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WHITE-LIGHT HYPERBRANCHED
CONJUGATED POLYMER, METHOD FOR
PREPARING THE SAME AND IT’S USE

BACKGROUND

Field of the Application

[0001] The present application belongs to the technical
field of the application of the photoelectronic materials, and
relates to a conjugated polymer with hyperbranched struc-
ture and specifically to a white-light hyperbranched conju-
gated polymer based on a red phosphorescent iridium(I1I)
(Ir(1ID)) complex as a core and its use. The polymer is
consisted of red and blue light emitting units connected
through conjugated chemical bonds, and can have high-
quality white light electroluminescent spectra.

Background of the Application

[0002] Electroluminescent devices made of white light
polymers have gained wide focus because of its character-
istics, such as energy saving, fast response, stable light color,
strong environment adaptability, light weight, thin thickness,
simple fabrication process and so on, by which they show
great potential in lighting and displaying as next lead force
of lighting source.

[0003] The white light organic electroluminescent mate-
rials as a single light-emitting layer can realize white-light
emission, the white light organic electroluminescent devices
are obtained mainly by introducing different light-emitting
groups and utilizing the incomplete energy transfer between
the different groups. Poly(9,9-dioctylfluorene) has the
advantages of easy modification, wide band gap and high
luminous efficiency and so on, and is important in the blue
light-emitting materials, which is the first selected material
for causing polymers to emit white light. And the organic
electroluminescent materials with phosphorescent Ir(II)
complexes can simultaneously capture singlet and triplet
excitons owing to the introduction of the heavy metal
element Ir, by which the material can theoretically achieve
100% internal quantum efliciency. On this basis, the effi-
ciency of white light polymers will be improved extremely
because of introducing phosphorescent chromophores to the
polymer materials. Good achievements have been gained in
this research field of embedding different phosphorescent
groups into the main chain of the polymer in the connection
manner of side chain or linear chain. However, the synthetic
process using the connection manner of side chain is com-
plicated, and the linear chain structure brings about concen-
tration clustering and severe triplet-triplet (T-T) annihila-
tion, thereby resulting in significant roll-off of the current
efficiency in the electroluminescent devices, which is not
good for the application of the devices.

SUMMARY

Application Object

[0004] First object of the present application is to provide
a white-light hyperbranched conjugated polymer, in which
the hyperbranched structure is adopted and a red phospho-
rescent group is connected to the main chain of blue fluo-
rescent materials in the manner of conjugated chemical
bonds to achieve double emission of the singlet and triplet.
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[0005] Second object of the application is to provide a
method for preparing the above-mentioned white-light
hyperbranched conjugated polymer.

[0006] Third object of the application is to provide use of
the above-mentioned white-light hyperbranched conjugated
polymer.

Technical Solution

[0007] In order to achieve the above-mentioned objects,
the present application adopts the following technical solu-
tions:

[0008] The white-light hyperbranched conjugated poly-
mer of the present application uses a red phosphorescent
Ir(I11) complex as a core and blue fluorescent materials as a
framework/skeleton, and has a structure formula represented
by the following formula (I):
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wherein: M represents the red phosphorescent Ir(III) com-
plex, F and C respectively represent the different blue
fluorescent materials, E represents an end-capping group, x
and y respectively represent the monomer number of the
different blue fluorescent materials, x equaling x; +X,+X; 1s
a positive integer; and y equaling y,+y,+y; is a natural
number. The content of the red phosphorescent Ir(I1T) com-
plex M in the hyperbranched polymer is in the range of 0.05
to 0.5 mol % (such as 0.07 mol %, 0.08 mol %, 0.10 mol %,
0.12 mol %, 0.15 mol %, 0.20 mol %, 0.25 mol %, 0.28 mol
%, 0.30 mol %, 0.35 mol %, 0.40 mol %, 0.45 mol %, or
0.48 mol %). The weight-average molecular weight of the
white light hyperbranched polymer is in the range of 10K to
150K; the number-average molecular weight of the white
light hyperbranched polymer is in the range of 7K to 30K
the molecular weight distribution index of the white light
hyperbranched polymer is more than 0 and no more than 6.
The hyperbranched polymer has three branched chains; the
glass transition temperature of the hyperbranched polymer is
in the range of 120° C. to 200° C.

[0009] With the aforementioned white-light hyper-
branched conjugated polymer, the content of the red phos-
phorescent Ir(I1T) complex M in the hyperbranched polymer
preferably ranges from 0.05 to 0.2 mol %.

[0010] With the aforementioned white-light hyper-
branched conjugated polymer, the content of the blue fluo-
rescent material C in the hyperbranched polymer preferably
is less than 50 mol %. The blue fluorescent material C is a
derivative based on carbazole group having good blue light
emitting property and high triplet energy level, which is
generally capable to be used as host material to prepare the
organic electroluminescent devices with high performance.
The carbazole derivative is introduced not only to be used as
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a blue fluorescence unit, but also to break the long-range
conjugation of the polymer, thereby improving the triplet
energy level of the polymer, so as to remarkably improve
energy transfer efficiency. Meanwhile, the glass transition
temperature of the hyperbranched polymer can be improved
by introducing the carbazole derivatives, which lays a good
foundation for preparing organic electroluminescent devices
with high performance.

[0011] Specifically, the blue fluorescent material F is a
fluorene derivative monomer with the following structure
general formula (II):

I
Ri R

a%e

wherein: R, and R, independently are an alkyl group with
the number of carbon atom selected in the range of 1 to 16
(namely a C,_, ¢ alkyl group);

&

N—(CHyn—; ; ;
Q Uy,

@o}\«

o

Oct. 26, 2017

-continued

and
[0012] R, and R, are same or different.
[0013] The blue fluorescent material C is a carbazole

derivative with the following structure general formula (IIT):

(i
R3

N

wherein: R, is an alkyl group with the number of carbon
atom selected in the range of 2 to 16 (namely a C,_, ; alkyl

group);
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_continued Ir(piq),(pytz) with the structure formula

o
G

[0014] With the aforementioned white-light hyper-
branched conjugated polymer of the present application, the
red phosphorescent [r(I11) complex M can be any one of the
following complexes:

Ir(piq); with the structure formula

Ir(napy),(acac) with the structure formula

Ir(piq),(pytzph) with the structure formula
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Ir(ppy).(piq) with the structure formula

Ir(4mapq),(acac) with the structure formula
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Ir(pp2),(piq) with the structure formula

[0015] Preferably, the red phosphorescent Ir(II) complex
of the present application is Ir(piq);.

[0016] With the white-light hyperbranched conjugated
polymer of the present application, the blue fluorescent
material F further preferably is 9,9-dioctylfluorene; the blue
fluorescent material C further preferably is 9-(2-ethylhexyl)
carbazole.

[0017] With the white-light hyperbranched conjugated
polymer of the present application, the end-capping group E
of the polymer is any one of phenyl, a-naphthyl and
[-naphthyl.

[0018] A method for preparing the aforementioned white-
light hyperbranched conjugated polymer is as follows:
Suzuki reaction is conducted using raw materials repre-
sented by structure general formulas 1)-3), thereby obtaining
the white-light hyperbranched conjugated polymer;
wherein: the raw material represented by structure general
formula 1) is the bromide of the red phosphorescent Ir(I1I)
complex M represented by MBr;; the raw materials repre-
sented by the structure general formula 2) are the derivatives
of fluorene reaction monomer represented by formulas (IV)
and (V):

v

Ry R
49
Ry R

[0019] the raw material represented by the structure gen-
eral formula 3) is the derivative of carbazole reaction
monomer represented by formula (VI):
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(VD

[0020] As a preferred embodiment according to the above-
mentioned preparing method, the SUZUKI reaction is con-
ducted under the protection of inert gas by the following
steps of: firstly adding four raw materials of the derivatives
of fluorene reaction monomer represented by formulas (TV)
and (V), the derivative of carbazole reaction monomer
represented by formula (VI) and the bromide of the red
phosphorescent Ir(IIl) complex M represented by MBr; with
different mole ratios into toluene solvent, and stirring to
uniformly mix; afterwards, adding tetrakis(triphenylphos-
phine)palladium catalyst (Pd(PPh,),), the trimethy] trioctyl
ammonium chloride (Aliquat 336) as a phase transfer cata-
lyst and K,CO, aqueous solution, stirring, being heated to
the refluxing temperature, and reacting for 48~60 h; and
finally, adding end-capping materials with the end-capping
group E, and reacting, thereby obtaining a reacting solution
including the target product; wherein: with the four raw
materials, the mole ratio of the bromide of the red phos-
phorescent Ir(IlT) complex M represented by MBr; to the
other three blue light emitting raw materials is 1:200~2000,
and preferably the mole ratio of the bromide of the red
phosphorescent Tr(TIT) complex M represented by MBr; to
the other three blue light emitting raw materials is
1:600~2000; and with the four raw materials, the mole ratio
of the bromide of the red phosphorescent Ir(I1T) complex M
represented by MBr;, the derivative of fluorene reaction
monomer represented by formula (IV), the derivative of
fluorene reaction monomer represented by formula (V), and
the derivative of carbazole reaction monomer represented by
formula (VI) is 1:0~998.5:300~1000:0~998.5, and the mole
sum of the derivative of fluorene reaction monomer repre-
sented by formula (IV) and the derivative of carbazole
reaction monomer represented by formula (VI) is less than
the mole number of the derivative of fluorene reaction
monomer represented by formula (V).

[0021] As a preferred embodiment according to the afore-
mentioned preparing method, the mole percentage of tetrak-
is(triphenylphosphine)palladium (Pd(PPh;),) to the func-
tional groups participating in SUZUKI reaction (for
example, calculated as boron reaction functional group) is in
the range of 1 mol % to 3 mol %.

[0022] As a preferred embodiment according to the afore-
mentioned preparing method, the bromide of the red phos-
phorescent Ir(I11) complex M represented by MBr, is syn-
thesized by the following method of: firstly placing 1-(4-
bromophenyl)-isoquinoline as the main ligand monomer and
Iridium(III) trichloride trihydrate (IrCl,.3H,0) with the
molar ratio of 2~2.5:1 into solvent system, performing reflux
and reacting at 100~140° C. under the protection of inert
gas, thereby obtaining the cyclometalated iridium(III)
p-chlorobridged dimer (namely Ir(IIl) chloride bridge
dimer) of 1-(4-bromophenyl)-isoquinoline; and afterwards
reacting the cyclometalated iridium(III) p-chlorobridged
dimer of the ligand, 1-(4-bromophenyl)-isoquinoline as a
corresponding auxiliary ligand monomer and 3-(4-bro-
mophenyl)-5-(2-pyridyl)-1,2,4-triazole according to the
mole ratio of 1:2~2.5 at 100~200° C. in a solvent system
under the protection of inert gas in the presence of an
anhydrous alkali metal carbonate or silver trifluoroacetate as
a catalyst, thereby obtaining the bromide of red phospho-
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rescent Ir(ITT) complex M; wherein: the solvent system
preferably is ethoxyl ethanol or degassing glycerin.

[0023] As a preferred embodiment according to the afore-
mentioned preparing method, the reaction of adding the
end-capping materials with the end-capping group E is
conducted by the following steps of: firstly adding the boride
of the end-capping group E and reacting for 12 h, and
afterwards adding the bromide of the end-capping group E
and reacting for another 12 h; wherein: the boride of the
end-capping group E more preferably is phenylboronic acid,
a-naphthylboronic acid or f-naphthylboronic acid; the bro-
mide of end capping group E more preferably is bromoben-
zene, o-bromonaphthalene or f-bromonaphthalene; the per-
centage of the boride of the end-capping group E to the four
raw materials is in the range of 1 to 3 wt %; and the
percentage of the bromide of the end-capping group E to the
four raw materials is in the range of 10 wt % to 35 wt %.
[0024] As a preferred embodiment according to the afore-
mentioned preparing method, the method further comprises
the following post-processing step of: slowly pouring the
reaction solution containing the target product cooled to
room temperature into methanol solution being rapidly
stirred to separate out a solid; filtering and drying the solid,;
treating the resulting solid with acetone by Soxhlet extrac-
tion for 48~72 h, thereby obtaining a crude product; and
treating the crude product by column chromatography with
chloroform or tetrahydrofuran as an eluent, thereby obtain-
ing the white-light hyperbranched conjugated polymer being
solid powders with different colors according to the content
of the red phosphorescent Ir(1Il) complex M; for the reaction
solution containing the target product.

[0025] As a preferred embodiment, the white-light hyper-
branched conjugated polymer of the present application can
be a hyperbranched conjugated polymer using the red phos-
phorescent Ir(piq); complex (M) as a core and blue fluores-
cent material (F) poly(9,9-dioctylfluorene) as the frame-
work, abbreviated as PF-Ir(piq),, and having a structure
formula represented by the following formula (VII):

(VID)

wherein: x equaling x,+X,+x; represents the number of
9,9-dioctylfluorene, and x is a positive integer. The molar
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percentage of the red phosphorescent complex Ir(piq); in the
conjugated polymer ranges from 0.05 to 0.5 mol %. The
number-average molecular weight of the polymer ranges
from 9K to 20K, the weight-average molecular weight
thereof ranges from 20K to 50K; and the molecular weight
distribution index thereof is in the range of 1.5 to 5. The

glass transition temperature of the polymer is from 130° C.

to 160° C. The polymer has three branched chains.

[0026] The method for preparing the white-light hyper-

branched conjugated polymer PF-Ir(piq), represented by the

aforementioned formula (VII) of the present application has
the following steps of:

[0027] 1) synthesizing the main ligand 1-(4-bromophe-
nyl)-isoquineline (piqBr) by 1-chloroisoquinoline and
4-bromophenylboronic acid as the raw materials;

[0028] 2) synthesizing cyclometalated iridium(IIT) p-chlo-
robridged dimer (Ir(1lT) chloride bridge dimer) by the
main ligand 1-(4-bromophenyl)-isoquinoline and iridium
(1II) trichloride in the mixture solution of 2-ethoxy etha-
nol and water;
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[0029] 3) obtaining tri(2-(4-bromophenyl)-isoquinoline)
iridium(III) (Ir(piqBr);) complex by sequentially reacting
the cyclometalated iridium(ITT) p-chlorobridged dimer
(Ir(1IT) chloride bridge dimer) with 1-(4-bromophenyl)-
isoquinoline;

[0030] 4) refluxing and reacting 2,7-bis(4,4,5,5-tetram-
ethyl-1,3-dioxo-2-boronalkyl -9,9-dioctylfluorene (com-
mercially available product), 2,7-dibromo-9,9-dioctyl-
fuorene (commercially available products) and Ir(piqBr),
in the mixture solution of toluene and K,CO; aqueous
solution for 48~60h in the presence of tetrakis(triphenyl-
phosphine) palladium (Pd(PPh,),) catalyst and the phase
transfer catalyst Aliquat 336; subsequently adding the
end-capping materials with the end-capping group E and
reacting, thereby obtaining the reaction solution contain-
ing the target product; and post-processing the reaction
solution, thereby obtaining the white-light hyperbranched
conjugated polymer PF-Ir(piq);.

[0031] The synthetic route thereof is shown below:
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[0032] By adjusting the content of each monomer, the
different white-light hyperbranched conjugated polymers
can be obtained. The mole ratio of Ir(piqBr),, 2,7-bis(4,4,
5,5-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-diocty!fluo-
rene and 2,7-dibromo-9,9-dioctylfuorene preferably is
1:100~2000:98.5~1998.5.

[0033] Tri(2-(4-bromophenyl)-isoquinoline) iridium(III)
(Ir(piqBr),) complex is obtained by the following method
of: refluxing and reacting the main ligand monomer 1-(4-
bromophenyl)-isoquinoline and iridium(I1I) trichloridetrihy-
drate according to the molar ratio of 2~2.5:1 at 105~130° C.
in the mixture solution of ethoxyl ethanol and water under
the inactive gas protection, thereby obtaining corresponding
the cyclometalated iridium(III) p-chlorobridged dimer (Ir
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(1) chloride bridge dimer); and then reacting the corre-
sponding cyclometalated iridium(11I) p-chlorobridged dimer
(Ir(11I) chloride bridge dimer) with 1-(4-bromophenyl)-iso-
quinoline according to the molar ratio of 1:2~2.5 at
110~190° C. in the presence of the anhydrous alkali car-
bonate catalyst or silver trifluoroacetate in ethoxyl ethanol
solution system under the inert gas protection.

[0034] As another preferred embodiment, the white-light

hyperbranched conjugated polymer of the present applica-
tion can be a hyperbranched conjugated polymer using the
red phosphorescent complex Ir(piq), as a core and the blue
fluorescent material poly(9,9-dioctylfluorene) containing
9-(2-ethylhexyl)carbazole as a framework, abbreviated as
PFCz-Ir(piq),, and having a structure formula (VIII) repre-
sented by the following formula:

(VD)
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wherein, x which equals X, +X,+x, represents the number of
9,9-dioctylfluorene, y which equals y, +y,+y; represents the
number of 9-(2-ethylhexyl)carbazole, and x and y are posi-
tive integer. The mole percentage of the red phosphorescent
complex Ir(piq); in the conjugated polymer ranges from
0.05 to 0.5 mol %. The molar percentage of 9-(2-ethylhexyl)
carbazole in the conjugated polymer is more than 0 mol %
and less than 50 mol %. The number-average molecular
weight of the polymer ranges from 7K to 30K and the
weight-average molecular weight ranges from 10K to 100K,
the molecular weight distribution index is more than 0 and
less than 6. The glass transition temperature thereof is in the
range of 130° C. to 200° C., the polymer has three branched
chains.

[0035] The white-light hyperbranched conjugated poly-
mers synthesized in this application are mainly used as
organic electroluminescent materials, particularly as organic
electroluminescent phosphorescent materials.

[0036] The white-light hyperbranched conjugated poly-
mer prepared in this application contains two light-emitting
units of red light and blue light, the hyperbranched structure
is adopted in the conjugated polymer, and the red phospho-
rescent Ir(I1]) complex is incorporated into the main chain
formed from the blue fluorescent materials by conjugated
bond, thereby realizing double emission of the singlet and
triplet. The balanced emission of blue and red lights during
the electroluminescent process can be realized by incorpo-
rating two luminescent units into the main chain of the
polymer in the connection manner of covalent bond and
controlling the content of the red light unit, thereby achiev-
ing white-light electroluminescent spectra with high-quality.
[0037] As is well known, the red phosphorescent Ir(IIl)
complex materials have very good electroluminescent per-
formance, so as to be widely used as the electroluminescent
materials. In this application, the red phosphorescent Ir(III)
complex materials being red light-emitting unit as branched
nodes are introduced to the polymers and act as the core of
the hyperbranched structure, and effective white light emis-
sion is achieved through the spin-orbit coupling of Ir and
cross-linking effect in the system. The hyperbranched struc-
ture thereof not only increases the steric hindrance of the
phosphorescence core, but also effectively reduces the con-
cenfration gathering of the phosphorescent materials and
annihilation caused by the gathering of triplet-triplet, by
which the efficiency roll-off in the electroluminescent
devices can effectively be restrained and the white-light
emission with high efficiency is realized, thus, the perfor-
mance of the organic electroluminescent material is
improved.

[0038] In this application, the red phosphorescent Ir(IIl)
complex is incorporated into blue fluorescent materials
based on polyfluorene in the connection manner of conju-
gated chemical bonds so as to realize incomplete energy
transfer from polyfluorene to the red phosphorescent Ir(III)
complex and achieve complementary white light emitting,
thereby effectively improving the luminescent efficiency of
the white polymers.

[0039] With the white-light hyperbranched conjugated
polymers of the present application, effective white elec-
troluminescent materials are obtained by controlling the
proportion of red light emitting unit material and blue light
emitting unit materials to realize red and blue double-colors
emission. The electronic energy level of main chain can be
changed to realize the above mentioned controlling by
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introducing modifying groups into polyfluorene side chain
and introducing the carbazole modifying groups into the
polyfluorene chain. The polymer uses a red phosphorescent
Ir(IlT) complex as a core and polyfluorene derivative blue
fluorescent materials as a framework which either contains
or does not contain carbazole derivatives, and the white
hyperbranched polymers realize white-light emission by
adjusting the content of the red phosphorescent Ir(II]) com-
plex added using the complementation of blue and red color.
The electroluminescent spectrum of the conjugated polymer
in the present application covers the whole visible light
emission region and is close to the pure white light emission,
by which the conjugated polymer could be used as a material
used in light-emitting layer to prepare the organic electrolu-
minescent devices.

[0040] In the present application, the white-light hyper-
branched conjugated polymers are synthesized using classic
SUZUKI reaction which reduces the difficulty in the prepa-
ration and is suitable for industrial production.

[0041] Thus, an organic electroluminescent device is also
provided in the present application which contains the
white-light hyperbranched conjugated polymer materials.
The white-light hyperbranched conjugated polymer materi-
als contain the emitting groups with the above-mentioned
different ratio and different modifying groups.

[0042] Furthermore, the white-light hyperbranched conju-
gated polymers are used as the light emitting layer material
in the organic light-emitting devices, which has the hole and
electron transporting ability, thus, the preparation process
can be simplified.

[0043] In this application, the white-light hyperbranched
conjugated polymers are prepared as a solution, then an
electroluminescent device is obtained by spin-coating pro-
cess. Owing to completing controlling of the content of the
Ir(I1T) complex during synthesis of the conjugated polymers,
the process for preparing the devices is simplified largely. It
is easy for the white-light hyperbranched conjugated poly-
mers of the present application to dissolve in many organic
solvents, that is, they have good solubility. The white-light
hyperbranched conjugated polymers as light emitting layer
can be used to prepare light-emitting devices with simple
structure, thereby being capable to realize the large-area
flexible display. And meanwhile these polymers also can be
used in the wet preparation, ink-jet printing process and so
on. Thus, the conjugated polymers can be greatly improved
in availability.

[0044] The white-light hyperbranched conjugated poly-
mers in the present application as a single light-emitting
layer can be used to prepare POLED, thereby reducing the
layer number of the white OLED, improving the luminous
efficiency, stabilizing luminescent color, reducing the turn-
on voltage and simplifying the production process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 shows the 'H NMR spectrum of 1-(4-
bromophenyl)isoquinoline in embodiment 1.

[0046] FIG. 2 shows the 'H NMR spectrum of Ir(pigBr),
complex in embodiment 1.

[0047] FIG. 3 shows the "H NMR spectrum of PF-Ir(piq)
350 polymer in embodiment 5.

[0048] FIG. 4 shows the PL spectra of the solution of
PF-Ir(piq),50 polymer of embodiment 5 in chloroform solu-
tions with different concentrations.
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[0049] FIG. 5 shows the UV and PL spectra of PF-Ir(piq)
350 polymer of embodiment 5 the state of films.

[0050] FIG. 6 shows the electroluminescent spectra of the
organic electroluminescent devices prepared from PF-Ir
(piq);500 at different voltages in application example 2.

[0051] FIG. 7 shows the electroluminescent spectra of the
organic electroluminescent devices prepared from PF-Ir
(piq);100 at different current density in application example
3.

[0052] FIG. 8 shows the voltage-luminance curve of
organic electroluminescent devices in application examples
2 and 3.

[0053] FIG. 9 shows the electroluminescent spectra of the
organic electroluminescent devices prepared from PF-Ir
(piq),(pytzph)500 at different voltages in application
example 6.

[0054] FIG. 10 shows the electroluminescent spectra of
the organic electroluminescent devices prepared from PF-Ir
(piq),(pytzph)50 at different voltages in application example
7.

[0055] FIG. 11 shows the voltage-luminance curve of the
organic electroluminescent devices in application example 6
and 7.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0056] Hereafter, the present application will be further
described in combination with embodiments. The embodi-
ments are only a review for concept mentioned by the
present application, but should not be interpreted as limita-
tion for the present application.

Embodiment 1

[0057] (1) Preparation of 1-(4-bromophenyl)-isoquinoline
(pigBr) is as follows: 1.63 g (10 mmol) of 1-chloroisoqui-
noline and 2.00 g (10 mmol) of 4-bromophenylboronic acid
are added into a 100 mL two-neck flask with 20 mL of
toluene, and followed by being evacuated, being introduced
nitrogen and being stirred to become homogenous. After
this, 34.68 mg (0.03 mmol) of tetrakis(triphenylphosphine)
palladium (Pd(PPh,),) as a catalyst and 5 mL of ethanol as
a phase transfer agent are added, and followed by continuing
to be evacuated, being introduced nitrogen and being stirred
to become homogenous. And then 5 mL of 2 mol/L Na,CO,
solution is added and reaction is conducted at 94° C. for 8
h. The resulting reaction solution is cooled to room tem-
perature, washed with water and dried with anhydrous
MgSQO,, and then toluene as an organic solvent is removed
by rotary evaporation. The resulting crude product was
purified by silica gel column chromatography (with an
eluent, dichloromethane/n-hexane (1:4)). 2.21 g of 1-(4-
bromophenyl)-isoquinoline (piqBr) which is white needle-
like crystals and of which yield is 78% is obtained.

[0058] 'HNMR spectrum of the product is shown in FIG.
1. 'HNMR (600 MHz, CDC1,): 8(ppm)=8.61 (d, J=5.4 Hz,
1H), 7.98 (d, J=3 Hz, 2H), 7.74-7.53 (m, 7H). Characteristic
peaks are located between 7 and 9, indicating that all of the
hydrogen atoms (H) on pigBr are located on the benzene
ring, and the total number of the hydrogen atoms (H) in the
spectrum equals the total number of the hydrogen atoms (H)
actually existing on pigBr.
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[0059] (2) Preparation of tris(2-(4-bromophenyl)-isoqui-
noline) iridium (Ir(piqBr);) is as follows:

[0060] (a) Under nitrogen atmosphere, 317 mg (1 mmol)
of iridium trichloride and 622 mg (2.2 mmol) of pigBr are
dissolved into a mixture of 21 mL of 2-ethoxyethanol and 7
mL of water, and followed by being stirred and meanwhile
being slowly heated to 120° C., and the reaction is conducted
at 120° C. for 24 h. After cooling to room temperature, the
reaction product is washed with water and is filtered, thereby
getting a red precipitate being a crude product. And then the
crude product is washed with ethanol, and is dried, thereby
achieving cyclometalated iridium(IIl) p-chlorobridged
dimer (Ir(IIT) chloride bridge dimer) being reddish-brown
solid powers.

[0061] (b) Under nitrogen atmosphere, 316 mg (0.2 mmol)
of the cyclometalated iridium(III) p-chlorobridged dimer
(Ir(11I) chloride bridge dimer), 125 mg (0.44 mmol) of pigBr
and 44 mg (0.2 mmol) of silver trifluoroacetate are dissolved
in 16 mL of degassed glycerol, and then are stirred and
meanwhile slowly heated to 165° C., and the reaction is
conducted at 165° C. for 24 h. A large amount of water is
added to the solution after reaction to separate out red
precipitate after cooling to room temperature, and then the
red precipitate is filtered and dried. The resulting crude solid
product is purified by silica gel column chromatography
(with an eluent, dichloromethane/petroleum ether (1:8)),
thereby obtaining 83.3 mg of tris(2-(4-bromophenyl)-iso-
quinoline)iridium complex (Ir(pigBr),) which is dark red
solid powder and of which yield is 20%.

[0062] 'H NMR spectrum of Ir(pigBr), is shown in FIG.
2. '"HNMR (600 MHz, CDCL,): (ppm)=8.87 (dd, 1,=7.2
Hz, J,=3 Hz, 3H), 8.03 (d, ]=8.4 Hz, 3H), 7.76 (dd, 1,=5.4
Hz,1,=3 Hz, 3H),7.70-7.67 (m, 6H), 7.29 (d, J=6.6 Hz, 2H),
7.15 (d, I=6.6 Hz, 3H), 7.13 (dd, J,=8.4 Hz, 1,=2.4 Hz, 3H),
7.03 (d, I=1.8 Hz, 3H). It can be seen that the total number
of the hydrogen atoms (H) in the spectrum equals the total
number of the hydrogen atoms (H) in real molecule, and the
coupling of characteristic peaks matches with the coupling
splitting of the hydrogen atoms (H) on Ir(piqBr)s.

[0063] For elemental analysis of Ir(piqBr);, the result in
theory is as follows: by percent (%), C, 51.89; H, 2.61; N,
4.03; the detecting result is as follows: by percent (%) C,
53.40; H, 2.95; N, 3.36. TOF-MS testing value is 1039.07,
and calculated value is 1041.64.

[0064] (3) Preparation of PF-Ir(piq);500 (wherein, 500
represents that the molar percentage of the red phosphores-
cent complex Ir(pigBr); in the whole polymer is 0.5 mol %)
is as follows: Under nitrogen atmosphere, 642.6 mg (1
mmol) of 2,7-bis(4,4,5,5-tetramethyl-1,3-dioxo-2-bor-
onalky1)-9.9-dioctylfluorene (commercially available) as the
reaction monomer, 540.2 mg (0.985 mmol) of 2,7-dibromo-
9,9-dioctylfluorene (commercially available) and 10.4164
mg (0.01 mmol) of Ir(piqBr), are added into toluene (13.6
mL) and stirred for 30 min to fully mix and become
homogenous. After mixing, 46.4 mg (0.04 mmol) of
Pd(PPhs),, 2 drops of trimethyl trioctyl ammonium chloride
(Aliquat 336) as a phase transfer catalyst, 6 mL of 2 mol/L
K,CO; solution are added into the mixed solution in turn,
and followed by being stirred and slowly heated to refluxing
temperature 94° C., and the reaction is conducted at 94° C.
for 48 h. Subsequently, 20 mg of phenylboronic acid as an
end-capping material is added, and the reaction is conducted
for 12 h, after this, 0.2 mL of bromobenzene as an end-
capping material is added and the reaction is conducted for
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another 12 h. The solution after reaction is slowly poured
into methanol being rapidly stirred to separate out a pink
solid after cooling to room temperature, and then filtration
and dry are conducted. The resulting solid was treated by
Soxhlet extraction with acetone for 48 h, thereby obtaining
the crude product. The crude product is purified by silica gel
column chromatography (with an eluent, chloroform),
thereby getting 414 mg of PF-Ir(piq); 500 which is pink solid
powders and of which yield is 53%.

[0065] 'HNMR spectral data of PF-Ir(piq);500 of the
embodiment is as follows: 'HNMR (600 MHz, CDCl,):
d(ppm)=7.88 (1H, Ar—H), 7.67-7.66 (2H, Ar—H), 2.15
(2H, CH,), 1.28-1.02 (10H, 5CH,), 0.89-0.81 (5H, CH,,
CH,). As can be seen from the spectrum the hydrogen atoms
(H) on benzene ring of fluorene mainly range from 8 to 7 and
mainly have two different positions, the hydrogen atoms (H)
on alkyl chain range from 3 to 0.5, and the hydrogen atoms
(H) on the red phosphorescent Ir(piq); are not included in
integral due to the low content.

[0066] The average molecular weight of PF-Ir(piq);500 is
measured by gel permeation chromatography, the weight-
average molecular weight thereof is 50.0K, the number-
average molecular weight thereof is 18.9K, and the molecu-
lar weight distribution index thereof is 2.65. The glass
transition temperature of the polymer is 139° C. and the
polymer has three branches.

Embodiment 2

[0067] (1) The synthetic method of Ir(pigBr); is the same
as that of embodiment 1.

[0068] (2) Preparation of PF-Ir(piq);500 is as follows:
Under nitrogen atmosphere, 642.6 mg (1 mmol) of 2,7-bis
(4,4,5,5-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-dioctyl-
fluorene as a reaction monomer, 540.2 mg (0.985 mmol) of
2,7-dibromo-9,9-dioctylfluorene and 10.4164 mg (0.01
mmol) of Ir(pigBr), are added into 20.4 mL of toluene and
stirred for 30 min to fully mix and become homogenous.
After mixing, 23.2 mg (0.02 mmol) of Pd(PPhs,),, 2 drops of
Aliquat 336, and 6 mL of 2 mol/L K,COj, solution are added
into the mixed solution in turn and heated to the refluxing
temperature, and then the reaction is conducted for 48 h.
After this, 20 mg of phenylboronic acid as an end-capping
material is added and reacts for 12 h, and then 0.2 mL of
bromobenzene as an end-capping material is added and
reacts for another 12 h. The solution after reaction is slowly
poured into methanol being rapidly stirred to separate out a
pinkish white solid after cooling to room temperature, and
then the pinkish white solid is filtered and dried. The
resulting solid is treated by Soxhlet extraction with acetone
for 48 h, thereby obtaining the crude product, and then the
crude product is purified by silica gel column chromatog-
raphy (with an eluent, chloroform), thereby obtaining 320.3
mg of PF-Ir(piq);500 which is pink solid powders and of
which yield is 41%.

Embodiment 3

[0069] (1) Preparation of tris(2-(4-bromophenyl)-isoqui-
noline)iridium (Ir(pigBr)s) is as follows:

[0070] (a) Synthetic method of the cyclometalated iridium
(1IT) p-chlorobridged dimer (Ir(I1T) chloride bridge dimer) is
the same as that of embodiment 1.

[0071] (b) Preparation of tris(2-(4-bromophenyl)-isoqui-
noline)iridium Ir(pigBr), is as follows: under nitrogen atmo-
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sphere, 316 mg (0.2 mmol) of the cyclometalated iridium
(1II) p-chlorobridged dimer (Ir(IT) chloride bridge dimer),
125 mg (0.44 mmol) of pigBr and 22 mg (0.1 mmol) of
silver trifluoroacetate are dissolved in 16 mL of degassed
glycerol. The resulting mixture is slowly heated to 130° C.
and reacts for 24 h. A large amount of water is added into the
solution after reaction to separate out a red precipitate after
cooling to room temperature, and then the red precipitate is
filtered and dried. The resulting crude solid product is
purified by silica gel column chromatography (with an
eluent, dichloromethane/petroleum ether (1:8)), thereby get-
ting 32.8 mg of tris(2-(4-bromophenyl)-isoquinoline)
iridium (Ir(pigBr),) which is dark red solid powder and of
which yield is 7.8%.

[0072] (2) The method for preparing PF-Ir(piq); 500 is the
same as that of embodiment 1 (3).

Embodiment 4

[0073] (1) The synthetic method of Ir(piqBr); is the same
as that of embodiment 1.

[0074] (2) The preparation of PF-Ir(piq);100 (100 repre-
sents that the molar percentage of the red phosphorescent
Ir(piqBr); in the whole polymer is 0.1 mol %) is as follows:
Under nitrogen atmosphere, 642.6 mg (1 mmol) of 2,7-bis
(4,4,5,5-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-dioctyl-
fluorene as a reaction monomer, 546.8 mg (0.98597 mmol)
of 2,7-dibromo-9,9-dioctylfluorene and 2.08328 mg (0.002
mmol) of Ir(pigBr); are added into 13.6 mL of toluene and
stirred for 30 min to fully mix and become homogenous.
46.4 mg (0.04 mmol) of Pd(PPh,),, 2 drops of Aliquat 336,
6 mL of 2 mol/L, K,COj; solution are added into the mixed
solution in turn, and followed by being stirred and slowly
being heated to refluxing temperature 94° C., and then the
reaction is conducted for 48 h. After this, 20 mg of phenyl-
boronic acid as an end-capping material is added and the
reaction is conducted for 12 h, and then 0.2 mL of bro-
mobenzene as an end-capping material is added and the
reaction is conducted for another 12 h. The solution after
reaction is slowly poured into methanol being rapidly stirred
to separate out a yellowish white solid after cooling to room
temperature, and then the yellowish white solid is filtered
and dried. The resulting solid is treated by Soxhlet extraction
with acetone for 48 h, thereby obtaining the crude product,
and then the crude product is purified by silica gel column
chromatography (with an eluent, chloroform), thereby get-
ting 461 mg of PF-Ir(piq);100 which is yellowish red solid
powders and of which yield is 59%.

[0075] 'HNMR spectral data of PF-Ir(piq),100 of the
embodiment is as follows: 'HNMR (600 MHz, CDCl,):
d(ppm)=7.84 (1H, Ar—H), 7.74-7.63 (2H, Ar—H), 2.13
(2H, CH,), 1.24-1.05 (10H, 5CH,), 0.86-0.74 (5H, CH,,
CH,). As can be seen from the spectrum, the hydrogen atoms
(H) on benzene ring of fluorene mainly range from 8 to 7 and
mainly have two different peak positions, the hydrogen
atoms (H) on alkyl chain range from 3 to 0.5, and the
hydrogen atoms (H) on red phosphorescent Ir(piq), are not
included in integral due to the low content. Since only
changing the content of less red phosphorescent Ir(piq),, the
variation tendency of the spectrum of PF-Ir(piq);100 is the
same as that of PF-Ir(piq);500.

[0076] The weight-average molecular weight of PF-Ir(piq)
5100 measured by gel permeation chromatography is 40.8K,
the number-average molecular weight thereof is 9.3K, and
the molecular weight distribution index thereof is 4.38. The
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glass transition temperature of the polymer is 155° C., and
the polymer has three branches.

Embodiment 5

[0077] (1) Synthetic method of complex Ir(piqBr); is the
same as that of embodiment 1.

[0078] (2) Preparation of PF-Ir(piq)550 (50 represents that
the molar percentage of the red phosphorescent Ir(piqBr); in
the whole polymer is 0.05 mol %) is as follows: Under
nitrogen atmosphere, 642.6 mg (1 mmol) of 2,7-bis(4,4,5,
S-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-dioctylfluorene
as a reaction monomer, 547.6 mg (0.9985 mmol) of 2,7-
dibromo-9,9-dioctylfluorene, and 1.04164 mg (0.001 mmol)
of Ir(pigBr); are added into 13.34 mL of toluene and stirred
for 30 min to fully mix and become homogenous. 46.4 mg
(0.04 mmol) of Pd(PPh,),, 2 drops of Aliquat 336, and 6 mL
of 2 mol/IL K,COj solution are added into the mixed solution
in turn, and followed by being stirred and slowly being
heated to the refluxing temperature 94° C. and then the
reaction is conducted for 48 h. Whereafter, 20 mg of
phenylboronic acid as an end-capping material is added and
the reaction is conducted for 12 h, after this, 0.2 mL of
bromobenzene as an end-capping material is added and the
reaction is conducted for another 12 h. The solution after
reaction is slowly poured into methanol being rapidly stirred
to separate out the yellowish-white solid after cooling to
room temperature, and then the yellowish-white solid is
filtered and dried. The resulting solid is treated by Soxhlet
extraction with acetone for 48 h, thereby obtaining a crude
product, and then the crude product is purified by silica gel
column chromatography (with an eluent, chloroform),
thereby getting 475 mg of PF-Ir(piq),50 which is yellowish-
white solid powder and of which yield is 61%.

[0079] 'HNMR spectral data of PF-Ir(piq),50 is shown in
FIG. 3, 'HNMR (600 MHz, CDCI,): 8(ppm)=7.84 (1H,
Ar—H), 7.74-7.63 (2H, Ar—H), 2.13 (2H, CH,), 1.24-1.05
(10H, 5CH,), 0.86-0.74 (5H, CH,, CHj;). As can be seen
from the spectrum, the hydrogen atoms (H) of the polymer
mainly are the hydrogen atoms (H) on benzene ring and the
hydrogen atoms (H) on alkyl chain. The hydrogen atoms (H)
on benzene ring mainly are between 8 and 7.5, the hydrogen
atoms (H) on alkyl chain mainly are between 2.5 and 0.5,
and the hydrogen atom (H) characteristic peaks are not
obvious due to the low content of M complex.

[0080] The number-average molecular weight of PF-Ir
(piq);50 measured by gel permeation chromatography is
11.1K, the weight-average molecular weight thereof is
23.0K, and the molecular weight distribution index is 2.06.
The glass transition temperature of the polymer is 148° C.,
and the polymer has three branches.

Comparative Example 1

[0081] (1) Synthetic method of Ir(piqBr); is the same as
that of embodiment 1.

[0082] (2) Preparation of PF-Ir(piq)525 (25 represents that
the molar percentage of the red phosphorescent Ir(piqBr); in
the whole polymer is 0.025 mol %) is as follows: Under
nitrogen atmosphere, 642.6 mg (1 mmol) of 2,7-bis(4,4,5,
S-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-dioctylfluorene
as a reaction monomer, 547.6 mg (0.99925 mmol) of 2,7-
dibromo-9,9-dioctylfluorene and 0.52082 mg (0.0005
mmol) of Ir(piqBr), are added into 13.34 mL of toluene and
stirred for 30 min to fully mix and become homogenous.
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46.2 mg (0.04 mmol) of Pd(PPh,),, 2 drops of Aliquat 336,
and 6 mL of 2 mol/L. K,CO; solution are added into the
mixed solution in turn, and followed by being stirred and
slowly being heated to the refluxing temperature, and then
the reaction is conducted for 48 h. Whereafter, 20 mg of
phenylboronic acid as an end-capping material is added and
the reaction is conducted for 12 h, and then 0.2 mL of
bromobenzene as an end-capping material is added and the
reaction is conducted for another 12 h. The solution after
reaction is slowly poured into methanol being rapidly stirred
to separate out a greenish white solid after cooling to room
temperature, and then the greenish white solid is filtered and
dried. The resulting solid is treated by Soxhlet extraction
with acetone for 48 h, thereby obtaining a crude product, and
then the crude product is purified by silica gel column
chromatography (with an eluent, chloroform), thereby get-
ting 555 mg of PF-Ir(piq);25 which is greenish white
powder and of which yield is 71%.

[0083] 'HNMR spectral data of PF-Ir(piq);25 of the
embodiment is as follows: "HNMR (600 MHz, CDCI,):
d(ppm)=7.84 (1H, Ar—H), 7.73-7.64 (2H, Ar—H), 2.12
(2H, CH,), 1.25-1.02 (10H, 5CH,), 0.90-0.73 (5H, CH,,
CH,). It can be seen from the spectrum that the variation
tendency of PF-Ir(piq);25 is the same as the varation
tendencies of PF-Ir(piq),500 and PF-Ir(piq),100.

[0084] The number-average molecular weight of PF-Ir
(piq)525 measured by gel permeation chromatography is
11.0K, the weight-average molecular weight thereof is
21.7K, and the molecular weight distribution index is 1.96.
The glass transition temperature of the polymer is 133° C,,
and the polymer has three branches.

Embodiment 6

[0085] (1) Preparation of 2-(5-(4-bromo)phenyl-2H-1,2.4-
triazol-3-yl)pyridine is as follows and has the reaction
mechanism shown as following equation:

[0086] () Under nitrogen atmosphere, 10.4 g (0.1 mol) of
2-cyanopyridine and 5.5 g (0.11 mol) of hydrazine hydrate
are added into 5 mL of ethanol, and stirred at room tem-
perature overnight. After stopping the reaction, the solvent is
dried by pumping, thereby separating out white needle-like
crystals, and then the white needle-like crystals is washed
with diethyl ether and filtered, thereby achieving 9.22 g of
(2-pyridinyl)amino hydrazone in yield of 68%.

[0087] (b) 2.0 g (15 mmol) of (2-pyridinyl)amino hydra-
zone and 1.6 g (15 mmol) of anhydrous sodium carbonate
are added into the mixture of 15 mL of dimethylacetamide
(DMAC) and 5 mL of anhydrous tetrahydrofuran (THF),
and followed by being evacuated, being introduced nitrogen
and being stirred until room temperature. And then 3.27 g
(15 mmol) of 4-bromobenzoy] chloride dissolved in 5 mL of
DMAC is dropwise added into the mixed solution men-
tioned above, whereafter, the reaction is conducted in the ice
bath for 2 h and subsequently at room temperature for 3 h.
After stopping the reaction, washing with water, filtering,
washing with ethanol and drying are conducted, thereby
obtaining a grayish yellow solid. The solid is added into
ethylene glycol, and slowly heated to 190° C. ,and then the
reaction is conducted at 190° C. for 5 h. After cooling to
room temperature and washing with water, 1.86 g of 2-(5-
(4-bromo)-phenyl-2H-1,2,4-triazol-3-yl)pyridine being a
grayish white needle-like solid is achieved in 62% yield.
[0088] ‘HNMR spectral data of the grayish white needle-
like solid is as follows: "HNMR (600 MHz, CDC1,): 8(ppm)
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=12.21 (s, 1H), 8.72 (d, J=4.2 Hz, 1H), 8.30 (d, J=8.4 Hz,
1H), 8.10 (d, J=8.4 Hz, 2H), 7.90 (dt, J,=7.8, ],=1.8 Hz,
1H), 7.61 (d, J=8.4 Hz, 2H), 7.43 (dd, J,=4.6 Hz, J,=4 8 Hz,
3H). As can be seen from the 'H NMR spectrum, there is a
active H for the ancillary ligands at 12.21 position, and the
hydrogen atoms (H) at other positions is on benzene ring and
thus between 9 and 7.

| x N
hydrazine hydrate 4
N N
7 cthanol, 0°C., 8 b Z
| | N NH
/
N
Cl (0]
Na,CO3,DMAC
ethylene glycol
Br
[0089] (2) Preparation of bis(2-phenyl-isoquinoline)(2-(5-

phenyl-2H-1,2,4-triazol-3-yl)-pyridine) iridium (Ir(piqBr),
(pytzphBr)) is as follows and has a reaction mechanism
shown as following equation:

[0090] (a) Under nitrogen atmosphere, 317 mg (1 mmol)
of iridium trichloride and 622 mg (2.2 mmol) of pigBr are
dissolved in a mixture of 21 mL of 2-ethoxyethanol and 7
ml of water, and followed by being stirred, being slowly
heated to 115° C. and reacting for 24 h. The solution after
reaction is cooled to room temperature after stopping the
reaction, and then is washed with water and filtered, thereby
obtaining a red crude product being a precipitate. The
precipitate is washed with ethanol and then is dried thereby
achieving the cyclometalated iridium(III) p-chlorobridged
dimer (Ir(III) chloride bridge dimer) being reddish brown
solid powders.

[0091] (b) Under nitrogen atmosphere, 316 mg (0.2 mmol)
of the cyclometalated iridium(III) p-chlorobridged dimer
(Ir(11T) chloride bridge dimer), 97.7 mg (0.44 mmol) of
2-(5-(4-bromo)-phenyl-2H-1,2,4-triazole-3-y1) pyridine and
212 mg (2 mmol) of anhydrous sodium carbonate are
dissolved in 16 mL of 2-ethoxyethanol, and followed by
being stirred and slowly heated to 125° C., and reacting for
24 h. A large amount of water is added into the solution after
reaction cooled to room temperature to separate out a red
solid after stopping the reaction, and then the red solid is
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filtered and dried. The resulting crude solid product is
purified by silica gel column chromatography (with an
eluent, dichloromethane/petroleum ether (1:6)), thereby
achieving 262 mg of bis(2-phenyl-isoquinoline) (2-(5-phe-
nyl-2H-1,2,4-triazol-3-yl)pyridine)iridium (Ir(pigBr),(pytz-
phBr)) being orangish red solid powders in 67% yield.
[0092] 'HNMR spectral data of (Ir(pigBr),(pytzphBr)) is
as follows: 'HNMR (600 MHz, (CD5),0S): 8(ppm)=9.01-
8.95 (m, 2H), 8.35 (d, J=8.4 Hz, 1H), 8.32 (d, ]=8.4 Hz, 1H),
8.19 (d, I=8.4 Hz, 1H), 8.05-8.09 (m, 3H), 7.88-7.92 (m,
6H), 7.73 (d, J=6 Hz, 1H), 7.66 (dd, J=6.6 Hz, 1H), 7.64 (dd,
J=6 Hz, 1H), 7.60 (d, ]=6.6 Hz, 1H), 7.57 (d, J=6 Hz, 1H),
7.54 (d, J=8.4 Hz, 2H), 7.43 (ddd, J,=7.2 Hz, ],=5.4 Hz,
J,=1.2 Hz, 1H), 7.32 (dd, ],=8.4 Hz, ],=1.8 Hz, 1H), 7.25
(d,J,=9 Hz, 1,=1.8 Hz, 1H), 6.39 (d, I=1.8 Hz, 1H), 6.29 (d,
J=1.8 Hz, 1H). The elemental analysis result in theory is as
follows: by percent (%), C, 48.79; H, 2.48; N, 7.94; the
detecting result is as follows: by percent (%) C, 49.27; H,
2.86; N, 6.53. TOF-MS testing value is 1057.08, and cal-
culated value is 1058.64.

X
N I

2-ethoxyethanol
—_—
water,115° C.

Br
N
r
\
N HY
N =
2 ethoxyetha.nol
125°C

Ir(pigBr)s(pytzphBr)

[0093] (3) Preparation of PF-Ir(piq),(pytzph)500 (500
represents that the molar percentage of the red phosphores-
cent Ir(piq),(pytzph) in the whole polymer is 0.5 mol %) is
as follows and has a reaction mechanism shown as following
equation: Under nitrogen atmosphere, 642.6 mg (1 mmol) of
2,7-bis (4,4,5,5-tetramethyl-1,3-dioxo-2-boronalky1)-9,9-di-
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octylfluorene as a reaction monomer, 540.2 mg (0.985
mmol) of 2,7-dibromo-9,9-dioctylfluorene and 10.59 mg
(0.01 mmol) of Tr(pigBr),(pytzphBr) are added into 30 mL
of toluene and stirred for 30 min to fully mix and become
homogenous. Then, 46.4 mg (0.04 mmol) of Pd(PPh,),, 2
drops of Aliquat 336 and 6 mL of 2 mol/L K,CO; solution
sequentially are added into the mixed solution, and followed
by being stirred and slowly heated to the refluxing tempera-
ture 94° C., and reacting for 48 h. Subsequently, 20 mg of
phenylboronic acid as an end-capping material is added and
the reaction is conducted for 12 h, and then 0.2 mL of
bromobenzene as an end-capping material is added and the
reaction is conducted for another 12 h. The solution after
reaction cooled to room temperature is slowly poured into
methanol being rapidly stirred to separate out a pinkish
white solid after stopping the reaction, and then the pinkish
white solid is filtered and dried. The resulting solid is treated
by Soxhlet extraction with acetone for 48 h, thereby obtain-
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ing a crude product, and then the crude product is purified
by silica gel column chromatography (with eluent, chloro-
form), thereby getting 493 mg of PF-Ir(piq),(pytzph)500
being pinkish white solid powders in 63% yield.

[0094] ‘HNMR spectral data of PF-Ir(piq),(pytzph)S00 is
as follows: "HNMR: (600 MHz, CDCl,): d(ppm)=7.882
(1H, Ar—H), 7.69-7.658 (2H, Ar—H), 2.153 (2H, CH,),
1.270-1.097 (10H, 5CH,), 0.877-0.812 (5H, CH,, CH,). It
can be seen from the spectrum that PF-Ir(piq),(pytzph)S00
has the same variation tendency with PF-Ir(piq);, because
both of them belong to a polymer with polyfluorene system
and the doping amount of red light as a core is too low.
[0095] The number-average molecular of PF-Ir(piq),(py-

tzph)500 measured by gel permeation chromatography is
15.6K, the weight-average molecular weight thereof is
37.0K, and the molecular weight distribution index is 2.25.
The glass transition temperature of the polymer is 145° C.,
and the polymer has three branches.

Br

Pd(PPh3)4
K,CO4
toluene
90° C.
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Embodiment 7

[0096] (1) Synthetic method of Ir(piqBr),(pytzphBr) is the
same as that of embodiment 6;

[0097] (2) Preparation of PF-Ir(piq),(pytzph)50 (50 rep-
resents that the molar percentage of the red phosphorescent
Ir(piq),(pytzph) in the whole polymer is 0.05 mol %) is as
follows: Under the protection of nitrogen, 642.6 mg (1
mmol) of 2,7-bis(4,4,5,5-tetramethyl-1,3-dioxo-2-bor-
onalky1)-9,9-dioctylfluorene as a reaction monomer, 547.6
mg (0.9985 mmol) of 2,7-dibromo-9,9-dioctylfluorene and
1.05864 mg (0.001 mmol) of Ir(pigqBr),(pytzphBr) are added
into 30 mL of toluene and stirred for 30 min to fully mix and
become homogenous. Then, 464 mg (0.04 mmol) of
Pd(PPh;),, 2 drops of Aliquat 336 and 6 mL of 2 mol/L
K,CO; solution are added into the mixed solution sequen-
tially, and followed by being stirred and slowly heated to the
refluxing temperature 94° C., and reacting for 48 h. Subse-
quently, 20 mg of phenylboronic acid as an end-capping
material is added and the reaction is conducted for 12 h, and
then 0.2 mL of bromobenzene as an end-capping material is
added and the reaction is conducted for another 12 h. The
solution after reaction cooled to room temperature is slowly
poured into methanol being rapidly stirred to separate out a
light yellow solid after stopping the reaction, and then the
light yellow solid is filtered and dried. The resulting solid is
treated by Soxhlet extraction with acetone for 48 h, thereby
obtaining a crude product, and then the crude product is
purified by silica gel column chromatography (with an
eluent, chloroform), thereby getting 381 mg of PF-Ir(piq),
(pytzph)50 being light yellow solid powders in 49% yield.

[0098] 'HNMR spectral data of PF-Ir(piq),(pytzph)350 is
as follows: "HNMR: (600 MHz, CDCL,): B(ppm)=7.84 (1H,
Ar—H), 7.73-7.63 (2H, Ar—H), 2.13 (2H, CH,), 1.26-1.04
(10H, 5CH,), 0.90-0.73 (5H, CH,, CHy,). It can be seen from
the spectrum that PF-Ir(piq),(pytzph)50 has the same varia-
tion tendency with PF-Ir(piq);, because both of them belong
to a polymer with polyfluorene system and the doping
amount of red light emitting core is too low.

[0099] The number-average molecular weight of PF-Ir
(piq),(pytzph)50 measured by gel permeation chromatogra-
phy is 13.6K, the weight-average molecular weight thereof
is 36.7K, and the molecular weight distribution index is
2.69. The glass transition temperature of the polymer is 153°
C., and the polymer has three branches.

Embodiment 8

[0100] (1) Synthetic method of Ir(piqBr) is the same as
that of embodiment 1;

[0101] (2) Preparation of 3,6-dibromo[9-(2-ethylhexyl)]
carbazole is as follows and has a reaction mechanism shown
as following equation: Under the protection of nitrogen, 16.3
2 (50 mmol) of 3,6-dibromocarbazole and 9.7 g (50 mmol)
of 2-ethylhexyl bromide (bromoisooctane) are dissolved in
100 mL of toluene, and stirred until fully dissolution. And
then 4.8 g (15 mmol) of tetrabutyl ammonium bromide
(TBAB), 40 mL of aqueous solution of KOH (22.4 g, 0. 4
mol) and 60 mL of toluene are added into the reaction
solution in turn, and stirred for 8 h at room temperature when
the solution is milk white, and followed by being slowly
heated to 130° C. when the solution becomes yolk yellow,
and the reaction is conducted for 36 h, the solution after
reaction is cooled to room temperature. And then the solvent
in the mixed solution is removed by rotary evaporation, and
the resulting crude product is dissolved in CH,Cl,, washed
with water and dried. After rotary evaporation, the crude
product is purified by column chromatography on silica gel
(with an eluent, petroleum ether: CH,Cl, (5:1)), thereby
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obtaining 16.6 g of 3,6-dibromo [9-(2-ethylhexyl)]carbazole
being a white needle-like crystal in 76% yield.

[0102] 'H NMR spectral data of 3,6-dibromo[9-(2-ethyl-
hexyl)] carbazole being a white needle-like crystal is as
follows: "HNMR: (600 MHz, (CD,),SO): 8(ppm)=8.03 (d,
J=1.8 Hz, 2H), 7.56 (dd, J,=9 Hz, ] ,=1.8 Hz, 2H), 7.15 (d,
J=8.4 Hz, 2H), 3.81-3.93 (m, 2H), 1.94-2.03 (m, 1H),
1.27-1.44 (m, 8H), 0.91-1.02 (m, 6H). As shown in the
'HNMR spectrum, the hydrogen atoms (H) on benzene ring
of carbazole are between 8.5~7 which have three different
peak positions due to the symmetry of benzene ring of
carbazole. The hydrogen atoms (H) on the alkyl chain
mainly are between 4~0.9.

Br.
Br
NH 4 TBAB
KOHW/H,0/
toluene
130°C.
Br
Br. I
N
Br |
[0103] (3) Preparation of PFCz5000-Ir(piq);50 (5000 rep-

resents that the molar percentage of the isooctyl carbazole in
the whole polymer is 5 mol %; and 50 represents that the
molar percentage of the red phosphorescent Ir(piq), in the
whole polymer is 0.05 mol %): Under the protection of the
nitrogen, 642.6 mg (1 mmol) of 2,7-bis (4,4,5,5-tetramethyl-
1,3-dioxo-2-boronalkyl)-9,9-dioctylfluorene, 492.8 mg
(0.8985 mmol) of 2,7-dibromo-9,9-dioctylfluorene, 43.8 mg
(0.1 mmol) of 3,6-dibromo[9-(2-ethylhexyl)]carbazole and
1.04164 mg (0.001 mmol) of Ir(pigBr); are added into the
toluene and stirred for 30 min to fully mix and become
homogenous. Then, 46.4 mg (0.04 mmol) of Pd(PPh,),, two
drops of Aliquat 336 and 6 mL of 2 mol/L K,CO; solution
are added into the mixed solution in turn, stirred and slowly
heated to the refluxing temperature 94° C., and the reaction
1s conducted for 48 h. Whereafter, 20 mg of phenylboronic
acid as an end-capping material is added and the reaction is
conducted for 12 h, and then 0.2 mL of bromobenzene as an
end-capping material is added and the reaction is conducted
for another 12 h. The solution after reaction is cooled to
room temperature after stopping the reaction and then is
slowly poured into methanol being rapidly stirred to separate
out the solid, subsequently, the solid is filtered and dried.
The resulting solid is treated by Soxhlet extraction with
acetone for 48 h, thereby obtaining a crude product. And
then the crude product is purified by silica gel column



US 2017/0309826 A1l

chromatography (with an eluent, chloroform), thereby
obtaining PFCz5000-Ir(piq); 50 being solid powders.

Embodiment 9

[0104] (1) Synthetic method of Ir(piqBr), is the same as
that of embodiment 1;

[0105] (2) Preparation of 9-(6-bromohexyl)carbazole is as
follows and has a reaction mechanism shown as following
equation: Under the protection of nitrogen, 5.00 g (31 mmol)
of carbazole and 70.00 g (300 mmol) of 1,6-dibromohexane
are added into 80 mL of toluene. And then 0.5 g (15 mmol)
of tetrabutyl ammonium bromide (TBAB) dissolved in 5 mL
of deionized water and 15 mL of 2 mol/L. aqueous solution
of KOH are poured into the reaction system. The mixture is
extracted by dichloromethane after stopping the reaction,
and then the resulting organic phase is washed with deion-
ized water, dried with anhydrous magnesium sulfate and
filtered, and subsequently, the solvent is evaporated under
reduced pressure. The resulting crude product is purified by
silica gel column chromatography (with an eluent, petro-
leum ether:dichloromethane:absolute alcohol (20:2:1)),
thereby obtaining 8.50 g of 9-(6-bromohexyl)carbazole
being a needle-like white solid in 56% yield.

[0106] 'H NMR spectral data of 9-(6-bromohexyl)carba-
zole is as follows: 'H NMR (CDCl,): 3(ppm)=8.10 (ddd,
1,=7.8 Hz, J,=1.2 Hz, J,=0.6 Hz, 2H), 7.46 (dt, J,=7.8 Hz,
1,=6.6 Hz, J,=1.2 Hz, 2H), 7.40 (dt, J,=7.8 Hz, J,=],=0.6
Hz, 2H), 7.23 (ddd, J,=7.8 Hz, J,=7.2 Hz, ],=1.2 Hz, 2H),
432 (t,J=7.2 Hz, 2H), 3.36 (t, J=6.6 Hz, 2H), 1.82-1.90 (m,
4H), 1.41-1.48 (m, 4H). As shown in the spectrum, the four
hydrogen atoms (H) on carbazole at different positions are
located between 8.5~7, which belong to H on benzene ring;
and the hydrogen atoms (H) on alkyl chain are located
between 4.5~1.

NH 4

NS
Br

TBAB

—_—
NaOH/H,0/
toluene
45°C.
Br
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[0107] (3) Preparation of 9,9-bis(9-(6-hexyl)carbazole)-2,
7-dibromofluorene is as follows and has a reaction mecha-
nism shown as following equation: Under the protection of
nitrogen, 4.86 g (15 mmol) of 2,7-dibromofluorene and 9.9
¢ (30 mmol) of 9-(6-bromohexyl)carbazole are dissolved in
100 mL of toluene in a three-neck flask, and then 0.322 g (1
mmol) of tetrabutyl ammonium bromide and 30 ml. of
NaOH (4.0 g, 0.1 mol)) aqueous solution are added in the
state of stirring and stirred for another 30 min. Whereafter,
the mixture is slowly heated to 75° C. and reacts for 24 h,
and followed by being cooled to room temperature. Toluene
in the solution cooled is removed by rotary evaporation,
after that, the resulting crude product is dissolved in CH,Cl,,
is washed with water and dried, and then the solvent is
removed by rotary evaporation. The resulting product is
purified by the silica gel column chromatography with
hexane and CH,Cl, as eluents, thereby achieving 9,9-bis(9-
(6-hexyl)carbazole)-2,7-dibromofluorene.

Br

Br
TBAB
* N NaOH/H,O/
toluene
Q O 750 C.
Br
g N ‘
O N
[0108] (4) Preparation of PFFCz3000-Ir(piq);50 (5000

represents that the molar percentage of 9,9-bis(9-(6-hexyl)
carbazole)-2,7-dibromofluorene in the whole polymer is 5
mol %; and 50 represents that the molar percentage of the
red phosphorescent Ir(piq); in the whole polymer is 0.05 mol
%) is as follows: Under the protection of nitrogen gas, 642.6
mg (1 mmol) of 2,7-bis(4,4,5,5-tetramethyl-1,3-dioxo-2-
boronalkyl)-9,9-dioctylfluorene as a reaction monomer,
492.8 mg (0.8985 mmol) of 2,7-dibromo-9,9-dioctylfluc-
rene, 82.3 mg (0.1 mmol) of 9,9-bis(9-(6-hexyl)carbazole)-
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2,7-dibromofluorene, and 1.04164 mg (0.001 mmol) of
Ir(piqBr); are added into toluene and stirred for 30 min to
fully mix and become homogenous. And then, 46.4 mg (0.04
mmol) of Pd(PPh,),, two drops of Aliquat 336 and 6 mL of
2 mol/L K,CO; aqueous solution are added into the mixed
solution in turn, and followed by being stirred, being slowly
heated to the refluxing temperature 94° C. and reacting for
48 h. Subsequently, 20 mg of phenylboronic acid as an
end-capping material is added and the reaction is conducted
for 12 h, and then 0.2 mL of bromobenzene as an end-
capping material is added and the reaction is conducted for
another 12 h. After stopping the reaction, the solution is
cooled to the room temperature and slowly poured into
methanol being rapidly stirred to separate out a solid, and
then the solid is filtered and dried. The resulting solid is
treated by Soxhlet extraction using acetone for 48 h, thereby
obtaining a crude product. The crude product is purified by
column chromatography on silica gel (with an eluent, chlo-
roform), thereby obtaining PFFCz5000-Ir(piq);50 being
solid powers.

Embodiment 10

[0109] (1) Synthetic method of Ir(pigBr), is the same as
that of embodiment 1;

[0110] (2) Preparation of 9,9-bis(2-ethylhexyl)-2,7-dibro-
mofluorene is as follows: Under nitrogen gas atmosphere,
4.86 g (15 mmol) of 2,7-dibromofluorene and 5.79 g (30
mmol) of bromoisooctane are dissolved in 60 mL of toluene
in a three-neck flask and stirred until being dissolved. Then,
0.322 g (1 mmol) of tetrabutyl ammonium bromide and 30
mL of NaOH (4.0 g, 0.1 mol)) aqueous solution are added
into the three-neck flask and stirred for 30 min, and followed
by being slowly heated to 75° C. and reacting for 24 h, and
then being cooled to the room temperature. The toluene in
solution cooled is removed by rotary evaporation. The
resulting crude product is dissolved in CH,Cl,, washed with
water and dried, and then the solvent is removed by rotary
evaporation. The resulting product is purified by the column
chromatography on silica gel (with eluents, n-hexane and
CH,Cl,), thereby obtaining 9,9-bis(2-ethylhexyl)-2,7-dibro-
mofluorene.

Br
Br
+ TBAB
—_—
NaOH/H,O/

toluene

75°C.
Br
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-continued

[0111] (3) Preparation of PFF-Ir(piq);50 (50 represents
that the molar percentage of the red phosphorescent Ir(piq),
in the whole polymer is 0.05 mol %) is as follows: Under the
protection of nitrogen gas, 642.6 mg (1 mmol) of 2,7-bis
(4,4,5,5-tetramethyl-1,3-dioxo-2-boronalkyl)-9,9-dioctyl-
fluorene, 547.6 mg (0.9985 mmol) of 2,7-dibromo-9,9-(2-
ethylhexyDfluorene and 1.04164 mg (0.001 mmol) of
Ir(piqBr); are added into toluene and stirred for 30 min to
fully mix and become homogenous. Then, 46.4 mg (0.04
mmol) of Pd(PPh,),, two drops of Aliquat 336 and 6 mL of
2 mol/L K,CO, aqueous solution are added into the reaction
solution in turn, and followed by being stirred and slowly
heated to the refluxing temperature, and reacting for 48 h.
Whereafter, 20 mg of phenylboronic acid as an end-capping
material 1s added and the reaction is conducted for 12 h, and
then 0.2 mL of bromobenzene as an end-capping material is
added and the reaction is conducted for another 12 h. After
stopping the reaction, the reaction solution is cooled to the
room temperature and slowly poured into methanol being
rapidly stirred to separate out a solid, and then the solid is
filtered and dried. The resulting solid is treated with acetone
by Soxhlet extraction for 48 h, thereby obtaining a crude
product. The crude product is purified by column chroma-
tography on silica gel (with an eluent, chloroform), thereby
obtaining PFF-Ir(piq),50 being solid powers.

Application Example 1

[0112] PF-Ir(piq);50 generated from embodiment 5 is
dissolved in chloroform to prepare chloroform solutions
with different concentrations of PF-Ir(piq);50 (10~ mol/L,
107* mol/L, 107> mol/L, 10~¢ mol/L, 10~7 mol/L), photolu-
minescence (PL) spectra (namely photoluminescence spec-
tra) of each solution are measured using Fluoromax-4 fluo-
rescence spectrograph produced by HORIBA Jobin Yvon
company from France.

[0113] FIG. 4 shows the PL spectra of chloroform solu-
tions with different concentrations of PF-Ir(piq),50. As can
be seen from FIG. 4, the polymer has three main emission
peaks which are located at 417 nm, 445 nm and 632 nm
respectively. With increase of concentration of the polymer,
the emission peak at 417 nm has a red-shift, and the intensity
of the emission peak at 445 nm enhances. When the con-
centration is up to 10~* mol/T, the peak at 445 nm becomes
the maximum emission peak. The red emission is not be
detected at low concentration. When the concentration is
increased to 107> mol/L, the red emission peak comes out.
[0114] The polymer is dissolved in chloroform, to obtain
a chloroform solution with the concentration of 10 mg/mlL,
and then the solution is spin-coated on the quartz glass to
prepare a thin film. The ultraviolet-visible (UV-Vis) absorp-
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tion spectrum and the PL spectrum of the thin film are
measured to characterize photophysical performance of the
polymer in the state of thin film.

[0115] FIG. 5 shows the UV-Vis absorption spectrum and
the PL spectrum of PF-Ir(piq);50 prepared by embodiment
5 in the state of thin film. The maximum absorption peak for
the polymer in the state of thin film is located at 382 nm and
the maximum emission peak thereof is located at 422 nm.
There is a small emission band at 625 nm which belongs to
the red emission peak of Ir complex.

[0116] By analyzing the photophysical performance of the
hyperbranched polymer PF-Ir(piq);50, the UV-Vis absorp-
tion spectrum and PL spectrum of this system have been
investigated, which facilitate the fabrication of the organic
electroluminescent devices.

Application Example 2

[0117] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/LiF (1 nm)/Al (100 nm) is fabricated using the
PF-Ir(piq),500 obtained from embodiment 1. The electrolu-
minescent spectra and color coordination of the device are
measured by Spectral Scanning Colorimeter PR655 pro-
duced by American CROWNTECH to characterize the
electroluminescent performance of the polymer.

[0118] The organic electroluminescent device mentioned
above is fabricated by spin-coating process, the detailed
process is as follows: poly(3,4-ethylenedioxythiophene)-
poly(styrenesulphonate) (PEDOT:PSS) is spin-coated on the
ITO glass to form a hole transporting layer with the thick-
ness of 50 nm, and followed by being annealed for 10 min
at 120° C. Then the polymer is dissolved in toluene to
prepare toluene solution with the concentration of 10
mg/ml, and subsequently the organic film with the thickness
of about 80 nm is prepared at the rotate speed of 2000 r/min
The organic film is annealed at 100° C. for 15 min. Finally,
by vacuum evaporation, 1,3,5-tris(1-phenyl-1H-benzo[d]
imidazol-2-yl)benzene (TPBi) (40 nm) used as an material
of a electron-transporting layer with the thickness of 40 nm,
LiF used as an electron-transporting material with the thick-
ness of 1 nm, and Al used as a cathode with the thickness of
100 nm are evaporated in sequence onto the ITO glass which
is coated with light emitting material and is heat-treated.

[0119] FIG. 6 shows the electroluminescent spectra of the
organic electroluminescent device prepared from the present
application example at different voltages. As shown in the
figure, the emission peaks are mainly dominated by red
emission and the intensity of blue emission is weak. The
obtained spectra belong to warm white light.

Application Example 3

[0120] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/LiF (1 nm)/Al (100 nm) is fabricated using
PF-Ir(piq);100 obtained from embodiment 4. The prepara-
tion of the device is the same as that of application example
2.

[0121] FIG. 7 shows the electroluminescent spectra of the
organic electroluminescent device prepared in the present
application example at different voltages. As shown in the
figure, the electroluminescent spectra cover the range of 410
nm-780 nm which contains the whole visible light region,
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and the color coordination is (0.30, 0.23) which is close to
the pure white light of (0.33, 0.33).

[0122] FIG. 8 provides the voltage-luminance curves of
the organic electroluminescent devices fabricated in Appli-
cation examples 2 and 3. As shown in the figure, the turn-on
voltage of PF-Ir(piq);500 is 7.5V and the maximum lumi-
nance is 492 cd/m?; and the turn-on voltage of PF-Ir(piq)
4100 is 7.0V and the maximum luminance is 824 cd/m?.

Application Example 4

[0123] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/Ba (4 nm)/Al (100 nm) is fabricated using
PF-Ir(piq),50 obtained from embodiment 5. The preparation
of the device is the same as that of Application example 2.
[0124] The electroluminescent propetties of the device are
as follows: the turn-on voltage is 7.5V, the maximum
luminance is 779 cd/m>, and the maximum electrolumines-
cent efficiency is 3.08 cd/A. The electroluminescent spectra
cover the range of 420 nm to 780 nm which contains the
whole visible light region. And the color coordination is
(0.28, 0.23).

Application Example 5

[0125] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/Ba (4 nm)/Al (100 nm) is fabricated using
PF-Ir(piq),25 obtained from comparative example 1. The
preparation of the device is the same as that of application
example 2.

[0126] The electroluminescent properties of the device are
as follows: The turn-on voltage is 7.3V, the maximum
luminance is 607 cd/m?, and the maximum electrolumines-
cent efficiency is 0.99 cd/A. The electroluminescent spectra
cover the range of 420~780 nm which basically contains the
whole visible light; and the color coordination is (0.22,
0.19).

Application Example 6

[0127] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/LiF (1 nm)/Al (100 nm) is fabricated using
PF-Ir(piq),(pytzph)500 obtained from embodiment 6. The
preparation of the device is the same as that of application
example 2 except for the following process. The toluene
solution in which the concentration of the polymer is 12
mg/mL is prepared, and then the organic film with the
thickness of about 85 nm is prepared at the rotate speed of
2000 r/min.

[0128] FIG. 9 shows the electroluminescent spectra of the
organic electroluminescent device prepared in the present
application example at different voltages. As shown in the
figure, when the content of red complexes is high, the blue
emitting is weak, and the main emission peak is located at
the red position of 628 nm. It means that the energy could
be efficiently transferred from blue fluorescent materials to
red core; and the color coordination seems slight red which
belongs to reddish white light.

Application Example 7

[0129] The organic electroluminescent device with the
structure of ITO/PEDOT: PSS (50 nm)/polymer (80 nm)/
TPBi (40 nm)/LiF (1 nm)/Al (100 nm) is fabricated using
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PF-Ir(piq),(pytzph)30 obtained from embodiment 7. The
preparation of the device is the same as that of application
example 5. The toluene solution in which the concentration
of the polymer is 12 mg/ml. is prepared, and then the organic
film with the thickness of about 85 nm is prepared at the
rotate speed of 2000 r/min.

[0130] FIG. 10 shows the electroluminescent spectra of
the organic electroluminescent device prepared from PF-Ir
(pig),(pytzph)50 at different voltages. As shown in the
figure, the electroluminescent spectra mainly covers the
whole visible light range of 410 nm~780 nm and the light
belongs to bluish white light.

[0131] FIG. 11 provides the voltage-luminance curves of
the organic electroluminescent devices fabricated from PF-Ir
(piq),(pytzph)S00 and PF-Ir(piq),(pytzph)50. As shown in
the figure, the turn-on voltage of PF-Ir(piq),(pytzph)300 is
8.5V, and the maximum luminance thereof is 4039 cd/m?;
the turn-on voltage of PF-Ir(piq),(pytzph)50 is 8.0V, and the
maximum luminance thereof is 5976 cd/m”.

1. A white-light hyperbranched conjugated polymer, com-
prising a red phosphorescent Ir(IIT) complex as a core and
two or more blue fluorescent materials as a framework, the
white-light hyperbranched conjugated polymer having a
structure formula represented by formula (I):

¥ >f
C/D‘F )(F\jk ¢
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T
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wherein:
M represents the red phosphorescent Ir(I1l) complex,

F and C respectively represent two different blue fluores-
cent materials,

E represents an end-capping group,

x and y respectively represent a monomer number of the
two different blue fluorescent materials,

x equaling X, +X,+X; 1§ a positive integer,
y equaling y,+y,+y; is a natural number,

the content of the red phosphorescent Ir(Ill) complex M
in the hyperbranched polymer is in the range of 0.05 to
0.5 mol %;

the weight-average molecular weight of the white light
hyperbranched polymer is in the range of 10K to 150K,

the number-average molecular weight of the white light
hyperbranched polymer is in the range of 7K to 30K

the molecular weight distribution index of the white light
hyperbranched polymer is more than 0 and no more
than 6;

the hyperbranched polymer has three branched chains;

the glass transition temperature of the hyperbranched
polymer is in the range of 120° C. to 200° C.;
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the blue fluorescent material F is a fluorene derivative
monomer having a structure general formula (II):

an

wherein: R, and R, independently are an alkyl group
with the number of carbon atom selected in the range

of 1 to 16;

N—(CHyn—

DI
<.~

O

@j««
5o
Go

and R, and R, are same or different; and

n=2~6;
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the blue fluorescent material C is a carbazole derivative
having a structure general formula (I1I):

a
R3

|

N
wherein: Ry is an alkyl group with the number of
carbon atom selected in the range of 2 to 16;

N— (CHyn—

n=2~6,

2. The white-light hyperbranched conjugated polymer
according to claim 1, characterized in that:
the content of the red phosphorescent Ir(IIl) complex M
in the hyperbranched polymer is in the range of 0.05 to
0.2 mol %.
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3. The white-light hyperbranched conjugated polymer
according to claim 1, characterized in that:
the content of the blue fluorescent material C in the
hyperbranched polymer is less than 50 mol %.
4. The white-light hyperbranched conjugated polymer
according to claim 1, characterized in that:
the red phosphorescent Ir(III) complex is Ir(piq);, Ir(piq)
s(pytzph),  Ir(piq),(pytz), Ir(napy),(acac), Ir(piq),
(acac), Ir(ppy).(piq), Ir(4mapq).(acac), Ir(4m2thq),

(acac), Ir(ppz),(piq) or Ir(napy),(pytz).
5. The white-light hyperbranched conjugated polymer

according to claim 1, characterized in that:
the blue fluorescent material F is 9,9-dioctylfluorene; and
the blue fluorescent material C is 9-(2-ethylhexyl)carba-
70le.
6. The white-light hyperbranched conjugated polymer
according to claim 1, characterized in that:
the end-capping group E is phenyl, a-naphthyl or p-naph-
thyl.
7. A}I]nethod for preparing the white-light hyperbranched
conjugated polymer according to claim 1, comprising:
conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
jugated polymer;
wherein:
the raw material represented by structure general for-
mula 1) is MBr3, a bromide of the red phosphores-
cent Ir(I1l) complex M;
the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):

189

R; R,
Br 0.0 Br
V)
R, R»
nYateYan
B B
\

and

the raw material represented by the structure general
formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

VD



US 2017/0309826 A1l

8. The preparing method according to claim 7, character-
ized in that:
the Suzuki reaction is conducted under the protection of
inert gas by:
firstly adding four raw materials of the derivatives of
fluorene reaction monomer represented by formulas
(IV) and (V), the derivative of carbazole reaction
monomer represented by formula (VI) and the bromide
of the red phosphorescent Ir(1ll) complex M repre-
sented by MBr, with different mole ratios into toluene
solvent, and stirring to uniformly mix;
afterwards adding tetrakis(triphenylphosphine)palladium
catalyst (Pd(PPh,),), trimethyl trioctyl ammonium
chloride as a phase transfer catalyst and K,CO; aque-
ous solution, stirring, being heated heating to the
refluxing temperature, and reacting for 48~60 h; and
finally adding end-capping materials with the end-cap-
ping group E, and reacting, thereby obtaining a reacting
solution comprising the white-light hyperbranched
conjugated polymer;
wherein:
with respect to the four raw materials, the mole ratio of
the bromide of the red phosphorescent Ir(IlT) com-
plex M represented by MBr; to the other three blue
light emitting raw materials is 1:200~2000.
9. The preparing method according to claim 7, character-
ized in that:
with respect to the four raw materials,
the mole ratio of the bromide of the red phosphorescent
TIr(TIT) complex M represented by MBr,, the deriva-
tive of fluorene reaction monomer represented by
formula (TV), the derivative of fluorene reaction
monomer represented by formula (V), and the
derivative of carbazole reaction monomer repre-
sented by formula (VI) is 1:0~998.5:300~1000:
0~998.5, and
the mole sum of the derivative of fluorene reaction
monomer represented by formula (TV) and the
derivative of carbazole reaction monomer repre-
sented by formula (V1) is less than the mole number
of the derivative of fluorene reaction monomer rep-
resented by formula (V).
10. The preparing method according to claim 7, charac-
terized in that:
the mole percentage of tetrakis(triphenylphosphine)palla-
dium (Pd(PPh,),) to a functional group participating in
the Suzuki reaction is in the range of 1 mol % to 3 mol
%.
11. The preparing method according to claim 7, charac-
terized in that:
the bromide of the red phosphorescent Ir(I1T) complex M
represented by MBr; is synthesized by a method com-
prising:
firstly placing 1-(4-bromophenyl)-isoquinoline as the
main ligand monomer and ITridium(IIT) trichloride tri-
hydrate with the molar ratio of 2~2.5:1 into a first
solvent system, performing reflux and reacting at
100~140° C. under the protection of inert gas, thereby
obtaining cyclometalated iridium(III) p-chlorobridged
dimer of 1-(4-bromophenyl)-isoquinoline; and
afterwards reacting the cyclometalated iridium(III)
u-chlorobridged dimer of 1-(4-bromophenyl)-isoquino-
line and 3-(4-bromophenyl)-5-(2-pyridyl)-1,2,4-triaz-
ole according to the mole ratio of 1:2~2.5 at 100~200°
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C. in a second solvent system under the protection of
inert gas in the presence of an anhydrous alkali metal
carbonate or silver trifluoroacetate as a catalyst, thereby
obtaining the bromide of red phosphorescent Ir(IIl)
complex M (MBr;).

12. The preparing method according to claim 7, charac-
terized in that:

the reaction of adding the end-capping materials with the
end-capping group E is conducted by a method com-
prising:

firstly adding a boride of the end-capping group E and
reacting for 12 h, and

afterwards adding a bromide of the end-capping group E
and reacting for another 12 h; wherein:

the boride of the end-capping group E is phenylboronic
acid, a-naphthylboronic acid or p-naphthylboronic
acid;

the bromide of end capping group E is bromobenzene,
a-bromonaphthalene or §-bromonaphthalene;

the percentage of the boride of the end-capping group E
to the four raw materials is in the range of 1 to 3 wt %;
and

the percentage of the bromide of the end-capping group E
to the four raw materials is in the range of 10 wt % to
35 wt %.

13. The preparing method according to claim 8, charac-
terized by further comprising:

a post-processing method on the reaction solution com-
prising the white-light hyperbranched conjugated poly-
mer, said post-processing method comprising:

slowly pouring the reaction solution containing the white-
light hyperbranched conjugated polymer cooled to
room temperature into a methanol solution being rap-
idly stirred to separate out a solid,

filtering and drying the solid,
treating the filtered and dried solid with acetone by

Soxhlet extraction for 48~72 h, thereby obtaining a
crude product, and

treating the crude product by column chromatography
with chloroform or tetrahydrofuran as an eluent,
thereby obtaining the white-light hyperbranched con-
jugated polymer in the form of solid powders with
different colors according to the content of the red
phosphorescent Ir(II) complex M.

14-17. (canceled)

18. A method for preparing the white-light hyperbranched
conjugated polymer according to claim 2, comprising:
conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
Jugated polymer;
wherein:

the raw material represented by structure general for-
mula 1) is (MBr;), a bromide of the red phospho-
rescent Ir(I1I) complex M;

the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):
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and

the raw material represented by the structure general
formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

(VD

19. A method for preparing the white-light hyperbranched
conjugated polymer according to claim 3, comprising:
conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
jugated polymer;
wherein:
the raw material represented by structure general for-
mula 1) is MBr;, a bromide of the red phosphores-
cent Ir(1lT) complex M;
the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):

av
R R

(
R] R2
B B
——o/ \o——

and
the raw material represented by the structure general

formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

V)
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VD

Br Q O Br.

20. A method for preparing the white-light hyperbranched
conjugated polymer according to claim 4, comprising:
conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
jugated polymer;
wherein:

the raw material represented by structure general for-
mula 1) is MBr5, a bromide of the red phosphores-
cent Ir(11T) complex M;

the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):

v

Rp R
V)
Ry R
T
B B
\

and

the raw material represented by the structure general
formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

(VD

21. A method for preparing the white-light hyperbranched
conjugated polymer according to claim 5, comprising:

conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
Jugated polymer;



US 2017/0309826 A1l

wherein:

the raw material represented by structure general for-
mula 1) is MBr;, a bromide of the red phosphores-
cent Ir(1ll) complex M;

the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):

)

R, R»
")
Ry R
a®aWw
B B
N\
and

the raw material represented by the structure general
formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

(VD

22. A method for preparing the white-light hyperbranched
conjugated polymer according to claim 6, comprising:

conducting a Suzuki reaction using raw materials repre-
sented by structure general formulas 1), 2) and 3),
thereby obtaining the white-light hyperbranched con-
Jugated polymer;
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wherein:
the raw material represented by structure general for-
mula 1) is MBr5, a bromide of the red phosphores-
cent Ir(I1l) complex M;
the raw materials represented by the structure general
formula 2) are derivatives of a fluorene reaction
monomer represented by formulas (IV) and (V):

)

R R
W)
Ry Ry
/
B B
\
—1 0 0O—t—

and

the raw material represented by the structure general
formula 3) is a derivative of a carbazole reaction
monomer represented by formula (VI):

VD

23. An organic electroluminescent device, comprising the
white-light hyperbranched conjugated polymer according to
claim 1.

24. The organic electroluminescent device according to
claim 19, characterized in that:

the device comprises a light emitting layer, and

the light emitting layer comprises the white-light hyper-

branched conjugated polymer.

L S S T
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