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(57) ABSTRACT

A polymer compound comprising a repeating unit repre-
sented by the following general formula (1-1) and/or a repeat-
ing unit represented by the following general formula (1-2):

[General Formula (1-1)]

[Chemical Formula 1]

Rp Rg

{1-1)

(inthe formula, Ry andR , arethe same or different, and each
represents a phenyl group or the like, and R ;; and R, are the
same or different, and each represents a hydrogen atom or the
like)

[General Formula (1-2)]

[Chemical Formula 2]

Rp Rg

(inthe formula, Ry and R,,are the same or different, and each
represents a phenyl group or the like, and R ,, and R, are the
same or different, and each represents a hydrogen atom or the
like).
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POLYMER COMPOUND AND METHOD FOR
PRODUCING THE SAME, AND
LIGHT-EMITTING MATERIAL, LIQUID
COMPOSITION, THIN FILM, POLYMER
LIGHT-EMITTING DEVICE, SURFACE
LIGHT SOURCE, DISPLAY DEVICE,
ORGANIC TRANSISTOR AND SOLAR CELL,
EACH USING THE POLYMER COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to: a polymer com-
pound; a method for producing the same; and a light-emitting
material, a liquid composition, a thin film, a polymer light-
emitting device, a surface light source, a display device, an
organic transistor and a solar cell, each using the polymer
compound.

BACKGROUND OF THE INVENTION

[0002] Solvent-soluble polymer compounds are useful as
materials for producing, for example, light-emitting devices
and the like, because the solvent-soluble polymer compounds
can be easily formed into organic layers in light-emitting
devices and the like by application methods. In this connec-
tion, various kinds of polymer compounds have been studied,
and various poly(arylene vinylene)-based polymer com-
pounds, which are examples of the solvent-soluble polymer
compound, have been disclosed, as of now.

[0003] As examples of such poly(arylene vinylene)-based
polymer compounds, Synthetic Metals (vol. 119), published
in 2001, pp. 149 to 150 (Document 1) discloses polymer
compounds each having a specific triphenylamine skeleton.
Meanwhile, Japanese Unexamined Patent Application Publi-
cation No. Sho 61-103923 (Document 2) discloses polymer
compounds each having a phenothiazine skeleton in the main
chain. Moreover, Synthetic Metals (vol. 74), published in
1995, pp. 71 to 74 (Document 3) discloses polymer com-
pounds each having a thiophene ring skeleton.

DISCLOSURE OF THE INVENTION

[0004] However, conventional poly(arylene vinylene)-
based polymer compounds as described in the above-de-
scribed Documents 1 to 3 are not sufficient in terms of fluo-
rescence intensity yet.

[0005] The present invention has been made in view of the
above-described problem of the conventional techniques, and
an object of the present invention is to provide: a polymer
compound exhibiting a sufficiently high fluorescence inten-
sity and being suitably usable as a light-emitting material, a
charge transport material, and the like; a method for produc-
ing the same; and a light-emitting material, a liquid compo-
sition, a thin film, a polymer light-emitting device, a surface
light source, a display device, an organic transistor and a solar
cell, each using the polymer compound.

[0006] The present inventors have made earnest study to
achieve the above-described object. As a result, the present
inventors have found that inclusion of a repeating unit repre-
sented by the following general formula (1-1) and/or a repeat-
ing unit represented by the following general formula (1-2)
makes it possible to obtain a polymer compound exhibiting a
sufficiently high fluorescence intensity and being suitably
usable as a light-emitting material and a charge transport
material, and the like. This finding has led the present inven-
tors to complete the present invention.
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[0007] Specifically, a polymer compound of the present
invention comprises a repeating unit represented by the fol-
lowing general formula (1-1) and/or a repeating unit repre-
sented by the following general formula (1-2).

[General Formula (1-1)]

[Chemical Formula 1]

Rp Ry

{1-1)

(Inthe formula, R, and R, are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R, and R, are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12
carbon atoms, and a phenyl group.)

[General Formula (1-2)]

[Chemical Formula 2]

Rp Re

(Inthe formula, Ry, and R, are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms and a phenyl group sub-
stituted by an alkoxy group having 1 to 12 carbon atoms, and
R, and R, are the same or different, and each represents any
one of a hydrogen atom, an alkyl group having 1 to 12 carbon
atoms and a phenyl group.)

[0008] The above-described polymer compound of the
present invention may comprise a repeating unit other than
the repeating units represented by the general formula (1-1)
and the general formula (1-2). Preferable example of the
repeating unit which can be included in the above-described
polymer compound of the present invention, and which is
other than those represented by the general formula (1-1) and
the general formula (1-2) is a repeating unit represented by
the following general formula (2).
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[General Formula (2)]

[Chemical Formula 3]

O.O CRLB - CRe} B

Rz Rg

(Inthe formula, Ry and R, ;are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R, and R, are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12
carbon atoms and a phenyl group.)

[0009] Meanwhile, in the above-described polymer com-
pound of the present invention, at least one of R ;; and R, in
the general formula (1-1) and/or at least one of R ;, and R, in
the general formula (1-2) are each preferably an alkyl group
having 1 to 12 carbon atoms, and at least one of R ;; and R 5
in the general formula (2) is preferably an alkyl group having
1 to 12 carbon atoms.

[0010] Moreover, in the above-described polymer com-
pound of the present invention, at least one of R ;; and R ; in
the general formula (1-1) and/or at least one of R ,, and R, in
the general formula (1-2) are each preferably a phenyl group,
and at least one of R ;; and R 5 in the general formula (2) is
preferably a phenyl group.

[0011] A method for producing a polymer compound of the
present invention is a method for producing the above-de-
scribed polymer compound of the present invention, the
method comprising reacting a compound represented by the
following general formula (100) with a compound repre-
sented by the following general formula (200) in the presence
of a palladium catalyst and a base to obtain the polymer
compound.

[General Formula (100)]
X! caAh=C(Aa%-x? (100)

(In the formula, A' and A are the same or different, and each
represents anyone of a hydrogen atom, an alkyl group having
1 to 12 carbon atoms and a phenyl group, and X" and X* are
the same or different, and each represents any one of a boronic
acid group and a boronic ester group.)

[General Formula (200)]

Y —Aryg—Y? (200)
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{In the formula, Ar,, represents a group represented by any
one of the following formulae (201) and (202):

[Chemical Formula 4]

0
o
0
T

Ris Rgs

01

202)

(in the formulae, Ry, R,4. Ry, and R, 5 are the same or dif-
ferent, and each represents any one of an alkyl group having
1 to 12 carbon atoms, a pheny! group, a phenyl group substi-
tuted by an alkyl group having 1 to 12 carbon atoms, and a
phenyl group substituted by an alkoxy group having 1 to 12
carbon atoms), and

Y' and Y? are the same or different, and each represents any
one of a halogen atom, an alkyl sulfonate group, an aryl
sulfonate group and an aryl alkyl sulfonate group}.

[0012] A liquid composition of the present invention com-
prises: the above-described polymer compound of the present
invention; and asolvent. A light-emitting material, a thin film,
an organic transistor and a solar cell of the present invention
each comprise the above-described polymer compound of the
present invention.

[0013] Meanwhile, a polymer light-emitting device of the
present invention comprises an organic layer containing the
above-described polymer compound of the present invention,
said organic layer being located between electrodes including
an anode and a cathode.

[0014] Meanwhile, a surface light source and a display
device of the present invention each comprise the above-
described polymer light-emitting device of the present inven-
tion.

[0015] According to the present invention, it is possible to
provide: a polymer compound exhibiting a sufficiently high
fluorescence intensity, and being suitably usable as a light-
emitting material, a charge transport material, and the like; a
method forproducing the same; and a light-emitting material,
a liquid composition, a thin film, a polymer light-emitting
device, a surface light source, a display device, an organic
transistor and a solar cell, each using the polymer compound.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] Hereinafter, the present invention will be described
in detail on the basis of preferred embodiments thereof.
[0017] [Polymer Compound]

[0018] Firstly, a polymer compound of the present inven-
tion will be described. The polymer compound of the present
invention comprises a repeating unit represented by the fol-
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lowing general formula (1-1) and/or a repeating unit repre-
sented by the following general formula (1-2).

[General Formula (1-1)]

[Chemical Formula 5]

O.O CRdl :CREI_

Ra Ry

{1-1)

(Inthe formula, R, and R, atethe same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R, and R, are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12

carbon atoms and a phenyl group.)

[General Formula (1-2)]

[Chemical Formula 6]

O‘O CRﬂ - CReZ B

Rp Rg

(Inthe formula, R, and R, are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms and a phenyl group sub-
stituted by an alkoxy group having 1 to 12 carbon atoms, and
R, and R, are the same or different, and each represents any
one of a hydrogen atom, an alkyl group having 1 to 12 carbon
atoms and a phenyl group.)

[0019] The alkyl group which may be selected as Ry, R,
Ry, and R, in the general formulae (1-1) and (1-2) is an alkyl
group having 1 to 12 carbon atoms. Such an alkyl group may
be linear, branched or cyclic, and moreover may have sub-
stituents. Examples of such an alkyl group having 1 to 12
carbon atoms include a methyl group, an ethyl group, a propyl
group, an i-propyl group, a butyl group, an i-butyl group, a
t-butyl group, a pentyl group, a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a 2-ethylhexyl group, a
nonyl group, a decyl group, a 3,7-dimethyloctyl group, a
lauryl group, a trifluoromethyl group, a pentafluoroethyl
group, a perfluorobutyl group, a perfluorohexyl group, a petr-
fluorooctyl group, and the like. Among such alkyl groups
each having 1 to 12 carbon atoms, a butyl group. an i-butyl
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group, as-butyl group, a t-butyl group. a pentyl group, ahexyl
group, aheptyl group, an octyl group, a 2-ethylhexyl group, a
nonyl group, a decyl group, and a 3,7-dimethyloctyl group are
preferable, and a hexyl group, a heptyl group. an octyl group,
a 2-ethylhexyl group, and a 3,7-dimethyloctyl group are more
preferable, from the viewpoint of solubility of the polymer
compound in a solvent.

[0020] The phenyl group substituted by an alkyl group
having 1 to 12 carbon atoms, which may be selected as R,
R,;, Ry, and R, inthe general formulae (1-1) and (1-2), may
be any one of phenyl groups, as long as the phenyl groups are
those in each of which the above-described alkyl group hav-
ing 1 to 12 carbon atoms is introduced into a phenyl ring as a
substituent. The number of the above-described substituents
on the phenyl ring is preferably 1 to 5, (more preferably 1 to
3, particularly preferably 1). Moreover, such an alkyl group as
the substituent on the phenyl ring is the same one as the
above-described alkyl group which may be selected as R,
R, Rp, and R,. Examples of such a phenyl group substi-
tuted by an alkyl group having 1 to 12 carbon atoms include
a methyl group-substituted phenyl group, an ethyl group-
substituted phenyl group, a propyl group-substituted phenyl
group, an i-propyl group-substituted phenyl group, a butyl
group-substituted phenyl group, an i-butyl group-substituted
phenyl group, a s-butyl group-substituted phenyl group, a
t-butyl group-substituted phenyl group, a pentyl group-sub-
stituted phenyl group, a hexyl group-substituted phenyl
group, a cyclohexyl group-substituted phenyl group, a heptyl
group-substituted phenyl group, an octyl group-substituted
phenyl group, a 2-ethylhexyl group-substituted phenyl group,
a nonyl group-substituted phenyl group, a decyl group-sub-
stituted phenyl group, a 3,7-dimethylocty] group-substituted
phenyl group, a lauryl group-substituted phenyl group, a tri-
fluoromethy] group-substituted phenyl group, a pentafluoro-
ethyl group-substituted phenyl group, a perfluorobutyl group-
substituted phenyl group, a perfluorohexyl group-substituted
phenyl group, a perfluorooctyl group-substituted phenyl
group, and the like. Among these, from the view point of
solubility of the polymer compound in a solvent, a butyl
group-substituted phenyl group, an i-butyl group-substituted
phenyl group, a s-butyl group-substituted phenyl group, a
t-butyl group-substituted phenyl group, a hexyl group-substi-
tuted phenyl group, a heptyl group-substituted phenyl group,
an octyl group-substituted phenyl group, a 2-ethylhexyl
group-substituted phenyl group, a nonyl group-substituted
phenyl group, a decyl group-substituted phenyl group, and a
3,7-dimethyloctyl group-substituted phenyl group are prefer-
able.

[0021] Moreover, the phenyl group substituted by an
alkoxy group having 1 to 12 carbon atoms, which may be
selectedas R4, R,,, Ry, and R, in the general formulae (1-1)
and (1-2), may be anyone of phenyl groups, as long as the
phenyl groups are those in each of which an alkoxy group
having 1 to 12 carbon atoms is introduced into a phenyl ring
as a substituent. The number of the substituent on the phenyl
ring is preferably 1 to 5 (more preferably 1 to 3, and particu-
larly preferably 1). Such an alkoxy group as the substituent
has 1 to 12 carbon atoms, and examples thereof include meth-
oxy, ethoxy, propyloxy, isopropyloxy, butoxy, isobutoxy,
s-butoxy, t-butoxy, pentyloxy, hexyloxy, cyclohexyloxy, hep-
tyloxy, octyloxy, 2-ethylhexyloxy, nonyloxy, decyloxy, 3,7-
dimethyloctyloxy, lauryloxy, and the like. Such alkoxy
groups may further include substituents.
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[0022] Examples of such a phenyl group substituted by an
alkoxy group having 1 to 12 carbon atoms include a methoxy
group-substituted phenyl group, an ethoxy group-substituted
phenyl group, a propyloxy group-substituted phenyl group,
an i-propyloxy group-substituted phenyl group. a butoxy
group-substituted phenyl group, an i-butoxy group-substi-
tuted phenyl group, a s-butoxy group-substituted phenyl
group, a t-butoxy group-substituted phenyl group, a penty-
loxy group-substituted phenyl group, a hexyloxy group-sub-
stituted phenyl group, a cyclohexyloxy group-substituted
phenyl group, a heptyloxy group-substituted phenyl group,
an octyloxy group-substituted phenyl group, a 2-ethylhexy-
loxy group-substituted phenyl group, a nonyloxy group-sub-
stituted phenyl group, a decyloxy group-substituted phenyl
group, a 3,7-dimethyloctyloxy group-substituted phenyl
group, a lauryloxy group-substituted phenyl group, a trifluo-
romethoxy group-substituted phenyl group, a pentafluoroet-
hoxy group-substituted phenyl group, a perfluorobutoxy
group-substituted phenyl group, a perfluorohexyloxy group-
substituted phenyl group, a perfluorooctyloxy group-substi-
tuted phenyl group, a methoxymethyloxy group-substituted
phenyl group, a 2-methoxyethyloxy group-substituted phe-
nyl group, and the like. Among such phenyl groups each
substituted by an alkoxy group having 1 to 12 carbon atoms,
from the view point of solubility of the polymer compound in
a solvent, a butoxy group-substituted phenyl group, an i-bu-
toxy group-substituted phenyl group, a t-butoxy group-sub-
stituted phenyl group, a pentyloxy group-substituted phenyl
group, a hexyloxy group-substituted phenyl group, a hepty-
loxy group-substituted phenyl group, an octyloxy group-sub-
stituted phenyl group, a 2-ethylhexyloxy group-substituted
phenyl group, a nonyloxy group-substituted phenyl group, a
decyloxy group-substituted phenyl group, a 3,7-dimethyloc-
tyloxy group-substituted phenyl group, and a lauryloxy
group-substituted phenyl group are preferable.

[0023] Meanwhile, R, R,,, R, and R, in the general
formulae (1-1) and (1-2) may be the same or different, and
each represent a hydrogen atom, an alkyl group having 1 to 12
carbon atoms, or a phenyl group. The alkyl group which may
be selected as such R, , R,;, R, and R, is an alkyl group
having 1 to 12 carbon atoms. Such an alkyl group may be
linear, branched or cyclic, and further may have a substituent.
Specific examples of such an alkyl group having 1 to 12
carbon atoms include a methyl group, an ethyl group, a propyl
group, an i-propyl group, a butyl group, an i-butyl group, a
s-butyl group, a t-butyl group, a pentyl group, a hexyl group,
a cyclohexyl group, a heptyl group, an octyl group, a 2-eth-
ylhexyl group, a nonyl group, a decyl group, a 3,7-dimethy-
loctyl group, a lauryl group, a trifluoromethyl group, a pen-
tafluoroethyl group, a perfluorobutyl group, a perfluorohexyl
group, a perfluorooctyl group, and the like. Among such alkyl
groups each having 1 to 12 carbon atoms, from the viewpoint
of solubility of the polymer compound in a solvent, a propyl
group, an i-propyl group, a butyl group, an i-butyl group, a
t-butyl group, a pentyl group, a hexyl group, a heptyl group,
an octyl group, a 2-ethylhexyl group, a nonyl group, a decyl
group, and a 3,7-dimethyloctyl group are preferable, and a
propyl group, an i-propyl group, a butyl group, an i-butyl
group, a pentyl group, a hexyl group, a heptyl group, an octyl
group, and a 2-ethylhexyl group are more preferable.

[0024] In the polymer compound of the present invention,
from the viewpoint of solubility of the polymer compound
and fluorescence intensity thereof, at least one of R ;; and R,
in the general formula (1-1) and/or at least one of R ,, and R ,
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in the general formula (1-2) are each preferably the alkyl
group having 1 to 12 carbon atoms.

[0025] Furthermore, in the polymer compound of the
present invention, from the viewpoints of lengthening absorp-
tion and emission wavelengths of a thin film formed of the
polymer compound and of fluorescence intensity thereof and
of heat resistance thereof, at least one of R ;, and R, in the
general formula (1-1) and/or at least one of R ;, and R _, inthe
general formula (1-2) are each preferably the phenyl group.

[0026] Specific examples of the repeating unit represented
by the general formula (1-1) and/or (1-2) include repeating
units represented by the following general formulae:

C|:CH
CsHyy

[Chemical Formula 7]

Rup R

CH=C
\
CsHyy
Rup Ry
Ry Re

CH=C

5
0

Ruz Re

(in the formula, R,,, have the same meaning as R, R, have
the same meaning as R |, R, , have the same meaning as R,
and R, have the same meaning as Rgz).

[0027] Further, the polymer compound of the present
invention needs to comprise at least one kind of the repeating
unit represented by the general formula (1-1) and the repeat-
ing unit represented by the general formula (1-2), and may
comprise two or more kinds of repeating units as the repeating
units represented by each of the general formulae (1-1) and
(1-2). The polymer compound of the present invention may
further comprise a different repeating unit other than the
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repeating units represented by the general formulae (1-1) and
(1-2), as long as fluorescence properties and charge transport
properties are not impaired.

[0028] In the polymer compound of the present invention,
the total amount of the repeating units which are included in
the polymer compound and which are represented by the
general formula (1-1) and/or the repeating units which are
included in the polymer compound and which are represented
by the general formula (1-2) is preferably 5% by mole or
more, more preferably 20% by mole or more, and further
preferably 40% by mole or more, relative to all repeating
units. If the ratio of the total amount of the repeating units
represented by the general formulae (1-1) and (1-2) is less
than the lower limit, the fluorescence intensity and the solu-
bility in a solvent tend to be lowered.

[0029] Meanwhile, from the viewpoints of fluorescence
intensity and solubility ina solvent, the polymer compound of
the present invention preferably further comprises a repeating
unit which is other than the repeating units represented by the
general formulae (1-1) and/or (1-2) and which is represented
by, for example, the following general formula (2):

[Chemical Formula 8]

O.O CRd3 - CReg B

Rg Rg

@

(inthe formula, R 5 and R, are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R ,; and R, , are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12
carbon atoms and a phenyl group).

[0030] Such an alkyl group having 1 to 12 carbon atoms, the
phenyl group substituted by an alkyl group having 1 to 12
carbon atoms, and the phenyl group substituted by an alkoxy
group having 1 to 12 carbon atoms, each of the groups being
selectedas R 5 or R in the general formula (2) in some cases,
are the same as those described as R and R, in the general
formula (1-1). Meanwhile, the alkyl group having 1 to 12
carbon atoms which may be selected as R ; or R ; in the
general formula (2) is the same as one described as R ,;, and
R,, in the general formula (1-1).

[0031] In such a repeating unit represented by the general
formula (2), at least one of R ;; and R ; in the general formula
(2) is preferably an alkyl group having 1 to 12 carbon atoms
from the viewpoints of solubility of the polymer compound
and fluorescence intensity thereof, and at least one of R ;; and
R_; in the general formula (2) is preferably a phenyl group
from the viewpoints of lengthening absorption and emission
wavelengths of a thin film of the polymer compound, and of
heat resistance and fluorescence intensity of the thin film.
[0032] Inthepolymer compound ofthe present invention, a
total amount of the repeating units represented by the general
formula (1-1), (1-2) and (2) and included in the polymer
compound is preferably 10% by mole or more relative to all
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repeating units, and is more preferably 50% by mole or more,
and is further preferably 80% by mole or more. If the total
amount of such repeating units is less than the lower limit,
sufficient fluorescence intensity and solubility tend not to be
obtained.

[0033] Moreover, as a different repeating unit other than the
repeating units represented by the general formulae (1-1)
and/or (1-2), the polymer compound of the present invention
may comprise, for example, a repeating unit represented by
the following general formula (3):

—Ar300—Alz0— (€)

(in the formula, Aryy,s are the same or different, and each
represents one selected from the group consisting of an
arylene group, a divalent heterocyclic group and a divalent
aromatic amine residue). Such a repeating unit represented by
the general formula (3) is favorable from the viewpoint of
improvement in the strength and durability of a thin film of
polymer compound.

[0034] Examples of such an arylene group which may be
selected as each Ar,,, in the general formula (3) include a
phenylene group, a naphthalenediyl group, an anthracenediyl
group, a pyrenediyl group, a fluorenediyl group, and the like.
Among these, a fluorenediyl group is preferable. Meanwhile,
examples of the divalent heterocyclic group which may be
selected as each of the above-described Arsg, include a
thiophenediyl group, a pyrrolediyl group, a furandiyl group, a
pyridinediyl group, a benzothiadiazolediyl group, a dibenzo-
furandiyl group, a dibenzothiophenediyl group, a phenox-
azinediyl group, a carbazolediyl group, and the like. Among
these, a dibenzofurandiyl group, a dibenzothiophenediyl
group, and a phenoxazinediyl group are preferable. More-
over, the divalent aromatic amine residue represented by the
above-described Ar,,, is not particularly limited, as long as
the divalent aromatic amine residue is a residue obtainable by
removing two hydrogen atoms from aromatic rings of an
aromatic amine, and an example thereof'is an aromatic amine
residue represented by the following general formula (4):

[Chemical Formula 9]

[eh:A CyM

[0035] Inthe repeating unit represented by the general for-
mula (3), at least one of the groups represented by Ar;qes is
preferably any one of an arylene group (more preferably a
fluorenediyl group) and a divalent aromatic amine residue
(more preferably the group represented by the general for-
mula (4)). Preferred examples of the repeating unit repre-
sented by the general formula (3) include a repeating unit in
which one of the groups represented by Ar,s in the general
formula (3) is a fluorenediyl group, and which is represented
by the following general formula (3-1):
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[Chemical Formula 10]

Rs Rgs

(3-1

(inthe formula, R s and R ; have the same meaning as R  and
R, in the general formula (2), and Ar;,,, represents any one of
an arylene group, a divalent heterocyclic group, and a divalent
aromatic amine residue).

[0036] In the repeating unit represented by the general for-
mula (3), itis preferable that one of Ar, s be an arylene group
(more preferably a fluorenediyl group) and the other one of
Ar;,s be a divalent aromatic amine residue (more preferably
a group represented by the general formula (4)).

[0037] When the polymer compound of the present inven-
tion comprises the repeating unit represented by the general
formula (3), the total amount of the repeating units repre-
sented by the general formulae (1-1), (1-2) and (3) is prefer-
ably 10% by mole or more, more preferably 50% by mole or
more, and further preferably 80% by mole or more, relative to
all repeating units.

[0038] From the viewpoints of solubility and film formabil-
ity, the polymer compound of the present invention preferably
has a polystyrene equivalent number average molecular
weight of 10° to 10%, and more preferably has a polystyrene
equivalent weight average molecular weight of 2x10° to
1x107. Here, the “number average molecular weight” and the
“weight average molecular weight™ are determined, as a poly-
styrene equivalent number average molecular weight and
weight average molecular weight, by gel permeation chroma-
tography (GPC) using tetrahydrofuran as a solvent.

[0039] Inthe polymer compound ofthe present invention, a
preferred total number of repeating units varies depending on
kinds of the repeating units and on the content ratio of the
repeating units, and can not be generalized. However, from
the viewpoint of film formability, the total number of repeat-
ing units is normally preferably 3 to 10000, further preferably
5 to 10000, and particularly preferably 10 to 5000.

[0040] The polymer compound of the present invention
may be a random, block or graft copolymer; alternatively, the
polymer compound of the present invention may be a poly-
mer having an intermediate structure thereamong, for
example, a random copolymer having block properties to
some extent. As such a polymer compound, a random copoly-
mer having block properties to some extent or a block or graft
copolymer is preferable over a completely random copoly-
mer from the viewpoint of obtaining a polymer compound
with a higher fluorescence intensity. Note that such a copoly-
mer includes: polymers whose main chain is branched, so that
three or more end portions exist therein; and dendrimers.
[0041] In the polymer compound of the present invention,
the repeating units represented by the general formulae (1-1)
and/or (1-2) may be linked by a non-conjugated unit, or linked
by a different repeating unit having such non-conjugated
moieties. Examples of such linking structural units serving as
linking units include: groups shown in the following general
formulae (A); a combination of a group shown in the follow-
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ing general formulae (A) and a vinylene group; a combination
of two or more groups shown in the following general formu-
lae (A); and the like.

[General Formulae (A)]

[Chemical Formula 11]

(4
I
—0— —§— —N— —B— —Ti—
R
R 0
| I | I
R
0 0 I
| | ¢
N —tN— — S—
| | N
R R
|
o o o0
i L
— >N — />Ar/ N— —c=c—
N <’ o
| I
0 0 0

(in the formulae, Rs may be the same or different, and each
represents one kind of group selected from the group consist-
ing of a hydrogen atom, an alkyl group having 1 to 20 carbon
atoms, an aryl group having 6 to 60 carbon atoms, and a
heterocyclic group having 4 to 60 carbon atoms, and Ar
represents a hydrocarbon group having 6 to 60 carbon atoms).
[0042] If the polymer compound of the present invention
has, as its end-group, a group which is polymerization-active
and which is intact, emission characteristics and lifetime
characteristics tend to deteriorate in a case where the polymer
compound is used as a polymer light-emitting device or the
like. Hence, the end-group may be protected by a stable
group. In this way, when the end-group is protected by a
stable group, the polymer compound preferably has a conju-
gated bond continuous to a conjugated structure of the main
chain. An example of such a structure is a structure in which
the bond between the end-group and the aryl group or the
heterocyclic group is a carbon-carbon bond. Examples of
such a stable group for protecting the end-group include
substituents such as monovalent aromatic compound groups
represented by the structural formulae in Chemical Formula
10 in Japanese Unexamined Patent Application Publication
No. Hei 9-45478. When light emission from a thin film of the
polymer compound of the present invention is utilized, those
which exhibit fluorescence and/or phosphorescence in their
solid state are suitably used.

[0043] The polymer compound of the present invention is
useful as, for example, materials used for light-emitting mate-
rials, thin films, organic transistors, solar cells, and the like.
When the polymer compound of the present invention is used
in these applications, the purity of the polymer compound has
an effect on the characteristics. Accordingly, monomers
before polymerization are preferably purified by a method
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such as distillation or sublimation purification, or recrystalli-
zation, and then polymerized. After the synthesis, it is pref-
erable to perform purification treatment such as reprecipita-
tion purification, fractionation by chromatography, or the
like.

[0044] When production or the like of an organic layer in
such a light-emitting device or the like is performed, the
polymer compound of the present invention may be dissolved
in a solvent for use. Examples of good solvents used therefore
include chloroform, methylene chloride, dichloroethane, tet-
rahydrofuran, toluene, xylene, mesitylene, tetralin, decalin,
n-butyl benzene, and the like. The added amount of the poly-
mer compound dissolved in such a solvent is preferably 0.1%
by mass or more relative to the solvent, although the prefer-
able amount varies depending on the structure of the polymer
compound and the molecular weight thereof and cannot be
generalized.

[0045] Moreover, such a polymer compound of'the present
invention may be utilized as a composition containing at least
one material selected from the group consisting of a material
capable of light emission and a hole transport material. Such
amaterial capable of light emission is not particularly limited,
and can use a known material as appropriate. Among such
materials capable of light emission, examples with a low-
molecular weight include: naphthalene derivatives;
anthracene and derivatives thereof perylene and derivatives
thereof; dyes such as polymethine-based, xanthene-based,
coumarin-based, and cyanine-based; metal complexes of
8-hydroxyquinoline and derivatives thereof; aromatic
amines; tetraphenylcyclopentadiene and derivatives thereof;
tetraphenylbutadiene and derivatives thereof; and the like.
Examples of such materials capable of light emission include:
materials described in Japanese Unexamined Patent Applica-
tion Publication No. Sho 57-51781 and Japanese Unexam-
ined Patent Application Publication No. Sho 59-194393; and
the like.

[0046] The above-described hole transport material is not
particularly limited, and can use a known material as appro-
priate. Examples of such a hole transport material include:
polyvinylcarbazole and derivatives thereof; polysilane and
derivatives thereof; polysiloxane derivatives having aromatic
amines in their side chains or main chains; pyrazoline deriva-
tives; arylamine derivatives; stilbene derivatives; triphenyl-
diamine derivatives; polyaniline and derivatives thereof;
polythiophene and derivatives thereof; polypyrrole and
derivatives thereof; poly(p-phenylene vinylene) and deriva-
tives thereof, poly(2,5-thienylene vinylene) and derivatives
thereof; and the like.

[0047] The content ratio of the at least one material selected
from the group consisting of a material capable of light emis-
sion and a hole transport material in such a composition is
preferably 1% by mass to 80% by mass, and more preferable
5% by mass to 60% by mass. If the content of such a material
is less than the lower limit, sufficient light emission propetrties
and hole transport properties tend not to be imparted. Mean-
while, if the content exceeds the upper limit, the charge trans-
port properties of the polymer compound tend not to be exhib-
ited. Note that, in such a composition, the polymer compound
of the present invention may be used alone or in combination,
and two or more kinds of the polymer compound of the
present invention may be included.

[0048] Such a composition preferably further comprises a
compound having a polystyrene equivalent number average
molecular weight of 10° to 10%, in addition to the polymer
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compound of the present invention. Such a compound having
apolystyrene equivalent number average molecular weight of
10? to 10® is not particularly limited, and can use a known
compound appropriately depending on the usage and the like
of a composition obtained. Examples of such a compound
having a polystyrene equivalent number average molecular
weight of 10°to 10® include: poly(phenylene) and derivatives
thereof; poly(fluorene) and derivatives thereof; poly(benzof-
luorene) and derivatives thereof; poly(dibenzofuran) and
derivatives thereof; poly(dibenzothiophene) and derivatives
thereof; poly(carbazole) and derivatives thereof; poly
(thiophene) and derivatives thereof; poly(phenylene
vinylene) and derivatives thereof; poly(fluorene vinylene)
and derivatives thereof; poly(benzofluorene vinylene) and
derivatives thereof; poly(dibenzofuran vinylene) and deriva-
tives thereof; and the like. Note that these derivatives are other
than the repeating units represented by the general formulae
(1-1),(1-2) and (2).

[0049] Moreover, the method for preparing the polymer
compound of the present invention is not particularly limited,
as long as the method makes it possible to prepare the poly-
mer compound comprising the repeating units represented by
the general formulae (1-1) and/or (1-2). Examples thereof
include the following methods. Note that monomers (raw
material compounds) used in polymerization methods to be
described below are any monomers, as long as the monomers
are compounds from which the polymer compound compris-
ing the repeating units represented by the general formulae
(1-1) and/or (1-2) can be obtained. Examples of suitable
methods for preparing the polymer compound of the present
invention include known methods such as a method described
in Japanese Unexamined Patent Application Publication No.
Hei 5-202355. More specific examples include production
methods which adopt: polymerization by Wittig reaction of a
raw material compound having aldehyde groups with a raw
material compound having phosphonium salt groups; poly-
merization by Wittig reaction of a raw material compound
having an aldehyde group and a phosphonium salt group;
polymerization by Heck reaction ofa raw material compound
having vinyl groups with a raw material compound having
halogen groups; polymerization by Heck reaction of a raw
material compound having a vinyl group and a halogen
group; polymerization of a raw material compound having
aldehyde groups with a raw material compound having alkyl
phosphonate groups by a Horner-Wadsworth-Emmons
method; polymerization of a raw material compound having
an aldehyde group and an alkyl phosphonate group by a
Horner-Wadsworth-Emmons method; polycondensation of a
raw material compound having two or more halogenated
methyl groups by a dehydrohalogenation method; polycon-
densation of a raw material compound having two or more
sulfonium salt groups by a sulfonium salt decomposition
method; polymerization by Knoevenagel reaction of a raw
material compound having aldehyde groups and a raw mate-
rial compound having acetonitrile groups; polymerization by
Knoevenagel reaction of a raw material compound containing
an aldehyde group and an acetonitrile group; polymerization
by McMurry reaction of a raw material compound having two
or more aldehyde groups; and the like. As other methods, a
polymerization method by Suzuki coupling reaction, a poly-
merization method by Grignard reaction, and a polymeriza-
tion method (a Yamamoto reaction method) by using a Ni(0)
catalyst, of monomers (raw material compounds) may be
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adopted. Note that these polymerization methods are prefer-
ably performed in an inert atmosphere of nitrogen gas, argon
gas, or the like.

[0050] Among these preferable methods for preparing the
polymer compound of the present invention, the methods
which adopt the polymerization by Wittig reaction, the poly-
merization by Heck reaction, the polymerization by the Hor-
ner-Wadsworth-Emmons method, the polymerization by
Knoevenagel reaction, the polymerization by Suzuki cou-
pling reaction, and the polymerization (the Yamamoto reac-
tion method) by using a Ni(0) catalyst are preferable, because
the structure can be easily controlled.

[0051] Normally, as an organic solvent used in such meth-
ods, an organic solvent which have been subjected to a suffi-
cient deoxygenation treatment is preferably used in order to
suppress side reactions, although the preferable organic sol-
vent varies according to a raw material compound used and
the adopted reaction. When such an organic solvent is used, it
is also preferable to cause the reaction to proceed in an inert
atmosphere. The above-described organic solvent is prefer-
ably subjected to a dehydration treatment, as similar to the
deoxygenation treatment. Note that the dehydration treat-
ment is not necessarily preferable in a case of a reaction, such
as Suzuki coupling reaction, in a two phase system including
water.

[0052] Examples of such an organic solvent include: satu-
rated hydrocarbons such as pentane, hexane, heptane, octane,
and cyclohexane; unsaturated hydrocarbons such as benzene,
toluene, ethylbenzene, and xylene; saturated halogenated
hydrocarbons such as carbon tetrachloride, chloroform,
dichloromethane, chlorobutane, bromobutane, chloropen-
tane, bromopentane, chlorohexane, bromohexane, chlorocy-
clohexane and bromocyclohexane; unsaturated halogenated
hydrocarbons such as chlorobenzene, dichlorobenzene, and
trichlorobenzene; alcohols such as methanol, ethanol, pro-
panol, isopropanol, butanol, and t-butyl alcohol; carboxylic
acids such as formic acid, acetic acid, and propionic acid,
ethers such as, dimethyl ether, diethyl ether, methyl-t-butyl
ether, tetrahydrofuran, tetrahydropyrane, and dioxane;
amines such as trimethylamine, triethylamine, N,N.N'N'-
tetramethylethylenediamine, and pyridine; amides such as
N,N-dimethylformamide, N,N-dimethylacetamide, N,N-di-
ethylacetamide, and N-methylmorpholine oxide; and the like.
These organic solvents may be used alone or as a mixture of
two or mote kinds.

[0053] Moreover, in these preferred methods for preparing
the polymer compound of the present invention, it is prefer-
able to add, as appropriate, an alkali or a catalyst, in order to
cause the reaction to proceed. These alkali and catalyst may
be selected in accordance with an adopted type of the reac-
tion. As these alkali and catalyst, those sufficiently dissolved
in the organic solvent used for the reaction are preferable.
Examples of a method for mixing these alkali or catalyst
include: amethod in which, while a reaction liquid containing
the raw material compounds and an organic solvent in an inert
atmosphere of argon, nitrogen, or the like is being stirred, a
solution containing an alkali and/or a catalyst is slowly added
thereto; and a method in which the above-described reaction
liquidis slowly added to a solution containing an alkali and/or
a catalyst.

[0054] When the above-mentioned Wittig reaction, Horner
reaction, or the like is adopted as the preferred method for
preparing the polymer compound of the present invention, the
reaction is preferably performed by using an alkali in an
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equivalent amount or more to the functional group of the
monomet, and is preferably performed by using an alkaliin a
1 to 3 equivalent amount. When the Wittig reaction, the Hor-
ner reaction, the Knoevengel reaction, or the like is adopted,
a preferable alkali used is not particularly limited, and
examples thereof include metal alcoholates such as potas-
sium-t-butoxide, sodium-t-butoxide, sodium ethylate, and
lithium methylate, and the like. A preferable solvent used
when the Wittig reaction, the Horner reaction, the Knoeven-
gel reaction, or the like is adopted is N, N-dimethylforma-
mide, tetrahydrofuran, dioxane, toluene, and the like. More-
over, the temperature condition for such reactions is
preferably about from room temperature to 150° C. Though
the reaction time for such a reaction can be set to 5 minutes to
40 hours for example, the reaction time can be set to a time
when the polymerization proceeds sufficiently. Since stand-
ing for a long time after the reaction is unnecessary, the
reaction time is preferably set to 10 minutes to 24 hours. Ifthe
concentration of a reaction liquid containing the raw material
compounds and the organic solvent is too dilute, the effi-
ciency of the reaction is poor. If the concentration is too thick,
control of the reaction is difficult. Hence, the concentration is
preferably in a range from approximately 0.01% by mass or
more to the maximum concentration at which the raw mate-
rial compounds can be dissolved, and more preferably in a
range 0of 0.1 to 20% by mass.

[0055] When the above-described Heck reaction is
adopted, it is preferable to use a palladium catalyst, and to
react monomers in the presence of a base such as triethy-
lamine. When the Heck reaction is adopted, it is preferable
that a relatively high boiling point solvent such as N,N-dim-
ethylformamide or N-methylpyrrolidone be used as the
organic solvent, that the reaction temperature be set to
approximately 80° C. to 160° C., and that the reaction time be
set to approximately 1 to 100 hours.

[0056] Moreover, when the above-described Suzuki cou-
pling reaction is adopted, it is preferable that the reaction be
performed, while, for example, palladium|tetrakis(triph-
enylphosphine)|, a palladium acetate, dichloro bis(triph-
enylphosphine) palladium (IT) or the like is used as the cata-
lyst, and while an inorganic base such as potassium
carbonate, sodium carbonate, or barium hydroxide, an
organic base such as triethylamine, or an inorganic salt such
as cesium fluoride is added in an equivalent amount or more,
and preferably a 1 to 10 equivalent amount, to a monomer.
Examples of a solvent include N,N-dimethylformamide,
toluene, dimethoxyethane, tetrahydrofuran, and the like. The
base may be added in a form of an aqueous solution, and the
reaction may be performed in a two phase system. The tem-
perature is preferably a temperature of approximately 50° C.
to 160° C., although the temperature varies depending on the
solvent. The temperature may be raised close to the boiling
point of the solvent, and the solvent may be refluxed. The
reaction time is approximately 0.1 to 200 hours.

[0057] As a method for preparing the polymer compound
of the present invention, a method for producing a polymer
compound of the present invention to be described below is
particularly preferable from the viewpoints of easiness of
synthesizing the polymer compound.

[0058] [Production Method of Polymer Compound]

[0059] The method for producing a polymer compound of
the present invention is a method for producing the above-
described polymer compound of the present invention, the
method comprising reacting a compound represented by the
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following general formula (100) with a compound repre-
sented by the following general formula (200) in the presence
of a palladium catalyst and a base to obtain the polymer
compound.

[General Formula (100)]
X C(Ah=C(A2)-X2 (100)

(Inthe formula, A' and A? are the same or different, and each
represents anyone of a hydrogen atom, an alkyl group having
1 to 12 carbon atoms and a phenyl group, and X" and X* are
the same or different, and each represents any one of a boronic
acid group and a boronic ester group.)

[General Formula (200)]

Y —Aryg—Y? (200)

{In the formula, Ar,, represents a group represented by any
one of the following general formulae (201) and (202):

[Chemical Formula 12]

0
o
o

0

Rs Res

(201)

(202)

(in the formulae, R, Reys Rys, and R are the same or dif-
ferent, and each represents any one of an alkyl group having
1 to 12 carbon atoms, a phenyl group, a phenyl group substi-
tuted by an alkyl group having 1 to 12 carbon atoms, and a
phenyl group substituted by an alkoxy group having 1 to 12
carbon atoms), and Y* and Y? are the same or different, and
each represents any one of a halogen atom, an alkyl sulfonate
group, an aryl sulfonate group and an aryl alkyl sulfonate
group. }

[0060] The boronic ester group which may be selected as
X" and X? in the formula (100) is not particularly limited, and
the boronic ester group includes groups represented by the
following general formulae (101):

[Chemical Formula 13]

(101)

/OMe /OEt /o
—B —B —F
\ \ \
OMe OFt 0
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-continued

(in the formulae, Me represents a methyl group, and Et rep-
resents an ethyl group).

[0061] Examples of alkyl groups each of which has 1 to 12
carbon atoms and which can be selected as A' and A? in the
general formula (100) include the same ones as those
described forR;, and R, in the general formula (1-1). From
the viewpoints of availability of amonomer, at least one of A*
and A? is preferably an alkyl group having 1 to 12 carbon
atoms or a phenyl group.

[0062] Specific examples of the compound represented by
such a general formula (100) include compounds represented
by the following formulae (102):

[Chemical Formula 14]

102)

/
B—C=—CH—B

\

o—

I
NN

VAV IVAVIVAY
b 7

i

I

(in the formulae, R®s are the same or different, and each
represents any one of an alkyl group and a phenyl group), or
the like. More specific examples thereof include compounds
represented by the following general formulae (103):

[Chemical Formula 15]

(103)

(0] 6]
\ /
B—C=—=CH—2B
/| \
0 CsHy, 0
[0} O
\ /
B—C=—=CH—2B
a \
(6] CHy (6]
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-continued
(0] (6]
\
B—C=CH—B
/ \
(6] (6]

(0] 0]
\ /
B—C C—B
/ \
(6] (0]

and the like. Note that, examples of the alkyl group repre-
sented by R? in the formula (102) includes the same ones as
those described in R ;; and R, in the general formula (1-1).

[0063] Meanwhile, Y* and Y? in the general fornula (200)
are the same or different, and each represents any one of a
halogen atom, an alkyl sulfonate group, an aryl sulfonate
group and an aryl alkyl sulfonate group. Examples of the
halogen atom which may be selected as Y and Y? include a
fluorine atom, a chlorine atom, a bromine atom, and an iodine
atom. In view of easiness of synthesis of the polymer com-
pound, a bromine atom, and an iodine atom are preferable,
and a bromine atom is further preferable. Examples of the
alkyl sulfonate group include a methanesulfonate group, an
ethanesulfonate group, a trifluoromethanesulfonate group,
and the like. Moreover, examples of the aryl sulfonate group
include a benzenesulfonate group, a p-toluenesulfonate
group, and the like. Examples of the aryl alkyl sulfonate
group include a benzylsulfonate group, and the like.

[0064] Examples of the alkyl group having 1 to 12 carbon
atoms, the phenyl group substituted by an alkyl group having
1 to 12 carbon atoms, and the phenyl group substituted by an
alkoxy group having 1 to 12 carbon atoms, each of the groups
being selected as any of Ry, R, Ry, and Ry in the general
formulae (201) and (202), include the same ones as those
described for Ry, R,), Ry, and Ry, in the general formulae
(1-1) and (1-2).

[0065] Moreover, the above-described palladium catalyst is
not particularly limited, and any of known palladium cata-
lysts which can be used for reaction of the compounds rep-
resented by the general formulae (100) and the general for-
mula (200) can be used as appropriate. Examples of the
palladium catalyst include palladium [tetrakis(triph-
enylphosphine)], palladium acetates, dichloro bis(triph-
enylphosphine) palladium, and the like.

[0066] An amount of the palladium catalyst used when the
compounds represented by the general formula (100) and the
general formula (200) are reacted is not particularly limited,
as long as the amount is enough to obtain an effect as the
catalyst. The amount is preferably 0.0001 moles to 0.5 moles,
and more preferably 0.0003 moles to 0.1 moles, per mole of
the compound represented by the formula (100). If such an
added amount of the catalyst is less than the lower limit, the
efficiency of the reaction tend to be lowered. Meanwhile, if
the added amount exceeds the upper limit, the excessive addi-
tion tends to be wasteful and to lower the economy.

10
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[0067] Moreover, when one of a palladium acetates is used
as the palladium catalyst, for example, a phosphorus com-
pound such as triphenylphosphine, tri(o-tolyl)phosphine, or
tri(o-methoxyphenyl)phosphine may be further added for use
as aligand. When such a phosphorus compound is added as a
ligand as described above, the added amount of the ligand is
preferably 0.5 moles to 100 moles, more preferably 0.9 moles
to 20 moles, and further preferably 1 mole to 10 moles, per
mole of the palladium catalyst.

[0068] The base used when the compounds represented by
the general formula (100) and the general formula (200) isnot
particularly limited, and examples thereof include inorganic
bases, organic bases, inorganic salts, and the like. Examples
of such inorganic bases include potassium carbonate, sodium
carbonate, barium hydroxide, and the like. Examples of the
organic bases include triethylamine, tributyl amine, and the
like. Moreover, examples of the inorganic salts include cae-
sium fluoride and the like.

[0069] The added amount of such a base is preferably 0.5
moles to 100 moles, more preferably 0.9 moles to 30 moles,
and further preferably 1 mole to 20 moles, per mole of the
compound represented by the formula (100). If the added
amount is less than the lower limit, the efficiency of the
reaction tend to be lowered. Meanwhile, if the added amount
exceeds the upper limit, the excessive addition tends to be
wasteful and to lower the economy.

[0070] When the compounds represented by the general
formula (100) and the general formula (200) are reacted, the
reaction is preferably performed in an organic solvent. Such
an organic solvent is not particularly limited, and examples
thereof include  N,N-dimethylformamide, toluene,
dimethoxyethane, tetrahydrofuran and the like. From the
viewpoint of solubility of the poly(arylene vinylene)-based
polymer compound to be obtained, toluene, or tetrahydrofu-
ran is preferably used as the organic solvent.

[0071] When the compounds represented by the general
formula (100) and the general formula (200) are reacted, the
base may be added to the above-described organic solvent.
Furthermore, the base is added in a form of an aqueous
solution, and the reaction may be performed in a two phase
system. Note that, when an inorganic salt is used as the base,
it is preferable that the base be added in a form of an aqueous
solution, and the reaction be performed in a two phase system,
from the viewpoint of solubility of the inorganic salt.

[0072] Moreover, the reaction temperature condition at the
time when the compounds represented by the general formula
(100) and the general formula (200) are reacted is not gener-
alized, because the reaction temperature condition varies
depending on the solvent used and the like. However, the
reaction temperature condition is preferably approximately
50° C. to 160° C., and, from the viewpoints of obtaining the
polymer compound with a higher molecular weight, the tem-
perature condition is more preferably 60° C. to 120° C. In
such a reaction, the temperature may be raised close to the
boiling point of the solvent, and the solvent may be refluxed.

[0073] When the compounds represented by the general
formula (100) and the general formula (200) are reacted, the
reaction time is not particularly limited, and the time at which
a desired degree of polymerization is reached may be set as
the upper limit of the reaction time. The reaction time is
preferably approximately 0.1 hours to 200 hours, and from
the viewpoint of reaction efficiency, the reaction time is more
preferably approximately 0.5 hours to 30 hours.
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[0074] The reaction is preferably performed in an inert
atmosphere. Such an inert atmosphere is not particularly lim-
ited, and may be a system sufficiently deaerated by an inert
gas such as argon gas or nitrogen gas.

[0075] Note that, apreferred example of a method forreact-
ing the compounds represented by the general formula (100)
and the general formula (200) is as follows. Specifically, first,
air in a polymerization reaction vessel (reaction system) is
sufficiently replaced with nitrogen gas, and thereby the poly-
merization reaction vessel is deaerated. The compound rep-
resented by the formula (100), the compound represented by
the formula (200), and dichloro bis(triphenylphosphine) pal-
ladium(IT) as a catalyst are fed into the polymerization vessel.
Further, air in the polymerization vessel is sufficiently
replaced with nitrogen gas, and thereby the polymerization
vessel is deaerated. Next, the organic solvent (for example,
toluene or the like) which is deaerated by bubbling with
nitrogen gas in advance is added to the polymerization vessel,
to thereby obtain a solution. Next, to the obtained solution, an
aqueous solution of a base (for example, a sodium carbonate
aqueous solution, or the like) which is deaerated by bubbling
with nitrogen gas in advance is added dropwise. Then, the
temperature is raised to the reaction temperature by heating,
and the temperature is kept for the reaction time (for example,
kept for 8 hours at the reflux temperature). Thus, while the
inert atmosphere is being maintained, the compounds repre-
sented by the general formula (100) and the general formula
(200) are reacted by polymerization. The polymer compound
of the present invention is produced by carrying out the reac-
tion in this way. Note that, when the obtained polymer com-
pound is caused to comprise a different repeating unit and the
like, a different raw material compound is introduced with the
compounds represented by the general formula (100) and the
general formula (200).

[0076] Inthe method for producing the polymer compound
of the present invention, when the repeating unit represented
by the general formula (2) is further included in the polymer
compound obtained in addition to the repeating units repre-
sented by the general formulae (1-1) and/or (1-2) in the poly-
mer compound obtained, it is preferable to use a compound
represented by the following formula (300):

[Chemical Formula 16]

R Rgs

(300)

[0077] (in the formula, R4 and R ¢ have the same meaning
as R and R, in the general formula (2), andY? and Y* have
the same meaning as Y" and Y* in the general formula (200)),
together with the compounds represented by the formulae
(100) and (200). Note that, in the method for producing the
polymer compound of the present invention, each of the
monomers of the compounds represented by the general for-
mulae (100) and (200), other raw material compound, and the
like may be mixed at once, and then reacted; alternatively, the
monomers are mixed and reacted in a divided manner, if
necessary.
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[0078] 1Inthe method for producing the polymer compound
of the present invention, a way that, after the compound
represented by the general formula (100) and the compound
represented by the general formula (200) are reacted, a com-
pound represented by the following formula (301):

X' Ary—X? (301)

(in the formula, Ar;,, has the same meaning as Ar,,, in the
general formula (3), and X' and X* have the same meaning as
X! and X? in the general formula (100)), and a compound
represented by the following general formula (302):

Yl Aryg—Y? (302)

(in the formula, Ar,,, has the same meaning as Ar,,, in the
general formula (3), and Y' and Y? have the same meaning as
Y' and'Y? in the general formula (200)) are further added and
then reaction is performed, may be adopted. Alternatively,
away that, after the compound represented by the general
formula (301) and the compound represented by the general
formula (302) are reacted, the compound represented by the
formula (100) and the compound represented by the formula
(200) are further added, and then reaction is performed, may
be adopted.

[0079] As the compound represented by the general for-
mula (301), acompound represented by the following general
formula (303):

[Chemical Formula 17]

DB{]

Ra R

(303)

(in the formula, R  and R ¢ have the same meaning as R 5 and
R, in the general formula (2),) is preferable. Meanwhile, as
the compound represented by the general formula (302), the

compound represented by the following formula (304):

[Chemical Formula 18]

foh: ) CyHy

is preferable. The use of such compounds represented by the
general formulae (303) and (304) makes it possible to obtain
apolymer compound comprising, together with the repeating
units represented by the general formulae (1-1) and/or (1-2),
a repeating unit which is represented by the general formula
(3-1) where Ar,, is a group represented by the general for-
mula (4).
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[Light-Emitting Material]

[0080] Next, a light-emitting material of the present inven-
tion will be described. The light-emitting material of the
present invention comprises the above-described polymer
compound of the present invention.

[0081] Such a light-emitting material is not particularly
limited, as long as the light-emitting material comprises the
polymer compound of the present invention. The light-emit-
ting material may comprise a known material capable of light
emission, as appropriate. Examples of such a material
capable of light emission include: naphthalene derivatives;
anthracene and derivatives thereof; perylene and derivatives
thereof; dyes such as polymethine-based, xanthene-based,
coumarin-based, cyanine-based and the like; metal com-
plexes of 8-hydroxyquinoline and of derivatives thereof; aro-
matic amine; tetraphenylcyclopentadiene and derivatives
thereof; tetraphenylbutadiene and derivatives thereof; and the
like. Examples of such light-emitting materials include those
described in Japanese Unexamined Patent Application Pub-
lication No. Sho 57-51781, and Japanese Unexamined Patent
Application Publication No. Sho 59-194393, and the like. As
the material capable of light emission, a metal complex
capable of light emission from a triplet excited state (i.e., a
triplet light-emitting complex: for example, complexes from
which phosphorescent light emission is observed, and from
which fluorescent light is observed in addition to the phos-
phorescent light emission are included) can be used as appro-
priate. Examples of the metal complex capable of light emis-
sion from a triplet excited state include those which have been
conventionally utilized as low-molecular weight EL materi-
als capable of light emission.

[Liquid Composition]

[0082] Next, a liquid composition of the present invention
will be described. The liquid composition of the present
invention comprises the above-described polymer compound
of the present invention and a solvent. Here, the term “liquid
composition” represents a substance which is liquid, and
typically represents a substance which is liquid under a nor-
malpressure (i.e., | atm) at 25° C. In some cases, such aliquid
composition is generally referred to as an ink, an ink compo-
sition, a solution, or the like. Such a liquid composition is
useful for production of light-emitting devices such as poly-
mer light-emitting devices, and organic transistors.

[0083] The ratio of the solvent in the liquid composition of
the present invention is preferably 1% by mass to 99.9% by
mass, more preferably 60% by mass to 99.9% by mass, and
further preferably 90% by mass to 99.8% by mass, relative to
the total mass of the liquid composition. Though a preferable
range of a viscosity of the liquid composition varies depend-
ing on a printing method adopted to produce a thin film or the
like by using the liquid composition, the viscosity of such a
liquid composition is preferably in the range of 0.5 mPas to
500 mPa-s at 25° C. When the adopted printing method is a
method in which the liquid composition passes through a
discharging apparatus, such as an ink jet printing method or
the like, the viscosity is more preferably in the range of 0.5
mPa-s to 20 mPa-s at 25° C. in order to prevent clogging and
flight deflection at the time of the discharge.

[0084] As this solvent, a solvent capable of dissolving or
dispersing the components other than the solvent in the liquid
composition of the present invention is preferable. Examples
of such a solvent include; chlorine-containing solvents such
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as chloroform, methylene chloride, 1,2-dichloroethane, 1,1,
2-trichloroethane, chlorobenzene, and o-dichlorobenzene;
ether-based solvents such as tetrahydrofuran, and dioxane;
aromatic hydrocarbon-based solvents such as toluene,
xylene, trimethylbenzenes, and mesitylene; aliphatic hydro-
carbon-based solvents such as cyclohexane, methylcyclohex-
ane, n-pentane, n-hexane, n-heptane, n-octane, n-nonane, and
n-decane; ketone-based solvents such as acetone, methyl-
ethyl ketone, and cyclohexanone; ester-based solvents such
as ethyl acetate, butyl acetate, methyl benzoate, and ethyl
cellosolve acetate; polyols such as ethylene glycol, ethylene
glycol monobutyl ether, ethylene glycol monoethyl ether,
ethylene glycol monomethyl ether, dimethoxyethane, propy-
lene glycol, diethoxymethane, triethylene glycol monoethyl
ether, glycerin, and 1,2-hexanediol and derivatives thereof;
alcohol-based solvents such as methanol, ethanol, propanol,
isopropanol, and cyclohexanol; sulfoxide-based solvents
such as dimethyl sulfoxide; and amide-based solvent such as
N-methyl-2-pyrrolidone, and N,N-dimethylformamide.
These solvents may be used alone or in combination of mul-
tiple kinds. It is preferable to contain, among these solvents,
one or more kinds of organic solvents each of which has a
structure having at least one benzene ring, a melting point of
0° C. or below, and a boiling point of 100° C. or higher, from
the viewpoints of viscosity, film formability, and the like.
[0085] As kinds of solvents, aromatic hydrocarbon-based
solvents, aliphatic hydrocarbon-based solvents, ester-based
solvents, ketone-based solvents are preferable, from the
viewpoints of solubility, in the organic solvent, of compo-
nents other than the solvent in the liquid composition, unifor-
mity at the time of film formation, viscosity characteristics,
and the like. Toluene, xylene, ethylbenzene, diethylbenzene,
trimethylbenzene, mesitylene, n-propylbenzene, i-propyl-
benzene, n-butylbenzene, i-butylbenzene, s-butylbenzene,
anisole, ethoxybenzene, 1-methylnaphthalene, cyclohexane,
cyclohexanone, cyclohexylbenzene, bicyclohexyl, cyclohex-
enylcyclohexanone, n-heptylcyclohexane, n-hexylcyclohex-
ane, methyl benzoate, 2-propylcyclohexanone, 2-heptanone,
3-heptanone, 4-heptanone, 2-octanone, 2-nonanone, 2-de-
canone, dicyclohexyl ketone are preferable, and it is more
preferable to contain at least one kind of xylene, anisole,
mesitylene, cyclohexylbenzene, and bicyclohexyl methyl
benzoate.

[0086] Moreover, the kind of the solvent contained in the
liquid composition of the present invention is more preferably
constituted by two or more kinds of solvents, further prefer-
ably 2 to 3 kinds of solvents, and particularly preferably two
kinds of solvents, from the viewpoint of film formability and
also from the viewpoints of device characteristics and the
like.

[0087] When two kinds of solvents are contained in the
liquid composition of the present invention, one of the kinds
of the solvents may be in a solid state at 25° C. It is preferable
that one of the kinds of solvents have a boiling point of 180°
C. or higher, and the other one of the kinds of solvents have a
boiling point less than 180° C., from the viewpoint of film
formability. It is more preferable that the one of the kinds of
solvents have a boiling point of 200° C. or higher, and the
other one of the kinds of solvents have a boiling point less
than 180° C.

[0088] Moreover, from the viewpoint of viscosity, 0.2% by
mass or more of components in the liquid composition except
for the solvents is preferably dissolved in the solvents at 60°
C., and 0.2% by mass or more of components in the liquid
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composition except for the solvents is preferably dissolved in
one of the two kinds of solvents at 25° C.

[0089] Meanwhile, when three kinds of solvents are con-
tained in the liquid composition of the present invention, one
or two of the three kinds of solvents may be in a solid state at
25° C. It is preferable that at least one of the three kinds of
solvents be a solvent having a boiling point of 180° C. or
higher, and at least one of the three kinds of solvents be a
solvent having a boiling point of 180° C. or below, from the
viewpoint of film formability. It is more preferable that at
least one of the three kinds of solvents be a solvent having a
boiling point which is 200° C. or higher but 300° C. or below,
and at least one of the three kinds of solvent be a solvent
having a boiling point of 180° C. or below. Meanwhile, from
the viewpoint of viscosity, 0.2% by mass or more of compo-
nents in the liquid composition except for the solvents is
preferably dissolved in two of the three kinds of the solvents
at 60° C., and 0.2% by mass or more of components in the
liquid composition except for the solvents is preferably dis-
solved in one of the three kinds of the solvents at 25° C.
[0090] Furthermore, when two or more kinds of solvents
are contained in the liquid composition of the present inven-
tion, a solvent having the highest boiling point accounts for
preferably 40 to 90% by mass, more preferably 50 to 90% by
mass, and further preferably 65 to 85% by mass, relative to the
mass of all the solvents contained in the liquid composition,
from the viewpoints of viscosity and film formability.
[0091] Theliquid composition of the present invention may
comprise, in addition to the above-described polymer com-
pound ofthe present invention, a low-molecular weight mate-
rial capable of light emission, a hole transport material, an
electron transport material, a stabilizer, an additive for con-
trolling the viscosity and/or the surface tension, an antioxi-
dant, and the like. As each of these optional components, one
kind thereof may be used alone, or a combination of two or
more kinds thereof may be used.

[0092] Examples of the low-molecular weight material
capable of light emission, which may be contained in the
liquid composition of the present invention, include: naph-
thalene derivatives; anthracene; anthracene derivatives;
perylene, perylene derivatives; polymethine-based dyes; xan-
thene-based dyes; coumarin-based dyes; cyanine-based dyes;
metal complexes having metal complex of 8-hydroxyquino-
line as a ligand; metal complexes having a 8-hydroxyquino-
line derivative as a ligand; other metal complexes capable of
light emission; aromatic amines; tetraphenyleyclopentadi-
ene; tetraphenylcyclopentadiene derivatives; tetraphenylcy-
clobutadiene; tetraphenylcyclobutadiene derivatives; materi-
als capable of light emission such as stilbene-based, silicon-
containing aromatic-based, oxazole-based, furoxan-based,
thiazole-based, tetraarylmethane-based, thiadiazole-based,
pyrazole-based, metacyclophane-based, acetylene-based
low-molecular weight compounds. Examples of such low-
molecular weight materials capable of light emission include
known compound such as those described in Japanese Unex-
amined Patent Application Publication No. Sho 57-51781,
Japanese Unexamined Patent Application Publication No.
Sho 59-194393, or the like.

[0093] Moreover, as the metal complex capable of light
emission, a metal complex capable of light emission from a
triplet excited state (i.e., a triplet light-emitting complex: for
example, complexes from which phosphorescent light emis-
sion is observed, and from which fluorescent light is observed
in addition to the phosphorescent light emission are included)
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may be used. Compounds which have been conventionally
utilized as low-molecular weight-type EL materials capable
of light emission can be used as appropriate as the metal
complex capable of light emission from a triplet excited state.
Examples of such triplet light-emitting complexes include
those disclosed in Nature, (1998), 395, 151, Appl. Phys. Lett.
(1999), 75(1), 4, Proc. SPIE-Int. Soc. Opt. Eng. (2001), 4105
(Organic Light-Emitting Materials and Devices IV), 119, 1.
Am. Chem. Soc., (2001), 123, 4304, Appl. Phys. Lett.,
(1997), 71 (18), 2596, Syn. Met., (1998), 94 (1). 103, Syn.
Met., (1999), 99 (2), 1361, Adv. Mater., (1999), 11 (10), 852,
and the like.

[0094] Examples of the hole transport material which may
be contained in the liquid composition of the present inven-
tion include: polyvinylcarbazole and derivatives thereof; pol-
ysilane and derivatives thereof; polysiloxane derivatives each
having an aromatic amine in its side chain or main chain;
pyrazoline derivatives; arylamine derivatives; stilbene deriva-
tives; triphenyldiamine derivatives; polyaniline and deriva-
tives thereof; polythiophene and derivatives thereof; polypyr-
role and derivatives thereof; poly(p-phenylene vinylene) and
derivatives thereof; poly(2,5-thienylene vinylene) and deriva-
tives thereof; and the like.

[0095] Examples of the electron transport material which
may be contained in the liquid composition of the present
invention include: oxadiazole derivatives; anthraquin-
odimethane and derivatives thereof; benzoquinone and
derivatives thereof, naphtoquinone and derivatives thereof;
anthraquinone and derivatives thereof; tetracyanoanthraquin-
odimethane and derivatives thereof; fluorenone derivatives;
diphenyldicyanoethylene and derivatives thereof; dipheno-
quinone derivatives; metal complexes of 8-hydroxyquinoline
and metal complexes of derivatives of 8-hydroxyquinoline;
polyquinoline and derivatives thereof; polyquinoxaline and
derivatives thereof; polyfluorene and derivatives thereof; and
the like.

[0096] Moreover, the stabilizer which may be contained in
the liquid composition of the present invention is not particu-
larly limited, and examples thereof include phenol-based
antioxidants, phosphorus-based antioxidants, and the like.
[0097] The additive which may be contained in the liquid
composition of the present invention for controlling the vis-
cosity and/or the surface tension is not particularly limited,
and an appropriate combination of, for example, a high-mo-
lecular weight compound (thickening agent) or a poor solvent
for increasing the viscosity, a low-molecular weight com-
pound for decreasing the viscosity, a surfactant for reducing
the surface tension and the like may be used as the additive.
The high-molecular weight compound (thickening agent)
may be any high-molecular weight compound, as long as the
high-molecular weight compound does not inhibit light emis-
sion or charge transportation. A high-molecular weight com-
pound soluble in the solvent of the liquid composition is
preferable as the high-molecular weight compound.
Examples of such a high-molecular weight compound
include high-molecular weight polystyrenes, high-molecular
weight polymethyl methacrylate, and the like. Moreover, the
high-molecular weight compound has a polystyrene equiva-
lent weight average molecular weight of preferably 500,000
or more, and more preferably 1,000,000 or more. A poor
solvent can be used as the thickening agent.

[0098] The antioxidant which may be contained in the lig-
uid composition of the present invention may be any antioxi-
dant, as long as the antioxidant does not inhibit the light
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emission or the charge transportation. An antioxidant soluble
in the solvent in the liquid composition is preferable as the
antioxidant. Examples of such an antioxidant include phenol-
based antioxidants, phosphorus-based antioxidants, and the
like. The use of such an antioxidant tends to make it possible
to improve the storage stability of the polymer compound and
the solvent.

[0099] When the liquid composition of the present inven-
tion comprises the hole transport material, the ratio of the hole
transport material in the liquid composition is preferably 1%
by mass to 80% by mass, and more preferably 5% by mass to
60% by mass. Moreover, when the liquid composition of the
present invention comprises the electron transport material,
the ratio of the electron transport material in the liquid com-
position is preferably 1% by mass to 80% by mass, and more
preferably 5% by mass to 60% by mass. If the content of the
hole transport material and the electron transport material is
less than the lower limit, sufficient hole transport property,
electron transport property and the like of the film obtained by
forming a film in the liquid composition tend not to be
obtained. Meanwhile, if the content of the hole transport
material and the electron transport material exceeds the upper
limit, a light-emitting property and an electron transport prop-
erty that the polymer compound of the present invention has
tend not to be able to perform sufficiently.

[0100] It is able to produce an organic layer in a polymer
light-emitting device by using such a liquid composition of
the present invention and forming a film therefrom. When a
film of such an organic layer in a polymer light-emitting
device is formed, it is only necessary that the liquid compo-
sition of the present invention is applied and thereafter the
solvent is removed by drying. The same method can be
adopted in cases where a charge transport material or a light-
emitting material is mixed. Hence, the liquid composition of
the present invention is extremely advantageous one in order
to produce a polymer light-emitting device and the like. The
drying may be performed in a state where the temperature is
raised by heating to approximately 50° C. to 150° C., and the
drying may be performed in vacuo at approximately 10> Pa.
[0101] As a film formation method using the liquid com-
position of the present invention, an application method such
as a spin coating method, a casting method, a micro gravure
coating method, a gravure coating method, a bar coating
method, a roll coating method, a wire bar coating method, a
dip coating method, a slit coating method, a capillary coating
method, a spray coating method, a screen printing method, a
flexo printing method, an offset printing method, an inkjet
printing method, or a nozzle coating method.

[0102] [Thin Film]

[0103] Next, a thin film of the present invention will be
described. The thin film of the present invention comprises
the above-described polymer compound of the present inven-
tion. Applications of such a thin film of the present invention
are not particularly limited; however, the thin film of the
present invention is preferably used as a light emitting thin
film, an electroconductive thin film, an organic semiconduc-
tor thin film, or the like. A light emitting thin film formed of
the thin film of the present invention has a quantum yield of
light emission of preferably 50% or more, more preferably
60% or more, and further preferably 70% or more, from the
viewpoints of luminance and light emission voltage of the
device, and the like. The electroconductive thin film prefer-
ably has a surface resistance of 1 KQ/[Jor less. The electrical
conductivity can be increased by doping a Lewis acid, an
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ionic compound, or the like into the thin film. The surface
resistance is more preferably 100 Q/[7 or less, and further
preferably 10 /0 or less. Moreover, in the organic semicon-
ductor thin film, the larger one of the electron mobility and the
hole mobility is preferable, and the electron mobility or the
hole mobility is more preferably 10~ cm?/Vs or more, is
further preferably 10 cm*/Vs or more, and is particularly
preferably 107! ¢m?/Vs or more. By using such an organic
semiconductor thin film, an organic transistor can be fabri-
cated. Specifically, an organic transistor can be obtained by
forming the organic semiconductor thin film on a Si substrate
on which an insulating film of SiO, or the like and a gate
electrode, and forming a source electrode and a drain elec-
trode by using Au or the like.

[0104] The content ratio of the above-described polymer
compound of the present invention in the thin film of the
present invention is not particularly limited, and is preferably
20% by mass to 100% by mass, and more preferable 40% by
mass to 100% by mass. If the content ratio of the polymer
compound is less than the lower limit, characteristic of the
polymer compound, such as a charge transport property, a
light-emitting property, and the like, tends not to be able to
perform sufficiently.

[0105] Note that, a method for producing such a thin film is
not particularly limited, and can adopt known method as
appropriate. Moreover, a film thickness of such a thin film
varies depending on the usage and the kind of the polymer
compound and the like, and the film thickness may be
changed appropriately according to the usage and the like.
Further, in such a thin film having conducting properties,
various additives and the like may be included.

[0106] [Polymer Light-Emitting Device]

[0107] Next, a polymer light-emitting device (polymer
LED) of the present invention will be described. The polymer
light-emitting device of the present invention includes an
organic layer containing the polymer compound of the
present invention, said organic layer being located between
electrodes including an anode and a cathode. Examples of
such an organic layer include a light emitting layer, an elec-
tron transporting layer, and a hole transporting layer. In such
a polymer light-emitting device, the organic layer is more
preferably a light emitting layer. Examples of the polymer
light-emitting device of the present invention include: (1) a
polymer light-emitting device including an electron trans-
porting layer provided between the cathode and a light emit-
ting layer; (2) a polymer light-emitting device including a
hole transporting layer provided between the anode and a
light emitting layer; (3) a polymer light-emitting device
including an electron transporting layer provided between the
cathode and a light emitting layer and a hole transporting
layer provided between the anode and the light emitting layer;
and the like.

[0108] Examples of such polymer light-emitting devices
include those having the following structures a) to d):

a) Anode/light emitting layer/cathode

b) Anode/hole transporting layer/light emitting layer/cathode
¢) Anode/light emitting layer/electron transporting layer/
cathode

d) Anode/hole transporting layer/light emitting layer/electron
transporting layer/cathode.

(Here, “/” indicates that the layers are stacked while being
adjacent to each other, and hereinafter the same shall apply.)
[0109] Here, thelightemitting layerisa layerhaving a light
emitting function, the hole transporting layer is a layer having



US 2010/0289011 Al

a hole transporting function, and the electron transporting
layer is a layer having an electron transporting function. Note
that, the electron transporting layer and the hole transporting
layer are collectively referred to as charge transporting layers.
The light emitting layer, the hole transporting layer, and the
electron transporting layer each may be independently
formed by using two or more layers.

[0110] A method of film formation of such a light emitting
layer is not particularly limited, and an example thereof is a
method in which the liquid composition of the present inven-
tion is used and this liquid composition is formed into a film.
As specific film formation methods, application methods
such as a spin coating method, a casting method, a micro
gravure coating method, a gravure coating method, a bar
coating method, a roll coating method, a wire bar coating
method, a dip coating method, a slit coating method, a cap
coating method, a spray coating method, a screen printing
method, a flexo printing method, an offset printing method,
an ink jet printing method, a nozzle coating method can be
used. Note that, when the method in which the above-de-
scribed liquid composition of the present invention is formed
into a film is adopted for producing the polymer light-emit-
ting device of the present invention, it is only necessary that
the liquid composition is applied and thereafter the solvent is
removed by drying. When the method is used, the production
efficiency is improved, and it becomes advantageous for the
production.

[0111] An optimum value of the film thickness of the light
emitting layer varies depending on the material used, and the
film thickness may be set as appropriate so that the drive
voltage and the light emission efficiency may take moderate
values. The film thickness is preferably 1 nm to 1 pm, more
preferably 2 nmto 500 nm, and further preferably 5 nmto 200
nm.

[0112] In the polymer light-emitting device of the present
invention, a light-emitting material other than the polymer
compound of the present invention may be mixed in the light
emitting layer for use. In the polymer light-emitting device of
the present invention, a light emitting layer containing a mate-
rial capable of light emission other than the above-described
polymer compound of the present invention may be stacked
on the light emitting layer containing the above-described
polymer compound of the present invention.

[0113] As the light-emitting material other than the poly-
mer compound of the present invention, known light-emitting
materials can be used. For example, light-emitting materials
formed of low-molecular weight compounds, such as: naph-
thalene derivatives; anthracene and derivatives thereof;
perylene and derivatives thereof; polymethine-based, xan-
thene-based, coumarin-based, and cyanine-based dyes; metal
complexes of 8-hydroxyquinoline and metal complexes of
derivatives of 8-hydroxyquinoline; aromatic amines; tet-
raphenylcyclopentadiene and derivatives thereof; tetraphe-
nylbutadiene and derivatives thereof; and the like can be used.
Specifically, known light-emitting materials such as those
described in Japanese Unexamined Patent Application Pub-
lication No. Sho 57-51781 and Japanese Unexamined Patent
Application Publication No. Sho 59-194393 can be used. As
metal complexes, metal complexes capable of light emission
from a triplet excited state (i.e., triplet light-emitting com-
plexes: for example, complexes from which phosphorescent
light emission is observed, and from which fluorescent light is
observed in addition to the phosphorescent light emission are
included) may be used. Those conventionally utilized as low-
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molecular weight EL materials capable of light emission can
be used as appropriate. Such triplet light-emitting complexes
are disclosed in, for example, Nature, (1998),395, 151, Appl.
Phys. Lett. (1999), 75(1), 4, Proc. SPIE-Int. Soc. Opt. Eng.
(2001), 4105 (Organic Light-Emitting Materials and Devices
V), 119, J. Am. Chem. Soc., (2001), 123, 4304, Appl. Phys.
Lett., (1997), 71(18), 2596, Syn. Met., (1998), 94(1), 103,
Syn. Met., (1999), 99(2), 1361, Adv. Mater., (1999), 11(10),
852, and the like.

[0114] Examples of hole transport materials used when the
polymer light-emitting device of the present invention has a
hole transporting layer include: polyvinylcarbazole and
derivatives thereof; polysilane and derivatives thereof; pol-
ysiloxane derivatives having aromatic amines in their side
chains or main chains; pyrazoline derivatives; arylamine
derivatives; stilbene derivatives; triphenyldiamine deriva-
tives; polyaniline and derivatives thereof; polythiophene and
derivatives thereof; polypyrrole and derivatives thereof; poly
(p-phenylene vinylene) and derivatives thereof; poly(2,5-
thienylene vinylene) and derivatives thereof; and the like.
Specific examples of the hole transport materials include
those described in Japanese Unexamined Patent Application
Publication No. Sho 63-70257 and Japanese Unexamined
Patent Application Publication No. Sho 63-175860, Japanese
Unexamined Patent Application Publication No. Hei
2-135359, Japanese Unexamined Patent Application Publi-
cation No. Hei 2-135361, Japanese Unexamined Patent
Application Publication No. Hei 2-209988, Japanese Unex-
amined Patent Application Publication No. Hei 3-37992, and
Japanese Unexamined Patent Application Publication No.
Hei3-152184, and the like.

[0115] Among these hole transport materials, polymer hole
transport materials such as: polyvinylcarbazole and deriva-
tives thereof; polysilane and derivatives thereof; polysiloxane
derivatives having aromatic amine compounds group in their
side chains or main chains; polyaniline and derivatives
thereof;, polythiophene and derivatives thereof; poly(p-phe-
nylene vinylene) and derivatives thereof; and poly(2,5-thie-
nylene vinylene) and derivatives thereof are preferable. Fur-
ther preferable are: polyvinylcarbazole and derivatives
thereof; polysilane and derivatives thereof; and polysiloxane
derivatives having aromatic amines in their side chains or
main chains. In a case of a low-molecular weight hole trans-
port material, the hole transport material is preferably dis-
persed in a polymer binder for use.

[0116] As the polyvinylcarbazole and derivatives thereof,
for example, those obtained from a vinyl monomer by cation
polymerization or radical polymerization can be suitably
used.

[0117] Examples of the polysilane and derivatives thereof
include compounds described in Chem. Rev. Vol. 89, p. 1359
(1989) and British Patent No. GB2300196, and the like. As
synthesis methods of such polysilane and derivatives thereof,
methods described in the above mentioned document can be
used, and the Kipping method is particularly suitably used.

[0118] Since the siloxane skeletal structure of the polysi-
loxane derivatives has almost no hole transporting ability, one
having a structure of any of the above-described low-molecu-
lar weight hole transport materials in its side chain or main
chain is suitably used. A particularly preferable example of
the polysiloxane derivatives include one having an aromatic
amine capable of transporting holes in its side chain or main
chain.
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[0119] A film formation method of the hole transporting
layer is notlimited. An example thereof for the low-molecular
weight hole transport material is a method of film formation
from a mixture solution with the polymer binder. An example
thereof for the polymer hole transport material is a method of
film formation from a solution.

[0120] A solvent of the solution used for such film forma-
tion is not particularly limited, as long as the solvent is
capable of dissolving the hole transport material. Examples of
such a solvent include: chlorine-containing solvents such as
chloroform, methylene chloride and dichloroethane; ether-
based solvent such as tetrahydrofuran; aromatic hydrocar-
bon-based solvents such as toluene and xylene; ketone-based
solvents such as acetone and methyl ethyl ketone; ester-based
solvents such as ethyl acetate, butyl acetate and ethyl cello-
solve acetate.

[0121] As specific film formation methods, application
methods such as: a spin coating method, a casting method, a
micro gravure coating method, a gravure coating method, a
bar coating method, a roll coating method, a wire bar coating
method, a dip coating method, a slit coating method, a cap
coating method, a spray coating method, a screen printing
method, a flexo printing method, an offset printing method,
an inkjet printing method, and a nozzle coating method, each
using the solution, can be used.

[0122] As the polymer binder which is mixed for such film
formation, one not extremely inhibiting charge transportation
is preferable, and one not strongly absorbing visible light is
suitably used. Examples of such a polymer binder include
poly carbonate, poly acrylate, polymethyl acrylate, polym-
ethyl methacrylate, polystyrene, polyvinyl chloride, polysi-
loxane, and the like.

[0123] Note that, when the film formation of the hole trans-
porting layer is performed, the liquid composition of the
present invention containing the hole transport material may
be used and the film may be formed therefrom. When the
liquid composition of the present invention is used in this
way, it is only necessary that this liquid composition is
applied and the solvent is removed by drying. This tends to
improve the production efficiency and hence tends to be
advantageous for the production.

[0124] An optimum value of the film thickness of the hole
transporting layer varies depending on the material used, and
the film thickness may be set as appropriate so that the driving
voltage and the light emission efficiency may take moderate
values. However, at least enough thickness to prevent forma-
tion of a pinhole is necessary. Too large a thickness increases
the driving voltage of the device, and hence is unfavorable.
Accordingly, the film thickness of the hole transporting layer
is for example 1 nmto 1 um, is preferably 2 nm to 500 nm, and
is further preferably 5 nm to 200 nm.

[0125] A known electron transport material can be used as
the electron transport material used when the polymer light-
emitting device of the present invention comprises an electron
transporting layer, and examples of the electron transport
material include: oxadiazole derivatives; anthraquin-
odimethane and derivatives thereof; benzoquinone and
derivatives thereof; naphtoquinone and derivatives thereof;
anthraquinone and derivatives thereof; tetracyanoanthraquin-
odimethane and derivatives thereof; fluorenone derivatives;
diphenyldicyanoethylene and derivatives thereof; dipheno-
quinone derivatives; metal complexes of 8-hydroxyquinoline
and metal complexes of derivatives of 8-hydroxyquinoline,
polyquinoline and derivatives thereof; polyquinoxaline and
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derivatives thereof; polyfluorene and derivatives thereof; and
the like. Specific examples of the electron transport material
include: those described in Japanese Unexamined Patent
Application Publication No. Sho 63-70257, Japanese Unex-
amined Patent Application Publication No. Sho 63-175860,
and Japanese Unexamined Patent Application Publication
No. Hei 2-135359, Japanese Unexamined Patent Application
Publication No. Hei 2-135361, Japanese Unexamined Patent
Application Publication No. Hei 2-209988, Japanese Unex-
amined Patent Application Publication No. Hei 3-37992, and
Japanese Unexamined Patent Application Publication No.
Hei 3-152184, and the like.

[0126] Among such electron transport materials, oxadiaz-
ole derivatives; benzoquinone and derivatives thereof;
anthraquinone and derivatives thereof; metal complexes of
8-hydroxyquinoline and metal complexes of derivatives of
8-hydroxyquinoline; polyquinoline and derivatives thereof;
polyquinoxaline and derivatives thereof; polyfluorene and
derivatives thereof are preferable. 2-(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-oxadiazole, benzoquinone,
anthraquinone, tris(8-quinolinol) aluminum, polyquinoline
are further preferable.

[0127] A film formation method of the electron transport-
ing layer is not particularly limited. Examples thereof for the
low-molecular weight electron transport material include:
vacuum deposition methods using a powder; methods of film
formation from a solution ora melt state, and examples for the
polymer electron transport material include methods of film
formation from a solution or a melt state. For the film forma-
tion from a solution or a melt state, a polymer binder may be
used in combination.

[0128] When such film formation method from the solution
1s adopted, a solvent contained in the solution is not particu-
larly limited, as long as the solvent is capable of dissolving the
electron transport material and/or the polymer binder.
Bxamples of such a solvent include: chlorine-containing sol-
vents such as chloroform, methylene chloride and dichloro-
ethane; ether-based solvent such as tetrahydrofuran; aromatic
hydrocarbon-based solvents such as toluene and xylene;
ketone-based solvents such as acetone and methyl ethyl
ketone; ester-based solvents such as ethyl acetate, butyl
acetate and ethyl cellosolve acetate; and the like.

[0129] As the film formation methods from a solution or a
melt state, application methods such as a spin coating
method, a casting method, a micro gravure coating method, a
gravure coating method, a bar coating method, a roll coating
method, a wire bar coating method, a dip coating method, a
slit coating method, a cap coating method, a spray coating
method, a screen printing method, a flexo printing method, an
offset printing method, an ink jet printing method and a
nozzle coating method can be used.

[0130] Moreover, as the polymer binder which is mixed for
such film formation, one not extremely inhibiting charge
transportation is preferable, and one not strongly absorbing
visible light is suitably used. Examples of such a polymer
binder include: poly(N-vinylcarbazole); polyaniline and
derivatives thereof; polythiophene and derivatives thereof;
poly(p-phenylene vinylene) and derivatives thereof, poly(2,
5-thienylene vinylene) and derivatives thereof; polycarbon-
ate; polyacrylate; polymethyl acrylate; polymethyl meth-
acrylate, polystyrene, polyvinyl chloride; polysiloxane; and
the like. Note that, when a formation method of an electron
transporting layer is performed, the method, in which the
above-described liquid composition of the present invention
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containing the electron transport material is used and this
liquid composition is formed into a film, may be adopted.
When the above-described liquid composition of the present
invention is used in this way, it is only necessary that the
liquid composition is applied and thereafter the solvent is
removed by drying. When the method is used, the production
efficiency tend to be improved, and it tend to become advan-
tageous for production.

[0131] An optimum value of the film thickness of the elec-
tron transporting layer varies depending on the material used,
and the film thickness may be set as appropriate so that the
driving voltage and the light emission efficiency may take
moderate values. However, at least enough thickness to pre-
vent formation of a pinhole is necessary. Too large a thickness
increases the driving voltage of the device, and hence is
unfavorable. Accordingly, the film thickness of the electron
transporting layer is preferably 1 nmto 1 wm, more preferably
2 nm to 500 nm, and further preferably 5 nm to 200 nm.
[0132] Note that, of charge transporting layers provided
adjacent to an electrode, those having a function to improve
charge injection efficiency through the electrode and having
an effect to decrease the driving voltage of the device may be
particularly referred to as charge injection layers (hole injec-
tion layers and electron injection layers), in general.

[0133] For the purposes of improving adhesion with an
electrode or charge injection through the electrode, the poly-
mer light-emitting device of the present invention may be
provided with a charge injection layer or aninsulating layer as
described above adjacent to the electrode. For the purposes of
improving adhesion at an interface, preventing mixing, or
other purposes, a thin buffer layer may be interposed at an
interface of the charge transporting layer or the light emitting
layer. The stacking order, the number, and the thicknesses of
layers to be stacked may be set as appropriate, with the light
emission efficiency and the device lifetime taken into consid-
eration.

[0134] In the present invention, examples of the polymer
light-emitting device provided with the charge injection layer
(the electron injection layer, or the hole injection layer)
include: a polymer light-emitting device provided with the
charge injection layer adjacent to the cathode; and a polymer
light-emitting device provided with the charge injection layer
adjacent to the anode. Such polymer light-emitting devices
have, for example, the following structures e) to p):

) Anode/charge injection layer/light emitting layer/cathode
) Anode/light emitting layer/charge injection layer/cathode
2) Anode/charge injection layer/light emitting layer/charge
injection layer/cathode

h) Anode/charge injection layer/hole transporting layer/light
emitting layer/cathode

1) Anode/hole transporting layer/light emitting layer/charge
injection layer/cathode

1) Anode/charge injection layer/hole transporting layer/light
emitting layer/charge injection layer/cathode

k) Anode/charge injection layer/light emitting layer/electron
transporting layer/cathode

1) Anode/light emitting layer/electron transporting layer/
charge injection layer/cathode

m) Anode/charge injection layer/light emitting layer/electron
transporting layer/charge injection layer/cathode

n) Anode/charge injection layer/hole transporting layer/light
emitting layer/electron transporting layer/cathode

0) Anode/hole transporting layer/light emitting layer/electron
transporting layer/charge injection layet/cathode
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p) Anode/charge injection layer/hole transporting layer/light
emitting layer/electron transporting layer/charge injection
layer/cathode.

[0135] Specific examples of the charge injection layers
include: a layer containing an electroconductive polymer; a
layer provided between the anode and the hole transporting
layer and containing a material having an ionization potential
which takes an intermediate value between those of the anode
material and the hole transport material contained in the hole
transporting layer; a layer provided between the cathode and
the electron transporting layer and containing a material hav-
ing an electron affinity which takes an intermediate value
between those of the cathode material and the electron trans-
port material contained in the electron transporting layer; and
the like.

[0136] When the above-described charge injection layer is
the layer containing an electroconductive polymer, the elec-
troconductive polymer has an electrical conductivity of pref-
erably 107> S/cm or more but 10° S/cm or less. To reduce the
leak current between pixels of the light emission, the electri-
cal conductivity is more preferably 10> S/cm or more but 10°
S/em or less, and further preferably 107> S/cm or more but 10*
S/em or less.

[0137] Moreover, to make the electrical conductivity of the
electroconductive polymer 10~> $/cm or more but 10° S/cm or
less, the electroconductive polymer is preferably doped with
an appropriate amount ofions. The kind of the ions doped into
the electroconductive polymer is anions for the hole injection
layer, and cations for the electroninjection layer. Examples of
such anions include polystyrenesulfonate ions, alkylbenze-
nesulfonate ions and camphorsulfonate ions, and the like.
Examples of the cations include lithium ions, sodium ions,
potassium ions, tetrabutylammonium ions, and the like.

[0138] The film thickness of such a charge injection layer is
not particularly limited. The film thickness of such a charge
injection layer is preferably 1 nm to 100 nm, and is more
preferably 2 nm to 50 nm.

[0139] A material used for the charge injection layer is not
particularly limited. The material used for the charge injec-
tion layer may be selected as appropriate on the basis of the
relationship with the materials of the electrode and the adja-
cent layer, and examples thereof include: polyaniline and
derivatives thereof; polythiophene and derivatives thereof;
polypyrrole and derivatives thereof; polyphenylene-vinylene
and derivatives thereof; polythienylene-vinylene and deriva-
tives thereof; polyquinoline and derivatives thereof; polyqui-
noxaline and derivatives thereof; electroconductive polymers
such as polymers each containing an aromatic amine struc-
ture in the main chain or a side chain; metallophthalocyanines
(copper phthalocyanine and the like); carbon; and the like.

[0140] The insulating layer has a function to facilitate the
charge injection. Examples of the material of such an insu-
lating layer include metal fluorides, metal oxides, organic
insulating materials, and the like. The average film thickness
of such an insulating layer is preferably 2 nm or less.
Examples of the polymer light-emitting device including the
insulating layer of 2 nm or less and being suitable as the
polymer light-emitting device of the present invention
include; a polymer light-emitting device provided with the
insulating layer with a film thickness of 2 nm or less adjacent
to the cathode; a polymer light-emitting device provided with
the insulating layer with a film thickness of 2 nm or less
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adjacent to the anode; and the like. Such polymer light-emit-
ting devices have, for example, the following structures q) to
ab):

q) Anode/insulating layer with a film thickness of 2 nm or
less/light emitting layer/cathode

r) Anode/light emitting layer/insulating layer with a film
thickness of 2 nm or less/cathode

s) Anode/insulating layer with a film thickness of 2 nm or
less/light emitting layer/insulating layer with a film thickness
of 2 nm or less/cathode

t) Anode/insulating layer with a film thickness of 2 nm or
less/hole transporting layer/light emitting layer/cathode

u) Anode/hole transporting layer/light emitting layer/insulat-
ing layer with a film thickness of 2 nm or less/cathode

v) Anode/insulating layer with a film thickness of 2 nm or
less/hole transporting layer/light emitting layer/insulating
layer with a film thickness of 2 nm or less/cathode

w) Anode/insulating layer with a film thickness of 2 nm or
less/light emitting layer/electron transporting layer/cathode
x) Anode/light emitting layer/electron transporting layer/in-
sulating layer with a film thickness of 2 nm or less/cathode
y) Anode/insulating layer with a film thickness of 2 nm or
less/light emitting layer/electron transporting layer/insulat-
ing layer with a film thickness of 2 nm or less/cathode

z) Anode/insulating layer with a film thickness of 2 nm or
less/hole transporting layer/light emitting layer/electron
transporting layer/cathode

aa) Anode/hole transporting layer/light emitting layer/elec-
tron transporting layer/insulating layer with a film thickness
of 2 nm or less/cathode

ab) Anode/insulating layer with a film thickness of 2 nm or
less/hole transporting layer/light emitting layer/electron
transporting layer/insulating layer with a film thickness of 2
nm or less/cathode.

[0141] A substrate on which the polymer light-emitting
device of the present invention is formed needs to be
unchanged in the formation of the electrodes and formation of
the layers of organic compounds. Examples of the substrate
include substrates of glass, plastics, polymer films, silicon,
and the like. When the substrate is opaque, the electrode on
the other side is preferably transparent or translucent.

[0142] In the polymer light-emitting device of the present
invention, it is preferable that at least one of the electrodes
including the anode and the cathode be transparent or trans-
lucent, and it is more preferable that the electrode on the
anode side be transparent or translucent. An electroconduc-
tive metal oxide film, a translucent metal thin film, or the like
is used as the material for such an anode. Examples of the
material of such an anode include; films (for example NESA)
formed by using electroconductive glasses formed of indium
oxide, zinc oxide, tin oxide, or composites thereof such as
indiumetin*oxide (ITO) and indiumezinc*oxide; gold; plati-
num; silver; copper; and the like. ITO, indiumezinc+oxide, tin
oxide are preferable. Formation method of such an anode is
not particularly limited, and known method can be adopted.
Examples of the formation method of such an anode include
a vacuum deposition method, a sputtering method, an ion
plating method, a plating method, and the like. For such an
anode, an organic transparent electroconductive film of
polyaniline or a derivative thereof, polythiophene or a deriva-
tive thereof, or the like may be used.

[0143] The film thickness of such an anode can be selected
as appropriate in consideration of the light transmission prop-
erties and the electrical conductivity. The film thickness is
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preferably 10 nm to 10 um, more preferably 20 nm to 1 pum,
and further preferably 50 nm to 500 nm.

[0144] To facilitate the charge injection, a layer formed ofa
phthalocyanine derivative, an electroconductive polymer,
carbon, or the like or a layer formed of a metal oxide, a metal
fluoride, an organic insulating material, or the like may be
provided on the anode.

[0145] As the material of the cathode, a material with a
small work function is preferable. Examples of such a mate-
rial of the cathode include: metals such as lithium, sodium,
potassium, rubidium, caesium, beryllium, magnesium, cal-
cium, strontium, barium, aluminum, scandium, vanadium,
zine, yttrium, indium, cerium, samarium, europium, terbium
and ytterbium; alloys of two or more of these metals; alloys of
one or more of these metals and one or more of gold, silver,
platinum, copper, manganese, titanium, cobalt, nickel, tung-
sten, and tin; graphite and graphite intercalation compounds;
and the like. Examples of the alloys include a magnesium-
silver alloy, a magnesium-indium alloy, a magnesium-alumi-
num alloy, an indium-silver alloy, a lithium-aluminum alloy,
a lithium-magnesium alloy, a lithium-indium alloy, a cal-
cium-aluminum alloy, and the like. The cathode may have a
stacked structure of two or more layers.

[0146] The film thickness of such a cathode can be selected
as appropriate in consideration of the electrical conductivity
and the durability, and the film thickness is preferably 10 nm
to 10 pm, more preferably 20 nm to 1 pm, and further pref-
erably 50 nm to 500 nm.

[0147] As a formation method of such a cathode, a vacuum
deposition method, a sputtering method, a lamination method
with which a metal thin film is thermocompression-bonded,
or the like is used. A layer formed of an electroconductive
polymer or a layer formed of a metal oxide, a metal fluoride,
an organic insulating material, or the like may be provided
between the cathode and a layer of an organic compound.
After formation of the cathode, a protection layer for protect-
ing the obtained polymer light-emitting device may be
mounted. Moreover, to use the polymer light-emitting device
of the present invention stably for a long period, the protec-
tion layer and/or a protection cover are preferably mounted
thereon for protection of the device from the outside.

[0148] As such a protection layer, a resin, a metal oxide, a
metal fluoride, a metal boride, or the like can be used. As the
protection cover, a glass plate; a plastic plate whose surface is
subjected to atreatment which reduces the water permeability
thereof; or the like can be used. When such a protection cover
is mounted, a method is suitably used in which the device
substrate and the protection cover are laminated to each other
by using a thermosetting resin or a light setting resin for
sealing the device. Maintaining a gap by using a spacer easily
prevents the device form being damaged. Filling an inert gas
such as nitrogen or argon into the gap formed by such a spacer
makes it possible to prevent the cathode from being oxidized.
Furthermore, providing a desiccant such as barium oxide in
the gap easily prevents water adsorbed in a process for the
production from damaging the device. Of these measures, any
one or more measures are preferably taken.

[0149] [Surface Light Source and Display Device]

[0150] Next, a surface light source and a display device of
the present invention will be described. The surface light
source of the present invention comprises the above-de-
scribed polymer light-emitting device of the present inven-
tion. The display device of the present invention also com-
prises the above-described polymer light-emitting device of
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the presentinvention. Such a display device is not particularly
limited, and examples thereof include segment display
devices, dot matrix display devices, liquid crystal display
devices (for example, one using it as the backlight thereof and
the like), and the like.

[0151] In the surface light source of the present invention
comprising the polymer light-emitting device of the present
invention, a planar anode and a planar cathode may be
arranged so as to overlap with each other at the time when the
polymer light-emitting device is produced. In order to obtain
a patterned light emission by the polymer light-emitting
device of the present invention for production of the display
device of the present invention, there are a method in which a
mask provided with a patterned window is provided on a
surface of the planar light-emitting device; a method in which
parts of the organic compound layer corresponding to
intended non-light emission parts are formed in extremely
large thicknesses to thereby achieve substantially non-light
emission; a method in which one of the anode or the cathode,
or both electrodes are formed as patterned ones. By forming
a pattern by such a method, and arranging several electrodes
so as to be independently turned on and off, a segment-type
display device capable of displaying numeric characters, let-
ters, simple symbols, and the like can be obtained. Moreover,
to render the polymer light-emitting device of the present
invention a dot matrix device, the anode and the cathode may
be both formed in stripe shapes and arranged so as to be
perpendicular to each other. A method for selectively apply-
ing multiple kinds of polymer compounds with different light
emission colors, or a method using a color filter or a fluores-
cent conversion filter makes it possible to achieve partial
color display and multicolor display. Such a dot matrix device
can be driven passively, and may be driven actively in com-
bination with a TFT or the like. By using the display device
formed of the polymer light-emitting device of the present
invention, it can be made a display device for a computer, a
TV, a mobile terminal, a mobile phone, a car navigation
system, a viewfinder of a video camera, or the like. Note that,
in such a display device of the present invention, other struc-
ture and the like are not particularly limited as long as the
display device comprises the above-described polymer light-
emitting device of the present invention. The surface light
source of the present invention can be formed into a self
emitting and thin type, and can be suitably used as, for
example, a surface light source for a backlight of a liquid
crystal display device, or a surface light source for illumina-
tion. By using a flexible substrate, the surface light source of
the present invention can be used also as a curved surface light
source or display device.

[0152] [Organic Transistor]

[0153] Next, an organic transistor of the present invention
will be described. The organic transistor of the present inven-
tion comprises the above-described polymer compound of
the present invention. Hereinafter, the organic transistor of
the present invention will be described while a polymer field-
effect transistor which is a preferred embodiment of the
organic transistor of the present invention is taken as an
example.

[0154] The polymer field-effect transistor which is the pre-
ferred embodiment of the organic transistor of the present
invention generally has a structure in which a source elec-
trode and a drain electrode are provided in contact with an
active layer formed of a polymer and in which a gate electrode
is provided, with an insulating layer which is in contact with
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the active layer interposed therebetween. In such a polymer
field-effect transistor, one of the layers needs to contain the
above-described polymer compound of the present invention.
In particular, a polymer field-effect transistor whose active
layer contains the polymer compound of the present invention
is preferable.

[0155] Such a polymer field-effect transistor is generally
formed on a supporting substrate. The material of such a
supporting substrate is not particularly limited, as long as the
material does not inhibit characteristics as afield-effect tran-
sistor. A glass substrate, a flexible film substrate or a plastic
substrate can be used as the supporting substrate.

[0156] Moreover, such a polymer field-effect transistor can
be produced by known methods, for example, by a method
described in Japanese Unexamined Patent Application Pub-
lication No. Hei 5-110069.

[0157] In the formation of the active layer, the film forma-
tion method using the liquid composition of the present
invention formed by solving the polymer compound of the
present invention in the solvent is preferable. As such a film
formation method, an application method such as a spin coat-
ing method, a casting method, a micro gravure coating
method, a gravure coating method, a bar coating method, a
roll coating method, a wire bar coating method, a dip coating
method, a spray coating method, a screen printing method, a
flexo printing method, an offset printing method, an ink jet
printing method, or the like can be used.

[0158] As the polymer field-effect transistor as described
above, a polymer field-effect transistor which is sealed is
preferable. Specifically, by sealing the polymer field-effect
transistor after production, the polymer field-effect transistor
is isolated from the atmosphere, thereby making it possible to
suppress deterioration in characteristics. Examples of such a
method for sealing the polymer field-effect transistor include:
a method of covering the polymer field-effect transistor by a
ultraviolet light (UV) curable resin, a thermosetting resin, an
inorganic SiONXx film, or the like; a method of laminating a
glass plate or a film to the polymer field-effect transistor by
using a UV curable resin, a thermosetting resin, or the like;
and the like. To perform effective isolation from the atmo-
sphere, processes from a process subsequent to the produc-
tion of the polymer field-effect transistor to the sealing pro-
cess are preferably performed without exposure to the
atmosphere (for example, in a dry nitrogen atmosphere, in
vacuo, or in other atmospheres).

[0159] [Solar Cell]

[0160] Next, a solar cell of the present invention will be
described. The solar cell of the present invention comprises
the above-described polymer compound of the present inven-
tion. Hereinafter, the solar cell of the present invention will be
described, while a solid photovoltaic conversion device
which is an organic photovoltaic conversion device and which
utilizes the photovoltaic effect is taken as an example. This
solid photovoltaic conversion device is a preferred embodi-
ment of the solar cell of the present invention.

[0161] Inthe solid photovoltaic conversion device, which is
the preferred embodiment of the solar cell of the present
invention, the above-described polymer compound of the
present invention is preferably contained as a material for
organic photovoltaic conversion devices, particularly for
organic semiconductor layers of Schottky barrier-type device
utilizing an interface between an organic semiconductor and
a metal, and organic semiconductor layers of pn heterojunc-
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tion-type device utilizing an interfaces between an organic
semiconductor and an inorganic semiconductor or between
two organic semiconductors.

[0162] Moreover, in such a solid photovoltaic conversion
device, the polymer compound of the present invention is
suitably used as: an electron donor polymer or an electron
acceptor polymer for bulk heterojunction-type devices in
which the contact areas between donor and acceptor are
increased, or an electron donor conjugated polymer (a dis-
persing vehicle) for organic photovoltaic conversion device
(for example, bulk heterojunction-type organic photovoltaic
conversion device which dispersed fullerene derivative as
electron acceptor) using a composite system of a polymer and
a low-molecular weight compound.

[0163] An specific example of the structures of such
organic photovoltaic conversion devices is a structure includ-
ing an ohmic electrode, for a pn heterojunction type device,
e.g., a structure in which a p-type semiconductor layer is
formed on an ITO, further n-type semiconductor layer is
stacked thereon, and the ohmic electrode is provided thereon.
[0164] Moreover, such an organic photovoltaic conversion
device is generally formed on a supporting substrate. Such a
supporting substrate may be any supporting substrate, as long
as the supporting substrate does not inhibit characteristics as
an organic photovoltaic conversion device. The material of
such a supporting substrate is not particularly limited, and, for
example, a glass substrate, a flexible film substrate, a plastic
substrate, and the like can be used as appropriate.

[0165] Such an organic photovoltaic conversion device can
be produced by a known method such as the method
described in Synth. Met., 102, 982 (1999) or the method
described in Science, 270, 1789 (1995).

EXAMPLES

[0166] Hereinafter, on the basis of Examples and Compara-
tive Examples, the present invention will be more specifically
described; however, the present invention is not limited to the
following Examples.

[0167] Here, number average molecular weights and
weight average molecular weights were determined, as poly-
styrene equivalent number average molecular weights and
weight average molecular weights, by gel permeation chro-
matography (GPC) using tetrahydrofuran as a solvent.

Example 1
Synthesis of Polymer Compound (1)
[0168] First, 0.602 g of a monomer (1) represented by the

following structural formula (T):

[Chemical Formula 19]

i O‘O Br,

CgHy; CgHyy

iy
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0.359 g of a monomer (10) represented by the following
structural formula (11):

[Chemical Formula 20]

(D

B—C——C—2B

0 CsHyp H 0

0.13 g of methyltrioctylammonium chloride (product name
“aliquat 336 (registered trademark of Henkel Corp.)”, manu-
factured by Sigma-Aldrich Corporation, CH;N[(CH,),CH,]
5Cl, density: 0.884 g/ml (at 25° C.)), and 1.8 mg of dichloro
bis(triphenylphosphine) palladium(Il) were fed into a reac-
tion vessel, and the air inside the reaction vessel was replaced
with argon gas. Next, into the reaction vessel, 15 ml of toluene
which was deaerated by argon gas bubbling beforehand was
added, to thereby obtain a solution. Subsequently, 5 ml of a
16.7% by mass sodium carbonate aqueous solution which
was deaerated by argon gas bubbling beforehand was added
dropwise to the obtained solution over several minutes. Then,
the temperature was raised to the solvent reflux temperature,
and reflux was performed for 12 hours for the reaction to
proceed. Note that the reaction was carried out under an argon
gas atmosphere.

[0169]
close to room temperature, and then 40 g of toluene was added

Next, the obtained reaction solution was cooled

to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered. Subsequently, the obtained
toluene solution was filtered to thereby remove insolubles.
Next, the toluene solution was washed with a 5% by mass
aqueous solution of sodium N,N-diethyldithiocarbamate tri-
hydrate, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Thereafter, the toluene solu-
tion was washed with a 3% by mass acetic acid aqueous
solution, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Next, the toluene solution
was washed with ion-exchanged water, and then allowed to
stand. Then, the phase-separated toluene solution was recov-
ered. Next, the obtained toluene solution was filtered, and
then passed through an alumina column for purification. Sub-
sequently, the toluene solution was poured into methanol for
reprecipitation purification, and the formed precipitates were
collected. Then, after washed with methanol, the obtained
precipitates were vacuum-dried. Thus, 0.26 g of the polymer
compound (1) was obtained.

[0170] The thus obtained polymer compound (1) had a
polystyrene equivalent weight average molecular weight of
47x10° and a polystyrene equivalent number average
molecular weight of 3.5x10°, It can be estimated, from the
feed, that the polymer compound (1) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:
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[Chemical Formula 21]

O‘O I

CsHyy

CH=C
CsHyy
C5H11 >

&'/

CgHy; CgHyr
CsHy; CgHyr

CeHy; CgHyr
CsHy; CgHyy
Exaniple 2

Synthesis of Polymer Compound (2)

[0171] Into a reaction vessel, 0.628 g of the monomer (1),
0.375 g of a monomer (20) represented by the following
structural formula (I1I):

[Chemical Formula 22]

o
B—C:C—B ,

0.13 g of methyltrioctylammonium chloride (product name
“aliquat 336 (registered trademark of Henkel Corp.)”, manu-
factured by Sigma-Aldrich Corporation, CH;N[(CH,),CHj;]
5Cl, density: 0.884 g/ml (at 25° C.)), and 1.5 mg of dichloro
bis(triphenylphosphine) palladium(Il) were fed, and the air

an
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inside the reaction vessel was replaced with argon gas. Next,
into the reaction vessel, 15 ml of toluene which was deaerated
by argon gas bubbling beforehand was added, to thereby
obtain a solution. Subsequently, 5 ml of a 16.7% by mass
sodium carbonate aqueous solution which was deaerated by
argon gas bubbling beforehand was added dropwise to the
obtained solution over several minutes. Then, the temperature
was raised to the solvent reflux temperature, and reflux was
performed for 12 hours for the reaction to proceed. Note that
the reaction was carried out under an argon gas atmosphere.

[0172] Next, the obtained reaction solution was cooled
close to room temperature, and then 40 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus a
toluene solution was recovered. Subsequently, the obtained
toluene solution was filtered to thereby remove insolubles.
Thereafter, the toluene solution was washed with a 5% by
mass aqueous solution of sodium N,N-diethyldithiocarbam-
ate trihydrate, and allowed to stand. Then, the phase-sepa-
rated toluene solution was recovered. Thereafter, the toluene
solution was washed with a 3% by mass acetic acid aqueous
solution, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Subsequently, the toluene
solution was washed with ion-exchanged water, and allowed
to stand. Then, the phase-separated toluene solution was
recovered. Next, the obtained toluene solution was filtered,
and then passed through an alumina column for purification.
Subsequently, the toluene solution was poured into methanol
for reprecipitation purification, and the formed precipitates
were collected. Then, after washed with methanol, the
obtained precipitates were vacuum-dried. Thus, 0.26 g of the
polymer compound (2) was obtained.

[0173] The thus obtained polymer compound (2) had a
polystyrene equivalent weight average molecular weight of
3.6x10° and a polystyrene equivalent number average
molecular weight of 2.7x103. It can be estimated, from the
feed, that the polymer compound (2) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 23]

o

CgHy7  CgHyy
“
CsHyz CsHyr @
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Cglly7  CoHyp

0
T o

CeHyy  CgHyr

Example 3
Synthesis of Polymer Compound (3)

[0174] First, 0.526 g of a monomer (3) represented by the
following structural formula (IV):

" O‘O Br’

0.356 g of the monomer (20), 0.15 g of methyltrioctylammo-
nium chloride (product name “aliquat 336 (registered trade-
mark of Henkel Corp.)”, manufactured by Sigma-Aldrich
Corporation, CH;N[(CH,),CH;],Cl, density: 0.884 g/m] (at
25°C.), and 1.7 mg of dichloro bis(triphenylphosphine) pal-
ladium(IT) were fed into a reaction vessel, and the air inside
the reaction vessel was replaced with argon gas. Next, into the
reaction vessel, 15 ml of toluene which was deaerated by
argon gas bubbling beforehand was added to thereby obtain a
solution. Subsequently, 5 mL of a 16.7% by mass sodium
carbonate aqueous solution which was deaerated by argon gas
bubbling beforehand was added dropwise to the obtained
solution over several minutes. Then, the temperature was
raised to the solvent reflux temperature, and reflux was per-
formed for 6 hours for the reaction to proceed. Note that the
reaction was carried out under an argon gas atmosphere.

[0175] Next, the obtained reaction solution was cooled
close to room temperature, and then 30 g oftoluene was added

[Chemical Formula 24]
avy
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to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered. Next, the toluene solution
was washed with a 3% by mass aqueous solution of sodium
N,N-diethyldithiocarbamate trihydrate, and allowed to stand.
Then, the phase-separated toluene solution was recovered.
Thereafter, the toluene solution was washed with a 3% by
mass acetic acid aqueous solution, and allowed to stand.
Then, the phase-separated toluene solution was recovered.
Next, the toluene solution was washed with ion-exchanged
water, and allowed to stand. Then, the phase-separated tolu-
ene solution was recovered. Next, the toluene solution was
poured into methanol for reprecipitation purification, and the
formed precipitates were collected. Then, the obtained pre-
cipitates were vacuum-dried. After that, the precipitates were
dissolved in toluene to obtain the toluene solution again.
Next, the obtained toluene solution was passed through an
alumina column for purification. Subsequently, the toluene
solution was poured into methanol for reprecipitation purifi-
cation, and the formed precipitates were collected. Then, after
washed with methanol, the obtained precipitates were
vacuum-dried. Thus, 0.19 g of the polymer compound (3) was
obtained.

[0176] The thus obtained polymer compound (3) had a
polystyrene equivalent weight average molecular weight of
53x10° and a polystyrene equivalent number average
molecular weight of 2.9x10°. It can be estimated, from the
feed, that the polymer compound (3) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 25]

e
O
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Example 4
Synthesis of Polymer Compound (4)
[0177] First, 0.638 g of a monomer (4) represented by the
following structural formula (V):

[Chemical Formula 26]

i 0.0 Br7

t-C4Hg

V)

t-C4Hg

0.356 g of the above-described monomer (20), 0.19 g of
methyltrioctylammonium chloride (product name “aliquat
336 (registered trademark of Henkel Corp.)”, manufactured
by Sigma-Aldrich Corporation, CH;N[(CH,),CH;];Cl, den-
sity: 0.884 g/ml (at 25° C.), and 1.7 mg of dichloro bis
(triphenylphosphine) palladium(II) were fed into a reaction
vessel, and the air inside the reaction vessel was replaced with
argon gas. Next, into the reaction vessel, 15 ml of toluene
which was deaerated by argon gas bubbling beforehand was
added, to thereby obtain a solution. Subsequently, to the
obtained solution, 5 ml of a 16.7% by mass sodium carbonate
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aqueous solution which was deaerated by argon gas bubbling
beforehand was added dropwise over several minutes. Then,
the temperature was raised to the solvent reflux temperature,
and reflux was performed for 6 hours for the reaction to
proceed. Note that the reaction was carried out under an argon
gas atmosphere.

[0178] Next, the obtained reaction solution was cooled
close to room temperature, and then 30 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered.

[0179]
mass aqueous solution of sodium N,N-diethyldithiocarbam-

Next, the toluene solution was washed with a 3% by

ate trihydrate, and allowed to stand. Then, the phase-sepa-
rated toluene solution was recovered. Thereafter, the toluene
solution was washed with a 3% by mass acetic acid aqueous
solution, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Subsequently, the toluene
solution was washed with ion-exchanged water, and allowed
to stand. Then, the phase-separated toluene solution was
recovered. Next, the toluene solution was poured into metha-
nol for reprecipitation purification, and the formed precipi-
tates were collected. Then, the obtained precipitates were
vacuum-dried. After that, the precipitates were dissolved in
toluene, to thereby obtain the toluene solution again. Next,
the obtained toluene solution passed through an alumina col-
umn for purification. Subsequently, the toluene solution was
poured into methanol for reprecipitation purification, and the
formed precipitates were collected. Then, after washed with
methanol, the obtained precipitates were vacuum-dried.
Thus, 0.22 g of the polymer compound (4) was obtained.

[0180]
polystyrene equivalent weight average molecular weight of

The thus obtained polymer compound (4) had a

59x10° and a polystyrene equivalent number average
molecular weight of 3.5x103. Tt can be estimated, from the
feed, that the polymer compound (4) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 27]

t-C4Ho t-C4Hy
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£-CyHy

t-C4Ho

t-C4Ho

CyHy
t-C4Hy

t-C4Hy

Example 5
Synthesis of Polymer Compound (5)
[0181] First, 0.307 g of the monomer (1), 0.274 g of a

monomer (5) represented by the following structural formula
(VI):

[Chemical Formula 28]

Q-

CgHy; CgHyy
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0.356 g of the monomer (20), 0.15 g of methyltrioctylammo-
nium chloride (product name “aliquat 336 (registered trade-
mark of Henkel Corp.)”, manufactured by Sigma-Aldrich
Corporation, CH;N[(CH,),CH;]5Cl, density: 0.884 g/ml (at
25° C.), 2.7 mg of dichloro bis(triphenylphosphine) palla-
dium(IT) were fed into a reaction vessel, and the air inside the
reaction vessel was replaced with argon gas. Next, into the
reaction vessel, 15 ml of toluene which was deaerated by
argon gas bubbling beforehand was added, to thereby obtain
a solution. Next, to the obtained solution, 10 mL ofa 16.7%
by mass sodium carbonate aqueous solution which was deaer-
ated by argon gas bubbling beforehand was added dropwise
over several minutes. Then, the temperature was raised to the
solvent reflux temperature, and reflux was performed for 10
hours. Note that the reaction was carried out under an argon
gas atmosphere.

[0182] Next, the obtained reaction solution was cooled
close to room temperature, and then 30 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered. Subsequently, the obtained
toluene solution was filtered to thereby remove insolubles.
Next, the toluene solution was washed with a 3% by mass
aqueous solution of sodium N,N-diethyldithiocarbamate tri-
hydrate, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Thereafter, the toluene solu-
tion was washed with a 3% by mass acetic acid aqueous
solution, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Next, the toluene solution
was washed with ion-exchanged water, and allowed to stand.
Then, the phase-separated toluene solution was recovered.
Subsequently, the toluene solution was filtered, and then
passed through an alumina column for purification. Next, the
toluene solution was poured into methanol for reprecipitation
purification, and the formed precipitates were collected.
Then, after washed with methanol, the obtained precipitates
were vacuum-dried. Thus, 0.38 g of the polymer compound
(5) was obtained.

[0183] The thus obtained polymer compound (5) had a
polystyrene equivalent weight average molecular weight of
6.8x10° and a polystyrene equivalent number average
molecular weight of 4.0x10°. It can be estimated, from the
feed, that the polymer compound (5) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 29]

@“

CsHy7  CgHyy
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CgHlyy  CgHyr

CgHy7 CsHyr
]
Csly7 Csllyr @

CsHy7  CsHyr

CsHyz  CsHyr

Example 6
Synthesis of Polymer Compound (6)

[0184] First, 0.526 g of the monomer (3), 0.350 g of the
monomer (10), 0.13 g of methyltrioctylammonium chloride
(product name “aliquat 336 (registered trademark of Henkel
Corp.)”, manufactured by Sigma-Aldrich Corporation,
CH,N[(CH,),CH,];Cl, density: 0.884 g/ml (at 25° C.), 1.7
mg of dichloro bis(triphenylphosphine) palladium(II) were
fed into a reaction vessel, and the air inside the reaction vessel
was replaced with argon gas. Next, into the reaction vessel, 15
ml of toluene which was deaerated by argon gas bubbling
beforehand was added, to thereby obtain a solution. Next, to
the obtained solution, 5 mL of a 16.7% by mass sodium
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carbonate aqueous solution which was deaerated by argon gas
bubbling beforehand was added dropwise over several min-
utes. Then, the temperature was raised to the solvent reflux
temperature, and reflux was performed for 12 hours. Note that
the reaction was carried out under an argon gas atmosphere.

[0185] Next, the obtained reaction solution was cooled
close to room temperature, and then 40 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered. And then, following process
was performed two times repeatedly. The process includes a
step of allowing the toluene solution to stand after washing
with ion-exchanged water, and a step of recovering the phase-
separated toluene solution. Subsequently, the obtained tolu-
ene solution was filtered to thereby remove insolubles. And
then, the toluene solution passed through an alumina column
for purification. Next, the toluene solution was poured into
methanol for reprecipitation purification, and the formed pre-
cipitates were collected. Then, after washed with methanol,
the obtained precipitates were vacuum-dried. Thus, 0.21 g of
the polymer compound (6) was obtained.

[0186] The thus obtained polymer compound (6) had a
polystyrene equivalent weight average molecular weight of
5.5x10° and a polystyrene equivalent number average
molecular weight of 3.2x10°. It can be estimated, from the
feed, that the polymer compound (6) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 30]
. C5H11

De¥ay
Cs

Hi
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0
CH0

Csly,

Comparative Example 1

TZCH

GCsHy

Synthesis of Polymer Compound (7)

[0187] First, 0.482 g of the monomer (6) represented by the
following structural formula (VII):

[Chemical Formula 31]
(VID)

(hiA

0.356 g of the monomer (20), 0.15 g of methyltrioctylammo-
nium chloride (product name “aliquat 336 (registered trade-
mark of Henkel Corp.)”, manufactured by Sigma-Aldrich
Corporation, CH;N[(CH,),CH,],Cl, density: 0.884 g/ml (at
25°C.), and 1.5 mg of dichloro bis(triphenylphosphine) pal-
ladium(IT) were fed into a reaction vessel, and the air inside
the reaction vessel was replaced with argon gas. Next, into the
reaction vessel, 15 ml of toluene which was deaerated by
argon gas bubbling beforehand was added, to thereby obtain
a solution. Next, to the obtained solution, Sml ofa 16.7% by
mass sodium carbonate aqueous solution which was deaer-
ated by argon gas bubbling beforehand was added dropwise
over several minutes. Then, the temperature was raised to the
solvent reflux temperature, and reflux was performed for 10
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hours for the reaction to proceed. Note that the reaction was
carried out under an argon gas atmosphere.

[0188] Next, the obtained reaction solution was cooled
close to room temperature, and then 30 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, and phase separation was performed. Thus,
a toluene solution was recovered. Subsequently, the toluene
solution was filtered to thereby remove insolubles. Thereaf-
ter, the toluene solution was washed with a 3% by mass
aqueous solution of sodium N,N-diethyldithiocarbamate tri-
hydrate, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Subsequently, the toluene
solution was washed with a 3% by mass acetic acid aqueous
solution, and allowed to stand. Then, the phase-separated
toluene solution was recovered. Next, the toluene solution
was washed with ion-exchanged water, and allowed to stand.
Then, the phase-separated toluene solution was recovered.
Subsequently, the toluene solution was filtered, and then
passed through an alumina column for purification. Thereaf-
ter, the toluene solution was poured into methanol for repre-
cipitation purification, and the formed precipitates were col-
lected. Then, after washed with methanol, the obtained
precipitates were vacuum-dried. Thus, 0.3 g of the polymer
compound (7) was obtained.

[0189] The thus obtained polymer compound (7) had a
polystyrene equivalent weight average molecular weight of
49x10° and a polystyrene equivalent number average
molecular weight of 2.3x10°. It can be estimated, from the
feed, that the polymer compound (7) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 32]

iﬂ%ﬁ

C4Ho

S
@CH=C

N i

Call

Comparative Example 2
Synthesis of Polymer Compound (8)

[0190] Poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phe-
nylene vinylene] (manufactured by Sigma-Aldrich Corpora-



US 2010/0289011 Al

tion, number average molecular weight: 40,000 to 70,000)
comptrising a repeating unit represented by the following
structural formula (VIII):

[Chemical Formula 33]

OCgH}7
CH=CH
Hy,CO

was used as the polymer compound (8).

(VIID

Comparative Example 3
Synthesis of Polymer Compound (9)

[0191] Into a reaction vessel, 0.464 g of a monomer (9)
represented by the following structural formula (IX):

[Chemicla Formula 34]

BIONOBI,

1x)

0.356 g of the monomer (20), 0.15 g of methyltrioctylammo-
nium chloride (product name “aliquat 336 (registered trade-
mark of Henkel Corp.)”, manufactured by Sigma-Aldrich
Corporation, CH,N[(CH,),CH,],Cl, density: 0.884 g/ml (at
25°C.), and 1.8 mg of dichloro bis(triphenylphosphine) pal-
ladium(IT) were fed, and the air inside the reaction vessel was
replaced with argon gas. Next, into the reaction vessel, 15 ml
oftoluene which was deaerated by argon gas bubbling before-
hand was added, to thereby obtain a solution. Subsequently,
to the obtained solution, 5 mL of a 16.7% by mass sodium
carbonate aqueous solution which was deaerated by argon gas
bubbling beforehand was added dropwise over several min-
utes. Then, the temperature was raised to the solvent reflux
temperature, and reflux was performed for 10 hours for the
reaction to proceed. Note that the reaction was carried out
under an argon gas atmosphere.

[0192] Next, the obtained reaction solution was cooled
close to room temperature, and then 30 g of toluene was added
to the reaction solution. After this reaction solution was
allowed to stand, phase separation was performed. Thus, a
toluene solution was recovered. Subsequently, the toluene
solution was washed with a 3% by mass aqueous solution of
sodium N,N-diethyldithiocarbamate trihydrate, and allowed
to stand. Then, the phase-separated toluene solution was
recovered. Next, the toluene solution was washed with a 3%
by mass acetic acid aqueous solution, and allowed to stand.
Then, the phase-separated toluene solution was recovered.
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Subsequently, the toluene solution was washed with ion-
exchanged water, and allowed to stand. Then, the phase-
separated toluene solution was recovered. Next, the toluene
solution was filtered, and then passed through an alumina
column for purification. Subsequently, the toluene solution
was poured into methanol for reprecipitation purification, and
the formed precipitates were collected. Next, after washed
with methanol, the obtained precipitates were vacuum-dried.
Thus, 0.30 g of the polymer compound (9) was obtained.
[0193] The thus obtained polymer compound (9) had a
polystyrene equivalent weight average molecular weight of
5.7x10° and a polystyrene equivalent number average
molecular weight of 2.3x10%. It can be estimated, from the
feed, that the polymer compound (9) obtained by the produc-
tion method as described above has repeating units shown in
the following formulae:

[Chemical Formula 35]

O=
~
3

Examples 7 to 12 and Comparative Examples 4 to 6
Production of Thin Films

[0194] By using each of the polymer compounds (1) to (9),
a 0.8% by mass toluene solution was prepared. The toluene
solution was spin-coated on a quartz glass plate. Thus, a thin
film of each of the polymers was formed.

[0195] [Fluorescence Properties Evaluation on Polymer
Compounds (1) to (9)]

[0196] <Evaluation Method>

[0197] By using the thin films obtained in Examples 7 to 12
and Comparative Examples 4 to 6, the fluorescence peak
wavelengths and the fluorescence intensities were measured.
Specifically, first, a fluorescence spectrum of each of the thin
films was measured respectively by using a spectrofluorom-
eter (manufactured by JOBINYVON-SPEX under the prod-
uct name of “Fluorolog”) under a condition of an excitation
wavelength of 350 nm. Then, in order to obtain relative fluo-
rescence intensity of the thin film, a fluorescence spectrum
plotted against wavenumber with the intensity of the Raman
spectrum of water taken as the standard was integrated within
the measurement range of the spectrum. Then, a value
obtained by dividing this integrated value by the absorbance
determined by using a spectrophotometer (manufactured by
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Varian, Inc. under the product name of “Cary5E”) at the
excitation wavelength was determined as the fluorescence
intensity of the corresponding thin film. Table 1 shows the
determination results of the fluorescence peak wavelength
and the fluorescence intensity obtained by such determina-
tion.

TABLE 1

KIND OF FLUORES- FLUORES-
POLYMER CENCE CENCE
COMPOUND PEAK INTENSITY
USED WAVELENGTH  [RELATIVE
FOR THIN FILM [UNIT: nm] INTENSITY]

EXAMPLE 7 POLYMER 480 7.8
COMPOUND (1}

EXAMPLES  POLYMER 517 50
COMPOUND (2)

EXAMPLE9  POLYMER 529 39
COMPOUND (3}

EXAMPLE 10 POLYMER 527 55
COMPOUND (4)

EXAMPLE 11 POLYMER 514 6.5
COMPOUND (5)

EXAMPLE12  POLYMER 499 4.1
COMPOUND (6)

COMPARATIVE POLYMER 531 1.0

EXAMPLE 4 COMPOUND (7)

COMPARATIVE POLYMER 588 0.9

EXAMPLES  COMPOUND (8)

COMPARATIVE POLYMER 521 1.2

EXAMPLE6  COMPOUND (9)

[0198] As apparent from the results shown in Table 1, the

thin films of the present invention (Examples 7 to 12)
obtained by using the polymer compounds (1) to (6), which
correspond to the polymer compound of the present inven-
tion, each exhibited a higher fluorescence intensity than the
thin films (Comparative Examples 4 to 6) obtained by using
the polymer compounds (7) to (9) for comparison. These
results show that the polymer compound of the present inven-
tion (Examples 1 to 6) exhibits a sufficiently high fluores-
cence intensity.

Example 13
Synthesis of Polymer Compound (40)

[0199] <Preparation of Solution (S1)>

[0200] First, the solution (S1) which was used for the syn-
thesis of a polymer compound (40) was prepared as follows.
Specifically, first, 0.539 g of the monomer (1), 0.350 g of the
monomer (10), 1.2 mg of palladium(II) acetate, and 7.5 mg of
tris(2-methoxyphenyl )phosphine were fed into a reaction
vessel, and the air inside the reaction vessel was sufficiently
replaced with argon gas. Next, into the reaction vessel, 15 ml
oftoluene which was deaerated by argon gas bubbling before-
hand was added, to thereby obtain the solution (S1).
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[0201] <Synthesis of Polymer Compound (40)>
[0202] First, 0.477 g of a monomer (40) represented by the
following structural formula (X):

[Chemical Formula 36]

x
O O
\ /
B B
[/\]
9} O

Csllyj7 Cslljy

)

0.683 g of a monomer (41) represented by the structural
formula (XI):

[Chemical Formula 37]

C4Hy C4Hy

0.45 g of methyltrioctylammonium chloride (product name
“aliquat 336 (registered trademark of Henkel Corp.)”, manu-
factured by Sigma-Aldrich Corporation, CH,N[(CH,),CH,]
5Cl, density: 0.884 g/ml (at 25° C.), 3.7 mg of palladium(II)
acetate, and 18.0 mg of tris(2-methoxyphenyl)phosphine
were fed into a reaction vessel, and the air inside the reaction
vessel was sufficiently replaced with argon gas. Next, into the
reaction vessel, 20 ml of toluene which was deaerated by
argon gas bubbling beforehand was added, to thereby obtain
a solution. Subsequently, to the solution, 5 ml of a 16.7% by
mass sodium carbonate aqueous solution which was deaer-
ated by argon gas bubbling beforehand was added dropwise.
Then, the temperature was raised to the solvent reflux tem-
perature, and reflux was performed for 3 hours. Thus, a reac-
tion solution (I) was obtained. Note that the reaction was
carried out under an argon gas atmosphere.

[0203] Next, the obtained reaction solution (I) was cooled
to room temperature. Then, to the reaction solution (I), the
solution (S1) which was prepared beforehand in the different
reaction vessel (argon gas-purged) was added. Thus, a reac-
tion solution (1) was obtained. Subsequently, to the obtained
reaction solution (I), 5 ml of a 16.7% by weight sodium
carbonate aqueous solution which was deaerated by argon gas
bubbling beforehand was added dropwise. Then, the tempera-
ture was raised to the solvent reflux temperature, and reflux
was performed for 3.5 hours. Thus, a reaction solution (III)
was obtained. Note that the reaction was carried out under an
argon gas atmosphere.

[0204] Next, the obtained reaction solution (III) was cooled
to room temperature. Then, to the reaction solution (III), a
solution mixture containing 0.16 g of phenylboronic acid and
0.5 ml of tetrahydrofuran was added, and reflux was per-
formed for 2 hours. Thus, a reaction solution (IV) was
obtained. Note that the reaction was carried out under an
argon gas atmosphere. After such reaction, the obtained reac-
tion solution (IV) was cooled to room temperature. Thereaf-
ter, to the reaction solution (IV), approximately 30 g of tolu-
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ene was added, and was allowed to stand. Then, the phase-
separated toluene layer was recovered. Subsequently, the
obtained toluene layer was poured into methanol for repre-
cipitation. Then, the formed precipitates were collected.
Next, after vacuum-dried, the precipitates were dissolved in
toluene again. Thus, a toluene solution was obtained. Then,
the obtained toluene solution was filtered to thereby remove
insolubles. Thereafter, the toluene solution was passed
through an alumina column for purification. Next, the toluene
solution after the purification was concentrated in vacuo, and
then poured into methanol for reprecipitation. Then, the
formed precipitates were collected. Subsequently, after
washed with methanol, the obtained precipitates were
vacuum-dried. Thus, 0.52 g of a polymer product (the poly-
mer compound (40)) was obtained.

[0205] The thus obtained polymer compound (40) had a
polystyrene equivalent weight average molecular weight of
1.9x10* and a polystyrene equivalent number average
molecular weight of 8.8x103. It can be estimated, from the
feed, that the polymer compound (40) obtained by the pro-
duction method as described above has repeating units shown
in the following formulae:

O‘O T

CsHyy

CsHyz  CgHyr
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[0208] Subsequently, a liquid obtained by filtering the
xylene solution (A) by use of a filter with a pore diameter of
0.2 pm was spin-coated onto the first film of the laminated
body (at a rotational speed of 800 rpm). Thus, a thin film was
formed. The film thickness of the thin film was approximately
80 nm. Thereafter, the laminated body in which the thin film
was formed was allowed to stand under conditions of a nitro-
gen atmosphere and of 90° C. for 10 minutes to thereby dry
the thin film. Thus, a second film was formed on the first film.
In this way, a device precursor (glass substrate/ITO film/first
film/second film) was obtained.

[0209] Subsequently, the device precursor was set in a
deposition apparatus, and barium was deposited as a cathode
in a thickness of approximately 5 nm. Further, aluminum was
deposited thereon in a thickness of approximately 80 nm.
Thus, an EL device (device structure: glass substrate/ITO
film/first film/second film/cathode) was produced. Note that,
in these deposition processes, the deposition was started after
the degree of vacuum reached 1x10™* Pa or less.

[Chemical Formula 38]

CgHy7 CgHyy

C4Hy

Production of Devices and Characteristics
Evaluation of the Devices

Example 14

[0206] First, the polymer compound (40) synthesized in
Example 13 was dissolved in xylene to prepare a xylene
solution (A) with a polymer concentration of 1.8% by weight.

[0207] Next, aliquid obtained by filtering an suspension of
poly(3,4)ethylenedioxythiophene/polystyrenesulfonic  acid
(manufactured by Bayer AGunder the product name of “Bay-
tronP AI4083”) by using a membrane filter with a pore diam-
eter of 0.2 pum was spin-coated onto a glass substrate which
was coated with an ITO film with a thickness of 150 nm by a
sputtering method. Thus, a thin film with a thickness of 65 nm
was formed on the ITO film. Then, the substrate with the film
was dried on a hot plate at 200° C. for 10 minutes to thereby
form a first film on the ITO film. Thus, a laminated body
(glass substrate/ITO film/first film) was obtained.

C4Hy

[0210] The thus obtained EL device was subjected to volt-
age application. As a result, EL light emission peaked at 490
nm was obtained from the EL device. It was found that the
light emission color of the EL device at a luminance of 100
cd/m® was represented by x=0.250 and y=0.391 in terms of C.
1. E. chromaticity coordinate values.

Example 15

[0211] First, the polymer compound (2) synthesized in
Bxample 2 was dissolved in xylene to prepare a xylene solu-
tion (B) with a polymer concentration of 2.5% by weight.

[0212] Next, a liquid obtained by filtering a suspension of
poly(3,4)ethylenedioxythiophene/polystyrenesulfonic  acid
(manufactured by Bayer AGunder the product name of “Bay-
tronP CH8000”) by using a membrane filter with a pore
diameter of 0.2 pm was spin-coated onto a glass substrate
whichwas coated with an ITO film with a thickness of 150 nm
by a sputtering method. Thus, a thin film with a thickness of
65 nm was formed. Then, the substrate with the film was dried
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on a hot plate at 200° C. for 10 minutes. Thus, a laminated
body (glass substrate/ITO film/first film) in which the first
film was formed on the ITO film was obtained.

[0213] Next, a liquid obtained by filtering the xylene solu-
tion (B) by use of a filter with a pore diameter of 0.2 um was
spin-coated onto the first film of the laminated body (at a
rotational speed of 1400 rpm). Thus, a thin film was formed.
The film thickness of the thin film was approximately 80 nm.
Thereafter, the laminated body in which the thin film was
formed was allowed to stand under conditions of a nitrogen
atmosphere and of 90° C. for 10 minutes to thereby dry the
thin film. Thus, a second film was formed on the first film. In
this way, a device precursor (glass substrate/ITO film/first
film/second film) was obtained.

[0214]
deposition apparatus, and barium was deposited as a cathode

Subsequently, the device precursor was set in a

in a thickness of approximately 5 nm. Further, aluminum was
deposited in a thickness of approximately 80 nm. Thus, an EL
device (device structure: glass substrate/ITO film/first film/
second film/cathode) was produced. Note that, in these depo-
sition processes, the deposition was started after the degree of
vacuum reached 1x10™* Pa or less.

[0215] The thus obtained EL device was subjected to volt-
age application. As a result, it was found that EL light emis-
sion peaked at 530 nm was obtained from the EL device. It
was found that the light emission color of the EL device at a
luminance of 100 cd/m” was represented hy x=0.342 and
y=0.553 in terms of C. I. E. chromaticity coordinate values.

Example 16

[0216]
method as in Example 15, except that a xylene solution (C)

An BL device was produced by adopting the same

with a polymer concentration of 2.5% by weight obtained by
dissolving the polymer compound (5) synthesized in
Example 5 in xylene was used in place of the xylene solution
(B), and the rotational speed was changed into 1600 rpm from
1400 rpm in spin-coating of the xylene solution (C).

[0217] The thus obtained EL device was subjected to volt-
age application. As a result, it was found that EL light emis-
sion peaked at 530 nm was obtained from the EL device. It
was found that the light emission color of the EL device at a
luminance of 100 cd/m? was represented by x=0.341 and
y=0.548 in terms of C. I. E. chromaticity coordinate values.

INDUSTRIAL APPLICABILITY

[0218] As has been described above, according to the
present invention, it is possible to provide: a polymer com-
pound exhibiting a sufficiently high fluorescence intensity,
and being suitably usable as a light-emitting material, a
charge transport material, and the like; a method for produc-
ing the same; and a light-emitting material, a liquid compo-
sition, a thin film, a polymer light-emitting device, a surface
light source, a display device, an organic transistorand a solar
cell, each using the polymer compound.
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[0219] Therefore, the polymer compound of the present
invention is excellent in fluorescence intensity, and hence
particularly useful as a light-emitting material, a charge trans-
port material, and the like.

1. A polymer compound comprising a repeating unit rep-
resented by the following general formula (1-1) and/or a
repeating unit represented by the following general formula

(1-2):

[General Formula (1-1)]

[Chemical Formula 1]

Ry Rel

{1-1)

(inthe formula, R andR , arethe same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R, and R, are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12
carbon atoms, and a phenyl group)

[General Formula (1-2)]

[Chemical Formula 2]

R, Ry

(inthe formula, R, and R ., are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms and a phenyl group sub-
stituted by an alkoxy group having 1 to 12 carbon atoms, and
R, and R, are the same or different, and each represents any
one of a hydrogen atom, an alkyl group having 1 to 12 carbon
atoms and a phenyl group).

2. The polymer compound according to claim 1, further
comprising a repeating unit represented by the following
general formula (2):
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[General Formula (2)]

[Chemical Formula 3]

O.O CRd3 - CRes B

Rz Rg

@

(inthe formula, R 5 and R ; are the same or different, and each
represents any one of an alkyl group having 1 to 12 carbon
atoms, a phenyl group, a phenyl group substituted by an alkyl
group having 1 to 12 carbon atoms, and a phenyl group
substituted by an alkoxy group having 1 to 12 carbon atoms,
and R ,; and R, are the same or different, and each represents
any one of a hydrogen atom, an alkyl group having 1 to 12
carbon atoms and a phenyl group).

3. The polymer compound according to claim 1, wherein at
least one of R ;, and R, in the general formula (1-1) and/or at
least one of R ,, and R, in the general formula (1-2) are each
an alkyl group having 1 to 12 carbon atoms.

4. The polymer compound according to claim 2, wherein at
least one of R ;; and R, in the general formula (2) is an alkyl
group having 1 to 12 carbon atoms.

5. The polymer compound according to claim 1, wherein at
least one of R ;, and R, in the general formula (1-1) and/or at
least one of R ,, and R, in the general formula (1-2) are each
a phenyl group.

6. The polymer compound according to claim 2, wherein at
least one of R ;; and R ; in the general formula (2) is a phenyl
group.

7. A method for producing a polymer compound, which is
a method for producing a polymer compound according to
claim 1, the method comprising reacting a compound repre-
sented by the following general formula (100) with a com-
pound represented by the following general formula (200) in
the presence of a palladium catalyst and a base to obtain the
polymer compound:

[General Formula (100)]

X' —C(AH=C(AD)-X? (100)
(in the formula, A' and A? are the same or different, and each
represents anyone of a hydrogen atom, an alkyl group having
1 to 12 carbon atoms and a phenyl group, and X' and X* are
the same or different, and each represents any one of a boronic
acid group and a boronic ester group)

[General Formula (200)]

Y —Aryg—Y? (200)

Nov. 18,2010

{in the formula, Ar,,, represents a group represented by any
one of the following formulae (201) and (202):

[Chemical Formula 4]
Ry Ry

Ris Res

Qo1)

(202)

(in the formulae, Ry, R ., Ry, and R 5 are the same or dif-
ferent, and each represents any one of an alkyl group having
1 to 12 carbon atoms, a phenyl group, a phenyl group substi-
tuted by an alkyl group having 1 to 12 carbon atoms, and a
phenyl group substituted by an alkoxy group having 1 to 12
carbon atoms), and

Y' and Y? are the same or different, and each represents any
one of a halogen atom, an alkyl sulfonate group, an aryl
sulfonate group and an aryl alky! sulfonate group}.

8. A light-emitting material comprising the polymer com-
pound according to claim 1.

9. A liquid composition comprising:

the polymer compound according to claim 1; and

a solvent.

10. A thin film comprising the polymer compound accord-
ing to claim 1.

11. A polymer light-emitting device comprising an organic
layer containing the polymer compound according to claim 1,
said organic layer being located between electrodes including
an anode and a cathode.

12. A surface light source comprising the polymer light-
emitting device according to claim 11.

13. A display device comprising the polymer light-emitting
device according to claim 11.

14. An organic transistor comprising the polymer com-
pound according to claim 1.

15. A solar cell comprising the polymer compound accord-
ing to claim 1.
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