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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a light emitting polymer composition suitably usable as an organic electrolu-
minescence material, and an organic electroluminescence device and a production process thereof.

Description of the Background Art:

[0002] An organic electroluminescence device is expected as a display device of the next generation because it has
such excellent properties that it can be provided in a thin form, driven by direct current voltage, and is wide in angle of
visibility, high in visibility and fast in the speed of response, and researches thereof are being actively conducted.
[0003] As organic electroluminescence devices, there have heretofore been known those of a single-layer structure
that a light emitting layer composed of an organic material is formed between a positive electrode and a negative
electrode and those of a multi-layer structure such as a structure having a hole transport layer between a positive
electrode and a light emitting layer and a structure having an electron transport layer between a negative electrode
and a light emitting layer. In all of these organic electroluminescence devices, light is emitted by recombining an electron
injected from the negative electrode with a hole injected from the positive electrode at the light emitting layer.

[0004] As processes for forming functional organic material layers such as the light emitting layer and hole transport
layer in such an organic electroluminescence device, there have been known a dry process that an organic material
layer is formed by vacuum deposition and a wet process that a solution with an organic material dissolved therein is
applied and dried to form a layer. Among these, the dry process is difficult to meet mass production because the process
is complicated, and there is a limit to the formation of a large-area layer. On the other hand, the wet process can meet
mass production because the process is relatively simple. In addition, a large-area functional organic material layer
can be easily formed. In these respects, the wet process is useful compared with the dry process.

[0005] On the other hand, the functional organic material layer making up the organic electroluminescence device
is required to have high durability and achieve high luminous efficiency. Those composed of various materials have
heretofore been known, and functional organic material layers containing a phosphorescent organoiridium compound
or organoosmium compound as a luminous molecule have recently been proposed (WO 00/70655). Such a functional
organic material layer is formed of the organoiridium compound or organoosmium compound alone or of such a com-
pound and a hole transport material such as 4,4'-N,N'-dicarbazole biphenyl or 4,4'-bis[N-(1-naphthyl)-N-phenylamino]
biphenyl.

[0006] However, this functional organic layer is formed by the dry process, and so it is difficult to meet mass production
and form a large-area functional organic material layer.

[0007] A light emitting material composed of an iridium compound, polyvinylcarbazole and oxadiazole has been
proposed in MRS 2000 Fall Meeting (November 27 to December 1, 2000, Boston, Massachusetts, USA).

[0008] However, this light emitting material involves a problem that it is poor in durability though it has high luminous
efficiency.

[0009] US-A-2001/0019782 discloses a light-emitting material which comprises a compound of which a partial struc-
ture is represented by a formula (1). Also, said compound might have a partial structure which is a tautomer of the
structure represented by said formula (1).

SUMMARY OF THE INVENTION

[0010] The present invention has been made on the basis of the foregoing circumstances and has as its object the
provision of a light emitting polymer composition which permits providing an organic electroluminescence device high
in luminous efficiency and excellent in durability and forming a functional organic material layer with ease by the wet
process.

[0011] Another object of the present invention is to provide an organic electroluminescence device high in luminous
efficiency and excellent in durability, and a production process thereof.

[0012] According to the present invention, there is thus provided a light emitting polymer composition comprising a
polymer component and a phosphorescent agent contained in the polymer component, wherein the polymer component
is a copolymer composed of 50 to 99 mol% of structural units derived from the hole transporting monomer and 50 to
1 mol% of structural units derived from the electron transporting monomer.

[0013] It may be preferable that the hole transporting monomer be an aromatic tertiary amine derivative, and the
electron transporting monomer be an oxadiazole derivative.



10

15

20

25

30

35

40

45

50

55

EP 1311 138 B1

[0014] Further, the phosphorescent agent may preferably be a complex compound of a metal selected from of iridium,
platinum and osmium.

[0015] In particular, the phosphorescent agent may preferably be composed of an iridium complex compound rep-
resented by the following general formula (1):

General formula (1)

R®a
e (RYa
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wherein R! and R2 are, independently, a substituent composed of a fluorine atom, alkyl group or aryl group and may
be the same or different from each other, m is an integer of 0 to 4, and n is an integer of 0 to 4.

[0016] The content of an impurity compound represented by the following general formula (X) in the phosphorescent
agent may preferably be at most 1,000 ppm:

General formula (X)
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wherein R and R? are, independently, a substituent composed of a fluorine atom, alkyl group or aryl group and may
be the same or different from each other, m is an integer of 0 to 4, and n is an integer of 0 to 4.

[0017] According to the present invention, there is also provided an organic electroluminescence device comprising
a functional organic material layer which functions as a light emitting layer or hole transport layer and is formed by a
light emitting polymer composition comprising a polymer component and a phosphorescent agent contained in the
polymer component, wherein the polymer component is a copolymer composed of : 50 to 99 mol% of structural units
derived from a hole transporting monomer and 50 to 1 mol% of structural units derived from an electron transporting
monomer.

[0018] According to the present invention, there is further provided a process for producing an organic electrolumi-
nescence device, which comprises the step of forming a functional organic material layer by applying a solution of a
light emitting polymer composition comprising a polymer component and a phosphorescent agent contained in the
polymer component, wherein the polymer component is a copolymer composed of 50 to 99 mol% of structural unit
derived from a hole transporting monomer and 50 to 1 mol% of structutal unit derived from an electron transporting
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monomer dissolved in an organic solvent, to the surface of a substrate and subjecting the resultant coating to a treat-
ment for removing the organic solvent.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The embodiments of the present invention will hereinafter be described in details.

[0020] The light emitting polymer composition according to the present invention comprises component (A) com-
posed of a polymer and a component (B) composed of a phosphorescent agent contained in the component (A). As
the copolymer composing the component (A) is used a polymer composed of 50 to 99 mol% of structural unit derived
from a hole transporting monomer and 50 to 1 mol% of structural unit derived from an electron transporting monomer.
[0021] More specifically, the polymer composing the component (A) in the present invention is a copolymer (A-1)
composed of structural units derived from the hole transporting monomer and structural units derived from the electron
transporting monomer.

[0022] The term "hole transporting polymer" as used in the present invention means a polymer having a function of
injecting a hole from a positive electrode and transporting the hole or barriering an electron injected from a negative
electrode when an electric field is applied. A monomer giving such a hole transporting polymer is referred to as "hole
transporting monomer".

[0023] As examples of such a hole transporting monomer, may be mentioned polymerizable compounds having a
structure that an electron donative group such as an amino group is bonded to a large conjugated skeleton such as
benzene, naphthalene or biphenyl. In particular, aromatic tertiary amine compounds having a triphenylamine skeletal
structure or carbazole skeletal structure are hole transporting monomers giving hole transporting polymers having
excellent properties.

[0024] On the other hand, the term "electron transporting polymer" means a polymer having a function of injecting
an electron from a negative electrode and transporting the electron or barriering a hole injected from a positive electrode
when an electric field is applied. A monomer giving such an electron transporting polymer is referred to as "electron
transporting monomer".

[0025] Asexamples of such an electron transporting monomer, may be mentioned oxadiazole derivatives, vasophen-
anthroline derivatives and triazole derivatives.

[Copolymer (A-1)]

[0026] The copolymer (A-1) is a copolymer of a hole transporting monomer and an electron transporting monomer.
This copolymer may be any of a random copolymer, a block copolymer and an alternating copolymer obtained from
the hole transporting monomer and the electron transporting monomer.

[0027] As the hole transporting monomer used for obtaining the copolymer (A-1), is preferably used an aromatic
tertiary amine derivative, particularly, a carbazole derivative. Specific examples thereof include N-vinylcarbazole,
3,6-dimethyl-9-vinylcarbazole, 3,6-diethyl-9-vinylcarbazole, 3-methyl-9-vinylcarbazole and 3-ethyl-9-vinylcarbazole.
Among these, N-vinylcarbazole and 3,6-dimethyl-9-vinylcarbazole are preferred.

[0028] Asthe electron transporting monomer used for obtaining the copolymer (A-1), is preferably used an oxadiazole
derivative. Specific examples thereof include 2-B-naphthyl-5-(4-vinylphenyl)-1,3,4-oxadiazole, 2-o-naphthyl-5-(4-vinyl-
phenyl)-1,3,4-oxadiasole, 2-phenyl-5-(4-vinylphenyl)oxadiazole, 2-phenyl-5-(4-vinyl-p-biphenyl)-1,3,4-oxadiazole,
2-(p-biphenyl)-5-(4-vinylphenyl)-oxadiazole, 2-(p-biphenyl)-5-(4-propenylphonyl)-1,3,4-oxadiazole, 2-t-butoxyphenyl-
5-(4-(4-vinylphenyl)-p-biphenyl)-1,3,4-oxadiazole, or substituted products of these oxadiazole derivatives with an acry-
loyl or methacryloyl group. Among these, 2-B-naphthyl-5-(4-vinylphenyl)-1,3,4-oxadiazole, 2-(p-biphenyl)-5-(4-vinyl-
phenyl)-1,3,4-oxadiazole and 2-(p-biphenyl)-5-(4-propenylphenyl)-1,3,4-oxadiazole are preferred.

[0029] In the copolymer (A-1), a proportion of the structural units derived from the hole transporting monomer to the
structural units derived from the electron transporting monomer is 50:50 to 99:1, preferably 65:35 to 95:5 in terms of
a molar ratio. If the proportion of the structural units derived from the hole transporting monomer is too low, the amount
of the hole injected is decreased. Therefore, such a copolymer is not preferred. If the proportion of the structural units
derived from the hole transporting monomer is too high on the other hand, the amount of the hole injected is increased,
and a balance with the electron upon recombination is destroyed. Therefore, such a copolymer is not preferred.
[0030] The copolymer (A-1) preferably has a weight average molecular weight of 2,000 to 1,500,000, particularly
5,000 to 500,000 in terms of polystyrene as measured by gel permeation chromatography. If the weight average mo-
lecular weight is lower than 2,000, the resulting light emitting polymer composition tends to become insufficient in heat
resistance, stability and mechanical strength in a state of a thin film. If the weight average molecular weight exceeds
1,500,000 on the other hand, the resulting light emitting polymer composition tends to markedly increase its solution
viscosity, and so the handling property thereof is lowered in the production of the organic electroluminescence device,
and the stringing of its solution occurs. It is hence not preferable to use a copolymer having such too low or high
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molecular weight.

[0031] The total proportion of unreacted hole transporting monomer and electron transporting monomer contained
in the copolymer (A-1) is preferably 5% by mass or lower.

[0032] The copolymer (A-1) is obtained by copolymerizing the hole transporting monomer and the electron trans-
porting monomer in the presence of a cationic polymerization catalyst, radical polymerization catalyst or anionic po-
lymerization catalyst in a proper solvent for polymerization.

[0033] As the solvent for polymerization, may be used a halogenated hydrocarbon such as methylene chloride or
chlorobenzene, an aromatic hydrocarbon such as toluene or benzene, an ether solvent such as dibutyl ether, diphenyl
ether, dioxane or tetrahydrofuran, or a high-polar solvent such as acetonitrile, nitrobenzene, N-methylpyrrolidone or
dimethylacetamide.

[0034] As the cationic polymerization catalyst, may be used HI-Znl,, I,, |,-HI or the like.

[0035] As the radical polymerization catalyst, may be used azobisisobutyronitrile, azobis-1-acetoxy-1-phenylethane
or the like.

[0036] As the anionic polymerization catalyst, may be used alkyllithium or the like.

[0037] A proportion of the polymerization catalyst used is 0.0001 to 0.5 mol per mol of total of the hole transporting
monomer and the electron transporting monomer.

[0038] The reaction temperature is, for example, -150 to 50°C when the cationic polymerization catalyst is used, for
example, 60 to 200°C when the radical polymerization catalyst is used or, for example, 0 to 100°C when the anionic
polymerization catalyst is used.

[Component (B)]

[0039] The component(B) contained in the component (A) composed of the above-described polymer is a component
composed of a phosphorescent agent. As the phosphorescent agent, is preferably used a complex compound of a
metal selected from the group consisting of iridium, platinum and osmium, with an iridium complex compound being
particularly preferred.

[0040] Inthe presentinvention, as the iridium complex compound, may be used a complex compound of iridium and
a nitrogen-containing aromatic compound such as phenylpyridine, phenylpyrimidine, bipyridyl, 1-phenylpyrazole,
2-phenylquinoline, 2-phenylbenzothiazole, 2-phenyl-2-oxazoline, 2,4-diphenyl-1,3,4-oxadiazole, 5-phenyl-2-(4-pyri-
dyl)-1,3-oxadiaxole, 2-(2-pyridylthiophene)-2-phenyl-4H-3,1-benzoxazine-4 or a derivative thereof.

[0041] As specific examples of such an iridium complex compound, may be mentioned compounds represented by
the following general formulae (1) to (3) and compounds represented by the following formulae (a) to (j):

General formula (1)

?
(R?)a (RY,

RN/ /N (R")a

- Ir
N\

R (R
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General formula {2)

(R (R

Genexal formula (3)

R!
(ROm (RYa

Ni\
1 N 5.
(RDa y; R?)
VN § 4
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- I
(R¥n (R"a

wherein R and R? are, independently, a substituent composed of a fluorine atom, alkyl group or aryl group and
may be the same or different from each other, m is an integer of 0 to 4, and n is an integer of 0 to 4 in the above-
described general formulae (1) to (3).
[0042] In the above, specific examples of the alkyl group related to the substituent R or R2 include methyl, ethyl,
isopropyl, t-butyl, n-butyl, isobutyl, hexyl and octyl groups.
[0043] Specific examples of the aryl group include phenyl, tolyl, xylyl, biphenyl and naphthyl groups.
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Formula (2) Formula (b )

R .
/ \ . :
__.lr:—@ | /
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Formula{c) Q Formula (d)
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Formula (g ) Formula ( h)

Foxmula( i ) Formula( j ) o

| TN _elr

[0044] Among the above compounds, the iridium complex compound (hereinafter referred to as "specified iridium
complex compound") represented by the general formula (1) is preferably used.
[0045] Specific examples of the specified iridium complex compound represented by the general formula (1) include
a compound [tris(2,2-phenylpyridyl)iridium] represented by the following formula (k), a compound represented by the
following formula (I) and a compound represented by the following formula (m):

Formula (k)
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Formula (1)
CH

]
4
- 1T
C

H,C Hs

Formula (m)

/ CH;
N=
S
— IT
I CHj

H;C

[0046] The specified iridium complex compound is generally synthesized by reacting a compound represented by
the following general formula (A) with a compound represented by the following general formula (B) in the presence
of a polar solvent. However, itis important that the content of a specified impurity compound represented by the following

40

45

50

55

general formula (X), which is formed in this reaction, be at most 1,000 ppm.

Géneral formula (A}

General' formula (B)

5O
1y (R®p (l‘!l)a
(R
’ _cz
- 1T
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General formula (X)

(R

(RYa

RN (R

wherein R, R2, m and n have the same meanings as defined in the general formula (I).
[0047] The specified iridium complex compound in which the content of the specified impurity compound is at most
1,000 ppm can be obtained by purifying the reaction product by the above-described synthesis reaction.
[0048] If the content of the specified impurity compound in the specified iridium complex compound exceeds 1,000
ppm, the light emitting performance that the specified iridium complex compound has is impaired, and so it is difficult
to obtain an organic electroluminescence device high in both luminance and luminous efficiency.
[0049] The reaction of the compound represented by the above general formula (A) with the compound represented
by the above general formula (B) for synthesizing the specified iridium complex compound is performed in the presence
of a polar solvent.
[0050] As the polar solvent, one having a proper boiling point may be chosen for use from among glycerol, ethylene
glycol derivatives and propylene glycol derivatives. Specific examples of the ethylene glycol derivatives include ethyl-
ene glycol monomethoxyether, ethylene glycol monoethoxyether and ethylene glycol monobutoxyether.
[0051] In this reaction, the reaction temperature is generally 150 to 300°C, and the reaction time is generally 1 to 24
hours.
[0052] A dimer of the compound represented by the general formula (1), i.e., the specified impurity compound rep-
resented by the above general formula (X) is generally contained in a proportion of, for example, about 1,000 to 100,000
ppm in the product by the above reaction. However, the content of the specified impurity compound can be reduced
to at most 1,000 ppm by purifying this reaction product.
[0053] No particular limitation is imposed on the purification method, for example, solvent extraction, column chro-
matography, recrystallization or a combination thereof may be utilized.
[0054] According to the phosphorescent agent composed of the specified iridium complex compound thus obtained,
the light emitting performance that the specified iridium complex compound has is sufficiently exhibited because the
content of the specified impurity compound is extremely low, and consequently an organic electroluminescence device
high in both luminance and luminous efficiency can be obtained.
[0055] As a specific preferable example of the specified iridium complex represented by the above general formula
(2), may be mentioned a compound represented by the following formula (n):

Formula (n)

z/§z

—» 1T

1IN
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[0056] Examples of the platinum complex compound used as the phosphorescent agent include platinum complexes
of porphyrin and platinum complexes of phthalocyanine. As specific examples thereof, may be mentioned a platinum
complex of octaethylporphyrin and a 2,3,7,8,12,13,17,18-octaethyl-21H,23H-platinum complex.

[0057] As the osmium complex compound, may be used various kinds of compounds commonly used as phospho-
rescent agents.

[0058] A proportion of the phosphorescent agent used is preferably 0.1 to 30 parts by mass, more preferably 0.5 to
10 parts by mass per 100 parts by mass of the polymer component. If this proportion is lower than 0.1 parts by mass,
it may be difficult in some cases to achieve sufficient light emission. If the proportion exceeds 30 parts by mass on the
other hand, a concentration quenching phenomenon that the brightness of light emission is rather reduced due to the
excess proportion of the phosphorescent agent may occur in some cases. It is hence not preferable to use the phos-
phorescent agent in such a high proportion.

[0059] In the light emitting polymer composition according to the present invention, the above-described polymer
component and phosphorescent agent are generally dissolved in a proper organic solvent, thereby providing it as a
composition solution. This composition solution is applied to the surface of a substrate which will form a functional
organic material layer, and the resultant coating is subjected to a treatment for removing the organic solvent, whereby
a functional organic material layer of the polymer component composing a medium in which the phosphorescent agent
is contained in an electroluminescence device can be formed.

[0060] The functional organic material layer thus obtained may be applied either as a light emitting layer or as a hole
transport layer.

[0061] No particular limitation is imposed on the organic solvent used for preparing the composition solution so far
as it can dissolve the polymer component and phosphorescent agent used therein. Specific examples thereof include
halogenated hydrocarbons such as chloroform, chlorobenzene and tetrachloroethane, amide solvents such as dimeth-
ylformamide and N-methylpyrrolidone, ethyl lactate, propylene glycol methyl ether acetate, ethyl ethoxypropionate,
and methyl amyl ketone. These organic solvents may be used either singly or in any combination thereof.

[0062] Among these, an organic solvent having a proper evaporation rate, specifically, an organic solvent having a
boiling point of about 70 to 200°C is preferably used in that a thin film having a uniform thickness can be obtained.
[0063] A proportion of the organic solvent used varies according to the kinds of the polymer component and phos-
phorescent agent used. However, it is generally such a proportion that the total concentration of the polymer component
and phosphorescent agent in the resulting composition solution amounts to 0.1 to 10% by mass.

[0064] As a means for applying the composition solution, may be used, for example, a spin coating method, dipping
method, roll coating method, ink-jet method or printing method.

[0065] No particular limitation is imposed on the thickness of the functional organic material layer formed, and it is
generally selected within a range of 10 to 1,000 nm, preferably 30 to 200 nm.

[0066] According to such a light emitting polymer composition, an organic electroluminescence device high in lumi-
nous efficiency and excellent in durability can be provided. In addition, the functional organic material layer can be
easily formed by the wet process.

[0067] The present invention will hereinafter be described specifically by the following examples. However, the
present invention is not limited to these examples.

(1) Synthesis of polymer:
<Synthesis Example 1 (copolymer)>

[0068] A 1000-ml two-necked round-bottom flask was charged with 0.95 mol of N-vinylcarbazole, 0.05 mol of 2-bi-
phenyl-5-(p-vinylphenyl)-1,3,4-oxadiazole (hereinafter abbreviated as "V-PBD") and 0.02 mol of azobisisobutyronitrile
under a nitrogen gas atmosphere, and dimethylformamide was further added in an amount 3 times of the mass of the
monomers. Thereafter, the monomers were subjected to radical polymerization under conditions of 70°C and 12 hours.
The resultant reaction solution was poured into a great amount of methanol to solidify the reaction product. Reprecip-
itation purification was additionally repeated, whereby a proportion of unreacted monomers contained in the reaction
product was reduced to at most 1% by mass.

[0069] The copolymer thus obtained was analyzed. As a result, it was identified that the copolymer was a copolymer
composed of 94.8 mol% of structural units derived from N-vinylcarbazole and 5.2 mol% of structural units derived from
V-PBD. The weight average molecular weight thereof was determined by the gel permeation chromatography and
found to be 48,000 in terms of polystyrene. This copolymer will hereinafter be referred to as "Polymer (1)".

<Synthesis Example 2 (copolymer)>

[0070] Radical polymerization was performed in the same manner as in Synthesis Example 1 except that the amounts
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of N-vinylcarbazole and V-PBD used in Synthesis Example 1 were changed to 0.8 mol and 0.2 mol, respectively, and
the reaction product was subjected to reprecipitation purification.

[0071] The copolymer thus obtained was analyzed. As a result, it was identified that the copolymer was a copolymer
composed of 79.5 mol% of structural units derived from N-vinylcarbazole and 20.5 mol% of structural units derived
from V-PBD. The weight average molecular weight thereof was determined by the gel permeation chromatography
and found to be 39,000 in terms of polystyrene. This copolymer will hereinafter be referred to as "Polymer (2)".

<Synthesis Example 3 (copolymer)>

[0072] Radical polymerization was performed in the same manner as in Synthesis Example 1 except that the amounts
of N-vinylcarbazole and V-PBD used in Synthesis Example 1 were changed to 0.5 mol and 0.5 mol, respectively, and
the reaction product was subjected to reprecipitation purification.

[0073] The copolymer thus obtained was analyzed. As a result, it was identified that the copolymer was a copolymer
composed of 50 mol% of structural units derived from N-vinylcarbazole and 50 mol% of structural units derived from
V-PBD. The weight average molecular weight thereof was determined by the gel permeation chromatography and
found to be 28,000 in terms of polystyrene. This copolymer will hereinafter be referred to as "Polymer (3)".

<Synthesis Example 4 (hole transporting polymer)>

[0074] Radical polymerization was performed in the same manner as in Synthesis Example 1 except that the amount
of N-vinylcarbazole used in Synthesis Example 1 was changed to 1,0 mol, and no V-PBD was used, and the reaction
product was subjected to reprecipitation purification.

[0075] The molecular weight of the polymer thus obtained was 18,000. This polymer will hereinafter be referred to
as "Polymer (4)".

<Synthesis Example 5 (electron transporting polymer)>

[0076] Radical polymerization was performed in the same manner as in Synthesis Example 1 except that the amount
of V-PBD used in Synthesis Example 1 was changed to 1.0 mol, and no N-vinylcarbazole was used, and the reaction
product was subjected to reprecipitation purification.

[0077] The molecular weight of the polymer thus obtained was 35,000. This polymer will hereinafter be referred to
as "Polymer (5)".

<Synthesis Example 6 (comparative copolymer)>

[0078] Radical polymerization was performed in the same manner as in Synthesis Example 1 except that the amounts
of N-vinylcarbazole and V-PBD used in Synthesis Example 1 were changed to 0.4 mol and 0.6 mol, respectively, and
the reaction product was subjected to reprecipitation purification.

[0079] The copolymer thus obtained was analyzed. As a result, it was identified that the copolymer was a copolymer
composed of 39 mol% of structural units derived from N-vinylcarbazole and 61 mol% of structural units derived from
V-PBD. The weight average molecular weight thereof was determined by the gel permeation chromatography and
found to be 40,000 in terms of polystyrene. This copolymer will hereinafter be referred to as "Polymer (6)".

(2) Preparation of phosphorescent agent:
Preparation Example (1):

[0080] A 200-ml three-necked flask equipped with a condenser and a thermometer was charged with 2 g of p-chlo-
robis(2-phenylpyridyl)iridium, 3 ml of 2-phenylpyridine and 160 ml of glycerol under a nitrogen atmosphere, and the
contents were heated to 260°C or higher to reflux them for 10 hours. The system was then cooled to 35°C, and the
reaction solution was poured into 1 liter of water. After the resultant solution was filtered, the filtrate was extracted with
methylene chloride and separated by column chromatography. After the solution separated was extracted with meth-
ylene chloride, and 100 ml of methanol were added to the extract, the resultant solution was concentrated by an evap-
orator, and the concentrated solution was cooled to 5°C and recrystallized. As a result, yellow fibrous crystals were
obtained. The yield thereof was 70%.

[0081] The fibrous crystals thus obtained were subjected to nuclear magnetic resonance spectrometric analysis,
infrared spectrometric analysis, mass spectrometric analysis and elemental analysis. As a result, it was identified that
this compound was an iridium complex compound containing tris(2,2-phenylpyridyl)iridium represented by the above
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formula (k) in a proportion of 99.9% by mass and containing a dimer of p-chlorobis(2-phenylpyridyl)iridium as an impurity
compound in a proportion of 0.01% (100 ppm) or lower. This compound will hereinafter be referred to as "Phospho-
rescent Agent (1)".

<Example 1>

[0082] Cyclohexane was added to 10 g of Polymer (1) obtained in Synthesis Example 1 and 0.5 g of Phosphorescent
Agent (1) obtained in Preparation Example (1) in such a manner that the solid concentration amounts to 5% by mass,
and the resultant mixture was stirred and filtered through a filter having a pore size of 2.52 um, thereby preparing a
composition solution with a light emitting polymer composition dissolved in the organic solvent. This composition so-
lution will hereinafter be referred to as "Light Emitting Layer-Forming Coating Formulation (1)".

<Example 2>

[0083] A composition solution was prepared in the same manner as in Example 1 except that 10 g of Polymer (2)
obtained in Synthesis Example 2 were used in place of 10 g of Polymer (1) obtained in Synthesis Example 1. This
composition solution will hereinafter be referred to as "Light Emitting Layer-Forming Coating Formulation (2)".

<Example 3>

[0084] A composition solution was prepared in the same manner as in Example 1 except that 10 g of Polymer (3)
obtained in Synthesis Example 3 were used in place of 10 g of Polymer (1) obtained in Synthesis Example 1. This
composition solution will hereinafter be referred to as "Light Emitting Layer-Forming Coating Formulation (3)".

<Reference Example 4>

[0085] A composition solution was prepared in the same manner as in Example 1 except that 10 g of a polymer
mixture with Polymer (4) obtained in Synthesis Example 4 and Polymer (5) obtained in Synthesis Example 5 mixed in
a proportion that a molar ratio of the monomers related to the respective polymers amounted to 9:1 were used in place
of 10 g of Polymer (1) obtained in Synthesis Example 1. This composition solution will hereinafter be referred to as
"Light Emitting Layer-Forming Coating Formulation (4)".

<Comparative Example 1>

[0086] A composition solution was prepared in the same manner as in Example 1 except that 10 g of Polymer (4)
obtained in Synthesis Example 4 were used in place of 10 g of Polymer (1) obtained in Synthesis Example 1. This
composition solution will hereinafter be referred to as "Light Emitting Layer-Forming Coating Formulation (5)".

<Comparative Example 2>

[0087] A composition solution was prepared in the same manner as in Example 1 except that 10 g of Polymer (6)
obtained in Synthesis Example 6 were used in place of 10 g of Polymer (1) obtained in Synthesis Example 1. This
composition solution will hereinafter be referred to as "Light Emitting Layer-Forming Coating Formulation (6)".

<Test Example>
(a) Production of organic electroluminescence device:

[0088] A solution with an aromatic polymer (trade name: PEDOT P8000, product of Bayer AG) dissolved in a pro-
portion of 5% by mass was applied to the surface of a glass substrate of 5-cm square, on which an ITO film had been
formed, and the coating layer thus formed was subjected to a heat treatment at 250°C for 30 minutes, thereby forming
an aromatic polymer layer.

[0089] Light Emitting Layer-Forming Coating Formulation (1) was then applied on the surface of the aromatic polymer
layer by a spin coater to form a coating layer having a thickness of 70 nm. This coating layer was subjected to a heat
treatment at 200°C for 30 minutes, thereby forming a light emitting layer composed of the light emitting polymer com-
position.

[0090] Vasophenanthroline and Cs were vapor-deposited on the surface of the light emitting layer thus obtained so
as to give a molar ratio of 3:1. An aluminum film having a thickness of 1,500 A was then formed on the surface of the
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deposited film thus obtained, thereby producing an organic electroluminescence device. This device will be referred
to as "Organic EL Device (1)".

[0091] Organic electroluminescence devices were produced in the same manner as described above except that
Light Emitting Layer-Forming Coating Formulations (2) to (6) were respectively used in place of Light Emitting Layer-
Forming Coating Formulation (1). They will be referred to as "Organic EL Device (2)" for Forming Coating Formulation
(2), "Organic EL Device (3)" for Forming Coating Formulation (3), "Organic EL Device (4)" for Forming Coating For-
mulation (4), "Organic EL Device (5)" for Forming Coating Formulation (5), Organic EL Device (6)" for Forming Coating
Formulation (6)".

(b) Light emission properties:

[0092] To each of Organic EL Devices (1) to (6) produced in the item (a), was applied direct current voltage of 25 V
using the ITO film as an anode and the aluminum film as a cathode, thereby causing the light emitting layer to emit
light to measure the emission starting voltage, maximum luminance, energy efficiency and luminous efficiency.

(c) Durability:

[0093] Each light emitting layer in Organic EL Devices (1) to (6) produced in the item (a) was caused to emit light
under conditions that the voltage applied was kept constant at 20 V, thereby measuring a period of time (half-life) from
the beginning of the light emission to the time the luminance becomes a half of the initial luminance to find an index
(hereinafter referred to as "half-life index") when the half-life value of Organic EL Devices (6) was regarded as 100.
[0094] The results are shown in Table 1. In Table 1, "Ratio H/E of polymer components" expresses a molar ratio of
the hole transporting component to the electron transporting component in the polymer component reduced to the
monomers.

Table 1
. Emission’ .
Light emitting | Ratio " Max lmum Encegy Luminous _
layer-forming H/E. of starting Luminance efficiency | efficiency H‘tf life
eoating polynes voltage {ed) im/W) (cd/A) ndex
formulation components (v) ¢
1 e 94.8/5.2 8 15000 2 - 12 800
L] . .
'g, 2 (2) 79.5/20.5 s 50000 5 20 . 2000
&
3 (3) 50/50 4 15000 3 13 8000
f (4) 90/10 4.5 40000 4 17 2000
[
LA
3 |1 (5) 100/0 10 3500 0.8 4 110
nNE P
s a
g'ﬁ
v 2 (6) 40/60 4 8000 1.5 0.8 100

X Fel"ovf'-te 6""’ (’

[0095] According to the present invention, there can be provided light emitting polymer compositions which permits
providing an organic electroluminescence device high in luminous efficiency and excellent in durability and forming a
functional organic material layer with ease by the wet process.

[0096] Disclosed herein is a light emitting polymer composition which permits providing an organic electrolumines-
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cence device high in luminous efficiency and excellent in durability and forming a functional organic material layer with
ease by the wet process.

[0097] The light emitting polymer composition comprising a polymer component and a phosphorescent agent con-
tained in the polymer component, wherein the polymer component is composed of a hole transporting component
formed from 50 to 99 mol% of a hole transporting monomer and an electron transporting component formed from 50
to 1 mol% of an electron transporting monomer. The polymer component is a copolymer composed of 50 to 99 mol%of
structural units derived from the hole transporting monomer and 50 to 1 mol% of structural units derived from the
electron transporting monomer. The light emitting polymer composition is used in an organic electroluminescence
device and a production process thereof.

Claims

1. Alight emitting polymer composition comprising a polymer component and a phosphorescent agent contained in
the polymer component, wherein the polymer component is a copolymer composed of 50 to 99 mol% of structural
units derived from the hole transporting monomer and 50 to 1 mol% of structural units derived from the electron

transporting monomer.

2. The light emitting polymer composition according to claim 1, wherein the hole transporting monomer is an aromatic
tertiary amine derivative, and the electron transporting monomer is an oxadiazole derivative.

3. The light emitting polymer composition according to claim 1, wherein the phosphorescent agent is a complex
compound of a metal selected from the group consisting of iridium, platinum and osmium.

4. The light emitting polymer composition according to claim 1, wherein the phosphorescent agent is composed of
an iridium complex compound represented by the following general formula (1):

General formula (1)

RMDa  (RYa

wherein R and R2 are, independently, a substituent composed of a fluorine atom, alkyl group or aryl group and
may be the same or different from each other, m is an integer of 0 to 4, and n is an integer of 0 to 4.

5. The light emitting polymer composition according to claim 4, wherein the content of an impurity compound repre-
sented by the following general formula (X) in the phosphorescent agent is at most 1,000 ppm:
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General formula (X) (R')n (R®n
(R VA

> T ——a (R,

(R®)u
(R (RY)a

wherein R and R2 are, independently, a substituent composed of a fluorine atom, alkyl group or aryl group and
may be the same or different from each other, m is an integer of 0 to 4, and n is an integer of 0 to 4.

An organic electroluminescence device comprising a functional organic material layer which functions as a light
emitting layer or hole transport layer and is formed by a light emitting polymer composition according to claim 1.

A process for producing an organic electroluminescence device, which comprises the step of forming a functional
organic material layer by applying a solution of a light emitting polymer composition according to claim 1 dissolved
in an organic solvent to the surface of a substrate and subjecting the resultant coating to a treatment for removing
the organic solvent.

Patentanspriiche

1.

Lichtemittierende Polymerzusammensetzung, die eine Polymerkomponente und ein phosphoreszierendes Mittel
umfasst, das in der Polymerkomponente enthalten ist, wobei die Polymerkomponente ein Copolymer ist, das aus
50 bis 99 Mol-% Struktureinheiten, die sich von einem Monomer ableiten, das Luicken transportiert, und 50 bis 1
Mol-% Struktureinheiten, die sich von einem Monomer ableiten, das Elektronen transportiert, besteht.

Lichtemittierende Polymerzusammensetzung nach Anspruch 1, wobei das Monomer, das Liicken transportiert,
ein aromatisches tertidares Aminderivat und das Monomer, das Elektronen transportiert, ein Oxadiazolderivat ist.

Lichtemittierende Polymerzusammensetzung nach Anspruch 1, wobei das phosphoreszierende Mittel eine Kom-
plexverbindung eines Metalls ausgewahlt aus der Gruppe bestehend aus Iridium, Platin und Osmium ist.

Lichtemittierende Polymerzusammensetzung nach Anspruch 1, wobei das phosphoreszierende Mittel aus einem
Iridiumkomplex besteht, der durch die folgende allgemeine Formel (1) dargestellt wird:
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Allgemeine Formel (1)

(RHDa  (R's

wobei R' und R2 unabhangig ein Substituent bestehend aus einem Fluoratom, einer Alkylgruppe oder einer Aryl-
gruppe sind und gleich oder voneinander verschieden sein kénnen, m eine ganze Zahl von 0 bis 4 und n eine
ganze Zahl von 0 bis 4 ist.

Lichtemittierende Polymerzusammensetzung nach Anspruch 4, wobei der Gehalt einer verunreinigenden Verbin-
dung, die durch die folgende allgemeine Formel (X) dargestellt wird, in dem phosphoreszierenden Mittel héchstens
1000 ppm betragt:

Allgemeine Formel (X)

(R")a (R¥)a
(R¥)n /

'y Ir--——-—..cg (R')n

(R¥)a
(R®)n (RYa

wobei R" und R2 unabhangig ein Substituent bestehend aus einem Fluoratom, einer Alkylgruppe oder einer Aryl-
gruppe sind und gleich oder voneinander verschieden sein kénnen, m eine ganze Zahl von 0 bis 4 und n eine
ganze Zahl von 0 bis 4 ist.

Organische Elektrolumineszenzvorrichtung mit einer funktionellen Schicht aus organischem Material, die als eine
lichtemittierende Schicht oder eine Schicht, die Liicken transportiert, fungiert und aus einer lichtemittierenden

Polymerzusammensetzung nach Anspruch 1 gebildet ist.

Verfahren zur Herstellung einer organischen Elektrolumineszenzvorrichtung, das einen Schritt des Bildens einer
funktionellen Schicht aus organischem Material durch Aufbringen einer Lésung einer lichtemittierenden Polymer-

17



10

15

20

25

30

35

40

45

50

55

EP 1311 138 B1

zusammensetzung nach Anspruch 1 gelést in einem organischen Lésungsmittel auf die Oberflache eines Substrats
und des Behandelns des resultierenden Uberzugs zum Entfernen des organischen Lésungsmittels umfasst.

Revendications

Composition de polymére émettant de la lumiére comprenant un composant polymeére et un agent phosphorescent
contenu dans le composant polymére, dans laquelle le composant polymére est un copolymére composé de 50
a 99 % en mol de motifs structurels dérivés du monomeére transportant les trous et de 50 a 1 % en mol de motifs
structurels dérivés du monomeére de transport d'électrons.

Composition de polymére émettant de la lumiére selon la revendication 1, dans laquelle le monomére de transport
de trous est un dérivé amine tertiaire aromatique et le monomére de transport d'électrons est un dérivé oxadiazole.

Composition de polymere émettant de la lumiére selon la revendication 1, dans laquelle I'agent phosphorescent
est un composé complexe d'un métal choisi dans le groupe consistant en l'iridium, le platine et I'osmium.

Composition de polymére émettant de la lumiere selon la revendication 1, dans laquelle I'agent phosphorescent
est composé d'un composé complexe d'iridium représenté par la formule générale (1) suivante :

Formule générale (1)

(RY)y

(R®)a  (RY)a

dans laquelle R et R2 sont, indépendamment, un substituant composé d'un atome de fluor, d'un groupe alkyle ou
d'un groupe aryle et peuvent étre identiques ou différents I'un de I'autre, m est un entier de 0 a 4 et n est un entier
de 0 a 4.

Composition de polymére émettant de la lumiére selon la revendication 4, dans laquelle la teneur en un composé
impureté représenté par la formule générale (X) suivante dans I'agent phosphorescent est d'au plus 1 000 ppm :
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Formule générale (X)

(RDa (RY,

dans laquelle R et R2 sont, indépendamment, un substituant composé d'un atome de fluor, d'un groupe alkyle ou
d'un groupe aryle et peuvent étre identiques ou différents I'un de l'autre, m est un entier de 0 a 4 et n est un entier
de0a4.

Dispositif électroluminescent organique comprenant une couche de matiére organique fonctionnelle qui fonctionne
comme couche émettant de la lumiére ou couche de transport de trous et est formée par une composition de
polymére émettant de la lumiére selon la revendication 1.

Procédé de production d'un dispositif électroluminescent organique, qui comprend I'étape de formation d'une cou-
che de matiére organique fonctionnelle en appliquant une solution d'une composition de polymére émettant de la
lumiere selon la revendication 1 dissoute dans un solvant organique a la surface d'un substrat et en soumettrant
le revétement résultant a un traitement pour éliminer le solvant organique.
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