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(7) ABSTRACT

The present disclosure provides a thermally activated
delayed fluorescence (TADF) polymeric material having a
molecular structure formed by a main chain of a polymer-
ized TADF and a side chain connected to alkyl chains. This
structure of the TADF polymeric material has excellent
TADF properties and solubility. Further, an electrolumines-
cent device can be prepared by solution processing and a
good device effect can be obtained.
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THERMALLY ACTIVATED DELAYED
FLUORESCENCE POLYMERIC MATERIAL
AND PREPARING METHOD OF SAME

FIELD OF INVENTION

[0001] The present invention relates to a material field of
a flat display device, and more particularly, to a thermally
activated delayed fluorescence polymeric material and a
preparing method of the same.

BACKGROUND OF INVENTION

[0002] It is known that organic light emitting diodes
(OLEDs) have great potential in applications of optoelec-
tronic devices in the fields of display, illumination, etc.
Photoelectric conversion efficiency is one of the important
parameters for evaluating OLED. Since the advent of
organic light-emitting diodes, in order to improve the lumi-
nous efliciency of organic light-emitting diodes, various
fluorescence-based and phosphorescence-based luminescent
material systems have been developed.

[0003] Although fluorescence-based OLEDs are charac-
terized by high stability, they are limited by the laws of
quantum statistics so that the ratio of generated excitons of
singlet exited state to that of triplet exited state is 1:3 under
electrical activation. Therefore, internal electrolumines-
cence quantum efficiency of the fluorescence-based material
is limited to 25%.

[0004] Conversely, the phosphorescence-based material
can utilize both of excitons of the singlet exited state and the
triplet exited state due to its spin-orbit interaction of the
heavy atoms so that the internal electroluminescence quan-
tum efficiency can reach 100% in theory. However, the
phosphorescence-based OLED material usually requires the
precious metals, the cost of the product increases corre-
spondingly and the material is not environmentally friendly.

[0005] Forovercoming the disadvantages of the two mate-
rials, Adachi proposed to allow triplet excited excitons to
return to the singlet excited state through thermal activation
and then radiation transition back to the ground state to
illuminate thereby the internal electroluminescence quantum
efficiency can also reach 100% in theory. This allows high
efficiency compatible to the phosphorescence OLED by
using organic compounds without heavy metal atoms, as
described in C. Adachi, et. al., Nature, Vol 492, 234, (2012).
Most of the research currently focuses on vapor-deposited
materials, but this will make the manufacturing cost of the
device very high.

[0006] Further, thermally activated delayed fluorescence
(TADF) materials have obvious advantages on wet-type
processing because its good film formation. However, how
to maintain the high photoluminescence quantum yield and
the large reverse intersystem enthalpy constant of the ther-
mally activated delayed fluorescence polymer is still not
solved. This is also the reason that the device prepared by the
current thermally activated delayed fluorescence polymeric
materials have lower external quantum efficiency.

[0007] Even so, the thermally activated delayed fluores-
cence materials still attract the attention of many researchers
with their unique advantages. The performance of the ther-
mal evaporation device based on small TADF materials is
comparable to that of phosphorescent heavy metal com-
plexes. However, there are only a few of TADF materials
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that can be used to prepare electroluminescent devices by
spin-coating, especially the TADF polymers are fewer.
[0008] It is therefore of great significance to design and
synthesize a new type of TADF polymer for developing a
broad application to TADF materials.

SUMMARY OF INVENTION

[0009] One aspect of the present invention is to provide a
thermally activated delayed fluorescence (TADF) polymeric
material, having excellent TADF characteristics and solu-
bility, can be used for preparing electroluminescent devices
by solution processing. Further, this polymeric material of
the present invention can be applied to display devices to
obtain good device effects.

[0010] It is characterized that a technical solution adopted
by the present invention is as follows:

[0011] A thermally activated delayed fluorescence poly-
meric material, having a structural formula as follows:

O
n

[0012] Tt is characterized that a light emitting layer plays
a leading role in an organic electroluminescent device, and
the performance of light emitting materials is a key factor in
determining device performance. For current small molecule
doping devices, the host and guest of the light emitting layer
adopt simple physical doping and inevitably the phase
separation exists. The charge transfer complexes and exci-
plexes are easy formed thereby affecting device perfor-
mance. The polymer luminescent material belongs to a
luminescent system formed by a main chain as a host, and
a side chain connected to luminescent guest and thus the
phase separation can be effectively avoided. Meanwhile, the
polymer has good thermodynamic stability and film form-
ing, and can be used for preparing devices by a lower cost
solution processing in organic electroluminescent devices.

[0013] This thermally activated delayed fluorescence
polymeric material according to the present invention can
emit orange light, having a molecular structure formed by a
main chain of a polymerized TADF and a side chain
connected to alkyl chains. This structure of the TADF
polymeric material has excellent TADF properties and solu-
bility. Correspondingly, the electroluminescent device can
be prepared by solution processing and a good device effect
can be obtained.

[0014] Further, in an alternative embodiment, the ther-
mally activated delayed fluorescence polymeric material is
synthesized by a monomeric compound A and a monomeric
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compound B, wherein the monomeric compound A and the
monomeric compound B respectively have structural for-
mula as follows:

monomeric compound A

H
N
N
H
and
monomeric compound B
)

Br.

[0015] Further, in an alternative embodiment, the ther-
mally activated delayed fluorescence polymeric material is
synthesized by the monomeric compound A and the mono-
meric compound B through a synthetic route as follows:

momomeric compound A
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-continued

Pd(QAc),, NaOt-Bu, (tBu),HPBF,
(0] Tal, reflux, 40-60 hr

Br

monomeric compound B

[0016] Further, in an alternative embodiment, the mono-
meric compound A is synthesized through a synthetic route
as follows:

(Ac)O
100-135° C., 20-30 hr
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-continued

momomeric compound A

[0017] Further, in an alternative embodiment, the mono-
meric compound B is synthesized through a synthetic route
as follows:

CHO
Pd/C
Ar, 100-120° C., 20-30 hr
Br
0
Q BI.
0]
monomeric compound B
[0018] Another aspect of the present invention is to pro-

vide a preparing method of the thermally activated delayed
fluorescence polymeric material, comprising the following
steps of:

[0019] adding the monomeric compound A and the mono-
meric compound B into a high pressure reaction bottle;
[0020] adding anhydrous toluene into the high pressure
reaction bottle to react for 40-60 hours under 80 to 120° C.,
and then cooling to room temperature, so as to obtain a
reaction product;

[0021] performing a precipitation of the reaction product
by using a mixed solvent of methanol and acetone to obtain
a polymer product; and

[0022] extracting the polymer product placed within
hexane and acetone, and then drying to obtain the thermally
activated delayed fluorescence polymeric material.

[0023] Further, in an alternative embodiment, the mixed
solvent contains the methanol and the acetone with a mixing
ratio of (7-9):1.

[0024] Further, in an alternative embodiment, a synthesis
method of the monomeric compound A includes steps of:
[0025] adding 3,4-dihexyl-o-aminophenol and acetic
anhydride into a reaction flask and refluxing for 20-30 hours
under 100-135° C., so as to obtain a reaction solution; and
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[0026] pouring the reaction solution into ice water after
being cooled to room temperature, filtering to obtain a solid,
and then dissolving the solid in dichloromethane to be
purified and isolated by a silica gel with a column chroma-
tography to obtain the monomeric compound A.

[0027] Further, in an alternative embodiment, a synthesis
method of the monomeric compound B includes steps of:

[0028] adding bromobenzaldehyde and a catalyst into a
reaction flask and reacting for 20-30 hours under 100-120°
C., s0 as to obtain a reaction solution; and

[0029] pouring the reaction solution into ice water after
being cooled to room temperature, extracting by dichlo-
romethane, and combining collected organic phases, fol-
lowed by being purified and isolated with a silica gel by a
column chromatography to obtain the monomeric com-
pound B.

[0030] Further, in an alternative embodiment, the catalyst
includes palladium/carbon (Pd/C).

[0031] Further, an aspect of the present invention provides
a display device, comprising a light emitting layer. It is
characterized that the light emitting layer uses a material
including the thermally activated delayed fluorescence poly-
meric material.

[0032] Further, the present invention relates to the ther-
mally activated delayed fluorescence polymeric material as
being an light emitting layer of an electrothermally activated
delayed fluorescent device, including a glass and a conduc-
tive glass (ITO) substrate layer, a hole transport and injec-
tion layer, the light emitting layer, an electron transport
layer, and a cathode layer.

[0033] Comparing with the prior art, the present invention
has beneficial effects that an thermally activated delayed
fluorescence polymeric material has excellent TADF prop-
erty and solubility so that the electroluminescent devices can
be prepared by a solution processing.

[0034] Further, the polymeric material according to the
present invention is applied to a light emitting layer in an
electroluminescence device, and it is understood from detec-
tion data that a good effect of the device can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1is a distribution map of the highest occupied
molecular orbitals (HOMO) of a thermally activated delayed
fluorescence polymeric material according to one embodi-
ment of the present invention, which is obtained by theo-
retically calculating.

[0036] FIG. 2 is a distribution map of the lowest unoccu-
pied molecular orbitals (LUMO) of a thermally activated
delayed fluorescence polymeric material according to one
embodiment of the present invention, which is obtained by
theoretically calculating.

[0037] FIG. 3 is a photoluminescence spectroscopy of a
thermally activated delayed fluorescence polymeric material
in a film under room temperature according to one embodi-
ment of the present invention.

[0038] FIG. 4 is a transient photoluminescence spectros-
copy of a thermally activated delayed fluorescence poly-
meric material in a film under room temperature according
to one embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] A thermally activated delayed fluorescence poly-
meric material and a preparing method of the same accord-
ing to the present invention are further described in detail
with accompany drawings and embodiments.

[0040] One embodiment of the present invention provides
a thermally activated delayed fluorescence polymeric mate-
rial, having a structural formula as follows:

[0041] It is characterized that a light emitting layer plays
a leading role in an organic electroluminescent device, and
the performance of light emitting materials is a key factor in
determining device performance. For current small molecule
doping devices, the host and guest of the light emitting layer
adopt simple physical doping and inevitably the phase
separation exists. The charge transfer complexes and exci-
plexes are easily formed thereby affecting device perfor-
mance. The polymer luminescent material belongs to a
luminescent system formed by a main chain as a host, and
a side chain connected to luminescent guest and thus the
phase separation can be effectively avoided. Meanwhile, the
polymer has good thermodynamic stability and film form-
ing, and can be used for preparing devices by a lower cost
solution processing.

[0042] This thermally activated delayed fluorescence
polymeric material according to the present invention can
emit orange light, having a molecular structure formed by a
main chain of a polymerized TADF and a side chain
connected to alkyl chains. This structure of the TADF
polymeric material has excellent TADF properties and solu-
bility. Correspondingly, the electroluminescent device can
be prepared by solution processing and a good device effect
can be obtained.

[0043] Refer to FIG. 1 and FIG. 2, which show the
distribution map of the highest occupied molecular orbitals
(HOMO) and the lowest unoccupied molecular orbitals
(LUMO) of a thermally activated delayed fluorescence
polymeric material according to the present invention,
which are obtained by theoretically calculating.

[0044] Further, the electrochemical energy levels of the
thermally activated delayed fluorescence polymeric material
having the lowest singlet energy state (S1) and lowest triplet
energy state (T1) are shown in the table below:

PLPesk  SI 1 EST HOMO LUMO
(um) V) V) (V) (V) (V)

polymer 627 1.98 1.90 0.08 -4.46 -138
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[0045] Referring to FIG. 3, which shows a photolumines-
cence spectroscopy of a thermally activated delayed fluo-
rescence polymeric material according to one embodiment
of the present invention in a film under room temperature.
[0046] Referring to FIG. 4, which shows a transient pho-
toluminescence spectroscopy of a thermally activated
delayed fluorescence polymeric material according to one
embodiment of the present invention in the film under room
temperature.

[0047] In one embodiment, the thermally activated
delayed fluorescence polymeric material according the pres-
ent invention is synthesized by a monomeric compound A
and a monomeric compound B, wherein the monomeric
compound A and the monomeric compound B respectively
have structural formula as follows:

monomeric compound A

and

monomeric cempound B

[0048] Ttis characterized that the monomeric compound A
is synthesized through a synthetic route as follows:

NH,
(AchO

100-135° C., 20-30 hr
OH
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-continued

momomeric compound A

[0049] Specifically, in one embodiment, the preparing
method may include the following steps:

[0050] adding 3,4-dihexyl-o-aminophenol (2.77 g, 10
mmol) and acetic anhydride (50 ml) into 100 ml two-neck
bottle, and then refluxing for 24 hours under 120° C.; and
[0051] pouring the reaction solution into 500 ml ice water
after being cooled to room temperature, filtering to obtain a
grayish white solid, and then dissolving the solid in dichlo-
romethane to be purified and isolated with a silica gel by a
column chromatography (CH,Cl,:Hexane, v:v, 1:3) to
obtain a blue white powder 2.1 g with 81% yield.

[0052] Itis characterized that the monomeric compound B
is obtained from the following synthetic route.

CHO
Pd/C
Ar, 100-120° C., 20-30 hr
Br
[0)
O
monomeric compound B
[0053] Specifically, in one embodiment, the preparing

method may include the following steps:

[0054] adding p-bromobenzaldehyde (1.83 g, 10 mmol)
and Pd/C (90 mg, catalytic amount) into a 100 ml two-neck
bottle, and pumping to react for 24 hours under 110° C.; and
[0055] pouring the reaction solution into 50 ml ice water
after being cooled to room temperature, extracting by
dichloromethane for 3 times, and combining collected
organic phases, followed by being purified and isolated with
a silica gel by a column chromatography (dichloromethane:
hexane, v:v, 1:5) to obtain 1.0 g powder with light blue color
and yield 55%.

[0056] After obtaining the monomeric compound A and
the monomeric compound B, the thermally activated
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delayed fluorescence polymeric material according to the
present invention can be synthesized by a synthetic route as
follows:

H
N
+
\
H

momomeric compound A

Br
0]
0
Br

Pd(OAc);, NaOt-Bu, (tBu),HPBF,
Tal, reflux, 40-60 hr

monomeric compound B

Specifically, in one embodiment, the method includes below
steps:

[0057] adding the monomeric compound A (1.04 g, 2
mmol) and the monomeric compound B (0.73 g, 0.2 mmol)
into 200 ml of a high pressure reaction bottle, and purging
for 3 times, adding 50 ml anhydrous toluene into the high
pressure reaction bottle to react for 48 hours under 100° C.;
[0058] cooling to room temperature, and then depositing
with a mixing solvent of 250 ml methanol and 30 ml
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acetone, followed by extracting the obtained polymer in
hexane for 3 days and in acetone for 3 days, drying in
vacuum to obtain 0.66 g polymer with white color floc and
vield 37%.

[0059] It is characterized that the obtained polymer has a
number average molecular weight of 21.3 kg/mol and a
weight average molecular weight of 35.2 g/mol, and PDI is
1.65.

[0060] Further, the thermally activated delayed fluores-
cence polymeric material can be used for forming a light
emitting layer of an electrothermally activated delayed fluo-
rescence device.

[0061] It is characterized that the electrothermally acti-
vated delayed fluorescence device in one embodiment
includes a substrate layer, a hole transport and injection
layer, the light emitting layer, an electron transport layer, and
a cathode layer.

[0062] Specifically, the substrate layer can be a glass
and/or a conductive glass (ITO). The hole transport and
injection layer can be one of (poly(3,4-ethylenedioxythio-
phene), polystyrene sulfonate, and PEDOT:PSS; the elec-
tron transport layer can be 1,3,5-tri(m-(3-pyrid-3-yl-phenyl)
benzene (TmPyPB). The cathode layer can be LiF/AL

[0063] Further, in a specific preparing method of the above
electroluminescent device, the method may include steps of:
subsequently spin-coating PESOT:PSS and the thermally
activated delayed fluorescence polymeric material on a
cleaned conductive glass (ITO) substrate so as to form the
hole transport and injection layer and the light emitting
layer, and then subsequently performing evaporation of
TmPyPB, 1 nm LiF and 100 nm Al under high vacuum
conditions to form the electron transport layer and the
cathode layer in order.

[0064] Specifically, in one embodiment, the electrolumi-
nescent device has a structure as follows:

[0065] ITO/PEDOT:PSS (50 nm)/the polymer (40 nm)/
TmPyPB (40 nm)/LiF (1 nm)/Al (100 nm).

[0066] Further, performance of the above electrolumines-
cent device is measured, in which the properties of current-
brightness-potential of the device are measured by Keithley
source measurement system with a calibrated silicon pho-
todiode (Keithley 2400 Sourcemeter, Keithley 2000 Cur-
rentmeter) and the electroluminescence spectrum is measure
by French company JP SPEX CCD3000 spectrometer. All
measurements are performed at room temperature in the
atmosphere. The performance data of the device are shown
below:

Starting Max. external
Max. Brightness voltage quantum efficiency
{ed'm?) %) CIE (%)
4123 5.6 (0.58, 0.36) 1.2

[0067] The technical scope of the present invention is not
limited to the abovementioned content. Many changes and
modifications to the described embodiments can be carried
out by the skilled person in the art without departing from
the scope and the spirit of the invention, and the changes and
modifications are intended to be limited only by the
appended claims.
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1. A thermally activated delayed fluorescence polymeric
material, having a structural formula as follows:

2. The thermally activated delayed fluorescence poly-
meric material according to claim 1, wherein the thermally
activated delayed fluorescence polymeric material is syn-
thesized by a monomeric compound A and a monomeric
compound B, wherein the monomeric compound A and the
monomeric compound B respectively have structural for-
mula as follows:

monomeric compound A

H
N
N
H
and

monemeric cempound B

3. The thermally activated delayed fluorescence poly-
meric material according to claim 2, wherein the thermally
activated delayed fluorescence polymeric material is syn-
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thesized by the monomeric compound A and the monomeric
compound B through a synthetic route as follows:

H
N
N
H

memomeric compound A

Br
0
[0)
Br

monemeric compound B

Pd(OAc),, NaOt-Bu, (tBu),HPBF,
Tol, reflux, 40-60 hr

4. The thermally activated delayed fluorescence poly-
meric material according to claim 2, wherein the monomeric
compound A is synthesized through a synthetic route as
follows:

Apr. 30, 2020
H,
(AchO
100-135¢ C., 20-30 hr
OH

momomeric compound A

5. The thermally activated delayed fluorescence poly-
meric material according to claim 2, wherein the monomeric
compound B is synthesized through a synthetic route as
follows:

CHO

Pd/C
Ar, 100-120° C., 20-30 hr

Br

monomeric compound B
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6. A preparing method of a thermally activated delayed
fluorescence polymeric material according to claim 1, com-
prising the following steps of:

adding the monomeric compound A and the monomeric
compound B into a high pressure reaction bottle;

adding anhydrous toluene into the high pressure reaction
bottle to react for 40-60 hours under 80 to 120° C., and
then cooling to room temperature, so as to obtain a
reaction product;

performing a precipitation of the reaction product by
using a mixed solvent of methanol and acetone to
obtain a polymer product; and

extracting the polymer product placed within hexane and
acetone, and then drying to obtain the thermally acti-
vated delayed fluorescence polymeric material.

7. The preparing method according to claim 6, wherein
the mixed solvent contains the methanol and the acetone
with a mixing ratio of (7-9):1.

8. The preparing method according to claim 6, wherein a
synthesis method of the monomeric compound A includes
steps of:

adding 3,4-dihexyl-o-aminophenol and acetic anhydride
into a reaction flask and refluxing for 20-30 hours under
100-135° C., so as to obtain a reaction solution; and

pouring the reaction solution into ice water after being
cooled to room temperature, filtering to obtain a solid,
and then dissolving the solid in dichloromethane to be
purified and isolated with a silica gel by a column
chromatography to obtain the monomeric compound A.

9. The preparing method according to claim 6, wherein a
synthesis method of the monomeric compound B includes
steps of:

adding bromobenzaldehyde and a catalyst into a reaction
flask and reacting for 20-30 hours under 100-120° C,,
0 as to obtain a reaction solution; and

pouring the reaction solution into ice water after being
cooled to room temperature, extracting by dichlo-
romethane, and combining collected organic phases,
followed by being purified and isolated with a silica gel
by a column chromatography to obtain the monomeric
compound B.

10. A display device, comprising a light emitting layer,
wherein the light emitting layer uses a material including a
thermally activated delayed fluorescence polymeric material
according to claim 1.

11. The display device according to claim 10, wherein the
thermally activated delayed fluorescence polymeric material
is synthesized by a monomeric compound A and a mono-
meric compound B, wherein the monomeric compound A
and the monomeric compound B respectively have structural
formula as follows:
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monomeric compound A

and

monomeric compound B

O
O
-0
(6]

12. The display device according to claim 11, wherein the
thermally activated delayed fluorescence polymeric material
is synthesized by the monomeric compound A and the
{nonomenc compound B through a synthetic route as fol-

ows:

momomeric compound A
Br

Pd(QAc),, NaOt-Bu, (tBu),HPBF,
Tal, reflux, 40-60 hr

@)

Br

monomeric compound B
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-continued -continued
)5t
o) N
N
6]
n
H

momomeric compound A
13. The display device according to claim 11, wherein the
monomeric compound A is synthesized through a synthetic

14. The display device according to claim 11, wherein the
route as follows:

monomeric compound B is synthesized through a synthetic
route as follows:

CHO

Pd/C
Ar, 100-120° C., 20-30 hr

(Acp0O
—_—
100-135°C., 20-30 hr

0O,
. ar

6]

Br

monomeric compound B
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