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ELECTRON TRANSPORT MATERIAL AND
APPLICATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a U.S. National Stage of PCT
International Application No. PCT/CN2018/125620 filed on
Dec. 29, 2018, which claims the priority to a Chinese patent
application No. 201810878226.X, entitled “Electron trans-
port material and application thereof”, and filed on Aug. 3,
2018 with Chinese Patent office, the disclosure of each of
which is herein incorporated in its entirety by reference.

TECHNICAL FIELD

[0002] This disclosure relates to the field of organic con-
ductive materials, in particular to an electron transport
material and its application.

BACKGROUND

[0003] In OLED devices, under the action of current, the
organic molecules having light-emitting function realize the
compound of a hole and an electron, and emit light in
random direction in the form of dipole. However, not all the
emitted light can be used for lighting or display. Only a part
of' the light can reach the outside of the substrate, and a large
part of the light is lost in the device in various forms. The
main forms of the loss are: a SPP (surface plasma polariton)
loss caused by the metal electrodes, a Wave Guide loss
caused by a high refractive index of an organic layer and
ITO etc., and a substrate loss caused by total reflection at the
interface between a substrate material and the air. These
losses add up, such that the light output efficiency of OLED
with ordinary planar structure is far less than 100%. Accord-
ing to the optical calculation, the luminous efficiency of the
emitting OLED device with traditional planar bottom is only
about 22%. This means that even if other performances of
the device, such as internal quantum efficiency and electrical
balance of the material, are optimal, the external quantum
efficiency (EQE) still will not be very high, and most of the
light emitted is lost in the device.

[0004] According to the theoretical calculation, the sur-
face plasma state loss often accounts for about 30% of the
total emitted light in a conventional planar OLED device,
which even exceeds the luminous efficiency that an OLED
device generally could reach. Therefore, some schemes to
reduce the surface plasma state loss have been proposed. For
example, a microstructure is added in a device (such as
metal electrodes and organic layers) to reduce the surface
plasma loss and wave guide loss, which is proved as an
effective method by experiments. Such method can increase
the external quantum efficiency by about 10%-30%. How-
ever, due to the complex manufacture process of the micro-
structure, there are still many challenges for applying to the
actual industry, such as low yield and high cost caused by the
complexity of the technology.

SUMMARY OF THE INVENTION

[0005] Based on this, it is necessary to provide an electron
transport material and its application which can effectively
suppress the surface plasma state loss of organic light-
emitting device and improve the forward luminous effi-
ciency of the device.

Oct. 21, 2021

[0006] An electron transport material includes a com-
pound represented by the general formula I,

Ri2 Ry
N
Ry = Rao
N 2N
Rz Ra

wherein, R, ;, R, ,, R,;, R,,, Ry ; and R, , are each
independently selected from hydrogen and one of the fol-
lowing groups represented by formulas 1-1 to 1-16, R, ; and
R, _, are not simultaneously hydrogen, R, ; and R, , are not
simultaneously hydrogen, and R;_; and R;_, are not simul-
taneously hydrogen,

1-1

1-2
A
1-3
J
N/N
o 1-4
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1-5
7\
P
1-6
S



US 2021/0328151 Al

-continued

*

%

1-7

1-8

1-9

1-13

Oct. 21, 2021

-continued
1-14

1-15

7\
X

1-16

Re!
X

}1_ AN

A

wherein, * denotes the binding sites of R, ;, R, 5, R, |, R, ,,
R;; and R;, with the benzene ring on the compound
represented by the general formula 1.

[0007] This disclosure further provides an application of
the electron transport material in the manufacture of semi-
conductor devices.

[0008] This disclosure further provides a semiconductor
device containing the electron transport material.

[0009] This disclosure further provides a display device
having a light-emitting device, and the light-emitting device
contains the electron transport material.

[0010] Compared with the existing scheme, this disclosure
has the following beneficial effects:

[0011] For the above-mentioned electron transport mate-
rial, the structure of a molecular is designed and selected to
be constructed by a group having a high carrier mobility,
such that the molecule has a higher carrier mobility. In
addition, a core group of the molecule is a structure based on
mesitylene triazine. The molecular rigidity of the structure is
strong, and the intermolecular stacking can be effectively
inhibited, such that the material has a lower refractive index
and the surface plasma state loss of an organic light-emitting
device can be effectively suppressed. Compared with the
commonly used electron transport material TPBi, when
applied in a light-emitting device, this electron transport
material can improve the forward luminous efficiency by
more than 14%.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a structure diagram of a quantum dot
light-emitting diode according to some embodiments;

[0013] FIG. 2 is a structure diagram of an organic light-
emitting diode according to some embodiments.
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DETAILED DESCRIPTION

[0014] In order to facilitate the understanding of the
disclosure, a more comprehensive description of the disclo-
sure will be given in combination with the embodiment
below. However, the present disclosure may be implemented
in many different forms and is not limited to the embodi-
ments described herein. On the contrary, these embodiments
are provided for a more thorough and comprehensive under-
standing of the content of the disclosure.

[0015] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meanings as those
commonly understood by those skilled in the technical field
of the present disclosure. The terms used in the specification
of the present disclosure are only for the purpose of describ-
ing specific embodiments, and are not intended to limit the
disclosure.

[0016] The electron transport material of an embodiment
of the disclosure comprises a compound represented by the
general formula I, general formula I:

Ria Ra
N
Ry A Rao
N__2N
R37 Rs.g

wherein, R, |, Ry 5, R, ;, R,,, R;; and R;, are each
independently selected from hydrogen and one of the groups
represented by formulas 1-1 to 1-16, R,_; and R, _, are not
simultaneously hydrogen, R, ; and R, , are not simultane-
ously hydrogen, and R, ; and R; , are not simultaneously
hydrogen,

1-1

1-2

1-3
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wherein, * denotes the binding sites of R, ;, R, 5, R, |, R, 5,
R, ; and R;_, with a benzene ring on the compound repre-
sented by the general formula 1. Each of the above-men-
tioned groups is a group with a higher electron transport
ability.

[0017] Inoneexample,R; ,R; . R, ;,R;, R,y andR; ,
are each independently selected from hydrogen and one of
the groups represented by formulas 1-9 to 1-11. Each of the
groups represented by formulas 1-9 to 1-11 has a lower
refractive index and a more outstanding electron transport
ability.

[0018] In one example, R, ; or R, , is hydrogen, R, ; or
R, , is hydrogen, and R, ; or R;_, is hydrogen.

[0019] In one example, the compound represented by the
general formula I is selected from one of compound 1 to
compound 10:

Compound 1



US 2021/0328151 Al Oct. 21, 2021

Compound 2 Compound 3

Compound 4 Compound 5
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[0020] Each of the above-mentioned compound 1 to com-
pound 10 has a more outstanding carrier mobility and a
lower refractive index.

[0021] Further, the compound represented by general for-
mula I is selected from compound 1, compound 4 or
compound 7.

[0022] Further, the present embodiment also provides an
application of any of the above-mentioned electron transport
materials in the manufacture of semiconductor devices.

[0023] Further, the present embodiment also provides a
semiconductor device containing an electron transport mate-
rial of any of the above examples.

[0024] Optionally, the semiconductor device may be, but
is not limited to, an organic light-emitting diode (OLED), a
quantum dot light-emitting diode (QLED), an organic pho-
tovoltaic cell (OPV), or an organic light-emitting field-effect
transistor (OTFT).

[0025] Further, the present embodiment also provides a
display device having a light-emitting device which contains
an electron transport material of any of the above examples.
The light-emitting device is an organic light-emitting diode
and/or a quantum dot light-emitting diode. In some specific
embodiments, the material of an electron transport layer of
the organic light-emitting diode and/or quantum dot light-
emitting diode includes a compound represented by the
general formula I in any of the above examples.

[0026] As shownin FIG. 1, in some specific embodiments,
the quantum dot light-emitting diode, from bottom to top in
sequence, includes: a PET substrate 11, an ITO transparent
anode 12, a poly-TPD hole transport layer 14, a quantum dot
light-emitting layer 15, an electron transport layer 16, and a
reflective Al reflective cathode 17. The electron transport
layer 16 includes a compound represented by the general
formula I in any of the above examples.

[0027] As shownin FIG. 2, in some specific embodiments,
the organic light-emitting diode (OLED), from bottom to top

Compound 10

in sequence, includes: a PET substrate 1, an ITO transparent
anode 2, a NPD (N, N-dinaphthyl-N, N'-diphenylbenzidine)
hole transport layer 4, an organic light-emitting layer 5, an
electron transport layer 6, and a reflective Ag reflective
cathode 7. The electron transport layer 6 includes a com-
pound represented by the general formula I in any of the
above examples.

[0028] In one example, the display device is a bottom
emitting type display panel, such as a bottom emitting type
OLED display panel or a bottom emitting type QLED panel.

[0029] The above-mentioned electron transport material
has the characteristics of low refractive index and high
mobility. Therefore, it can effectively improve the forward
luminous efficiency of the device by applying the material in
the light-emitting device, that is, the external quantum
efficiency of the device can be improved. Specifically, the
structure of a molecular of above-mentioned electron trans-
port material is designed and selected to be constructed by
a group having a high carrier mobility, such that the mol-
ecule has a higher carrier mobility. In addition, a core group
of the molecule is a structure based on mesitylene triazine.
The molecular rigidity of the structure is strong, and the
intermolecular stacking can be effectively inhibited, such
that the material has a lower refractive index and the surface
plasma state loss of a light-emitting diodes, an organic
light-emitting diode (OLED) and a quantum dot light-
emitting diode (QLED) can be effectively suppressed.

[0030] The present disclosure will be described in com-
bination with the embodiment of synthesis reaction. How-
ever, the disclosure is not limited to the following examples.
It should be understood that the scope of the disclosure is
summarized in the attached claims. Under the guidance of
the concept of the disclosure, those skilled in the art shall
realize that certain changes made to various embodiments of
the disclosure will be covered by the spirit and scope of the
claims of the disclosure.
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Example 1
[0031] Synthesis of Compound 1
Br
B(OH),
N,
X Br
N N + —
N \N
Br @
b
a
Q\N
) N;
N
—N
N
avav, W,
N
==N
N,
1
[0032] An 8.5 g (12.6 mmol) of intermediate a (bromo room temperature, the solvent is extracted with dichlo-

mesitylene triazine), a 13.96 g (44.3 mmol) of intermediate
b (Phenylbenzimidazole boric acid), a 0.51 g (0.44 mmol) of
tetrakis (triphenylphosphine) palladium catalyst, a 6.3 ml of
2M potassium carbonate solution, a 100 ml of toluene and
a 25 ml of ethanol are weighted and added into a 500 ml
three necked flask, respectively, which is heated under the
protection of nitrogen until refluxing and is stirred over-
night. After the reaction stopped and being cooled to the

romethane, and the organic phase is retained. Then the
solvent is spin-dried after dried with anhydrous magnesium
sulfate. The crude product is separated by silica gel column
chromatography, and the eluent is dichloromethane/n-
hexane. Then the pure product of compound 1 with 6.30 g
is obtained, and the yield is 40%. C87H72N9, Exact Mass:
1242.59. Found: 1243.56; Elemental Analysis: C, 84.03; H,
5.84; N, 10.14.
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Example 2

[0033] Synthesis of Compound 4

Br
N
x Br
N . N +
Br 1
a

EN
l\
NN

B(OH),

~
%

C

4

OQ
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[0034] A 7.6 g (11.3 mmol) of intermediate a (bromo
mesitylene triazine), a 13.83 g (39.6 mmol) of intermediate
¢ (anthracene boric acid), a 0.48 g (0.41 mmol) of tetrakis
(triphenylphosphine) palladium catalyst, a 6.0 ml of 2M
potassium carbonate solution, a 100 ml of toluene and a 25
ml of ethanol are weighted and added into a 500 ml three
necked flask, respectively, which is heated under the pro-
tection of nitrogen until refluxing and is stirred overnight.
After the reaction stopped and being cooled to the room
temperature, the solvent is extracted with dichloromethane,
and the organic phase is retained. Then the solvent is
spin-dried after dried with anhydrous magnesium sulfate.
The crude product is separated by silica gel column chro-
matography, and the eluent is dichloromethane/n-hexane.
Then the pure product of compound 4 with 6.83 g is obtained
and the yield is 45%. C102H75N3, Exact Mass: 1342.71.
Found: 1343.83; Elemental Analysis: C, 91.30; H, 5.54; N,
3.16.

Example 3

[0035] Synthesis of Compound 7

Br

B(OH),
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-continued

I

[0036] An 8.0 g (11.9 mmol) of intermediate a (bromo
mesitylene triazine), a 14.5 g (41.6 mmol) of intermediate d
(anthracene boric acid), a 0.49 g (0.42 mmol) of tetrakis
(triphenylphosphine) palladium catalyst, a 6.1 ml of 2M
potassium carbonate solution, a 100 ml of toluene and a 25
ml of ethanol are weighted and added into a 500 ml three
neck flask, respectively, which is heated under the protection
of nitrogen until refluxing and is stirred overnight. After the
reaction stopped and being cooled to room temperature, the
solvent is extracted with dichloromethane, and the organic
phase is retained. Then the solvent is spin-dried after dried
with anhydrous magnesium sulfate. The crude product is
separated by silica gel column chromatography, and the
eluent is dichloromethane/n-hexane. Then the pure product
of compound 7 with 6.50 g is obtained and the yield is 41%.
C102H75N3, Exact Mass: 1242.53. Found: 1243.59;
Elemental Analysis: C, 84.02; H, 5.83; N, 10.15.

Example 4

[0037] Synthesis of Compound 8

Br

Br

Oct. 21, 2021

-continued
BH(OH),

[0038] An 8.0 g (11.9 mmol) of intermediate a (bromo
mesitylene triazine), a 10.4 g (29.8 mmol) of intermediate d
(anthracene boric acid), a 0.39 g (0.33 mmol) of tetrakis
(triphenylphosphine) palladium catalyst, a 5.4 ml of 2M
potassium carbonate solution, an 80 ml of toluene and an 18
ml of ethanol are weighted and added into a 500 ml three
neck flask, respectively, which is heated under the protection
of nitrogen until refluxing and is stirred overnight. After the
reaction stopped and being cooled to the room temperature,
the solvent is extracted with dichloromethane, and the
organic phase is retained. Then the solvent is spin-dried after
dried with anhydrous magnesium sulfate. The crude product
is separated by silica gel column chromatography, and the
eluent is dichloromethane/n-hexane. Then the pure product
of intermediate f with 6.0 g is obtained, and the yield is 45%.
C78H60BrN3, Exact Mass: 1119.24. Found: 1120.15;
Elemental Analysis: C, 83.5; H, 5.6; Br, 7.14; N, 3.16.

f
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-continued
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[0039] A 5.0 g (4.4 mmol) of intermediate f, a 4.8 g (8.9
mmol) of intermediate ¢ (anthracene boric acid), a 0.30 g
(0.26 mmol) of tetrakis (triphenylphosphine) palladium
catalyst, a 4.3 ml of 2M potassium carbonate solution, a 50
ml of toluene and a 13 ml of ethanol are weighted and added
into a 500 ml three necked flask, respectively, which is
heated under the protection of nitrogen until refluxing and is
stirred overnight. After the reaction stopped and being
cooled to the room temperature, the solvent is extracted with
dichloromethane, and the organic phase is retained. Then the
solvent is spin-dried after dried with anhydrous magnesium
sulfate. The crude product is separated by silica gel column
chromatography, and the eluent is dichloromethane/n-
hexane. Then the pure product of compound 8 with 4.4 g,
and the yield is 81%. C102H75N3, Exact Mass: 1242.53.
Found: 1243.59; Elemental Analysis: C, 84.02; H, 5.83; N,
10.15.

[0040] Other compounds involved in the disclosure can be
synthesized by Suzuki coupling reaction, that is, haloge-
nated mesitylene triazine reacts with boric acid compounds
or borate ester compounds of groups of R, |, R, ,, R, ;,
R, 5, R; | and R, ,. Wherein, the atoms X, , and X, , on the
halogenated mesitylene triazine can be H, F, Cl, Br or I
atoms, while X, ; and X, , cannot be H atoms simultane-
ously, as shown in the following formula:

11
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X2 X
N,
Xy A X2
N /N
X1z X1
X,.1, X,: H,F, CL Br, I
Example 5
[0041] Compound 1 (ETM-1), compound 4 (ETM-4),

compound 7 (ETM-7), compound 8 (ETM-8) and the com-
monly used electronic transport material TPBi are applied to
the preparation and manufacture of OLEDs, the structures of
each device are as follows:

[0042] ITO/NPB (40 nm)/CBP:Ir(ppy)3 (8 wt. %, 30
nm)/ETM-1/LiF (1 nm)/Al;
[0043] ITO/NPB (40 nm)/CBP:Ir(ppy)3 (8 wt. %, 30
nm)/ETM-4/LiF (1 nm)/Al;
[0044] ITO/NPB (40 nm)/CBP:Ir(ppy)3 (8 wt. %, 30
nm)/ETM-7/LiF (1 nm)/Al;
[0045] ITO/NPB (40 nm)/CBP:Ir(ppy)3 (8 wt. %, 30
nm)/ETM-8/LiF (1 nm)/Al;
[0046] ITO/NPB (40 nm)/CBP:Ir(ppy)3 (8 wt. %, 30

nm)/TPBi (30 nm)/LiF (1 nm)/Al.

[0047] Each functional layer in the device sample is
prepared and manufactured by vacuum evaporation. The
device sample performance data are summarized in the table
below.

Maximum
current Current efficiency  Current density  Brightness
efficiency at 1000 cd/m? at 5V at 5V
Sample (cd/A) brightness (cd/A) (mA/em?) (ed/m?)
ETM-1 44.8 275 4.3 1546
ETM-4 42.3 26.3 4.3 1654
ETM-7 43.5 27.8 4.4 1458
ETM-8 43.0 27.3 4.4 1488
TPBi 37.1 252 4.0 1009
[0048] It can be seen from the data in the table that

compared with the commonly used electronic transport
material TPBi, the maximum current efficiency can be
increased by more than 14% by applying the electron
transport material ETM-1, ETM-4, ETM-7 and ETM-8 of
present disclosure in light-emitting devices. The electron
transport material with a low refractive index and a high
carrier mobility based on triazine group has obvious improv-
ing effect on OLEDs device efficiency.

[0049] Each technical feature of the above-mentioned
embodiment can be arbitrarily combined. In order to make
the description concise, all possible combinations of each
technical feature in the above-mentioned embodiment are
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not described. However, as long as the combination of these
technical features is not contradictory, it shall be considered
as the scope of the description.
[0050] The above-mentioned embodiments only express
several embodiments of the disclosure, and the description
is more specific and detailed, but it can not be understood as
a limitation on the scope of the disclosure. It should be
pointed out that for ordinary technical personnel in the art,
certain deformations and improvements can be made with-
out departing from the concept of the disclosure, which
belong to the protection scope of the disclosure. Therefore,
the protection scope of the disclosure shall be subject to the
attached claims.

1. An electron transport material, comprising:

a compound represented by a general formula I,

Ria Ra
N
Ry = R
NN
Rz Rs

wherein, R, ;, R, ,, R, ;, R, ,, R; |, and R;_, are each
independently selected from hydrogen and one of the
following groups represented by formulas 1-1 to 1-16,
and R, ; and R, , are not simultaneously hydrogen,
R, , and R, , are not simultaneously hydrogen, and
R;_, and R;_, are not simultaneously hydrogen,

1-1

1-2

1-3

14

-continued
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-continued -continued

1_11 1'15
N *
A\
N

wherein, * denotes the binding sites ofthe R, |, R, ,, R, |,
R, ,, R;; and R, , with a benzene ring on the com-
pound represented by the general formula I.

114 2. The electron transport material according to claim 1,
wherein R, ;, R, 5, R, ;, R, 5, R;;, and R, are each
independently selected from hydrogen and one of the groups
represented by formulas 1-9 to 1-11.

3. The electron transport material according to claim 1,
wherein R, ; or R, , is hydrogen, R, ; or R, , is hydrogen,
R5_; or R, , is hydrogen.

4. The electron transport material according to claim 1,
wherein the compound represented by the general formula I
is selected from one of compounds 1 to 10:

Compound 1
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Compound 2 Compound 3

Compound 4 Compound 5
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5. The electron transport material according to claim 4,
wherein the compound represented by the general formula I
is selected from compound 1, compound 4 or compound 7.

6. A semiconductor device, comprising an electron trans-
port material, and the electron transport material comprises
a compound represented by a general formula I,

Ry Ry
N,
Ry = Ry, o
N N
Ry Ray /
wherein, R, ;, R, ,, R, ;, R, ,, R; |, and R;_, are each

independently selected from hydrogen and one of the S
following groups represented by formulas 1-1 to 1-16, /
and R, ; and R, , are not simultaneously hydrogen, \

R, , and R, , are not simultaneously hydrogen, and
R;_, and R;_, are not simultaneously hydrogen,

-continued

®

N
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Compound 10

1-2

1-3
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1-5

1-6

1-7
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-continued
1-13

\

Z 2

wherein, * denotes the binding sites ofthe R, |, R, ,, R, |,
R, ,, R;; and R, , with a benzene ring on the com-
pound represented by the general formula I.

7. The semiconductor device according to claim 6,
wherein R, ;, R, 5, R, ;, R, 5, R;;, and R, are each
independently selected from hydrogen and one of the groups
represented by formulas 1-9 to 1-11.

8. The semiconductor device according to claim 6,
wherein R, ; or R, , is hydrogen, R, ; or R, , is hydrogen,
R5_; or R, , is hydrogen.

9. The semiconductor device according to claim 6,
wherein the compound represented by the general formula I
is selected from one of compounds 1 to 10:
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Compound 2

Compound 3
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10. The semiconductor device according to claim 9,
wherein the compound represented by the general formula I
is selected from compound 1, compound 4 or compound 7.

11. The semiconductor device according to claim 6,
wherein the semiconductor device is an organic light-emit-
ting diode, a quantum dot light-emitting diode, an organic

Compound 8

Compound 10

photovoltaic cell or an organic light-emitting field-effect
transistor.

12. A display device having an organic light-emitting
diode and/or a quantum dot light-emitting diode, wherein an
electronic transport layer material of the organic light-
emitting diode and/or the quantum dot light-emitting diode
comprises a compound represented by a general formula I,
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wherein, R, ;, R, ,, R, ;, R, ,, R; |, and R;_, are each
independently selected from hydrogen and one of the
following groups represented by formulas 1-1 to 1-16,
and R, ; and R, , are not simultaneously hydrogen,
R, ; and R, , are not simultaneously hydrogen, and
R;_, and R;_, are not simultaneously hydrogen,

1-1
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wherein, * denotes the binding sites of R, ;, R; 5, R, |,
R, ,, R;; and R, , with a benzene ring on the com-
pound represented by the general formula I.

13. The display device according to claim 12, wherein the
compound represented by the general formula I is selected
from one of compounds 1 to 10:

Compound 1 Compound 2
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14. The display device according to claim 13, wherein the
compound represented by the general formula I is selected
from compound 1, compound 4 or compound 7.

15. The display device according to claim 12, wherein the
display device is a bottom emitting type display panel.
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