holes, balance the concentrations of holes and
electrons in the light-emitting region, thereby improving the
efficiency of formation of excitons and widening the light-
emitting region, and further improving the luminous effi-
ciency of the device. The balance of electrons and holes
avoid the disadvantages of the damage of material caused by
too high concentration of single carrier in the light-emitting
layer, thereby improving the efficiency of device. At the
same time, the higher triplet energy level of the phosphorus-
oxygen group also facilitates the emission of dark blue light.
[0050] Inthe present disclosure, the carbazole group refers
to a type of group containing a carbazole structure or a
heteroatom-substituted carbazole structure. For example,
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all belong to the carbazole group. The principle applies to
the acridine group.

[0051] In one embodiment, the substituted or unsubsti-
tuted C4-C40 carbazole group specifically includes the
following groups which are substituted or unsubstituted:

(Rl)a

Y,

N

[0052] the Y is independently selected from any one of a
carbon atom, a nitrogen atom, an oxygen atom, a sulfur
atom, and a silicon atom;

[0053] the a is selected from an integer of 0-2;

[0054] the R, is selected from any one of a hydrogen atom,
a substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C1-C20 alkoxyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, and a substituted
or unsubstituted C3-C30 heteroaryl group;

[0055] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, CI1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group;

[0056] wherein # represents the linking site of the group.
[0057] In the present disclosure, the carbazole groups of
the above five specific structures are preferred. The series of
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carbazole groups of the specific structure has the following
advantages: (1) the raw materials are cheap and the cost is
low; (2) it is easy to modify the molecular properties without
changing the main skeleton structure of the molecule; (3) the
nitrogen atom is easy to be functionally modified; (4) there
are multiple linking sites on the carbazole group, which can
be connected with other molecular structures; (5) the
obtained compound has good thermal stability and chemical
stability; (6) the obtained compound has a high triplet energy
level; (7) the obtained compound has excellent electron-
donating ability and light-emitting performance, and has
excellent hole-transporting characteristics. Therefore, the
combination of the carbazole-based electron-donating group
with excellent performance and the phosphorus-oxygen
group having a strong electron-withdrawing ability in the
mother nucleus is beneficial to the formation of a bipolar
host material with good electron and hole transport rates. By
further design of the molecular structure, TADF materials
with excellent properties can also be realized.

[0058] In one embodiment, the substituted or unsubsti-
tuted C4-C40 acridine group specifically includes the fol-
lowing groups which are substituted or unsubstituted:

#
N
Y
|
(Rl)a
;|$ Q
N I~y
Y
|
Ria
R,
KD
N
Y
|
Ry)g
7‘#
' |O O ,
Y Z
| \
(Rl)a (RZ)b
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-continued
(I|{2)b

Z

A0

(Rl)a

[0059] wherein Y and Z are each independently selected
from any one of a carbon atom, a nitrogen atom, an oxygen
atom, a sulfur atom, and a silicon atom;

[0060] the aandb are each independently selected from an
integer of 0-2;
[0061] the R, and R, are each independently selected from

any one of a hydrogen atom, a substituted or unsubstituted
C1-C20 alky!l group, a substituted or unsubstituted C1-C20
alkoxyl group, a substituted or unsubstituted C6-C30 aryl
group, and a substituted or unsubstituted C3-C30 heteroaryl
group;

[0062] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, C1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group;

[0063] wherein # represents the linking site of the group.
[0064] According to the present disclosure, the acridine
groups having the above specific preferable structure have
the following advantages: (1) very strong electron-donating
ability and shorter delayed fluorescence lifetime; (2) being
favorable for better separation of HOMO and LUMO; (3)
rigid molecular structure that can effectively reduce the
non-radiative attenuation of the excited state; (4) rigid
molecular structure that reduces the free rotational vibration
in the molecule, which is conducive to improving the
monochromaticity of the material and reducing the FWHM
(half-height width of the luminous peak) of the material; and
(5) high triplet energy level. This series of acridine-based
groups can further improve the luminous efficiency of the
device.

[0065] In one embodiment, the substituted or unsubsti-
tuted C6-C40 arylamine group specifically includes the
following group which is substituted or unsubstituted:

N

[0066] When a substituent presents in the above group, the
substituent includes any one or a combination of at least two
of cyano, halogen, phenoxy, C1-C20 alkyl group, C1-C20
alkoxyl group, C6-C40 aryl group, C4-C40 heteroaryl
group, and C6-C40 arylamine group;

[0067] wherein # represents the linking site of the group.
[0068] In the present disclosure, the arylamine group of
the above structure is preferred. The arylamine group of this
structure has a strong electron-donating ability, and at the
same time, the three aryl groups connected to the N atom in
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the arylamine structure have a large torsion angle. In this
way, a large steric hindrance can be formed, which prevents
the shortcomings of luminescent quenching and rising of
sublimation temperature caused by close intermolecular
packing, thereby further improving the luminous efficiency
of the device.

[0069] Inoneembodiment, the D,, D,, D, and D, are each
independently selected from any one of the following groups
which are substituted or unsubstituted:

#
oadlony
#

!
A
I/,

N

\
#
“ | |
SN
Ri)a ?L
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|
©iN I~y
|
(Rl)a
Ry
!
|
(Rl)a
#
S
N ,
v V4
h, R
T R
N.

A3y

[0070] wherein Y and 7 are each independently selected
from any one of a carbon atom, a nitrogen atom, an oxygen
atom, a sulfur atom, and a silicon atom;

[0071] the aandb are each independently selected from an
integer of 0-2;
[0072] the R, and R, are each independently selected from

any one of a hydrogen atom, a substituted or unsubstituted
C1-C20 alky! group, a substituted or unsubstituted C1-C20
alkoxyl group, a substituted or unsubstituted C6-C30 aryl
group, and a substituted or unsubstituted C3-C30 heteroaryl

group,
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[0073] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, C1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group;

[0074]

[0075] In the present disclosure, the above-mentioned
groups with specific structures are preferred. The series of
groups with specific structures have strong electron-donat-
ing ability and high triplet energy level. They can be
combined with the phosphorus-oxygen five-membered ring
combined with a five-membered ring having electron-with-
drawing properties, so as to balance the mobility of electrons
and holes, promote the recombination of electrons and holes
to form excitons, widen the light emitting area, and further
improve the luminous efficiency of the device.

[0076] Inoneembodiment, the D,, D,, D; and D, are each
independently selected from any one of the following
groups:

wherein # represents the linking site of the groups.
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[0077] theR, is selected from any one of a hydrogen atom,
a substituted or unsubstituted C1-C20 alkyl group, a sub-
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stituted or unsubstituted C1-C20 alkoxyl group, a substi-
tuted or unsubstituted C6-C30 aryl group, and a substituted
or unsubstituted C3-C30 heteroaryl group;

[0078] When a substituent presents in the above groups,
the substituent includes any one or a combination of at least
two of cyano, halogen, phenoxy, CI1-C20 alkyl group,
C1-C20 alkoxyl group, C6-C40 aryl group, C4-C40 het-
eroaryl group, and C6-C40 arylamine group;

[0079] wherein # represents the linking site of the groups.
[0080] In the present disclosure, the above-mentioned
electron-donating groups with a specific structure are further
preferred, and these groups have the following advantages:
(1) good thermal stability and electrochemical stability; (2)
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good electron-donating ability; (3) more modification sites;
(4) a higher triplet energy level, which can further improve
the luminous efficiency of the device.

[0081] In one embodiment, the L ,L,, L; and L, are each
independently selected from any one of a single bond, a
phenylene group, a thienylene group, a naphthylene group,
an anthrylene group, a phenanthrylene group, or a pyre-
nylene group.

[0082] In one embodiment, the L, L,, L, and L, are each
independently selected from a single bond or a phenylene
group.

[0083] In one embodiment, the compound has any one of
the following structures:
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P53

[0084] In one embodiment, the compound has AE =Eg, -
E;=<0.30eV.
[0085] A second embodiment of the present disclosure is

to provide a way to build an organic photoelectric device
using the compound.

[0086] Another embodiment the present disclosure is to
provide a complete organic photoelectric device including
the compound. The organic photoelectric device includes an
anode, a cathode, and at least one organic thin film located
between the anode and the cathode. The organic thin film
contains the compound according to the first embodiment.
[0087] In one embodiment, the organic thin film includes
a light emitting layer, and the light emitting layer contains
the compound according to the first embodiment.

[0088] In one embodiment, the compound of the first
embodiment is used as a host material, a doping material or
a co-doping material of a light emitting layer.

[0089] In one embodiment, the organic thin film layer
further comprises any one or a combination of at least two
of a hole transport layer, a hole injection layer, an electron
blocking layer, a light-emitting layer, a hole blocking layer,
an electron transport layer and an electron injection layer.

[0090] In the organic photoelectric device, the anode
material may be selected from metals such as copper, gold,
silver, iron, chromium, nickel, manganese, palladium, plati-

num and the like, and alloys thereof. The anode material
may also be selected from metal oxides such as indium
oxide, zinc oxide, indium tin oxide (ITO), indium zinc oxide
(IZ0), and the like; and the anode material may also be
selected from conductive polymers such as polyaniline,
polypyrrole, poly(3-methylthiophene), and the like. In addi-
tion, the anode material may also be selected from materials
which facilitate hole injection other than the anode materials
listed above, and combinations thereof, which includes
materials known to be suitable as anodes.

[0091] In the organic photoelectric device, the cathode
material may be selected from metals such as aluminum,
magnesium, silver, indium, tin, titanium, and the like, and
alloys thereof. The cathode material can also be selected
from multilayer metal materials such as LiF/Al, LiO,/Al,
and BaF,/Al, and the like. In addition to the cathode
materials listed above, the cathode materials can also be
materials that facilitate electron injection and combinations
thereof, including materials known to be suitable as cath-
odes.

[0092] In the embodiment of the present disclosure, the
organic photoelectric device is manufactured as follows:
forming an anode on a transparent or non-transparent
smooth substrate, forming an organic thin layer on the
anode, and forming a cathode on the organic thin layer. The
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organic thin layer can be formed by known film-forming
methods such as evaporation, sputtering, spin coating, dip-
ping, and ion plating, etc. Finally, an organic optical cover
layer CPL (cap layer) is prepared on the cathode. The optical
cover layer CPL can be prepared by evaporation or solution
processing methods. Solution processing methods include
inkjet printing, spin coating, doctor blade coating, screen
printing, and roll-to-roll printing, etc.

[0093] The method for synthesizing the compound having
the structure of the Chemical Formula (I) provided by the
present disclosure is as follows: reacting 2,2',6,6'-tetrabro-
mobiphenyl and bis(trimethyltin)phosphobenzene in trifluo-
romethyl benzene which is used as the solvent, in the
presence of azo molecule which is used as the initiator at
125° C. for three days, stirring the mixture at room tem-
perature overnight, which is treated with hydrogen peroxide
after precipitation to obtain the desired core structure of
phosphorus-oxygen five-membered ring combined with a
five-membered ring in the mother nucleus structure. By
introducing the electron donating groups (D,, D,, D, and
D,) into the raw material 2,2',6,6'-tetrabromobiphenyl or
bis(trimethyltin)phosphorobenzene, the compound as shown
in Formula (I) of the present disclosure can be obtained.

[0094] The compound of Formula (I) of the present dis-
closure can be synthesized by the above method, but is not
limited to the above method.

[0095] The present disclosure provides the methods for
preparing several exemplary compounds. In the subsequent
preparation examples, the synthesis of compounds P4, P10,
P15, P17, P19, P30, and P31 is exemplarily described. The
tetrahydrofuran used in the following preparation examples
is anhydrous tetrahydrofuran.

Preparation Example 1

Synthesis of Compound P4
[0096]

D Q

HO—P— PH,
S2

_ LA,
a0 C., THE

O
S1

[0097] In a 250 mL three-necked flask, S1 (30 mmol),
lithium aluminum hydride (60 mmol) and 100 mL tetrahy-
drofuran (THF) were firstly stirred at a certain speed, and the
reactants in the resulting mixed solution were stirred at a
reaction temperature of —-40° C. for 5 h; after the reaction
was completed, the temperature was returned to room tem-
perature and 100 mL of water was added, the mixture was
extracted with diethyl ether, the obtained organic phase was
dried over anhydrous sodium sulfate, the solvent was dis-
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tilled off, then the residue was purified using column chro-
matography to obtain intermediate S2 (24 mmol, 80%).
[0098] MALDI-TOF MS: m/z caled for C,H, ,NP: 275.
28; found: 275.09.

g

N cl
S
LiBu” / \
-40° C., THF

PH,
S2

N

~ | PN | ~
S|n S|n
S3

[0099] Ina 250 mL three-necked flask, S2 (30 mmol) and
100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —-40° C., and n-butyl-
lithium (LiBu”, 45 mmol) was added dropwise to the solu-
tion. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S3 (24 mmol, 80%).

[0100] MALDI-TOF MS: m/z calcd for C,,H;,NPSn,:
600.90; found: 600.26.

%
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-continued
Stirring at
room
temperature
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BrBr, N then
treating
with H202
B ——
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initiator

BrBr PhCFs, 125° C.
S4

C

[0101] Ina 250 mL three-necked flask, S3 (30 mmol) and
S4 (15 mmol) were firstly dissolved in 100 mL of trifluo-
romethylbenzene solution, a small amount of azo radical
initiator was added, and reacted at 125° C. for 3 days. After
the reaction was completed, it was stirred at room tempera-
ture overnight. The precipitate was filtered and treated with
hydrogen peroxide to obtain the product P4 (11 mmol, 73%).
[0102] MALDI-TOF MS: m/z caled for C,H;,N,O,P,:
728.73; found: 728.18.

[0103] Element Analysis: C, 79.11; H, 4.11; N, 3.84; O,
4.39; P, 8.50, found C, 79.15; H, 4.10; N, 3.87; O, 442; P,
8.46.

Preparation Example 2

Synthesis of Compound P10

[0104]
Cl
O O N\, .~
Sn\
N LiBu” /
-40° C., THF
PH,
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[0105] Ina 250 mL three-necked flask, S5 (30 mmol), and
100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —40° C., and n-butyl-
lithium (LiBu”, 45 mmol) was added dropwise to the solu-
tion. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S6 (24 mmol, 80%).

[0106] MALDI-TOF MS: m/z calcd for C,,H;,NPSn,:
600.90; found: 600.26,

O

~ | PN | ~
S|n Sln
PN
\S|n/ \S|n/ &
S6
Stirring at
N room
H temperature
N overnight,
BrBr N then
e
initiator with H,Op
Br Br PhCFs, 125° C,

S4



US 2020/0227648 Al

-continued

P10

[0107] Ina 250 mL three-necked flask, S6 (15 mmol), S7
(15 mmol) and S4 (15 mmol) were firstly dissolved in 100
mL of trifluoromethylbenzene solution, a small amount of
azo radical initiator was added, and reacted at 125° C. for 3
days. After the reaction was completed, it was stirred at
room temperature overnight. The precipitate was filtered and
treated with hydrogen peroxide to obtain the product P10 (11
mmol, 73%).

[0108] MALDI-TOF MS: m/z caled for C,,H,,NO,P,:
563.53; found: 563.12,

[0109] Element Analysis: C, 76.73; H, 4.11; N, 2.49; O,
5.68; P, 10.99, found C, 76.75; H, 4.12; N, 2.44; O, 5.69; P,
10.10.

Preparation Example 3

Synthesis of Compound P15

[0110]

Cl
N '~
LiBy" /
-40° C., THF
PH,

S8

26
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[0111] In a 250 mL three-necked flask, S8 (30 mmol) and
100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —40° C., and n-butyl-
lithium (LiBu”, 45 mmol) was added dropwise to to the
solution. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S9 (24 mmol, 80%).

[0112] MALDI-TOF MS: m/z caled for C,,H;,NPSn,:
602.91; found: 602.03,

N
+ +
~ /P\|/
[
~ | PR |/
S|n S|n §7
$9
Stirring at
room
temperature
overmght
Br Br,
treatmg
mmator with Hy0,
—_—
Bfo PhCF; 1259 C.
S4
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[0113] Ina 250 mL three-necked flask, S9 (15 mmol), S7

(15 mmol) and S4 (15 mmol) were firstly dissolved in 100
mL of trifluoromethylbenzene solution, a small amount of
azo radical initiator was added, and reacted at 125° C. for 3
days. After the reaction was completed, it was stirred at
room temperature overnight. The precipitate was filtered and
treated with hydrogen peroxide to obtain the product P15 (11
mmol, 73%).

[0114] MALDI-TOF MS: m/z caled for C;sH,sNO,P,:
565.54; found: 565.14.

[0115] Element Analysis: C, 76.46; H, 4.46; N, 2.48; O,
5.66; P, 10.95, found C, 76.42; H, 4.47; N, 2.48; O, 5.69; P,
10.94.

Preparation Example 4

Synthesis of Compound P17
[0116]

AN
N Sn/
. ~
LiBu” /
PH, -40° C., THF
S10

S11

27
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[0117] Ina 250 mL three-necked flask, S10 (30 mmol) and
100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —40° C., and n-butyl-
lithium (LiBu”, 45 mmol) was added dropwise to the solu-
tion. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S11 (24 mmol, 80%).

[0118] MALDI-TOF MS: m/z caled for C,,H;,NPSn,:
602.91; found: 602.03.

N + +
~ | /P\ | -
S|n S|n
P.
\Sn/ \Sn/ -
NN
S11
Stirring at
room
H N temperature
N overnight,
BrBr SN then
treating
initiator with HyOp
R —
BrBr PhCFs, 125° C,
S4
QN
(0]
7
P
o¥
P17
[0119] Ina 250 mL three-necked flask, S11 (15 mmol), S7

(15 mmol) and S4 (15 mmol) were firstly dissolved in 100
mL of trifluoromethylbenzene solution, a small amount of
azo radical initiator was added, and reacted at 125° C. for 3
days. After the reaction was completed, it was stirred at



US 2020/0227648 Al

room temperature overnight. The precipitate was filtered and
treated with hydrogen peroxide to obtain the product P17 (11
mmol, 73%).

[0120] MALDI-TOF MS: m/z caled for C;¢H,sNO,P,:
565.54; found: 565.14. Element Analysis: C, 76.46; H, 4.46;
N, 2.48; 0O, 5.66; P, 10.95, found C, 76.42; H, 4.47, N, 2.48;
0, 5.69; P, 10.94.

Preparation Example 5

Synthesis of Compound P19

[0121]
Br Br
Br Br
S12
0
/
AN
0 Pd(PPh3)s,
K,C0;
O N (M, aq)
_—
O 120°C,12h
S13
Br Br

Br Br

N
Lo

[0122] Under protection of nitrogen, compounds S12 (18
mmol), S13 (18 mmol) and tetrakis(triphenylphosphine)
palladium (0.2 mmol) as catalyst were weighed and added to
a 250 mL two-necked flask. 60 mL of toluene was injected
into a two-necked flask (N, was passed for 15 minutes in
advance to remove oxygen), and then 5 mL of K,CO,
aqueous solution with a concentration of 2 M (N, was passed
for 15 minutes in advance to remove oxygen) was added
dropwise therein, and stirred at room temperature overnight.
After the reaction was completed, 15 mL of deionized water
was added, and a few drops of 2 M HCl were added
dropwise. The mixture was extracted with dichloromethane,
the organic phase was collected, and dried over anhydrous
Na,SO,. The dried solution was filtered, and the solvent was
removed on a rotary evaporator to obtain a crude product.

S14

Jul. 16, 2020

The crude product was purified by a silica gel column
chromatography, and finally purified to obtain solid S14 (13
mmol, 72%).

[0123] MALDI-TOF MS: m/z caled for C5oH, ,Br,N: 711.
08; found: 710.81.

Br Br
O N Br BY
S14
Stirring at
N N
\\ OO
| | temperature
N§N overnight,
| | then
~ U P\Sn/ treating
| | initiator with H,O,
q7 PhCF;, 125° C.

®
/P
e le

P19

[0124] Ina 250 mL three-necked flask, S14 (15 mmol) and
S7 (30 mmol) were firstly dissolved in 100 mL of trifluo-
romethylbenzene solution, a small amount of azo radical
initiator was added, and reacted at 125° C. for 3 days. After
the reaction was completed, it was stirred at room tempera-
ture overnight. The precipitate was filtered and treated with
hydrogen peroxide to obtain the product P19 (11 mmol,
73%).

[0125] MALDI-TOF MS: m/z caled for C,,H,,NO,P,:
639.62; found: 639.15.

[0126] Element Analysis: C, 78.87; H, 4.25; N, 2.19; O,
5.00; P, 9.69, found C, 78.85; H, 4.23; N, 2.21; O, 5.04; P,
9.67.
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Preparation Example 6

Synthesis of Compound P30

[0127]
0 N Cl\ -
Sn
‘ ~
Q LiBu" /
N
-40° C., THF
PH,
515
0 N
N Q
BN
\S|n/ \Sln/
S16
[0128] Ina250 mL three-necked flask, S15 (30 mmol) and

100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —40° C., and n-butyl-
lithium (LiBu”, 45 mmol) was added dropwise to the solu-
tion. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S16 (24 mmol, 80%).

[0129] MALDI-TOF MS: m/z caled for C,H;,N,OPSn,:
782.09; found: 782.07.

Jul. 16,2020
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s
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[0130] Ina250 mL three-necked flask, S16 (15 mmol), S7

(15 mmol) and S4 (15 mmol) were firstly dissolved in 100
mL of trifluoromethylbenzene solution, a small amount of
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azo radical initiator was added, and reacted at 125° C. for 3
days. After the reaction was conipleted, it was stirred at
room temperature overnight. The precipitate was filtered and
treated with hydrogen peroxide to obtain the product P30 (11
mmol, 73%).

[0131] MALDI-TOF MS: nv/z caled for C,H; N,O,P;:
744.71; found: 744.17.

[0132] Element Analysis: C, 77.41; H, 4.06; N, 3.76; O,
6.45; P, 8.32, found C, 77.42; H, 4.09; N, 3.72; O, 6.47; P,
8.30.

Preparation Example 7

Synthesis of Compound P31

[0133]
O Br Br
+
Br Br
S4
\S| PEAN | v
il S’

S6
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[0134] 1Ina 250 mL three-necked flask, S6 (30 mmol) and
S4 (15 mmol) were firstly dissolved in 100 mL of trifluo-
romethylbenzene solution, a small amount of azo radical
initiator was added, and reacted at 125° C. for 3 days. After
the reaction was completed, it was stirred at room tempera-
ture overnight. The precipitate was filtered and treated with
hydrogen peroxide. The precipitate was collected, oven-
dried, and refluxed for another 1 h in trifluoromethyl ben-
zene, and quickly precipitated in ice-cold methanol to obtain
the product P31 (9 mmol, 60%).

[0135] MALDI-TOF MS: n/z caled for C,3H;,N,O,P,:
728.71; found: 728.18.

[0136] Element Analysis: C, 79.11; H, 4.15; N, 3.84; O,
4.39; P, 8.50, found C, 79.11; H, 4.15; N, 3.84; O, 439; P,
8.50.

N
N Stirring at
I\ e
temperature
N
%N overnight,
then
t.reating PICE,,
initiator with H>02 125°C,1h
PhCF3, 125° C. Precipitating
in ice-cold
methanol
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31
Comparative Preparation Example 1
Synthesis of Compound C2
[0137]
CN CN
Cl \S -
114
LiBu# / ~
-40° C., THF
PH, ~ | PN |/
S Sn
817 | |
518
[0138] Ina250 mL three-necked flask, S17 (30 mmol) and
100 mL tetrahydrofuran were firstly stirred at a certain
speed, the reactants in the resulting mixed solution were
stirred at a reaction temperature of —40° C., and n-butyl-

lithium (LiBu”, 45 mmol) was added dropwise to the solu-
tion. After 1 hour of reaction, trimethyltin chloride (45
mmol) was added, and stirred at room temperature over-
night. After the reaction was completed, 100 mL of water
was added, the mixture was extracted with diethyl ether, the
obtained organic phase was dried over anhydrous sodium
sulfate, the solvent was distilled off, then the residue was
purified using column chromatography to obtain intermedi-
ate S18 (24 mmol, 80%).

[0139] MALDI-TOF MS: m/z caled for C,oH,;NPSn,:
536.81; found: 536.98.

CN
+
~ | PN | v
I
S18
Stirring at
N room
I|\|I \ temperature
N overnight,
BrBr, SN then
O treating
initiator with Hy0,
BrBr

PhCF3, 125° C.
S4
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[0140] Ina250 mL three-necked flask, S18 (30 mmol) and
S4 (15 mmol) were firstly dissolved in 100 mL of trifluo-
romethylbenzene solution, a small amount of azo radical
initiator was added, and reacted at 125° C. for 3 days. After
the reaction was completed, it was stirred at room tempera-
ture overnight. The precipitate was filtered and treated with
hydrogen peroxide. The precipitate was collected, oven-
dried, and refluxed for another 1 h in trifluoromethyl ben-
zene, and quickly precipitated in ice-cold methanol to obtain
the product C2 (9 mmol, 60%).

[0141] MALDI-TOF MS: m/z caled for C;,H,,N,0,P,:
600.54; found: 600.12.

[0142] Element Analysis: C, 76.00; H, 3.69; N, 4.66; O,
5.33; P, 10.32, found C, 76.02; H, 3.66; N, 4.64; O, 5.34; P,
10.34.

Performance Test

Simulation Caleulation of Compounds

[0143] Based on the density functional theory (DFT), for
the compounds of the present disclosure used in the
examples and comparative examples, the distribution of
molecular frontier orbital was calculated and optimized
using the Gaussian 09 program package at the B3LYP/6-
31G (d) calculation level. At the same time, based on the
time-dependent density functional theory (TD-DFT), the
singlet energy level S, and the triplet energy level T, of the
molecules were simulated and calculated. The results are
shown in Table 1, wherein AE;=S,-T,, E=HOMO-
LUMO, the numerical value of E, takes the absolute value.

TABLE 1
HOMO  LUMO S T, AEss Eg
Compounds (eV) (eV) V) (V)  (eV) (eV)
P4 -5.535 -1905 350 274 076  3.63
P10 -5.437 -1832 339 274 065 3.60
P15 -5.247 -1.668 336 295 041 3.58
P17 -5.233 -1.640 317 271 046  3.59
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TABLE 1-continued

HOMO  LUMO Sy T, AEg E
Compounds (V) (V) V) (V) (V) (eV)
P19 -5.407 -1870 335 258 077 354
P30 -4.528 -1.862 2571 2570 0.001 2.67
C2 -5.821 -2456 3.016 2191 0825 3.365

[0144] As can be seen from Table 1, the materials of
phosphorus-oxygen five-membered ring combined with a
five-membered ring designed in this application have deep
singlet and triplet energy levels, which are suitable for the
host material in the blue light-emitting layer.

[0145] To facilitate the understanding of the present dis-
closure, the following embodiments of the organic photo-
electric device are listed in the present disclosure. It will be
apparent to those skilled in the art that the embodiments are
merely illustrations of the present disclosure and should not
be construed as specific limitations to the present disclosure.

[0146] As shown in FIG. 1, another embodiment of the
present disclosure provides an organic photoelectric device,
the organic photoelectric device including: a substrate 1, an
ITO anode 2, a hole injection layer 3, a hole transport layer
4, a light-emitting layer 5, an electron transport layer 6, an
electron injection layer 7, a cathode 8 (magnesium-silver
electrode, with a mass ratio of Mg—Ag of 9:1) and a cap
layer (CPL) 9, where the thickness of the ITO anode 2 is 15
nm, the thickness of the hole injection layer 3 is 10 nm, the
thickness of the hole transport layer 4 is 110 nm, the
thickness of the light-emitting layer 5 is 30 nm, the thickness
of the electron transport layer 6 is 30 nm, the thickness of the
electron injection layer 7 is 5 nm, the thickness of the
cathode 8 is 15 nm, and the thickness of the cap layer 9 is
100 nm. The arrows in FIG. 1 represent the light emitting
direction of the organic electroluminescent device.

Example 1

[0147] The compound of the present disclosure was used
as a blue light host material in this Example to prepare an
organic photoelectric device. The specific preparation steps
are as follows:

[0148] (1) cutting the glass substrate into a size of 50
mmx50 mmx0.7 mm, sonicating in isopropanol and deion-
ized water for 30 minutes, respectively, and then exposing to
ozone for about 10 minutes for cleaning; mounting the
obtained glass substrate having indium tin oxide (ITO)
anode to a vacuum deposition apparatus;

[0149] 2) evaporating the hole injection layer material
HAT-CN on the ITO anode layer 2 by vacuum evaporation
mode to a thickness of 10 nm, this layer serving as the hole
injection layer 3;

[0150] 3) vacuum evaporating the hole transport layer
material TAPC on the hole injection layer 3 to a thickness of
110 nm, which serves as the hole transport layer 4;

[0151] 4) vacuum evaporating a light-emitting layer 5 on
the hole transport layer 4, wherein compound P4 was used
as a host material, BCzVBi was used as a fluorescent doping
material, the doping ratio was 3% (in mass ratio), and the
thickness was 30 nm;

[0152] 5) vacuum evaporating the electron transport layer
material TPBI on the light-emitting layer 5 to a thickness of
30 nm, which serves as the electron transport layer 6;
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[0153] 6) vacuum evaporating the electron injection layer
material Alq, on the electron transport layer 6 to a thickness
of 5 nm, which serves as the electron injection layer 7,

[0154] 7) vacuum evaporating a magnesium-silver elec-
trode as the cathode 8 on the electron injection layer 7,

wherein the mass ratio of Mg:Ag was 9:1, and the thickness
was 15 nm;

[0155] 8) vacuum evaporating HT on the cathode 8 to a
thickness of 100 nm, which serves as the cap layer 9.

C
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CN
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-continued
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[0156] In summary, Example 2 to Example 6 and Com-
parative Examples 1-2 differ from Example 1 merely in that
the light-emitting layer host material is replaced, specifically
as shown in Table 2.

33
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[0157] The structure of the compound of Comparative
Example 1 is as follows:

Cl1

()

=0

-0

Performance Test Performance Evaluation of Organic
Photoelectric Device

[0158] The Keithley 2365A digital nanovoltmeter was
used to test the currents of the organic photoelectric devices
manufactured according to the Examples and Comparative
Examples at different voltages, and then the current was
divided by the light-emitting area to obtain the current
density of the organic photoelectric devices at different
voltages. The Konicaminolta CS-2000 spectroradiometer
was used to test the luminance and radiant energy flux
density of the organic optoelectronic devices manufactured
according to the Examples and the Comparative examples
under different voltages. According to the current density
and luminance of the organic optoelectronic devices under
different voltages, the current efficiency (CE, cd A™") at the
same current density (10 mA/ecm?) is obtained; The voltage
corresponding to 10 mA/ecm? in the measured current-volt-
age-luminance curve above is the driving voltage V_, of the
device. The above test results are shown in Table 2.

TABLE 2
Light-emitting

layer host

material VoVl CEqomasemtyicd AT
Example 1 P4 3.42 6.83
Example 2 P10 3.56 6.92
Example 3 P15 3.63 6.48
Example 4 P17 3.58 6.82
Example 5 P19 3.72 6.76
Example 6 P30 3.75 6.34
Comparative Cl 4.65 5.67
Example 1
Comparative Cc2 4.78 5.45
Example 2
[0159] As can be seen from Table 2, the devices made of

the materials designed in this application have lower driving
voltage and higher efficiency. This is due to the combination
of the electron-withdrawing structure of phosphorus-oxygen
five-membered ring combined with a five-membered ring
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and the donor material, resulting in better electron and hole
transport rates, balancing the concentration of carrier in the
light-emitting layer and reducing the aggregation of single
carrier, which reduces the operating voltage and improves
the luminous efliciency of the device.

[0160] Although the detailed process equipment and pro-
cess flow of the present disclosure have been described by
the above embodiments in the present disclosure, the present
disclosure is not limited thereto, that is to say, it is not meant
that the present disclosure has to be implemented depending
on the above detailed process equipment and process flow.
It will be apparent to those skilled in the art that any
improvements made to the present disclosure, equivalent
replacements and addition of adjuvant ingredients to the raw
materials of the products of the present disclosure, and
selections of the specific implementations, etc., all fall
within the protection scope and the disclosed scope of the
present disclosure.

What is claimed is:
1. A compound, having a structure in Formula (I):

Formula (I)

wherein:

X is selected from P—0O;

L, and L, are each independently selected from any one
of a single bond, a substituted or unsubstituted C6-C40
aryl or arvlene group, a substituted or unsubstituted
C3-C40 heteroaryl or heteroarylene group; L, and L,
are each independently selected from any one of a
single bond, a hydrogen atom, a substituted or unsub-
stituted C6-C40 aryl or arylene group, a substituted or
unsubstituted C3-C40 heteroaryl or heteroarylene
group; and

Dy, D,, D; and D, are each independently selected from
any one of a substituted or unsubstituted C6-C40 aryl
group, a substituted or unsubstituted C4-C40 heteroaryl
group, and a substituted or unsubstituted C6-C40
arylamine group, and the D, D,, D; and D, are all
electron-donating groups;

wherein when a substituent is present in any one of said
groups, the substituent includes any one or a combi-
nation of at least two of cyano, halogen, phenoxy,
C1-C20 alkyl group, C1-C20 alkoxyl group, C6-C40
aryl group, C4-C40 heteroaryl group, and C6-C40
arylamine group;

wherein n,, n,, n, and n, are each independently set to be
O or 1, and at least one of the n;, n,, n; and n, is 1; and

wherein m;, m,, m, and m, are each independently set to
be 0 or 1.
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2. The compound according to claim 1, wherein at most
two of the n,, n,, n; and n, are selected to be 1.

3. The compound according to claim 1, wherein the
structure in Formula (I) comprises any one of the sub-
structures as shown in the following Formula (I-1) to
Formula (I-8):

-

Dy
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b7’
L —
e W
_/ \ A,
P
o¢|
Ly
vy’
b T-2)
1
if
%
L
F
P
o
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(I-3)

(-4

Formula (I-5)
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-continued -continued

. Formula (I-6) Formula (II-3)
1

| 20
27

Formula (I-7)

Formula (II-4)

Formula (I-8)

N

4. The compound according to claim 1, wherein the Formula (IL5)

structure in Formula (I) comprises any one of the sub- D,
structures as shown in the following Formula (II-1) to L1/
Formula (II-8): | O
(II-8) v
Formula (II-1)
/"
L P
I|) P oZ
P
o¢|
L,
D2/

Formula (II-6)

Formula (II-2)
Dy
7 (0]
| Z
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Formula (II-7)
P¢O
bh ¥/ \ and
P,
\O
Formula (II-8)
P¢O
\ /\ Ly—Dy;
P\O

wherein the L,, L,. L; and L, are each independently
selected from any one of a single bond, a substituted or
unsubstituted C6-C40 arylene group, a substituted or
unsubstituted C3-C40 heteroarylene group.

5. The compound according to claim 4, wherein the D,
D,, D, and D, are each independently selected from any one
of a substituted or unsubstituted C4-C40 carbazole group, a
substituted or unsubstituted C4-C40 acridine group, a sub-
stituted or unsubstituted C6-C40 arylamine group, a substi-
tuted or unsubstituted fluorenyl group, a substituted or
unsubstituted spirofluorenyl group, a substituted or unsub-
stituted diphenyl ether group, and a substituted or unsubsti-
tuted diindolocyclopentadiene group.

6. The compound according to claim 5, wherein the
substituted or unsubstituted C4-C40 carbazole group spe-
cifically includes the following groups:

# #

| .
| )
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-continued

(Rl)a

wherein Y is independently selected from any one of a
carbon atom, a nitrogen atom, an oxygen atom, a sulfur
atom, and a silicon atom;

wherein a is selected from an integer of 0-2;

wherein R, is selected from any one of a hydrogen atom,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C1-C20 alkoxyl group, a
substituted or unsubstituted C6-C30 aryl group, and a
substituted or unsubstituted C3-C30 heteroaryl group;

wherein when a substituent is present in any of said group,
the substituent includes any one or a combination of at
least two of cyano, halogen, phenoxy, C1-C20 alkyl
group, C1-C20 alkoxyl group. C6-C40 aryl group,
C4-C40 heteroaryl group, and C6-C40 arylamine
group; and

wherein # represents the linking site of the group.

7. The compound according to claim 5, wherein the

substituted or unsubstituted C4-C40 acridine group specifi-
cally includes the following groups:
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-continued

T

QN ‘ Z\(Rz)b,
Y
|

Ry

e
oo

| \

(Rl)a (RZ)b

#
Ry)p

e

Ry

wherein Y and Z are each independently selected from
any one of a carbon atom, a nitrogen atom, an oxygen
atom, a sulfur atom, and a silicon atom;

wherein a and b are each independently selected from an
integer of 0-2;

wherein R; and R, are each independently selected from
any one of a hydrogen atom, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubsti-
tuted C1-C20 alkoxyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, and a substituted or
unsubstituted C3-C30 heteroaryl group;

wherein when a substituent is present in the above group,
the substituent includes any one or a combination of at
least two of cyano, halogen, phenoxy, C1-C20 alkyl
group, C1-C20 alkoxyl group, C6-C40 aryl group,
C4-C40 heteroaryl group, and C6-C40 arylamine
group; and

wherein # represents the linking site of the group.

8. The compound according to claim 5, wherein the
substituted or unsubstituted C6-C40 arylamine group
includes the following group:

37
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wherein when a substituent is present in the above group,
the substituent includes any one or a combination of at
least two of cyano, halogen, phenoxy, C1-C20 alkyl
group, C1-C20 alkoxyl group, C6-C40 aryl group,
C4-C40 heteroaryl group, and C6-C40 arylamine
group; and

wherein # represents the linking site of the group.

9. The compound according to claim 1, wherein D, D,,

D, and D, are each further independently selected from any
one of the following groups which are substituted or unsub-

stituted:
#
N N
#
L
| x
Pr
N
Y.
R O
N
\
#
“T T T[]
Ry, #
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-continued wherein Y and Z are each independently selected from
any one of a carbon atom, a nitrogen atom, an oxygen
atom, a sulfur atom, and a silicon atom;

#
\
wherein a and b are each independently selected from an
integer of 0-2;
T wherein R, and R, are each independently selected from

any one of a hydrogen atom, a substituted or unsubsti-

Ri)a tuted C1-C20 alkyl group, a substituted or unsubsti-
tuted C1-C20 alkoxyl group, a substituted or unsubsti-
tuted C6-C30 aryl group, and a substituted or

“ unsubstituted C3-C30 heteroaryl group;
IL . wherein when a substituent is present in the above group,
(Ra)sy the substituent includes any one or a combination of at
least two of cyano, halogen, phenoxy, C1-C20 alkyl
group, C1-C20 alkoxyl group, C6-C40 aryl group,
T C4-C40 heteroaryl group, and C6-C40 arylamine
R, group; and
R, wherein # represents the linking site of the group.
# \Z 10. The compound according to claim 5, wherein the D,
| ’ D,, D, and D, are each independently selected from any one
N of the following groups:
v # #

| |
(Ry)a N N
#
)
N ,
O #
7 |

| \ N
(R l)a (RZ)b

T Ro)s
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£ QO
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wherein R, is selected from any one of a hydrogen atom,
a substituted or unsubstituted C1-C20 alkyl group, a

N
T C ¢
L
3
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substituted or unsubstituted C1-C20 alkoxyl group, a 11. The compound according to claim 1, wherein the L,
substituted or unsubstituted C6-C30 aryl group, and a L,, L; and L, are each independently selected from any one
substituted or unsubstituted C3-C30 heteroaryl group; of a single bond, a phenylene group, a thienylene group, a
when a substituent presents in the above group, the naphthylene group, an anthrylene group, a phenanthrylene
substituent includes any one or a combination of at group, or a pyrenylene group.
least two of cyano, halogen, phenoxy, C1-C20 alkyl 12. The compound according to claim 1, wherein the L,,
group, C1-C20 alkoxyl group, C6-C40 aryl group, L,, L, and L, are each independently selected from a single
C4-C40 heteroaryl group, and C6-C40 arylamine bond, or a phenylene group.

group; and 13. The compound according to claim 1, wherein the
wherein # represents the linking site of the group. compound has any one of the following P1-P55 structures:
P1 P2
L “Q oo
RORS L0
EP?O pz”
e P <
o* 0%

P3 P4
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14. The compound according to claim 1, wherein an
energy level difference between the lowest singlet energy
level S1 and the lowest triplet energy level T, of the
compound is =0.30 eV] i.e. AE_=FE. -E.,=<0.30 eV.

15. Use of a compound according to in Formula (I) of
claim 1 in an organic optoelectronic device.

16. An organic optoelectronic device, wherein the organic
optoelectronic device comprises an anode, a cathode, and at
least one organic thin film located between the anode and the
cathode, and the organic thin film contains a compound
having a structure according to Formula (I) in claim 1.

17. The organic optoelectronic device according to claim
16, wherein the organic thin film further comprises a light

emitting layer, and the light emitting layer contains the
compound.

18. The organic optoelectronic device according to claim
17, wherein the compound is used as a host material, a
doping material, or a co-doping material of the light emitting
layer.

19. The organic optoelectronic device according to claim
15, wherein the organic thin film layer further comprises any
one or a combination of at least two of a hole transport layer,
a hole injection layer, an electron blocking layer, a light
emitting layer, a hole blocking layer, an electron transport
layer and an electron injection layer.

* #* * #* #®
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