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(57) ABSTRACT

An electronic device that serves as a high-brightness elec-
troluminescent device includes a layer containing a polymer
compound having one or more structural units selected from
a structural unit represented by formula (1) and a structural
unit represented by formula (14) as a charge injection layer
and/or a charge transport layer:
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wherein Ar' and Ar? represent certain fused polycyclic aro-
matic groups; R', R?, R® and R” represent certain organic
groups; m1, m2 and m6 represent an integer of 1 or more; m7
represents aninteger of0 or more; and when R*, R R® and R”
are each plurally present, they each may be the same or
different.
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ELECTRONIC DEVICE AND POLYMER
COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to an electronic device
and a polymer compound for use in the electronic device.

BACKGROUND ART

[0002] In order to improve characteristics, disposing vari-
ous types of layers between a light-emitting layer and an
electrode is under study. For example, it is known that an
electroluminescent device has a layer formed of a non-con-
Jugated polymer compound containing a substituent having a
cation and two hetero atoms between a light-emitting layer
and an electrode (Patent Literature 1).

PRIOR ART DOCUMENT

Patent Literature

[0003] Patent Literature 1: Patent application laid-open
publication No. 2003-530676

SUMMARY OF INVENTION

Problem to be Solved by the Invention

[0004] However, the brightness of the above electrolumi-
nescent device is still insufficient.

[0005] An object of the present invention is to provide an
electronic device that serves as a high-brightness electrolu-
minescent device.

Means for Solving Problem

[0006] The present inventors have found that the above
object can be achieved by the electronic device or the like
below to achieve the present invention.

[0007] Accordingly, the present invention provides an elec-
tronic device including a layer comprising a polymer com-
pound comprising one or more structural units selected from
the group consisting of a structural unit represented by for-
mula (1) and a structural unit represented by formula (14) as
a charge injection layer and/or a charge transport layer; and
the like. The structural unit represented by formula (1) and the
structural unit represented by formula (14) are each a divalent
structural unit.

[0008] The structural unit represented by formula (1) is:

[Chemical Formula 1]

M
R

Ar!

I

(Rz)ml

wherein

[0009] Ar' represents a (2+ml+m2)-valent fused polycy-
clic aromatic group that optionally has a substituent;

[0010] R representsa group represented by formula (2) or
formula (3);

[0011] R?represents a group represented by formula (4);
[0012] ml represents an integer of 1 or more;

[0013] m2 represents an integer of 1 or more;
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[0014] when R* and R are each plurally present, they each
may be the same or different; and

[0015] a hydrogen atom in formula (1) may be replaced
with a substituent other than R* or R%;

[0016] wherein the group represented by formula (2) is:
—R{(QY) Y M)y (251 s @
[0017] wherein

[0018] R® represents a single bond, or a (1+m3)-valent
organic group that optionally has a substituent;

[0019] Q' represents a divalent organic group;

[0020] Y' represents —CO,", —SO,~,
—PO,* or —B(R%);7;

[0021] M’ represents a metallic cation, or represents an
ammonium cation that optionally has a substituent;

[0022] 7' represents F~, CI-, Br~, I, OH", B(R“),,
R“80,~, R*COO", CIO™, Cl0,~, C10,7, ClO,~, SCN™,
CN-, NO,~, S0,*7, HSO,~, PO,*~, HPO,*", H,PO,~,
BF,” or PF,7;

[0023] nl represents an integer of 0 or more;

[0024] al represents an integer of 1 or more, and bl
represents an integer of 0 or more, whereinal and b1 are
selected such that a charge of the group represented by
formula (2) is zero;

[0025] R“ represents an alkyl group having 1 to 30 car-
bon atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has a
substituent;

[0026] R” represents an alkyl group having 1 to 30 car-
bon atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has a
substituent;

[0027] m3 represents an integer of 1 or more, and when
R? is a single bond, m3 represents 1; and

[0028] when Q', Y', M', Z', nl, al and bl are each
plurally present, they each may be the same or different;

—S0,7,

[0029] wherein the group represented by formula (3) is:
—RH(Q@)o Y M )anZ7)52 s &)
[0030] wherein

[0031] R* represents a single bond, or a (1+m4)-valent
organic group that optionally has a substituent;

[0032] Qrepresents a divalent organic group;

[0033] Y represents a carbocation, an ammonium cat-
ion, a phosphonium cation, a sulfonium cation, or an
iodonium cation;

[0034] M? represents F~, CI-, Br, I, OH", B(R®),,
R”S0,~, R®CO0", ClO™, C10,~, ClO,, Cl0,~, SCN,
CN-, NO,~, SO,*7, HSO,~, PO,*", HPO,*", H,PO,",
BF, or PF,7;

[0035] 77 represents a metallic cation, or represents an
ammonium cation that optionally has a substituent;

[0036] n2 represents an integer of 0 or more;

[0037] a2 represents an integer of 1 or more, and b2
represents an integer of 0 or more, whereina2 and b2 are
selected such that a charge of the group represented by
formula (3) is zero;

[0038] R® represents an alkyl group having 1 to 30 car-
bon atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has a
substituent;

[0039] m4 represents an integer of 1 or more, and when
R*is a single bond, m4 represents 1; and

[0040] when Q7 Y? M3 Z° n2, a2 and b2 are each
plurally present, they each may be the same or different;
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[0041] wherein the group represented by formula (4) is:
—RH{@Q) Y }s 4
[0042] wherein

[0043] R’ represents a single bond, or a (1+m5)-valent
organic group that optionally has a substituent;

[0044] @’ represents a divalent organic group;

[0045] Y? represents a cyano group, or a group repre-
sented by any one of formulae (5) to (13);

[0046]

[0047] mS represents an integer of 1 or more, and when
R? is a single bond, m5 is 1; and

n3 represents an integer of 0 or more;

[0048] whenQ? Y andn3 are each plurally present, they
each may be the same or different;

[0049] wherein the group represented by any one of for-
mulae (5) to (13) is:

—0—(RO),;—R" &)

[Chemical Formula 2]

(6)
— R 0

Yor]
—S—(R'S),,—R" ©)
—C=0)—R—C(=0)),,—R" ®)
—C(=S)—R—C(=S)) s—R" ©)
—N{(R).R"}; 10
—C(=0)0—(R—C(=0)0) —R" an
—C(=0)0—(R'0),4—R" 12)
—NHC(=0)—(R'NHC(=0)),—R" 13
[0050] wherein
[0051] R'represents a divalent hydrocarbon group that

optionally has a substituent;

[0052] R" represents a hydrogen atom, a monovalent
hydrocarbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NRE, acyano group or—C(=0)
NR®,:

[0053] R'™ represents a trivalent hydrocarbon group
that optionally has a substituent;

[0054] a3 represents an integer of 1 or more;
[0055] a4 represents an integer of 0 or more;
[0056] R° represents an alkyl group having 1 to 30

carbon atoms that optionally has a substituent, or an
aryl group having 6 to 50 carbon atoms that optionally
has a substituent; and

[0057] when R', R" and R"™ are each plurally present,
they each may be the same or different;
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and
[0058]
(14) is:

wherein the structural unit represented by formula

[Chemical Formula 3]

(14)
(1|16)ms
I

®7)y7

wherein

[0059] Ar” represents a (2+m6+m7)-valent fused polycy-
clic aromatic group that optionally has a substituent;

[0060] RCrepresentsa group represented by formula (15) or

formula (16);

[0061] R’ represents the group represented by formula (4);
[0062] m6 represents an integer of 1 or more;

[0063] m7 represents an integer of 0 or more;

[0064] when R%and R” are each plurally present, they each

may be the same or different; and

[0065] a hydrogen atom in formula (14) may be replaced
with a substituent other than R® or R”;

[0066] wherein the group represented by formula (15) is:

[Chemical Formula 4]

(15)
—If—{(Ql>n1—Y1<M1>a1<zl>b1}ms

{( QY s

[0067] wherein
[0068] R®representsa (1+m8+m9)-valent organic group
that optionally has a substituent;
[0069] Q' Q% Y'Y? M Z' nl, n3, al and bl are the
same as the corresponding definitions above;
[0070] m8 and m9 each independently represent an inte-
ger of 1 or more; and
[0071] whenQ', Q% Y',Y?, M, Z*,n1,n3,al and bl are
each plurally present, they each may be the same or
different;
[0072] wherein the group represented by formula (16) is:

[Chemical Formula 5]

16)
—I|<9—{<Q2>n2—Y2<M2>a2<z2>bz}mo

(@)=Y} an

[0073] wherein

[0074] R® represents a (1+ml0+mll)-valent organic
group that optionally has a substituent;

[0075] Q3 Q% Y2 Y?, M? 72 n2, n3, a2 and b2 are the
same as the corresponding definitions above;

[0076] m10 and m11 each independently represent an
integer of 1 or more; and

[0077] whenQ? QY% Y?, M2, 72,12, n3,a2 and b2 are
each plurally present, they each may be the same or
different.
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Effect of the Invention

[0078] Theelectronic device of the present invention serves
as a high-brightness electroluminescent device.

MODE(S) FOR CARRYING OUT THE

INVENTION
[0079] The present invention will be described in detail
below.
<Polymer Compound>
[0080] The polymer compound of the present inventionis a

polymer compound having one or more structural units
selected from the group consisting of a structural unit repre-
sented by Formula (1) and a structural unit represented by
Formula (14).

[0081] The polymer compound has preferably 15 to 100%
by mole of the structural unit represented by Formula (1)
and/or the structural unit represented by Formula (14) based
on all structural units.

[0082] Structural Unit Represented by Formula (1)

[0083] InFormula (1), Ar' represents a (1+m1+m2)-valent
fused polycyclic aromatic group that optionally has a sub-
stituent. R' represents a group represented by Formula (2) or
Formula (3). In view of stability of the polymer compound of
the present invention on electron current, R" is preferably the
group represented by Formula (2). R? represents a group
represented by Formula (4). m1 represents an integer of 1 or
more and m2 represents an integer of 1 or more. When R' and
R? are each plurally present, they each may be the same or
different.

[0084] The above Ar' may have a substituent other than R*
or R?. Examples of the substituent may include an alkyl
group, an alkoxy group, an alkylthio group, an aryl group, an
aryloxy group, an arylthio group, an arylalkyl group, an ary-
lalkoxy group, an arylalkylthio group, an arylalkenyl group,
an arylalkynyl group, an amino group, a substituted amino
group, asilyl group, a substituted silyl group, a halogen atom,
an acyl group, an acyloxy group, an imine residue, an amido
group, an acid imide group, a monovalent heterocyclic group,
a hydroxy group, a substituted carboxy group, a cyano group,
anitro group, and a cross-linkable group. When the substitu-
ent is plurally present, they may be the same or different.
[0085] The substituent will be described below. The term
“C,, to C,” (m and n are positive integers satisfying m<n)
represents that the number of carbon atoms of the organic
group described with this term is m to n. For example, aC,, to
C,, alkyl group represents that the number of carbon atoms of
the alkyl group ismton; aC,, to C, alkylaryl group represents
that the number of carbon atoms of the alkyl group is m to n;
andan aryl-C,_ to C, alkyl group represents that the number of
carbon atoms of the alkyl group is m to n. The following term
may be used for groups other than the above substituents. A
certain group that optionally has a substituent means a certain
group having a substituent or a certain group having no sub-
stituent.

[0086] The alkyl group may be linear or branched, or may
also be a cycloalkyl group. The number of carbon atoms of the
alkyl group is usually 1 to 20 (usually 3 to 20 for a cycloalkyl
group) and preferably 1to 10 (3 to 10 for a cycloalkyl group).
The alkyl group may have a substituent, and the number of
carbons of the substituent is not included in the above number
of carbons.
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[0087] Examples of the alkyl group may include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a
butyl group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group,
and a lauryl group. A hydrogen atom in the alkyl group may
be substituted with a fluorine atom. Examples of such a fluo-
rine atom-substituted alkyl group may include a trifluorom-
ethyl group, a pentafluoroethyl group, a perfluorobutyl group,
a perfluorohexyl group, and a perfluorooctyl group.
Examples of the C, to C,, alkyl group may include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a
butyl group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an isoamyl group. a hexyl group, a
cyclohexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, and a lauryl group.

[0088] The alkoxy group (also referred to as an alkyloxy
group) may be linear or branched, or may also be a cycloalky-
loxy group. The number of carbon atoms of the alkoxy group
is usually 1 to 20 (usually 3 to 20 for a cycloalkyloxy group)
and preferably 1 to 10 (3 to 10 for a cycloalkyloxy group). The
alkoxy group may have a substituent, and the number of
carbons of the substituent is not included in the above number
of carbons.

[0089] Examples of the alkoxy group may include a meth-
OXy group, an ethoxy group, a propyloxy group, an isopropy-
loxy group, a butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, a pentyloxy group, a hexyloxy
group, a cyclohexyloxy group, a heptyloxy group, an octy-
loxy group, a nonyloxy group, a decyloxy group, and a lau-
ryloxy group. A hydrogen atom in the alkoxy group may be
substituted with a fluorine atom. Examples of such a fluorine
atom-substituted alkoxy group may include a trifluo-
romethoxy group, a pentafluoroethoxy group, a perfluorobu-
toxy group, a perfluorohexyloxy group and a perfluoroocty-
loxy group. Examples of the alkoxy group may also include a
methoxymethyloxy group and a 2-methoxyethyloxy group.
Examples of the C, to C,, alkoxy group may include a meth-
0Xy group, an ethoxy group, a propyloxy group, an isopropy-
loxy group, a butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, a pentyloxy group, a hexyloxy
group, a cyclohexyloxy group, a heptyloxy group, an octy-
loxy group, a 2-ethylhexyloxy group, a nonyloxy group, a
decyloxy group, a 3,7-dimethyloctyloxy group, and a laury-
loxy group.

[0090] The alkylthio group may be linear or branched, or
may also be a cycloalkylthio group. The number of carbon
atoms of the alkylthio group is usually 1 to 20 (usually 3 to 20
for a cycloalkylthio group) and preferably 1 to 10 (3 to 10 for
a cycloalkylthio group). The alkylthio group may have a
substituent, and the number of carbons of the substituent is
not included in the above number of carbons.

[0091] Examples of the alkylthio group may include a
methylthio group, an ethylthio group, a propylthio group, an
isopropylthio group, a butylthio group, an isobutylthio group,
a sec-butylthio group, a tert-butylthio group, a pentylthio
group, a hexylthio group, a cyclohexylthio group, a hep-
tylthio group, an octylthio group, a nonylthio group, a
decylthio group, and a laurylthio group. A hydrogen atom in
the alkylthio group may be substituted with a fluorine atom.
Examples of such a fluorine atom-substituted alkylthio group
may include a trifluoromethylthio group.

[0092] The aryl group is an atomic group remaining after
removing one hydrogen atom that is bonded to a carbon atom
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constituting a ring (preferably, an aromatic ring) from an
aromatic hydrocarbon, and also includes a group having a
benzene ring, a group having a fused ring, and a group in
which two or more independent benzene rings or fused rings
are bonded through a single bond or a divalent organic group,
for example, an alkenylene group such as a vinylene group.
The aryl group has usually 6 to 60 carbon atoms and prefer-
ably 6 to 48 carbon atoms. The aryl group may have a sub-
stituent, and the number of carbons of the substituent is not
included in the above number of carbons.

[0093] Examples of the aryl group may include a phenyl
group, a C, to C, , alkoxyphenyl group, a C, to C,, alkylphe-
nyl group, a 1-naphthyl group, a 2-naphthyl group, a 1-an-
thracenyl group, a 2-anthracenyl group, and a 9-anthracenyl
group. A hydrogen atom in the aryl group may be substituted
with a fluorine atom. Examples of such a fluorine atom-
substituted aryl group may include a pentafluorophenyl
group. Among the aryl groups, a phenyl group, a C, to C,,
alkoxyphenyl group, and a C, to C,, alkylpheny! group are
preferred.

[0094] Among the aryl groups, examples of the C, to C,
alkoxyphenyl group may include a methoxyphenyl group, an
ethoxypheny! group, a propyloxyphenyl group, an isopropy-
loxyphenyl group, a butoxyphenyl group, an isobutoxyphe-
nyl group, a sec-butoxyphenyl group, a tert-butoxyphenyl
group, a pentyloxyphenyl group, a hexyloxyphenyl group, a
cyclohexyloxyphenyl group, a heptyloxyphenyl group, an
octyloxyphenyl group, a 2-ethylhexyloxyphenyl group, a
nonyloxyphenyl group, a decyloxyphenyl group, a 3,7-dim-
ethyloctyloxyphenyl group, and a lauryloxyphenyl group.
[0095] Among the aryl groups, examples of the C, to C,,
alkylphenyl group may include a methylphenyl group, an
ethylphenyl group, a dimethylphenyl group, a propylphenyl
group, a mesityl group, a methylethylphenyl group, an iso-
propylphenyl group, a butylphenyl group, an isobutylphenyl
group, a tert-butylphenyl group, a pentylphenyl group, an
isoamylphenyl group, a hexylphenyl group, a heptylphenyl
group, an octylphenyl group, a nonylphenyl group, a
decylphenyl group, and a dodecylphenyl group.

[0096] The aryloxy group has usually 6 to 60 carbon atoms
and preferably 6 to 48 carbon atoms. The aryloxy group may
have a substituent, and the number of carbons of the substitu-
ent is not included in the above number of carbons.

[0097] Examples of the aryloxy group may include a phe-
noxy group, a C, to C,, alkoxyphenoxy group, a C, to C,,
alkylphenoxy group, a 1-naphthyloxy group, a 2-naphthy-
loxy group, and a pentafluorophenyloxy group. Among the
aryloxy group, a phenoxy group, a C, to C, , alkoxyphenoxy
group and a C, to C,, alkylphenoxy group are preferred.
[0098] Among the aryloxy groups, examples of the C, to
C,, alkoxyphenoxy group may include a methoxyphenoxy
group, an ethoxyphenoxy group, a propyloxyphenoxy group,
an isopropyloxyphenoxy group, a butoxyphenoxy group, an
isobutoxyphenoxy group, a sec-butoxyphenoxy group, a tert-
butoxyphenoxy group, a pentyloxyphenoxy group, a hexy-
loxyphenoxy group, a cyclohexyloxyphenoxy group, a hep-
tyloxyphenoxy group, an octyloxyphenoxy group, a
2-ethylhexyloxyphenoxy group, anonyloxyphenoxy group, a
decyloxyphenoxy group, a 3,7-dimethyloctyloxyphenoxy
group, and a lauryloxyphenoxy group.

[0099] Thearylthio groupis a group in which the above aryl
group is bonded to a sulfur atom. The arylthio group has
usually 6 to 60 carbon atoms and preferably 6 to 30 carbon
atoms. The arylthio group may have a substituent on an aro-
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matic ring of the aryl group, and the number of carbons of the
substituent is not included in the above number of carbons.
[0100] Examples of the arylthio group may include a phe-
nylthio group, aC, to C, , alkoxyphenylthio group,a C, to C,,
alkylphenylthio group, a 1-naphthylthio group, a 2-naphth-
ylthio group, and a pentafluorophenylthio group.

[0101] The arylalkyl group is a group in which the above
aryl group is bonded to the above alkyl group. The arylalkyl
group has usually 7 to 60 carbon atoms and preferably 7 to 30
carbon atoms. The arylalkyl group may have a substituent,
and the number of carbons of the substituent is not included in
the above number of carbons.

[0102] Examples of the arylalkyl group may include a phe-
nyl-C, to C,, alkyl group, a C, to C,, alkoxyphenyl-C, to C,,
alkyl group, a C, to C,, alkylphenyl-C, to C,, alkyl group, a
1-naphthyl-C, to C,; alkyl group, and a 2-naphthyl-C, to C,,
alkyl group.

[0103] The arylalkoxy group (also referred to as an aryla-
lkyloxy group) is a group in which the above aryl group is
bonded to the above alkoxy group. The arylalkoxy group has
usually 7 to 60 carbon atoms and preferably 7 to 30 carbon
atoms. The arylalkoxy group may have a substituent, and the
number of carbons of the substituent is not included in the
above number of carbons.

[0104] Examples of the arylalkoxy group may include a
phenyl-C, to C, alkoxy group, a C, to C, , alkoxyphenyl-C,
to C, ,alkoxy group, a C, to C,, alkylphenyl-C, to C,, alkoxy
group, a 1-naphthyl-C, to C,, alkoxy group, and a 2-naph-
thyl-C, to C,, alkoxy group.

[0105] The arylalkylthio group is a group in which the
above aryl group is bonded to the above alkylthio group. The
arylalkylthio group has usually 7 to 60 carbon atoms and
preferably 7 to 30 carbon atoms. The arylalkylthio group may
have a substituent, and the number of carbons of the substitu-
ent is not included in the above number of carbons.

[0106] Examples of the arylalkylthio group may include a
phenyl-C, to C,, alkylthio group, a C, to C,, alkoxyphenyl-
C, to C,, alkylthio group, a C, to C,, alkylphenyl-C, to C,,
alkylthio group, a 1 -naphthyl-C, to C, alkylthio group, anda
2-naphthyl-C, to C,, alkylthio group.

[0107] Thearylalkenyl group is a group in which the above
aryl group is bonded to an alkenyl group. The arylalkenyl
group has usually 8 to 60 carbon atoms and preferably 8 to 30
carbon atoms. The arylalkenyl group may have a substituent,
and the number of carbons of the substituent is not included in
the above number of carbons.

[0108] Examples of the arylalkenyl group may include a
phenyl-C, to C, , alkenyl group, a C, to C,, alkoxyphenyl-C,
to C,, alkenyl group, a C, to C,, alkylphenyl-C, to C,, alk-
enyl group, a 1-naphthyl-C, to C,, alkenyl group, and a
2-naphthyl-C, to C,, alkenyl group, and a C, to C,, alkox-
yphenyl-C, to C, , alkenyl group and a C, to C, , alkylphenyl-
C, to C, alkenyl group are preferred. Examples of the C, to
C,, alkenyl group may include a vinyl group, a 1-propenyl
group, a 2-propenyl group, a 1-butenyl group, a 2-butenyl
group, a 1-pentenyl group, a 2-pentenyl group, a 1-hexenyl
group, a 2-hexenyl group, and a 1-octenyl group.

[0109] Thearylalkynyl group is a group in which the above
aryl group is bonded to an alkynyl group. The arylalkynyl
group has usually 8 to 60 carbon atoms and preferably 8 to 30
carbon atoms. The arylalkynyl group may have a substituent,
and the number of carbons of the substituent is not included in
the above number of carbons.
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[0110] Examples of the arylalkynyl group may include a
phenyl-C, to C,, alkynyl group, a C, to C,, alkoxyphenyl-C,
to C,, alkynyl group, a C, to C,, alkylphenyl-C, to C,, alky-
nyl group, a l-naphthyl-C, to C,, alkynyl group, and a
2-naphthyl-C, to C,, alkynyl group, and a C, to C,, alkox-
yphenyl-C, to C,, alkynyl group and a C, to C, , alkylphenyl-
C, to C,, alkynyl group are preferred. Examples of the C, to
C,, alkynyl group may include an ethynyl group, a 1-propy-
nyl group, a 2-propynyl group, a 1-butynyl group, a 2-butynyl
group, a 1-pentynyl group, a 2-pentynyl group, a 1-hexynyl
group, a 2-hexynyl group, and a 1-octynyl group.

[0111] The substituted amino group means an amino group
in which at least one hydrogen atom in an amino group is
substituted with one or two groups selected from the group
consisting of an alkyl group, an aryl group, an arylalkyl
group, and a monovalent heterocyclic group. The alkyl group,
the aryl group, the arylalkyl group, or the monovalent hetero-
cyclic group may have a substituent, and the number of car-
bons of the substituent is not included in the above number of
carbons of the substituted amino group. The carbon number
of the substituted amino group is usually 1 to 60 and prefer-
ably 2 to 48, without including the number of carbon atoms of
the substituent that the alkyl group, the aryl group, the aryla-
lkyl group, or the monovalent heterocyclic group may have.

[0112] Examples of the substituted amino group may
include a methylamino group, a dimethylamino group, an
ethylamino group, a diethylamino group, a propylamino
group, a dipropylamino group, an isopropylamino group, a
diisopropylamino group, a butylamino group, an isobuty-
lamino group, a sec-butylamino group, a tert-butylamino
group, a pentylamino group, a hexylamino group, a cyclo-
hexylamino group, a heptylamino group, an octylamino
group, a 2-ethylhexylamino group, a nonylamino group, a
decylamino group, a 3,7-dimethyloctylamino group, a laury-
lamino group, a cyclopentylamino group, a dicyclopenty-
lamino group, a cyclohexylamino group, a dicyclohexy-
lamino group, a ditrifluoromethylamino group, a
phenylamino group, a diphenylamino group, a (C, to C,,
alkoxyphenyl)amino group, a di(C, to C,, alkoxyphenyl)
amino group, a di(C, to C,, alkylphenyl)amino group, a
1-naphthylamino group, a 2-naphthylamino group, a pen-
tafluorophenylamino group, a pyridylamino group, a
pyridazinylamino group, a pyrimidinylamino group, a pyrazi-
nylamino group, a triazinylamino group, a (phenyl-C, to C,,
alkyDamino group, a (C, to C, , alkoxyphenyl-C, to C,, alky-
Damino group, a (C, to C,, alkylphenyl-C, to C,, alkyl)
amino group, a di (C, to C,, alkoxyphenyl-C, to C, , alkyl]
amino group, a di (C, to C,, alkylpheny!-C, to C,, alkyl)
amino group, a 1-naphthyl-C, to C,, alkylamino group. and a
2-naphthyl-C, to C,, alkylamino group.

[0113] The substituted silyl group means a silyl group in
which at least one hydrogen atom in a silyl group is substi-
tuted with one to three groups selected from the group con-
sisting of an alkyl group, an aryl group, an arylalkyl group,
and a monovalent heterocyclic group. The alkyl group, the
aryl group, the arylalkyl group, or the monovalent heterocy-
clic group may have a substituent, and the number of carbons
of the substituent is not included in the number of carbons of
the substituted silyl group. The number of carbon atoms of the
substituted silyl group is usually 1 to 60 and preferably 3 to
48, without including the number of carbon atoms of the
substituent that the alkyl group, the aryl group, the arylalkyl
group, or the monovalent heterocyclic group may have.
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[0114] Examples of the substituted silyl group may include
a trimethylsilyl group, a triethylsilyl group, a tripropylsilyl
group, a triisopropylsilyl group, an isopropyldimethylsilyl
group, an isopropyldiethylsilyl group, a tert-butyldimethylsi-
1yl group, a pentyldimethylsilyl group, a hexyldimethylsilyl
group, a heptyldimethylsilyl group, an octyldimethylsilyl
group, a 2-ethylhexyldimethylsilyl group, a nonyldimethyl-
silyl group, a decyldimethylsilyl group, a 3,7-dimethyloc-
tyldimethylsilyl group, a laurydimethylsilyl group, a (phenyl-
C, to C,, alkyDsilyl group, a (C, to C,, alkoxyphenyl-C, to
C,, alkyDsilyl group, a (C, 1o C,, alkylphenyl-C, to C,,
alkyDsilyl group, a (1-naphthyl-C, to C,, alkyl)silyl group, a
(2-naphthyl-C, to C , alkyl)silyl group, a (phenyl-C, to C,,
alkyl)dimethylsilyl group, a triphenylsilyl group, a tri(p-xy-
lyD)silyl group, a tribenzylsilyl group, a diphenylmethylsilyl
group, a tert-butyldiphenylsilyl group, and a dimethylphenyl-
silyl group.

[0115] Examples of the halogen atom may include a fluo-
rine atom, a chlorine atom, a bromine atom, and an iodine
atom.

[0116] Theacyl group (also referred to as an alkyl carbonyl
group) has usually 2 to 20 carbon atoms and preferably 2 to 18
carbon atoms. The acyl group may have a substituent, and the
number of carbons of the substituent is not included in the
above number of carbons.

[0117] Examples of the acyl group may include an acetyl
group, a propionyl group, a butyryl group, an isobutyryl
group, a pivaloyl group, a benzoyl group, a trifluoroacetyl
group, and a pentafluorobenzoyl group.

[0118] The acyloxy group (also referred to as an alkyl car-
bonyloxy group) has usually 2 to 20 carbon atoms and pref-
erably 2 to 18 carbon atoms. The acyloxy group may have a
substituent, and the number of carbons of the substituent is
not included in the above number of carbons.

[0119] Examples of the acyloxy group may include an
acetoxy group, a propionyloxy group, a butyryloxy group, an
isobutyryloxy group, a pivaloyloxy group, a benzoyloxy
group, a trifluoroacetyloxy group, and a pentafluorobenzoy-
loxy group.

[0120] The imine residue means a group remaining after
removing one hydrogen atom from an imine compound hav-
ing a structure represented by at least any one of formula:
H—N—C<and formula: —N—CH—. Examples of such an
imine compound may include aldimine; ketimine; and a com-
pound in which a hydrogen atom that is bonded to a nitrogen
atom in aldimine is substituted with a group such as an alkyl
group, an aryl group, an arylalkyl group, an arylalkenyl
group, and anarylalkynyl group. The number of carbon atoms
of the imine residue is usually 2 to 20 and preferably 2 to 18.
The imine residue may have a substituent, and the number of
carbons of the substituent is not included in the above number
of carbons.

[0121] Examples of the imine residue may include a group
represented by formula: —CRP=N-RY or general formula:
—N—C(RY),, (where RP represents a hydrogen atom, an
alkyl group, an aryl group, an arylalkyl group, an arylalkenyl
group, or an arylalkynyl group; and R independently repre-
sents an alkyl group, an aryl group, an arylalkyl group, an
arylalkenyl group, or an arylalkynyl group, and when two RY
are present, the two RY may be combined with each other to
form aring as a divalent group (e.g., an alkylene group having
2 to 18 carbon atoms such as an ethylene group, a trimethyl-
ene group, a tetramethylene group, a pentamethylene group,
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and a hexamethylene group). Examples of the imine residue
may include the following groups.

[Chemical Formula 6]
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-continued

N

[0122] The amido group has usually 1 to 20 carbon atoms
and preferably 2 to 18 carbon atoms. The amido group may
have a substituent, and the number of carbons of the substitu-
ent is not included in the above number of carbons.

[0123] Examples of the amido group may include a forma-
mido group, an acetamido group, a propioamido group, a
butyramido group, a benzamido group, a trifluoroacetamido
group, a pentafluorobenzamido group, a diformamido group,
a diacetamido group, a dipropioamido group, a dibutyramido
group, a dibenzamido group, a ditrifluoroacetamido group,
and a dipentafluorobenzamido group.

[0124] The acid imido group means a group obtained by
removing a hydrogen atom that is bonded to a nitrogen atom
from an acid imide. The acid imido group has usually 4 to 20
carbon atoms and preferably 4 to 18 carbon atoms. The acid
imido group may have a substituent, and the number of car-
bons of the substituent is not included in the above number of
carbons.

[0125] Examples of the acid imido group may include the
following groups.

[Chemical Formula 7]
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[0126]

The monovalent heterocyclic group means an
atomic group remaining after removing one hydrogen atom
that is bonded to a carbon atom constituting a ring from a
heterocyclic compound. The heterocyclic compound refers to
an organic compound containing not only a carbon atom, but
also a hetero atom such as an oxygen atom, a sulfur atom, a
nitrogen atom, a phosphorus atom, a boron atom, a silicon
atom, a selenium atom, a tellurium atom, and an arsenic atom
as an element constituting the ring, among organic com-
pounds having a cyclic structure. The monovalent heterocy-
clic group has usually 3 to 60 carbon atoms and preferably 3
to 20 carbon atoms. The monovalent heterocyclic group may
have a substituent, and the number of carbons of the substitu-
ent is not included in the above number of carbons.

[0127] Examples of such a monovalent heterocyclic group
may include a thienyl group, a C, to C, , alkylthienyl group, a
pyrrolyl group, a furyl group, a pyridyl group, a C, to C,,
alkylpyridyl group, a pyridazinyl group, a pyrimidyl group, a
pyrazinyl group, a triazinyl group, a pyrrolidyl group, a pip-
eridyl group, a quinolyl group, and an isoquinolyl group, and
among them, a thienyl group, a C, to C,, alkylthienyl group,
apyridyl group, aC, to C,, alkylpyridyl group, and a triazinyl
group are preferred. The monovalent heterocyclic group is
preferably a monovalent aromatic heterocyclic group.

[0128] The substituted carboxy group means a carboxy
group in which a hydrogen atom in a carboxy group is sub-

@]

Z
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stituted with an alkyl group, an aryl group, an arylalkyl group,
or a monovalent heterocyclic group, that is, a group repre-
sented by formula: —C(=—O)OR* (where R* represents an
alkyl group, an aryl group, an arylalkyl group, or a monova-
lent heterocyclic group). The substituted carboxy group has
usually 2 to 60 carbon atoms and preferably 2 to 48 carbon
atoms. The alkyl group, the aryl group, the arylalkyl group, or
the monovalent heterocyclic group may have a substituent,
and the number of carbons of the substituent is not included in
the above number of carbous.

[0129] Examples of the substituted carboxy group may
include a methoxycarbonyl group, an ethoxycarbonyl group,
a propyloxycarbonyl group, an isopropyloxycarbonyl group,
a butoxycarbonyl group, an isobutoxycarbonyl group, a sec-
butoxycarbonyl group, a tert-butoxycarbonyl group, a penty-
loxycarbonyl group, a hexyloxycarbony! group, a cyclohexy-
loxycarbonyl group, a heptyloxycarbonyl group, an
octyloxycarbonyl group, a 2-ethylhexyloxycarbonyl group, a
nonyloxycarbonyl group, a decyloxycarbonyl group, a 3,7-
dimethyloctyloxycarbonyl group, a dodecyloxycarbonyl
group, a trifluoromethoxycarbonyl group, a pentafluoroet-
hoxycarbonyl group, a perfluorobutoxycarbonyl group, a per-
fluorohexyloxycarbonyl group, a perfluorooctyloxycarbonyl
group, a phenoxycarbonyl group, a naphthoxycarbonyl
group, and a pyridyloxycarbonyl group.

[0130] The cross-linkable group means a group that can
form bonds among two or more molecules by causing a
polymerization reaction through the action of heat, light, a
thermal polymerization initiator, or a photopolymerization
initiator.

[0131] Examples of the cross-linkable group may include
an ethenyl group, an ethyny! group, a butenyl group, an acry-
loyl group, an acrylate group, an acrylamidy! group, a meth-
acryl group, a methacrylate group, a methacrylamidyl group,
an ethenyloxy group, an ethenylamino group, a hydroxysilyl
group, a functional group containing a structure of a small
ring (e.g., cyclopropane, cyclobutane, benzocyclobutene,
epoxide, oxetane, diketene, thiirane, lactone, and lactam),
and a functional group having a structure of a siloxane deriva-
tive. In addition to the above groups, a combination of groups
that can form an ester bond or an amide bond may be used.
Examples of the combination of groups that can form an ester
bond or an amide bond may include a combination of an ester
group and an amino group and a combination of an ester
group and a hydroxyl group.

[0132] The substituent other than R* that the above Ar* has
is preferably the alkyl group, the alkoxy group, the aryl group,
the aryloxy group, the carboxyl group or the substituted car-
boxyl group, or the halogen atom, because the synthesis of the
raw material monomer is simplified.

[0133] In Formula (1), m1 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0134] In Formula (1), m2 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0135] The (24ml+m2)-valent fused polycyclic aromatic
group represented by Ar' in Formula (1) may include a group
remaining after removing (2+m1+m2) hydrogen atoms from
a fused polycyclic aromatic group in which two or more
benzene rings are fused.
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[0136] Examples of the fused polycyclic aromatic group
may includes the following:

[Chemical Formula 8]
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-continued

[0137] Inview of the solubility of the polymer compound,
the (2+m1+m2)-valent fused polycyclic aromatic group is
preferably a group remaining after removing (2+ml+m?2)
hydrogen atoms from the group represented by any one of
Formulae 1 to 4, 7, and 8, more preferably a group remaining
after removing (2+m1+m2) hydrogen atoms from the group
represented by any one of Formulae 1 to 3, 7, and 8, and
further more preferably a group remaining after removing
(2+m1+m2) hydrogen atoms from the group represented by
any one of Formulae 1to 3, and 7.

[0138] InFormula (1), Ar' is preferably a group remaining
after removing (m1+m?2) hydrogen atoms from a divalent
group represented by any one of Formulae 10 to 17.

[Chemical Formula 9]
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16
17

[0139] —Group Represented by Formula (2)—

[0140] In Formula (2), R? represents a single bond or a
(1+m3)-valent organic group that optionally has a substitu-
ent. The group represented by Formula (2) is a monovalent
group.

[0141] In Formula (2), examples of the (1+m3)-valent
organic group that optionally has a substituent represented by
R® may include: a group remaining after removing m3 hydro-
gen atoms from an alkyl group having 1 to 20 carbon atoms
that optionally has a substituent, such as a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m3 hydrogen atoms from an aryl
group having 6 to 30 carbon atoms that optionally has a
substituent, such as a phenyl group, a 1-naphthyl group, a
2-naphthyl group, a 1-anthracenyl group, a 2-anthracenyl
group, a 9-anthracenyl group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing m3 hydrogen
atoms from an alkoxy group having 1 to 50 carbon atoms that
optionally has a substituent, such as a methoxy group, an
ethoxy group, a propyloxy group, a butoxy group, a penty-
loxy group, a hexyloxy group, a nonyloxy group, a dodecy-
loxy group, a cyclopropyloxy group, a cyclobutyloxy group,
a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing m3 hydrogen
atoms from an amino group having a substituent containing a
carbon atom; and a group remaining after removing m3
hydrogen atoms from a silyl group having a substituent con-
taining a carbon atom. The number of carbons of the substitu-
ent is not included in the above number of carbons. Because
the synthesis of the raw material monomer is simplified,
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preferred examples are a group remaining after removing m3
hydrogen atoms from an alkyl group, a group remaining after
removing m3 hydrogen atoms from anaryl group, and a group
remaining after removing m3 hydrogen atoms from an alkoxy
group. More preferably, it is a group remaining after remov-
ing m3 hydrogen atoms from an aryl group.

[0142] Examples of the above substituent may include the
same as the substituent exemplified in the description with
respect to the above Ar'. When the substituent is plurally
present, they may be the same or different.

[0143] In Formula (2), m3 represents an integer of 1 or
more (e.g., 1, 2, or 3), and when R? is a single bond, m3
represents 1.

[0144] In Formula (2), examples of the divalent organic
group represented by Q' may include: a divalent chain satu-
rated hydrocarbon group having 1 to 50 carbon atoms that
optionally has a substituent, such as a methylene group, an
ethylene group, a 1,2-propylene group, a 1,3-propylene
group, a 1,2-butylene group, a 1,3-butylene group, a 1,4-
butylene group, a 1,5-pentylene group, a 1,6-hexylene group,
a 1,9-nonylene group, a 1,12-dodecylene group, and a group
in which at least one hydrogen atom in these groups is sub-
stituted with a substituent; a divalent chain unsaturated
hydrocarbon group having 2 to 50 carbon atoms that option-
ally has a substituent including an alkenylene group having 2
to 50 carbon atoms that optionally has a substituent, such as
an ethenylene group, a propenylene group, a 3-butenylene
group, a 2-butenylene group, a 2-pentenylene group, a 2-hex-
enylene group, a 2-nonenylene group, a 2-dodecenylene
group, and a group in which at least one hydrogen atom in
these groups is substituted with a substituent and an ethy-
nylene group; a divalent saturated cyclic hydrocarbon group
having 3 to 50 carbon atoms that optionally has a substituent,
such as a cyclopropylene group, a cyclobutylene group, a
cyclopentylene group, a cyclohexylene group, a
cyclononylene group, a cyclododecylene group, a nor-
bornylene group, an adamantylene group, and a group in
which at least one hydrogen atom in these groups is substi-
tuted with a substituent; an arylene group having 6 to 50
carbon atoms that optionally has a substituent, such as a
1,3-phenylene group, a 1,4-phenylene group, a 1,4-naphthyl-
ene group, a 1,5-naphthylene group, a 2,6-naphthylene
group, a biphenyl-4.4'-diyl group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; an alkyleneoxy group having 1 to 50 carbon
atoms that optionally has a substituent, such as a methyl-
eneoxy group, an ethyleneoxy group, a propyleneoxy group,
a butyleneoxy group, a pentyleneoxy group, a hexyleneoxy
group, and a group in which at least one hydrogen atom in
these groups is substituted with a substituent (that is, a diva-
lent organic group represented by formula: —R“—O—
(where R¥is an alkylene group having 1 to 50 carbon atoms
that optionally has a substituent, such as a methylene group,
an ethylene group, a propylene group, a butylene group, a
pentylene group, a hexylene group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent)); an imino group having a substituent containing
a carbon atom; and a silylene group having a substituent
containing a carbon atom. The number of carbons of the
substituent is not included in the above number of carbons.
Because the synthesis of a monomer that is a raw material of
the macromolecule compound (referred to as the “raw mate-
rial monomer” in this specification) is simplified, preferred
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examples are a divalent chain saturated hydrocarbon group,
an arylene group, and an alkyleneoxy group.

[0145] The group exemplified for the divalent organic
group represented by Q' may have a substituent. Examples of
the substituent may include the same as the substituent exem-
plified in the description with respect to the above Q. When
the substituent is plurally present, they may be the same or
different.

[0146] In Formula (2), Y* represents —CO,”, —SO,~,
—S0,7,—P0;>", or —B(R®),". In view of the acidity of the
polymer compound, Y* is preferably, —CQ,~, —S0,~, or
—PO,> and more preferably —CO, . In view of the stability
of the polymer compound, Y is preferably —C0,~, —S0,",
—S0,~, 0r—PO,>". R* represents an alkyl group having 1 to
30 carbon atoms that optionally has a substituent or an aryl
group having 6 to 50 carbon atoms that optionally has a
substituent. The number of carbons of the substituent is not
included in the above number of carbons. Examples of the
substituent may include the same as the substituent exempli-
fied in the description with respect to Formula (1). When the
substituent is plurally present, they may be the same or dif-
ferent. Examples of R* may include: an alkyl group having 1
to 20 carbon atoms such as a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl group, a
hexyl group, a cyclohexyl group, a heptyl group, an octyl
group, a nonyl group, a decyl group, and a lauryl group; and
an aryl group having 6 to 30 carbon atoms such as a phenyl
group, a 1-naphthyl group, a 2-naphthyl group, a 1-anthrace-
nyl group, a 2-anthracenyl group, and a 9-anthracenyl group.

[0147] In Formula (2), M' represents a metal cation, or
represents an ammonium cation that optionally has a substitu-
ent. The metal cation is preferably a monovalent, divalent, or
trivalention. Examples of the metal cation may include anion
of Li, Na, K, Cs, Be, Mg, Ca, Ba, Ag, Al, Bi, Cu, Fe, Ga, Mn,
Pb, Sn, Ti, V, W, Y, Yb, Zn, Zr, and Li*, Na*, K*, Rb*, Cs*,
Ag*,Mg**, and Ca®* are preferred. Examples of the substitu-
ent that the ammonium cation may have may include: an alkyl
group having 1 to 10 carbon atoms such as a methyl group, an
ethyl group, a propyl group, an isopropy! group, a n-butyl
group, an i-butyl group, and a tert-butyl group; and an aryl
group having 6 to 60 carbon atoms such as a phenyl group, a
1-naphthyl group, and a 2-naphthyl group.

[0148] InFormula (2), Z' represents F~, CI-, Br, I, OH",
B(R%),, R*SO,~, R*COO~, ClO~, CIO,", ClO,~, ClO, ,
SCN-,CN-,NO,-,S0,*", HS0,,P0,*,HPO,*, H,PO,",
BF,~, or PF¢". R? represents an alkyl group having 1 to 30
carbon atoms that optionally has a substituent or an aryl group
having 6 to 50 carbon atoms that optionally has a substituent.
The number of carbons of the substituent is not included in the
above number of carbons. Examples of the substituent may
include the same as the substituent exemplified in the descrip-
tion with respect to Formula (1). When the substituent is
plurally present, they may be the same or different. Examples
of R* may include: an alkyl group having 1 to 20 carbon atoms
such as a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a pentyl group, a hexyl group, a
cyclohexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, and a lauryl group; and an aryl group
having 6 to 30 carbon atoms such as a phenyl group, a 1-naph-
thyl group, a 2-naphthyl group, a 1-anthracenyl group, a
2-anthracenyl group, and a 9-anthracenyl group.
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[0149] In Formula (2), nl represents an integer of 0 or
more, and in view of the synthesis of the raw material mono-
mer, nl is preferably an integer of from 0 to 8, and more
preferably an integer of from 0 to 2.

[0150] InFormula(2),al represents an integer of 1 or more
(e.g., aninteger of from 1 to 10), and b1 represents an integer
of 0 or more (e.g., an integer of from 1 to 10).

[0151] al and bl are selected so that the electric charge of
the group represented by Formula (2) is zero. For example,
whenY' is —CO,~, —S0,~, —S0,~, —P0O,*", or —B(R%)
573 M' is a monovalent metal cation or an ammonium cation
that optionally has a substituent; and Z* is F~, CI~, Br™, I,
OH~, B(R%),~, R*SO,~, R*COO~, ClO7, ClO,, ClO,7,
Clo,~, SCN7, CN7, NO,™, HSO,~, H,PO,~, BF,~, or PF{7,
al and b1 are selected so as to satisfy al=b1+1. When Y* is
—C0,~, —80,~, —S0,7, —P0O,*", or —BR%),"; M' is a
divalent metal cation; and Z* is F~, CI", Br~, 1", OH™, B(R%),",
R“80,7,R*COO0, C107, ClO,", ClO,~, ClO,~, SCN™, CN,
NO,, HSO,™. H,PO,~, BF,~, or PF ", al and bl are selected
so0 as to satisfy bl=2xal-1. When Y' is —CO,~, —S0,~,
—380,~, or —PO,*"; M! is a trivalent metal cation; and Z" is
F-, CI7, Br, I, OH7, B(R%),~, R“SO,~, R*COO", ClO7,
Clo,7, Clo,7, C10,7, SCN™, CN7, NO,~, HSO,~, H,PO,",
BF,~, or PF~, al and bl are selected so as to satisfy b1=3x
al-1. When Y' is —CQ,~, —S0,~, —S0,~, —P0.>", or
—B(R%),™; M" is amonovalent metal cation or an ammonium
cation that optionally has a substituent; and Z' is SO, or
HPO,>", al and b1 are selected so as to satisfy al=2xb1+1. In
any one of the above numerical formulae expressing the rela-
tionship between al and bl, al is preferably an integer of
from 1 to 5, and more preferably 1 or 2.

[0152] Examples of the group represented by Formula (2)
may include groups represented by the following formulae. In
the following formulae, M represents Li, Na, K, Rb, Cs, or
N(CH,),.

[Chemical Formula 10]
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[0153] —Group Represented by Formula (3)—

[0154] In Formula (3), R* represents a single bond or a
(1+m4)-valent organic group that optionally has a substitu-
ent. The group represented by Formula (3) is a monovalent
group.

[0155] In Formula (3), examples of the (1+m4)-valent
organic group that optionally has a substituent represented by
R* may include a group remaining after removing m4 hydro-
gen atoms from an alkyl group having 1 to 20 carbon atoms
that optionally has a substituent, such as a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a

11
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heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m4 hydrogen atoms from an aryl
group having 6 to 30 carbon atoms that optionally has a
substituent, such as a phenyl group, a 1-naphthyl group, a
2-naphthyl group, a 1-anthracenyl group, a 2-anthracenyl
group, a 9-anthracenyl group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing m4 hydrogen
atoms from an alkoxy group having 1 to 50 carbon atoms that
optionally has a substituent, such as a methoxy group, an
ethoxy group, a propyloxy group, a butoxy group, a penty-
loxy group, a hexyloxy group, a nonyloxy group, a dodecy-
loxy group, a cyclopropyloxy group, a cyclobutyloxy group,
a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing m4 hydrogen
atoms from an amino group having a substituent containing a
carbon atom; and a group remaining after removing m4
hydrogen atoms from a silyl group having a substituent con-
taining a carbon atom. The number of carbons of the substitu-
ent is not included in the above number of carbons. Because
the synthesis of the raw material monomer is simplified,
preferred examples are a group remaining after removing m4
hydrogen atoms from an alkyl group, a group remaining after
removing m4 hydrogen atoms from anaryl group, and a group
remaining after removing m4 hydrogen atoms from an alkoxy
group. More preferably, it is a group remaining after remov-
ing m4 hydrogen atoms from an aryl group.

[0156] Examples of the above substituent may include the
same as the substituent exemplified in the description with
respect to the above Ar'. When the substituent is plurally
present, they may be the same or different.

[0157] In Formula (3), m4 represents an integer of 1 or
more (e.g., 1, 2, or 3), and when R is a single bond, m4
represents 1.

[0158] In Formula (3), examples of the divalent organic
group represented by Q® may include the same as the group
exemplified with respect to the divalent organic group repre-
sented by Q'. Because the synthesis of the raw material
monomer is simplified, preferred examples are a divalent
chain saturated hydrocarbon group, an arylene group, and an
alkyleneoxy group.

[0159] The group exemplified for the divalent organic
group represented by Q° may have a substituent. Examples of
the substituent may include the same as the substituent exem-
plified in the description with respect to Formula (1). When
the substituent is plurally present, they may be the same or
different.

[0160] In Formula (3), Y* represents a carbocation, an
ammonium cation, a phosphonium cation, a sulfonium cat-
ion, or an iodonium cation.

[0161] Examples of the carbonation may include a group
represented by:

—C'R,
(where R represents the above alkyl group or aryl group; R
that is plurally present may be the same or different).

[0162] Examples of the ammonium cation may include a
group represented by:

—N*Ry
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(where R represents the same meaning as described above; R
that is plurally present may be the same or different).

[0163] Examples of the phosphonium cation may include a
group represented by:

—P'R,

(where R represents the same meaning as described above; R
that is plurally present may be the same or different).

[0164] Examples of the sulfonium cation may include a
group represented by:

— SR,

(where R represents the same meaning as described above; R
that is plurally present may be the same or different).

[0165] Examples of the iodonium cation may include a
group represented by:

—I'R,

(where R represents the same meaning as described above; R
that is plurally present may be the same or different).

[0166] In Formula (2), because of the simplicity of the
synthesis of the raw material monomer and the stability of the
raw material monomer and the polymer compound against
air, moisture, or heat, Y* is preferably a carbocation, an
ammonium cation, a phosphonium cation, or a sulfonium
cation, and more preferably an ammonium cation.

[0167] InFormula(3), M? represents F~,C1~, Br~, I", OH",
B(R®),~, R?S0O,~, R®COO", CIO™, CIO, , ClO,~, ClO,",
SCN-,CN-,NO,-, S0,*", HS0,~, PO,*~,HPO,*, H,PO,~,
BE,", or PF,~. R” represents an alkyl group having 1 to 30
carbon atoms that optionally has a substituent or an aryl group
having 6 to 50 carbon atoms that optionally has a substituent.
The number of carbons ofthe substituent is not included in the
above number of carbons. Examples of the substituent may
include the same as the substituent exemplified in the descrip-
tion with respect to Formula (1). When the substituent is
plurally present, they may be the same or different. Examples
of R” may include: an alkyl group having 1 to 20 carbon atoms
such as a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a pentyl group, a hexyl group, a
cyclohexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, and a lauryl group; and an aryl group
having 6 to 30 carbon atoms such as a phenyl group, a 1-naph-
thyl group, a 2-naphthyl group, a 1-anthracenyl group, a
2-anthracenyl group, and a 9-anthracenyl group.

[0168] In Formula (3), Z* represents a metal cation, or
represents an ammonium cation that optionally has a substitu-
ent. Examples of the metal cation or ammonium cation that
optionally has a substituent represented by Z> may include the
same as exemplified with respect to the metal cation or
ammonium cation that optionally has a substituent repre-
sented by the above Z'.

[0169] In Formula (3), n2 represents an integer of 0 or
more, preferably an integer of from 0 to 6, and more prefer-
ably an integer of from 0 to 2.

[0170] InFormula(3), a2 represents an integer of 1 or more
(e.g., an integer of from 1 to 10), and b2 represents an integer
of 0 or more (e.g., an integer of from 0 to 10).

[0171] a2 and b2 are selected so that the electric charge of
the group represented by Formula (3) is zero, as is the case
withal and bl with respect to Formula (2). a2 is preferably an
integer of from 1 to 5 and more preferably 1 or 2.

Feb. 6, 2014

[0172] Examples of the group represented by Formula (3)
may include groups represented by the following formulae. In
the following formulae, X represents F, Cl, Br, I, B(C,;Hy),,
CH,COO, or CF;S0,.

[Chemical Formula 11]

—tN'(CH3jX) —tCH—N'(CH)X)
—€(CH,—N"(CH;;X)  —(CHyy—N'(CHy);X)

CH;
—t(CH)s—N"(CH3)3X)
—CH—N (CH3)3X?)
CHy

|
—<—T—N*<CH3>3X'>

CHs
—O0—(CH),—N (CH31X) —+0—(CHs—N'(CH3):X)

—0—CH,—N"(CH;):X)

CH;
—tO0—(CHy)g— N (CH3)3X)
—+0—CH— N(CH;):X)
CH,
—0—C—NY(CH;):X7) NY(CH)X-

CH;
.\PL(CH3)3X'

‘<O O N'(CH;)3X

W(CH3)3X-

0

N+(CH3)3X-
f{\ )

—EN(CH3)X)
—(CHy)y—N"(C:H3)3X)

NY(CH3);X

[Chemical Formula 12]
— £ CH,—N"(CH5):X)
—(CHy)4—N'(C;Hs)3X)
CH;

—¢ (CHy)g—N*(CHs)sX) |
—CH—N*(CoHs)X)

CH;
—C——N'(GHspX)  —F0—CH—N'(CHs)XY)
CH;
—O—(CHy)— N(C,Hs)3X)
—O—(CHy)y— N7(CoHs)3X)
CH;

—£0—(CHy)g— N (CoHs)3X) |
—0—CH—N*(CHs)iX)
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-continued

> NG

CH,

—0— C—W(Csz)sx )

@ N+(C2H5)3X_

N¥(CyHs)X CoHs)X
(6] N+(C2H5)3X'
N*(CoHs) X NY(CoHs)sX
[Chemical Formula 13]
—tN'H(C:Hs),X) —+ CH— N"H(C,Hs)X)
—(CHy), — NTH(CHs), X)) —(CHy)y— NTH(C,Hs),X)
CH;
—(CHpls— N'H(CHs X)) )
—t CH— N"H(CHs):X)
CH,

_ﬁC_N-FH(CZHS)zX_) _ﬁO—CHz—N+H(:C2H5)2X')
|

CH;
—¢O—(CHy);—N'H(C,Hs),X)
—+0—(CHy)y—N'H(C,Hs),X)

—0—(CHy)s— N"H(C,H;),X)

CH;
CH;
0—C—N'H(GHs),X)
—~0—CH— NH(C,H;s):,X") |
CH;

N+H(C2H5)2X'

N+H(C2H5)2X_

%OO*N*H@HS»X-

NH(CoHs), X

+C

—tN'(CeHs)sX —fCH;— N"(CgHs):X)
—C(CHy),—NY(CeHs)sX)  —€(CHa)y— N¥(CHs)sX)

N H(CHs) X

NH(CHs)X

0

[Chemical Formula 14]

13

Feb. 6,2014
-continued
3
—€ (CHp)s— N"(CsHs)5X) , )
—¢CH—N"(CeHs)5X)
T
—t ? —N'(CeHs)X) —0—CH,—N"(CgHs)5X)
CH;
—t0—(CHy), —N(CsHs)3X)
—+0—(CHyy—N'(C4H3)3X)
CH;
—+0—(CHy)g—N"(CsHs)3X)
—t0—CH—N"(CsHs):X)
CH;
—0 —? —N*(CeHs3X) N*(CsHs)3X
CH;
NH(CeHs)sX N(CeHs)sX
%OAQ N(CoHs)sX"
N+(C6H5)3X N+(C6H5,3X
[0173] —Group Represented by Formula (4)—
[0174] In Formula (4), R® represents a single bond or a

(1+mS5)-valent organic group that optionally has a substitu-
ent. The group represented by Formula (4) is a monovalent
group.

[0175] In Formula (4), examples of the (1+m5)-valent
organic group that optionally has a substituent represented by
R® may include a group remaining after removing m5 hydro-
gen atoms from an alkyl group having 1 to 20 carbon atoms
that optionally has a substituent, such as a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m5 hydrogen atoms from an aryl
group having 6 to 30 carbon atoms that optionally has a
substituent, such as a phenyl group, a 1-naphthyl group, a
2-naphthyl group, a 1-anthracenyl group, a 2-anthracenyl
group, a 9-anthracenyl group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing m5 hydrogen
atoms from an alkoxy group having 1 to 50 carbon atoms that
optionally has a substituent, such as a methoxy group, an
ethoxy group, a propyloxy group, a butoxy group, a penty-
loxy group, a hexyloxy group, a nonyloxy group, a dodecy-
loxy group, a cyclopropyloxy group, a cyclobutyloxy group,
a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
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substituent; a group remaining after removing m5 hydrogen
atoms from an amino group having a substituent containing a
carbon atom; and a group remaining after removing mS5
hydrogen atoms from a silyl group having a substituent con-
taining a carbon atom. The number of carbons of the substitu-
ent is not included in the above number of carbons. Because
the synthesis of the raw material monomer is simplified,
preferred examples are a group remaining after removing m5
hydrogen atoms from an alkyl group, a group remaining after
removing m5 hydrogen atoms from an aryl group, and a group
remaining after removing m3 hydrogen atoms from an alkoxy
group.

[0176] Examples of the substituent may include the same as
the substituent exemplified in the description with respect to
the above Ar'. When the substituent is plurally present, they
may be the same or different.

[0177] In Formula (4), m5 represents an integer of 1 or
more (e.g., 1, 2, or 3), and when R’ is a single bond, m5
represents 1.

[0178] In Formula (4), examples of the divalent organic
group represented by Q* may include the same as the group
exemplified with respect to the divalent organic group repre-
sented by Q'. Because the synthesis of the raw material
monomer is simplified, preferred examples are a divalent
chain saturated hydrocarbon group, an arylene group, and an
alkyleneoxy group.

[0179] The group exemplified for the divalent organic
group represented by Q° may have a substituent. Examples of
the substituent may include the same as the substituent exem-
plified in the description with respect to the above Ar'. When
the substituent is plurally present, they may be the same or
different.

[0180] In Formula (3), n3 represents an integer of 0 or
more, preferably an integer of from 0 to 20, and more pref-
erably an integer of from 0 to 8.

[0181] In Formula (3), Y* represents a cyano group or a
group represented by any of Formulae (5) to (13). The group
represented by any of Formulae (5) to (13) is a monovalent
group.

[0182] In Formulae (5) to (13), examples of the divalent
hydrocarbon group that optionally has a substituent repre-
sented by R' may include: a divalent chain saturated hydro-
carbon group having 1 to 50 carbon atoms that optionally has
a substituent, such as a methylene group, an ethylene group,
a 1,2-propylene group, a 1,3-propylene group, a 1,2-butylene
group, a 1,3-butylene group, a 1,4-butylene group, a 1,5-
pentylene group, a 1,6-hexylene group, a 1,9-nonylene group,
a 1,12-dodecylene group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; a divalent chain unsaturated hydrocarbon group having 2
to 50 carbon atoms that optionally has a substituent including
an alkenylene group having 2 to 50 carbon atoms that option-
ally has a substituent, such as an ethenylene group, a prope-
nylene group, a 3-butenylene group, a 2-butenylene group, a
2-pentenylene group, a 2-hexenylene group, a 2-nonenylene
group, a 2-dodecenylene group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent, and an ethynylene group; a divalent saturated
cyclic hydrocarbon group having 3 to 50 carbon atoms that
optionally has a substituent, such as a cyclopropylene group,
a cyclobutylene group, a cyclopentylene group, a cyclohexy-
lene group, a cyclononylene group, a cyclododecylene group,
anorbornylene group, an adamantylene group, and a group in
which at least one hydrogen atom in these groups is substi-
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tuted with a substituent; and an arylene group having 6 to 50
carbon atoms that optionally has a substituent, such as a
1,3-phenylene group, a 1,4-phenylene group, a 1,4-naphthyl-
ene group, a 1,5-naphthylene group, a 2,6-naphthylene
group, a biphenyl-4.4'-diyl group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent. The number of carbons of the substituent is not
included in the above number of carbons.

[0183] Examples ofthe substituent may include the same as
the substituent exemplified in the description with respect to
the above Ar'. When the substituent is plurally present, they
may be the same or different.

[0184] InFormulae (5)to (13), examples of the monovalent
hydrocarbon group that optionally has a substituent repre-
sented by R" may include: an alkyl group having 1 to 20
carbon atoms that optionally has a substituent, such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a lauryl group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; and an aryl group having 6 to 30 carbon atoms that
optionally has a substituent, such as a phenyl group, a 1-naph-
thyl group, a 2-naphthyl group, a 1-anthracenyl group, a
2-anthracenyl group, a 9-anthracenyl group, and a group in
which at least one hydrogen atom in these groups is substi-
tuted with a substituent. The number of carbons of the sub-
stituent is not included in the above number of carbons. In
view of the solubility of the polymer compound, preferred
examples are a methyl group, an ethyl group, a phenyl group,
a 1-naphthyl group, and 2-naphthyl group. Examples of the
substituent may include the same as the substituent exempli-
fied in the description with respect to the above Ar'. When the
substituent is plurally present, they may be the same or dif-
ferent.

[0185] In Formula (6), examples of the trivalent hydrocar-
bon group that optionally has a substituent represented by R™
may include: an alkanetriyl group having 1 to 20 carbon
atoms that optionally has a substituent, such as a methanetriyl
group, an ethanetriyl group, a 1,2,3-propanetriyl group, a
1,2,4-butanetriyl group, a 1,2,5-pentanetriyl group, a 1,3,5-
pentanetriyl group, a 1,2,6-hexanetriyl group, a 1,3,6-hexan-
etriyl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; and an are-
netriyl group having 6 to 30 carbon atoms that optionally has
a substituent, such as a 1,2,3-benzenetriyl group, a 1,2.4-
benzenetriyl group, a 1,3,5-benzenetriyl group, and a group
in which at least one hydrogen atom in these groups is sub-
stituted with a substituent. The number of carbons of the
substituent is not included in the above number of carbons. In
view of the solubility of the polymer compound, preferred
examples are a methanetriyl group, an ethanetriyl group, a
1,2,4-benzenetriyl group, and a 1,3,5-benzenetriyl group.
Examples of the substituent may include the same as the
substituent exemplified in the description with respect to
Formula (1). When the substituent is plurally present, they
may be the same or different.

[0186] Withrespectto —NR®, and —C(—O)NR®, thatare
examples of R", R represents an alkyl group having 1 to 30
carbon atoms that optionally has a substituent or an aryl group
having 6 to 50 carbon atoms that optionally has a substituent.
The number of carbons of the substituent is not included in the
above number of carbons. Examples of the substituent may
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include the same as the substituent exemplified in the descrip-
tion with respect to Formula (1). In Formulae (5) to (13), in
view of the solubility of the polymer compound, preferred
examples of R” are a methyl group, an ethyl group, a phenyl
group, a 1-naphthyl group, and 2-naphthy] group.

[0187] InFormulae (5)and (6), a3 represents an integer of
1 or more, preferably an integer of from 3 to 10. In Formulae
(7) 1o (13), a4 represents an integer of 0 or more. In Formula
(7), a4 is preferably an integer of from 0 to 30, more prefer-
ably an integer of from 3 to 20. In Formulae (8) to (11), a4 is
preferably an integer of from 0 to 10, more preferably an
integer of from 0 to 5. In Formula (12), a4 is preferably an
integer of from 0 to 20, more preferably an integer of from 3
to 20. In Formula (13), a4 is preferably an integer of from 0 to
20, more preferably an integer of from 0 to 10.

[0188] Because the synthesis of the raw material monomer
is simplified, Y* is preferably a cyano group, a group repre-
sented by Formula (5), a group represented by Formula (€), a
group represented by Formula (7), a group represented by
Formula (11), and a group represented by Formula (12), more
preferably a group represented by Formula (5), a group rep-
resented by Formula (6), a group represented by Formula (7),
and a group represented by Formula (12), particularly pref-
erably the following groups.

[Chemical Formula 15]
—O(CH;0);,CHs)

—€O(CH,0)10CHz)

—¢O(CH,0);CH;)  —O(CH,0)4CH;)
—O(CH,CH,0),CHy)

—€O(CH,CH,0);CH;)  —+O(CH,CH,0)CH;)
—€O(CHCH,0)10CHz)  —O(CH,0),H)

—O(CH0);0H) —O(CH,CH,0),H)

—tO(CH0)3H)
—COCH0)6H)

—COCHCH0)3H)  —O(CH,CHO)sH)

I
—O(CH,CH,0) 1) C—O(CH,0),CH;

I I
C—O(CH,0);CH; C—O(CH0)CH;
I I
C—O(CH,0),,CH; C—O(CH,CH,0),CH;
0 0
| |
C—O(CH,CH,0);CH; C— O(CH,CH0);CH;
I I

C—O(CH,CH,0);CH; C—O(CH,0),H

0 0

| |

C—O(CH03H C—O(CH0)sH

I I

C—O(CH,0) ol C—O(CH,CH,0),H

0

I

C

I
—O(CH,CH,0):H C—O(CH,CH,0)6H
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-continued

I
C—O(CH,CH,0) o

[0189]
mula (4)]

[0190] Examples of the group represented by Formula (4)
may include groups represented by the following formulae.

[Specific Examples of Group Represented by For-

[Chemical Formula 16]

—TOCHCH0)CHy)  —O(CHCHO0)3CH3)

—tOCHCH;0)CH;)  —tO(CH;CH,0),0CH;)

—OCHCH,0;H)  —+O(CH,CH,0)3H)

—O(CH,CH0)H)  —FO(CH,CH;0),6)

O(CH,CH,0);CH;
O(CH,CH,0);CH;
O(CH:CH;0);CH;
O(CH,CH,0)3CH;
H;C(OH,CHC)0
O(CH,CH,0);CH;
I I
C—O(CH,CH,0),CH; C—O(CH,CH,0);CH;
I I
—O(CH;CH>0);CH; C—O(CH,CH>0);CH;

C

0 0

!—O(CHZCH20)2H> 4<c| O(CHZCH20)3H>
o

—O(CHZCH20)5H> A(VE—O(CHZCHao 10H>

C—O(CH,CH,0);CH;

O=0

(
{
{
(

(o]

C—O(CH,CH;0);CH
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16
-continued -continued
(ﬁ R — Q=Y M1 @N51} 3
C—O(CH,CH,0);CH;
O(CH,CH,0):CH;
[0191] [Examples of Structural Unit Represented by For- \ /
mula (1)]
[0192] Examples of the structural unit represented by For- V= Q)R

mula (1) may include structural units optionally having a
substituent represented by the following formulae.

(V=@ a)ms—R R3—{(QY =Y MY0(Z1 s
[Chemical Formula 17]
RI—{(QN—Y' Mt (Z"p1 13
(V=@ )shms— K RI—((Q")=Y' Mo (Zo1}
{Y3_(Q ;n3JmS_R
R—{( Q=Y M at(Z 1}
_(Q 3 ms—
{Yz_(Q ,n3jm5_R
(V= (Qa)ms—R’ R—{(Q"Y—Y' M1 Z"1} s
’ 1 RS 3 R —{(@Q =Y MYt (ZDs1} m3
(@MY Y= QY is— (Q)u3}ms (3= (@3} s— RS
l R —{(Q)u=Y' M1 Z o1} 3
[Chemical Formula 18]
3ol — gl 1
RI—{(Q)u— Y M)a1(Z o1} m3 — QY — T M) Z22) i

(V=@ a)ms—R’

{Y3_(Q )n3lm5_R
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-continued S s 5 -continued
R — (@ — Y2 M)eaZ2)s2} Y =Qsms—R
(P —(@sls—R’ Q
V=@ a)ms—R’ R —{((Q%)2— Y M2 Z)12)}
R —{(Q0)2—= Y2 (M) 12(Z2}

Y3_ 3 3} m _R5
(7MY — Q)2 — R RS —{( Q=) s @ 3
; } : RY—{(Q9)— YAM?) 2(Z)

)62} ma
R —{(Q)2— YAM2) (722} s [0193] Inview of the stability against an electronic current
of the polymer compound according to the present invention,
the structural unit represented by Formula (1) is preferably a
structural unit that optionally has a substituent represented by
the following formulae. In the following formulae, M means
the same as described above, and examples of the substituent
s S may include the same as the substituent exemplified in the
Y=Qatws—R above description with respect to Ar'. When the substituent is
RI— (@)= VM) o725} s plurally present, they may be the same or different.
[Chemical Formula 19]
— AN
COOM* —COoOM*
\5/ .
(Y= Q@) s—R’
N O(CH,CH,O 3CH:
=@k R (@~ VM2t (CHRCIORCT
; i i : O(CH,CH,0);CH;
Q Q *M00C cooM*
(Y =(@)bms— R R — (@)= YA (M 2272} s

8¢

:; ;: O(CH>CH,01;CH;
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-continued

H;C(OH,CH,C);07 T

*M00C cooM*

7

H;C(OH,CH,C 0™

O(CILCH,0);CH;

M-00C O(CH,CH,0);CH;

*M00C /[~

~

\ / O(CH,CH,0);CH,

18
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COOM*

oo O
Ol:CH2CH20)3CH3

M-00C /= A_O(CILCH,0);CH;
/>

/ \—

-

COOM? O(CHLCH,0);CH;

*M00C O Q O(CH,CH,0);CHz

[Chemical Formula 20]
CoOM*

g

O(CH,CH>0);CH;
COOM*

A
7

O(CH,CH,0);CH;
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-continued
CoOOM*

O(CH,CH;0);CH;

CoOM*

H;C(OH,CH,C)0
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-continued

§:§:\\7COOM+

s

H;C(OH,CH,C);:0

At
/ \/\COO M

Z“
>

\
H3C(OH2CH2C)3O/\ /

*M00C

COOM+

\ /

N\
H3C(OH2CH2C)3O/\ /
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-continued -continued
M-00C H;C(OH,CH,C);0 *M-00C
cooOM* H;C(OH,CH,C);0 O O cooM*

H3C(OH,CH,C)30 COOM*

H;C(OH,CH,C)0 ( . . )
H;C(OH,CH,C):0
]

[Chemical Formula 21

H;C(OH>CH,C)0 COoM*
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-continued -continued
H;C{OH,CH,C);0 *M00C *M'O3S 303-1\,{4r

H;C(OH,CH,C)0 O Q COOM*

H3C(OH,CH,C)30
O(CH,CH,0)3CH;3
[Chemical Formula 22]
N . M0s8 O(CH,CH,0);CH;
SO}’M+ —]S0;M
/
O(CH,CH,0);CH;
O(CH,CH,0);CH;3
M0;8 SO M* N
M0;8
3 \
\ / O(CH,CH,0);CH;
O(CH,CH,0);CH; O

SO3_1\/PL

/

——S0;M"
M 058

\

O(CH,CH,0);CHz

) \ )

H;C(OH,CH,C 0~ T
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-continued

+M’Ogs O(CH2CH20 )3CH;

~

O(CH,CH,0)3CH;

M058 O Q O(CH,CH,0)3CH;

SOy M*

O(CH,CH,0);CH;
so3 M*

f-ii-;

O(CH,CH,0)3CH;

[Chemical Formula 23]

SO;yM*

H;C(OH,CH,C)0

Feb. 6, 2014
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-continued
SOyMY

H;C(OH,CH,C);0
+M'O3S\ |/\ /so3-M+
I
= | N X
N :i Y
“
H;C(OH,CH,C);0

%

O(CH,CH,0);CH;

723
O

M

| T~

&3

H;C(OH,CH;C)0

/ \/\803'M4r

/
\

,C(OH,CH,C);0

X
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23
-continued -continued
SO3 [Chemical Formula 24]
H;C(OH,CH,C)0 SOyM*
X
HgC(OH2CH2C)3O
H;C(OHCH,C)30 N\ SOsM*
*M-0O0C
§ SO3
H3C(OH2CH2C)3O
M00C H;C(OE,CH,C)0 M048

O SOyM* H;C(OH,CH,C)0 O Q SOsM*
8 H;C(OH,CHC)0 SOyM*
H;C(OH,CH,C)0 O i !

H;CIOH,CH,C)0



US 2014/0039131 Al

-continued

/ \/\SO3'MJr

H;C(OH,CH,C)0

H;CIOH,CHC):0

S
H;C(OH,CH,C);0 O Q SO, M*

M0,

[0194]

[0195] In Formula (14), Ar® represents a (2+m6+m7)-va-
lent fused polycyclic aromatic group that optionally has a
substituent. R represents the group represented by Formula
(15) or Formula (16), and in view of the stability against an
electronic current of the polymer compound according to the
present invention, RS is preferably the group represented by
Formula (15). R” represents the group represented by For-
mula (4); m6 is an integer of 1 or more; and m7 represents an
integer of 0 or more.

Structural Unit Represented by Formula (14)

24

Feb. 6, 2014

[0196] Ar® may have a substituent other than R® or R”.
Examples of the substituent may include the same as the
substituent exemplified in the above description with respect
to Ar”.

[0197] In Formula (14), m6 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0198] In Formula (14), m7 represents an integer of 0 or
more, preferably an integer of from 0 to 4, and more prefer-
ably an integer of from 0 to 3.

[0199] Examples of the (2+4m6+m7)-valent fused polycy-
clic aromatic group represented by Ar” in Formula (2) may
include a (2+m6+m7)-valent group remaining after removing
(2+m6+m7) hydrogen atoms from a fused polycyclic aro-
matic ring in which two or more benzene rings are fused.
[0200] Examples of the fused polycyclic aromatic ring may
include the same as the ring exemplified in the above descrip-
tion with respect to Ar' described above.

[0201] In view of the solubility of the polymer compound,
the (2+m6+m7)-valent fused polycyclic aromatic group is
preferably a group remaining after removing (2+m6+m?7)
hydrogen atoms from the group represented by any one of
Formulae 1 to 4, 7, and 8, more preferably a group remaining
after removing (2+m6+m7) hydrogen atoms from the group
represented by any one of Formulae 1 to 3, 7, and 8, and
further more preferably a group remaining after removing
(2+m6+m7) hydrogen atoms from the group represented by
any one of Formulae 1 to 3, and 7.

[0202] InFormula (2), Ar* is preferably a group remaining
after removing (m6+m?7) hydrogen atoms from the divalent
group represented by any one of Formulae 10 to 17.

[0203] —Group Represented by Formula (15)—

[0204] InFormula(15), R® represents a (1+m8+m9) valent
organic group that optionally has a substituent. The group
represented by Formula (15) is a monovalent group.

[0205] InFormula(15), examples ofthe (1+m8+m9) valent
organic group that optionally has a substituent represented by
R® may include a group remaining after removing (m8+m9)
hydrogen atoms from an alkyl group having 1 to 20 carbon
atoms that optionally has a substituent, such as a methyl
group, an ethyl group, a propyl group, an isopropyl group, a
butyl group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing (m8+m9) hydrogen atoms from an
aryl group having 6 to 30 carbon atoms that optionally has a
substituent, such as a phenyl group, a 1-naphthyl group, a
2-naphthyl group, a 1-anthracenyl group, a 2-anthracenyl
group, a 9-anthracenyl group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m8+m9)
hydrogen atoms from an alkoxy group having 1 to 50 carbon
atoms that optionally has a substituent, such as a methoxy
group, an ethoxy group, a propyloxy group, a butoxy group, a
pentyloxy group, a hexyloxy group, a nonyloxy group, a
dodecyloxy group, a cyclopropyloxy group, a cyclobutyloxy
group, a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m8+m9)
hydrogen atoms from an amino group having a substituent
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containing a carbon atom; and a group remaining after remov-
ing (m8+m9) hydrogen atoms from a silyl group having a
substituent containing a carbon atom. The number of carbons
of the substituent is not included in the above number of
carbons. Because the synthesis of the raw material monomer
is simplified, preferred examples are a group remaining after
removing (m8+m9) hydrogen atoms from an alkyl group, a
group remaining after removing (m8+m9) hydrogen atoms
from an aryl group, and a group remaining after removing
(m8+m9) hydrogen atoms from an alkoxy group, and a more
preferred example is a group remaining after removing (m8+
m9) hydrogen atoms from an aryl group.

[0206] Examples of the substituent may include the same as
the substituent exemplified in the above description with
respect to Ar'. When the substituent is plurally present, they
may be the same or different.

[0207] In Formula (15), m8 and m9 each independently
represent an integer of 1 or more (e.g., 1, 2, or 3).

[0208] InFormula (15)Q', Q°,Y', Y? M', Z',nl, n3, al,
and b1 are the same as the corresponding definitions above.

[0209] [Specific Examples of Group Represented by For-
mula (15)]
[0210] Examples of the group represented by Formula (15)

may include groups represented by the following formulae. In
the following formulae, M represents the same meaning as
described above.

[Chemical Formula 25]
COO'M*

O(CILCHL0);CH;

&

M00C

O(CH,CH,0);CH;

o

cooM*

O(CILCHL0);CH;

ol

cooM*
O(CH,CH,0);CHz

O(CH,CH;0):CH;

2

CooM*

H;C(0H,CH,C)30 COOM*

O(CH,CH;0);CH;

.

SOy M*

O(CH>CH,0);CH;

&
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"M0;8

O(CH,CH,0);CH;
SO, MY
O(CH,CH,0);CH;

SOyM*
O(CH,CH,0);CH;

O(CH,CH,0);CH;

SO, M?
H3C(OH,CHyC)30

/ —

\ \_/

SOy M

Ol:CHzCHzo)chg

[0211] —Group Represented by Formula (16)—

[0212] In Formula (16), R® represents a (1+m10+ml1)
valent organic group that optionally has a substituent. The
group represented by Formula (16) is a monovalent group.

[0213] In Formula (16), examples of the (1+m10+ml1)
valent organic group represented by R® may include a group
remaining after removing (m10+m11) hydrogen atoms from
an alkyl group having 1 to 20 carbon atoms that optionally has
asubstituent, such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl
group, a cyclohexyl group, a heptyl group, an octyl group, a
nonyl group, a decyl group, a lauryl group, and a group in
which at least one hydrogen atom in these groups is substi-
tuted with a substituent; a group remaining after removing
(m10+m11) hydrogen atoms from an aryl group having 6 to
30 carbon atoms that optionally has a substituent, such as a
phenyl group, a 1-naphthyl group, a 2-naphthyl group, a
1-anthracenyl group, a 2-anthracenyl group, a 9-anthracenyl
group, and a group in which at least one hydrogen atom in
these groups is substituted with a substituent; a group remain-
ing after removing (m10+m11) hydrogen atoms from an
alkoxy group having 1 to 50 carbon atoms that optionally has
a substituent, such as a methoxy group, an ethoxy group, a
propyloxy group, a butoxy group, a pentyloxy group, a hexy-
loxy group, a nonyloxy group, a dodecyloxy group, a cyclo-
propyloxy group, a cyclobutyloxy group, a cyclopentyloxy
group, a cyclohexyloxy group, a cyclononyloxy group, a
cyclododecyloxy group, a norbornyloxy group, an adaman-
tyloxy group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing (m10+m11) hydrogen atoms from
an amino group having a substituent containing a carbon
atom; and a group remaining after removing (m10+ml11)
hydrogen atoms from a silyl group having a substituent con-
taining a carbon atom. The number of carbons of the substitu-
ent is not included in the above number of carbons. Because
the synthesis of the raw material monomer is simplified,
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preferred examples are a group remaining after removing
(m104m11) hydrogen atoms from an alkyl group, a group
remaining after removing (m10+m11) hydrogen atoms from
an aryl group, and a group remaining after removing (m10+
m11) hydrogen atoms from an alkoxy group, and a more
preferred example is a group remaining after removing
(m104m11) hydrogen atoms from an aryl group.

[0214] Examples of the substituent may include the same as
the substituent exemplified in above the description with
respect to Ar'. When the substituent is plurally present, they
may be the same or different.

[0215] In Formula (16), m10 and m11 each independently
represent an integer of 1 or more (e.g., 1, 2, or 3 for each).
[0216] InFormula (16) Q% Q°, Y, Y?, M?, 7%, n2, n3, a2,
and b2 are the same as the corresponding definitions above.

[0217] [Specific Examples of Group Represented by For-
mula (16)]
[0218] Examples of the group represented by Formula (16)

may include groups represented by the following formulae. In
the following formulae, M represents the same meaning as
described above.

[Chemical Formula 26]
N(CH;);'X"

O(CH,CH,0);CH;

*

X(I;C)5NT

O(CH,CH,0);CH;

>

N(CH3)3+X'

O(CH,CH,0);CH;

<

N(CHy);X"
O(CH;CH,0);CH;

O(CH,CH,0):CH;

ol

N(CH3)3+X_

H;C(0H,CH,C);0 N(CH,); X

O(CH,CH,0);CH;3

:

N(CH:CH:;);W’

O(CH>CH,0);CH;

&

X'(ch)gl\rL

O(CH,CH,0);CH;

>
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N(CHZCH3)3+X_

@O(CH&H@%C&

N(CH}_CH3)3+X_
O(CHLCHL0):CH;

4@ O(CH,CH,0)3CH;3

N(CHZCH3)3+X_
HC(OH,CH,C):0

/ —
\ \_/

N(CH,CHy)s X

Ol:CHzCHzO);CHg

[0219] Examples of Structural Unit Represented by For-
mula (14)
[0220] Examples of the structural unit represented by For-

mula (14) may include structural units optionally having a
substituent represented by the following formulae.

[Chemical Formula 27]

8/{<Q'>MI—Y1<M1>a1<zl>b1}ms

(@)=Y e

(AQY=Y MY (Zs1}s
P (@Yo

{21 M"Y —(Q )t} ms
%Ys_ (Qs)n3}m9
{ZHpr MY Y —(QY} s
\R8
{Y3—<Q3>n3}m

8/{<Q'>n1—Y1<M1>a1<zl>bl}ms
(@)=Y s
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-continued
N AQY=Y' MY Zs1 s
(@)= Yime

(@Yo MYarY' = Q) ms~ps
V=@l
AQU=Y MY (Zh)o1}ms

RS
@)=Y

{2 MY Y —( Qi s /{(Ql)nl_Yl(Ml)al(Zl)bl}mS

8
A~ (@)=Y

=@ atns”

Q=Y M@)o}
8
S (@= ¥

AQY=Y' MY (o1} g

RS
Q=Y mo

Q=Y MDY@}

8
A~ (@)=

AQY =Y Moy Z5 1} ms
8
AN (@)= s

{(Zl)bl(Ml)alYl_(Ql)n]}mS\RS
P @ it
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[Chemical Formula 28]

/{(Q 2= Y2 MDe2(Z3 52} m10

f jQ3)n3—Y Ymil

,{ (@)=Y (M)

{(Q3 3= Y o

{(ZHeMP) Y —(Q? >m}mm\R9
V=@ hstmi”

@22} mo

{(ZA) M >a4Y2—<Q2>na}mlo

Y—@ );G}mll ; i ?

9/{<Q~>nz—Y2<M2>azxzz>bz}mlo
@)=Y} i

A=Y M@0} mio
\{(Q3)n3_Y Fmil

{Z)5M) 2 Y — (@)} mio =9
YV —@psim”

A Q=Y M2 @2} mio

9
A~ (@)=Y

(Z2)0M)2 Y= (@} mio
R9

- @y’

AQB2- YA MB2(ZH02 ) mio
F~{(Q )=




US 2014/0039131 Al

-continued
/{(Qz)nz_YZ(MZ)az(ZZ)bz}mo

R 3 3
{Q)s—Y 11

{(2Z)nM)2Y =@zl mo

(Y= @)tmr”

/{ (@2 Y M@} mic
R (@ Yo

/{ (@2 =YAM)2(Z52} mio

i \{(Q3)3 Y

,{(QZ 2= YAM2)2ZH52} mio
\{(Q =Y )11

(2 MY —{(Q >nz}mm\Rs
P @bl

[Chemical Formula 29]

/{(Q D= Y M1 Z 1} g
Q= o

RS—{(Q@)5-Y*} 5
QY=Y MY (ZYp s
{<Q3> =Y} o

_(Q 3t ms™ R
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{EZYp Mg Y — Q1) } g

RS RE—((QY),a— Y7},
(V—(Q)s)me”” Q=Y

8/{<Q1:)n1—Y‘<M1>a1<zl>b1}ms
o~ (@)=

(P—=(@s)s—R

/{(Ql)nl—Yl(W)al(Zl)bl}ms

3 e (O %1 8
{Y - (Q )n3}m9 R R\{(Q3) 3—- Y3} 9

/{(Ql)nl_Yl(Ml)al(Zl)bl}mS

{Y3_(Q3)n3}m9_R5 RS\{(Q3)H3—Y3

}.719

AQDu=Y'MYar(Zs1}ms
8
P~ (@Y

(Y —(@))s—R

}.719

[Chemical Formula 30]

, AQHY =Y MD 22D} mio0
(=Y an

RP— (@)=Y} s
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29
_continued structural units optionally having a substituent represented by
. AQ@2= VM2 ZH52} o the following formulae. In the following formulae, M means
R\{(Q3),13—Y3},,,l | the same as described above, and examples of the substituent

may include the same as the substituent exemplified in the
above description with respect to Ar'. When the substituent is
plurally present, they may be the same or different.

{Y3_(Q3)n3}m5_ RS

[Chemical Formula 31]

O(CH,CH,0);CH;

{2 MDY — (P2} mig M

@ n2rmlQ . s ; N COOM

e @ R
- n31rm9

O(CH,CH,0);CH;
, @2 = YO iz}mo coom’

(@)= V)

(V= Q@) s—F

Q=Y M)} 1o
(V= QbR R

@)=Y
O M-00C
Q Q O(CH;CH,0);CH;
COOM*
HC(OH,CHyC):0,

@2 = Y M) o

Iy RS 9
Y’ —Q)atms—R R\{(Qg)ns—Yg}mu

COQ

Q@2 = Y M)a2(Z)s2} 0

R ;
(@)=Y}t
O(CH,CH,0);CH;
Q Q = -

(VP — @b R’

[0221] In view of the stability against an electronic current
of the polymer compound according to the present invention,
the structural unit represented by Formula (14) is preferably
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-continued
O(CH,CH,0);CH;

COOM*

*M00C

O(CH,CH,0),CH;

O(CH,CH,0);CH,

:}7COOM+

H;C(OH,CH,C);0 O(CH,CH,05CH;

+MOOMOOM+

[Chemical Formula 32]
O(CH,CH,0);CH;

I SO;M*

-continued
O(CH,CH,0);CH;

SO;M*

M038

“Ea

O(CH:CH,0);CH;

SO,M*
H;C(OH,CH,C)0,

O(CH,CH,0);CH;

SO;M*

s

O(CH,CH,0);CH;

SOsM*

M0;8

O(CH,CH,0);CH;

B
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-continued -continued
O(CH,CH,0);CH; O(CH,CH,0);CH;

cooM*t
SOM”
H;C(OH,CH,C)0
H;C(OH,CH,C);30 O(CH,CH,0;;CH:.
3C(OH,CH,C)s (CH,CH,0)3CH; O(CH,CH,0):CH;
O(CH,CH,0);CH;
M 058 SOsM*
? ? COOM*
[Chemical Formula 33]
O(CH,CH,0);CH; H;C(OH,CH,C)0

CoOOM? O(CH,CH,0);CH;
cooM*
H;C(OH,CH,C)0
O(CH,CH0);CH;
O(CH,CH,0)3CH; g
O(CH,CH,0);CH;
. COOM? O(CH,CH,0);CH;
COOM H;C(OH,CH,C);0,
O(CH,CH,0);CH;

O(CH,CH,0);CH; O
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-continued -continued
O(CH,CH,0);CH; [Chemical Formula 34]
O(CH,CH,0);CH;
COOM*
SOyM*
O(CH;CH,0);CH;
O(CH,CH,0);CH;
O(CH,CH,0);CH;
SO;yM*
O(CH,CH,0);CH;
O(CH,CH,0);CH;
O(CH,CH,0);CH;

H;C(OH,CH,C)0

SOy M*
O(CH,CH,0);CH;
O(CH,CE,0);CH;
COOM*
H;C(OH,CH,C)0
H;C(OH,CHC)R0

O(CH,CH,0);CH;

O(CH,CH,0)3CH;

SO;M?
H:C(OH,CH,C);0 O(CH,CH,0),CH;
H;C(OH,CHC)0 O Q CooM*
H;C(OH,CH,C)0

O(CH,CH,0);CH;
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SOyM*
H;C(OH,CH,C )50,

O(CH,CH,0);CHy

SO;M* O(CH,CH,0);CH;3

H3C(OH,CH,C)30,

O(CH,CH,0);CH;

SOyM*

O(CH,CH,0);CH;
O(CH,CH,0);CH;

H;C(OH,CH,C)0

O(CH,CH,0);CH;

O(CH>CH>0);CH;
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O(CH,CH,0);CH;

SO:;_I\/PL
H;C(OH,CH,C);0

H;C(OH,CH,C)0

H;C(OH,CH,C):0 O O SO;yM*

[0222] Other Structural Units

[0223] The polymer compound according to the present
invention may further have one or more structural units
selected from the group consisting of a structural unit repre-
sented by Formula (23) and a structural unit represented by
Formula (24).

O(CH,CH,0);CH;

[Chemical Formula 35]

_(V(Il{”)mzz
AP—)—

(In Formula (23), Ar® represents a (2+m22)-valent aromatic
group that optionally has a substituent or a (2+m22)-valent
aromatic amine residue that optionally has a substituent; R*’
represents the group represented by Formula (4); and m22
represents an integer of 1 or more. When R'7 is plurally
present, they may be the same or different. A hydrogen atom
inlljormula (23) may be replaced with a substituent other than
RY)

23)

[Chemical Formula 36]

~{t APt X )

24)

(In Formula (24), Ar® represents a divalent aromatic group
that optionally has a substituent or a divalent aromatic amine
residue that optionally has a substituent; X' represents an
imino group that optionally has a substituent, a silylene group
that optionally has a substituent, an ethenylene group that
optionally has a substituent, or an ethynylene group; m23 and
m24 each independently represent 0 or 1; and at least one of
m23 and m24 is 1.)
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[0224]

[0225] Examples of the (2+4m22)-valent aromatic group
represented by Ar® in Formula (23) may include a (2+m22)-
valent aromatic hydrocarbon group and a (2+4m22)-valent
aromatic heterocyclic group. Examples of the (2+m12)-va-
lent aromatic group include: a (2+m22)-valent group remain-
ing after removing (2+m22) hydrogen atoms that are bonded
to any of the carbon atoms constituting a ring from a mono-
cyclic aromatic ring such as a benzene ring, a pyridine ring, a
1,2-diazine ring, a 1,3-diazine ring, a 1,4-diazine ring, a 1,3,
S-triazine ring, a furan ring, a pyrrole ring, a thiophene ring,
a pyrazole ring, an imidazole ring, an oxazole ring, an oxa-
diazole ring, and an azadiazole ring; a (2+m22)-valent group
remaining after removing (2+m22) hydrogen atoms that are
bonded to any of the carbon atoms constituting a ring from a
fused polycyclic aromatic ring in which two or more rings
selected from the group consisting of the above monocyclic
aromatic rings are fused; a divalent group remaining after
removing two hydrogen atoms that are bonded to any of the
carbon atoms constituting a ring from an aromatic ring
assembly in which two or more aromatic rings selected from
the group consisting of the above monocyclic aromatic rings
and the above fused polycyclic aromatic rings are linked
through a single bond, an ethenylene group, or an ethynylene
group; and a (2+m22)-valent group remaining after removing
(2+m22) hydrogen atoms that are bonded to any of the carbon
atoms constituting a ring from a bridged polycyclic aromatic
ring having a bridge in which two aromatic rings adjacent to
each other of the above fused polycyclic aromatic ring or the
above aromatic ring assembly are bridged through a divalent
group such as a methylene group, an ethylene group, a car-
bonyl group, and an imino group.

[0226] Inthe fused polycyclic aromatic ring, the number of
monocyclic aromatic rings to be fused is preferably 2 to 4,
more preferably 2 to 3, and further preferably 2, in view of the
solubility of the polymer compound. In the aromatic ring
assembly, the number of aromatic rings to be linked is pref-
erably 2 to 4, more preferably 2 to 3, and further preferably 2,
in view of the solubility. In the bridged polycyclic aromatic
ring, the number of aromatic rings to be bridged is preferably
2104, more preferably 2 to 3, and further preferably 2, in view
of the solubility of the polymer compound.

[0227] Examples of the monocyclic aromatic ring may
include the following rings.

—Structural Unit Represented by Formula (23)—

[Chemical Formula 37]
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[0228] Examples of the fused polycyclic aromatic ring may
include the following rings.
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[0230] Examples of the bridged polycyclic aromatic ring
may include the following rings.

[0229] Examples of the aromatic ring assembly may Chemical Formula 40]
include the following rings. 105

[Chemical Formula 39]
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[0231] Inview of any one of or both of the electron accept-
ability and the hole acceptability of the polymer compound,
the (2+m22)-valent aromatic group represented by Ar’ is
preferably a (2+m22)-valent group remaining after removing
(2+m22) hydrogen atoms from the ring represented by any
one of Formulae 52 to 67, 68 to 83, 89 to 93, 104 to 106, 108,
and 109, and more preferably a (2+m22)-valent group
remaining after removing (2+m22) hydrogen atoms from the
ring represented by any one of Formulae 52 to 57, 66, 67, 89,
91,93, 104, 105, 108, and 109.

[0232] The (2+m22)-valent aromatic group may have a
substituent. Examples of the substituent may include the
same as the substituent exemplified in the above description
with respect to Ar'.

[0233] Examples of the (2+m22)-valent aromatic amine
residue represented by Ar® in Formula (23) may include a
(2+m22)-valent group remaining after removing m22 hydro-
gen atoms from a group represented by Formula (25).

[Chemical Formula 41]

25
— A — 8 9___
Ar'—N— A" —Ny—Ar
Arl0 Al
AIZ—IL
m26
Arl3

(In Formula (25), Ar”, Ar®, Ar®, and Ar'° each independently
represent an arylene group that optionally has a substituent or
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adivalent heterocyclic group that optionally has a substituent;
Ar't) Ar'2) and Ar™? each independently represent an aryl
group that optionally has a substituent or a monovalent het-
erocyclic group that optionally has a substituent; and m25 and
m26 each independently represent O or 1.)

[0234] Examples of the substituent that the arylene group,
the aryl group, the divalent heterocyclic group, and the
monovalent heterocyclic group may have may include a halo-
gen atom, an alkyl group, an alkyloxy group, an alkylthio
group, an aryl group, an aryloxy group, an arylthio group, an
arylalkyl group, an arylalkyloxy group, an arylalkylthio
group, an alkenyl group, an alkynyl group, an arylalkenyl
group, an arylalkynyl group, an acyl group, an acyloxy group,
an amido group, an acid imido group, an imine residue, a
substituted amino group, a substituted silyl group, a substi-
tuted silyloxy group, a substituted silylthio group, a substi-
tuted silylamino group, a cyano group, a nitro group, a
monovalent heterocyclic group, a heteroaryloxy group, a het-
eroarylthio group, an alkyloxycarbonyl group, an aryloxycar-
bonyl group, an arylalkyloxycarbonyl group, a heteroary-
loxycarbonyl group, and a carboxy group. The substituent
may also be a cross-linkable group such as a vinyl group, an
acetylene group, a butenyl group, an acryl group, an acrylate
group, an acrylamido group, a methacryl group, a methacry-
late group, a methacrylamido group, a vinyl ether group, a
vinyl amino group, a silanol group, a group having a small
ring (such as a cyclopropyl group, a cyclobutyl group, an
epoxy group, an oxetane group, a diketene group, and an
episulfide group), a lactone group, a lactam group, and a
group containing a structure of a siloxane derivative.

[0235] When m25 is 0, a carbon atom in Ar” and a carbon
atom in Ar’ may be bonded to each other directly or may be
bonded to each other through a divalent group such as —O—
and —S—.

[0236] The aryl group and the monovalent heterocyclic
group represented by Ar'!, Ar'?, and Ar'? are the same as the
aryl group and the monovalent heterocyclic group described
and exemplified above as a substituent.

[0237] Examples of the arylene group represented by Ar’,
Ar®, Ar°, and Ar'® may include an atomic group remaining
after removing two hydrogen atoms that are bonded to any of
the carbon atoms constituting a ring (preferably, an aromatic
ring) from an aromatic hydrocarbon, and examples of the
arylene group may include a group having a benzene ring, a
group having a fused ring, and a group in which two or more
of independent benzene rings or fused rings are bonded with
each other through a single bond or a divalent organic group,
for example, an alkenylene group such as a vinylene group.
The arylene group has usually 6 to 60 carbon atoms, prefer-
ably 7 to 48 carbon atoms. Specific examples of the arylene
group may include a phenylene group, a biphenylene group,
a C, to C,, alkoxyphenylene group, a C, to C,, alkylphe-
nylene group, a 1-naphthylene group, a 2-naphthylene group,
a 1-anthracenylene group, a 2-anthracenylene group, and a
9-anthracenylene group. A hydrogen atom in the arylene
group may be substituted with a fluorine atom. Examples of
suich a fluorine atom-substituted arylene group may include a
tetrafluorophenylene group. Among the arylene groups, a
phenylene group, a biphenylene group, a C, to C,, alkox-
yphenylene group, and a C, to C,, alkylphenylene group are
preferred.

[0238] Examples of the divalent heterocyclic group repre-
sented by Ar’, Ar®, Ar®, and Ar'° may include an atomic group
remaining after removing two hydrogen atoms that are
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bonded to any of the carbon atoms constituting a ring from a _continued

heterocyclic compound. The heterocyclic compound refers to 118
an organic compound containing not only a carbon atom, but O

also a hetero atom such as an oxygen atom, a sulfur atom, a

nitrogen atom, a phosphorus atom, a boron atom, a silicon

atom, a selenium atom, a tellurium atom, and an arsenic atom N

as an element constituting the ring, among organic com-

pounds having a cyclic structure. The divalent heterocyclic

group may have a substituent. The divalent heterocyclic

group has usually 4 to 60 carbon atoms, and preferably 4 to 20

carbon atoms. The number of carbon atoms of the divalent

heterocyclic group does not include the number of carbon

atoms of the substituent. Examples of such a divalent hetero-

cyclic group may include a thiophenediyl group, a C, to C,, 119
alkylthiophenediyl group, a pyrroldiyl group, a furandiyl S

group, a pyridinediyl group, a C, to C,, alkylpyridinediyl

group, a pyridazinediyl group, a pyrimidinediyl group, a

pyrazinediyl group, a triazinediyl group, a pyrrolidinediyl N

group, a piperidinediyl group, a quinolinediyl group, and an

isoquinolinediyl group, and among them, a thiophenediyl

group, a C, to C,, alkylthiophenediyl group, a pyridinediyl

group, and a C, to C,, alkylpyridinediyl group are more

preferred.

[0239] The polymer compound containing a (2+m22)-va-

lent aromatic amine residue as a structural unit may further

have other structural units. Examples of the other structural 120

unit may include an arylene group such as a phenylene group
and a fluorenediyl group. N
[0240] Examples of the (2+m22)-valent aromatic amine

residue represented by Formula (25) may include a group
remaining after removing two hydrogen atoms from an aro-
matic amine represented by any one of the following Formu-
lae 115 to 124. In view of the stability of the polymer com-
pound against a hole current, a group remaining after

N
removing (2+4m22) hydrogen atoms from an aromatic amine
represented by any one of Formulae 115, 116, 117, and 120 is
preferred.

[Chemical Formula 42]
115

116
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_N _

O U5 @
000 T 000
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OO

[0241] The aromatic amine represented by any one of For-
mulae 115 to 124 may have a substituent so long as the
aromatic amine can generate a (2+m22)-valent aromatic
amine residue. Examples of the substituent may include the
same as the substituent exemplified in the above description
with respect to Ar'. When the substituent is plurally present,
they may be the same or different.

[0242] m22 represents an integer of 1 or more. m12 is
preferably 1 to 3, and more preferably 1 or 2.

[0243] —Structural Unit Represented by Formula (24)—
[0244] Examples of the divalent aromatic group repre-
sented by Ar® in Formula (24) may include a divalent aro-
matic hydrocarbon group and a divalent aromatic heterocy-
clic group. The divalent aromatic group may include: a
divalent group remaining after removing two hydrogen atoms
that are bonded to any of the carbon atoms constituting a ring
from a monocyclic aromatic ring such as a benzene ring, a
pyridine ring, a 1,2-diazine ring, a 1,3-diazine ring, a 1,4-
diazine ring, a 1,3,5-triazine ring, a furan ring, a pyrrole ring,
a thiophene ring, a pyrazole ring, an imidazole ring, an
oxazole ring, an oxadiazole ring, and an azadiazole ring; a
divalent group remaining after removing two hydrogen atoms
that are bonded to any of the carbon atoms constituting a ring
from a fused polycyclic aromatic ring in which two or more
rings selected from the group consisting of the above mono-
cyclic aromatic rings are fused; a divalent group remaining
after removing two hydrogen atoms that are bonded to any of
the carbon atoms constituting a ring from an aromatic ring
assembly in which two or more aromatic rings selected from
the group consisting of the above monocyclic aromatic rings
and the above fused polycyclic aromatic rings are linked
through a single bond, an ethenylene group, or an ethynylene
group; and a divalent group remaining after removing two
hydrogen atoms that are bonded to any of the carbon atoms
constituting a ring from a bridged polycyclic aromatic ring
having a bridge in which two aromatic rings adjacent to each
other of the above fused polycyclic aromatic ring or the above
aromatic ring assembly are bridged through a divalent group
such as a methylene group, an ethylene group, a carbonyl
group, and an imino group.

[0245] Inthe fused polycyclic aromatic ring, the number of
monocyclic aromatic rings to be fused is preferably 2 to 4,
more preferably 2 to 3, and further preferably 2, in view of the
solubility of the polymer compound. In the aromatic ring
assembly, the number of aromatic rings to be linked is pref-
erably 2 to 4, more preferably 2 to 3, and further preferably 2,
in view of solubility. In the bridged polycyclic aromatic ring,
the number of aromatic rings to be bridged is preferably 2 to
4, more preferably 2 to 3, and further preferably 2. in view of
the solubility of the polymer compound.

124
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[0246] Examples of the monocyclic aromatic ring may
include the same as the ring exemplified in the above descrip-
tion for Ar’.

[0247] Examples of the fused polycyclic aromatic ring may
include the same as the ring exemplified in the above descrip-
tion for Ar’,

[0248] Examples of the aromatic ring assembly may
include the same as the ring exemplified in the above descrip-
tion for Ar’.

[0249] Examples of the bridged polycyclic aromatic ring
may include the same as the ring exemplified in the above
description for Ar’.

[0250] Inview of any one of or both of the electron accept-
ability and the hole acceptability of the polymer compound,
the divalent aromatic group represented by Ar® is preferably a
divalent group remaining after removing two hydrogen atoms
from the ring represented by any one of Formulae 52 to 67, 68
t0 83,8910 93, 104 to 106, 108, and 109, and more preferably
a divalent group remaining after removing two hydrogen
atoms from the ring represented by any one of Formulae 52 to
57, 66, 67,89, 91, 93, 104, 105, 108, and 109.

[0251] Thedivalent aromatic group may have a substituent.
Examples of the substituent may include the same as the
substituent exemplified in the above description with respect
to Formula (1).

[0252] Examples of the divalent aromatic amine residue
represented by Ar® in Formula (24) may include, except for
their valence, the same as the (2+m22)-valent aromatic amine
residue exemplified in the above description for Ar’.

[0253] The polymer compound containing a divalent aro-
matic amine residue as a structural unit may further have
other structural units. The examples of the other structural
unit may include an arylene group such as a phenylene group
and fluorenediyl group.

[0254] Examples of the divalent aromatic amine residue
represented by Ar® in Formula (24) may include a group
remaining after two hydrogen atoms from the aromatic amine
represented by any one of Formulae 115 to 124. In view of the
stability against a hole current of the polymer compound, a
group remaining after removing two hydrogen atoms from
the aromatic amine represented by any one of Formulae 115,
116, 117, and 120 is preferred.

[0255] The divalent aromatic amine residue represented by
Ar® in Formula (24) may have a substituent. Examples of the
substituent may include the same as the substituent exempli-
fied in the above description with respect to Ar'. When the
substituent is plurally present, they may be the same or dif-
ferent.

[0256] In Formula (24), X' represents an imino group that
optionally has a substituent, a silylene group that optionally
has a substituent, an ethenylene group that optionally has a
substituent, or an ethynylene group. Examples of the substitu-
ent that the imino group, the silyl group, or the ethenylene
group may have may include an alkyl group having 1 to 20
carbon atoms such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl
group, a cyclohexyl group, a heptyl group, an octyl group,
2-ethylhexyl group, a nonyl group, a decyl group, 3,7-dim-
ethyloctyl group, and a lauryl group; and an aryl group having
6 to 30 carbon atoms such as a phenyl group, a 1-naphthyl
group, a 2-naphthyl group, a 1-anthracenyl group, a 2-anthra-
cenyl group, and a 9-anthracenyl group. When the substituent
is plurally present, they may be the same or different.
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[0257] 1In view of the stability of the polymer compound
against air, moisture, and heat, X' is preferably an imino
group, an ethenylene group, or an ethynylene group.

[0258] In view of the electron transport property of the
polymer compound, m15 is preferably 1, and m16 is prefer-
ably 0.

[0259] In view of solubility, the polymer compound
according to the present invention preferably has the struc-
tural unit represented by Formula (23).

[0260] In view of stability, the polymer compound accord-
ing to the present invention preferably has the structural unit
represented by Formula (24).

[0261] Ratio of Structural Units

[0262] In view of the light-emitting efficiency of the elec-
troluminescent device, the ratio of the sum of the structural
unit represented by Formula (1), and the structural unit rep-
resented by Formula (14) contained in the polymer com-
pound according to the present invention is more preferably
30 to 100% by mole, based on all structural units contained in
the polymer compound with the terminal structural unit
excluded.

[0263] Terminal Structural Unit

[0264] Examples of the terminal structural unit (terminal
group) of the polymer compound according to the present
invention may include a hydrogen atom, a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an isoamyl group, a hexyl group, a
cyclohexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, a lauryl group, a methoxy group, an
ethoxy group, a propyloxy group, an isopropyloxy group, a
butoxy group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, a pentyloxy group, a hexyloxy group, a
cyclohexyloxy group, a heptyloxy group, an octyloxy group,
a 2-ethylhexyloxy group, a nonyloxy group, a decyloxy
group, a 3,7-dimethyloctyloxy group, a lauryloxy group, a
methylthio group, an ethylthio group, a propylthio group, an
isopropylthio group, a butylthio group, an isobutylthio group,
a sec-butylthio group, a tert-butylthio group, a pentylthio
group, a hexylthio group, a cyclohexylthio group, a hep-
tylthio group, an octylthio group, a nonylthio group, a
decylthio group, a laurylthio group, a methoxyphenyl group,
an ethoxyphenyl group, a propyloxypheny! group, an isopro-
pyloxyphenyl group, a butoxyphenyl group, an isobutox-
yphenyl group, a sec-butoxypheny! group, a tert-butoxyphe-
nyl group, a pentyloxyphenyl group, a hexyloxyphenyl
group, a cyclohexyloxyphenyl group, a heptyloxyphenyl
group, an octyloxyphenyl group, a 2-ethylhexyloxyphenyl
group, a nonyloxyphenyl group, a decyloxyphenyl group, a
3,7-dimethyloctyloxyphenyl group, a lauryloxyphenyl
group, a methylphenyl group, an ethylphenyl group, a dim-
ethylphenyl group, a propylphenyl group, a mesityl group, a
methylethylphenyl group, an isopropylphenyl group, a
butylphenyl group, an isobutylphenyl group, a tert-butylphe-
nyl group, a pentylpheny! group, an isoamylphenyl group, a
hexylphenyl group, a heptylphenyl group, an octylphenyl
group, a nonylphenyl group, a decylphenyl group, a dode-
cylphenyl group, a methylamino group, a dimethylamino
group, an ethylamino group, a diethylamino group, a propy-
lamino group, a dipropylamino group, an isopropylamino
group, a diisopropylamino group, a butylamino group, an
isobutylamino group, a sec-butylamino group, a tert-buty-
lamino group, a pentylamino group, a hexylamino group, a
cyclohexylamino group, a heptylamino group, an octylamino
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group, a 2-ethylhexylamino group, a nonylamino group, a
decylamino group, a 3,7-dimethyloctylamino group, a laury-
lamino group, a cyclopentylamino group, a dicyclopenty-
lamino group, a cyclohexylamino group, a dicyclohexy-
lamino group, a ditrifluoromethylamino group, a
phenylamino group, a diphenylamino group, a (C, to C,,
alkoxyphenyl)amino group, a di(C, to C,, alkoxyphenyl)
amino group, a di (C, to C,, alkylphenyl)amino group, a
1-naphthylamino group, a 2-naphthylamino group, a pen-
tafluorophenylamino group, a pyridylamino group, a
pyridazinylamino group, a pyrimidylamino group, a pyrazi-
nylamino group, a triazinylamino group, a (phenyl-C, to C,,
alkyl)amino group, a (C, to C,, alkoxyphenyl-C, to C, , alky-
D)amino group, a (C, to C,, alkylphenyl-C, to C,, alkyl)
amino group, a di(C, to C,, alkoxyphenyl-C, to C,, alkyl)
amino group, a di(C, to C,, alkylphenyl-C, to C,, alkyl)
amino group, a 1-naphthyl-C, to C,, alkylamino group, a
2-naphthyl-C,; to C,, alkylamino group, a trimethylsilyl
group, atriethylsilyl group, a tripropylsilyl group, a triisopro-
pylsilyl group, an isopropyldimethylsilyl group, an isopropy-
Idiethylsilyl group, a tert-butyldimethylsilyl group, a pen-
tyldimethylsilyl group, a hexyldimethylsilyl group, a
heptyldimethylsilyl group, an octyldimethylsilyl group, a
2-ethylhexyldimethylsilyl group, a nonyldimethylsilyl
group, a decyldimethylsilyl group, a 3,7-dimethyloctyldim-
ethylsilyl group, a lauryldimethylsilyl group, a (phenyl-C, to
C,, alkyl)silyl group, a (C, to C,, alkoxyphenyl-C, to C,,
alkyDsilyl group, a (C, to C,, alkylphenyl-C, to C,, alkyl)
silyl group, a (1-naphthyl-C, to C,, alkyl)silyl group, a
(2-naphthyl-C, to C,, alkyl)silyl group, a (phenyl-C, to C,,
alkyl)dimethylsilyl group, a triphenylsilyl group, a tri(p-xy-
ly)silyl group, a tribenzylsilyl group, a diphenylmethylsilyl
group, a tert-butyldiphenylsilyl group, a dimethylphenylsilyl
group, a thienyl group, a C, to C,, alkylthienyl group, a
pyrrolyl group, a furyl group, a pyridyl group, a C, to C,,
alkylpyridyl group, a pyridazinyl group, a pyrimidyl group, a
pyrazinyl group, a triazinyl group, a pyrrolidyl group, a pip-
eridyl group, a quinolyl group, an isoquinolyl group, a
hydroxy group, a mercapto group, a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom. When the terminal
structural unit is plurally present, they may be the same or
different.

[0265]

[0266] The polymer compound refers to a compound
whose polystyrene-equivalent weight-average molecular
weight is 1x10° or more.

[0267] Inview of the film forming property by the applica-
tion of the polymer compound according to the present inven-
tion, polystyrene-equivalent weight-average molecular
weight of the polymer compound is preferably 1x10° or more,
more preferably 2x10° or more, further preferably 3x10® or
more, and particularly preferably 5x10° or more; the upper
limit of the weight-average molecular weight is preferably
1x10® orless and more preferably 1x10 or less; and the range
of the weight-average molecular weight is preferably 1x10°
to 1x10%, more preferably 2x10° to 1x107, further preferably
3x10° to 1x107, and particularly preferably 5x10° to 1x10”.
In view of'the purity of the polymer compound, polystyrene-
equivalent number-average molecular weight is preferably
1x10° or more; the upper limit of the number-average
molecular weight is preferably 5x10 or less, more preferably
1x107 or less, and further preferably 5x10° or less; and the
range of the number-average molecular weight is preferably
1x10° to 5x107, more preferably 1x10° to 1x107, and further

—Characteristics of Polymer Compound—



US 2014/0039131 Al

preferably 1x10% to 5x10°. In view of the solubility of the
polymer compound, polystyrene-equivalent weight-average
molecular weight is preferably 1x10® or more; the upper limit
of the weight-average molecular weight is preferably 5x10°
or less, more preferably 5x10% or less, and further preferably
3x10° or less; and the range of the weight-average molecular
weight is preferably 1x10® to 5x10°, more preferably 1x10°
to 5x10%, and further preferably 1x10° to 3x10°. Polystyrene-
equivalent number-average molecular weight and polysty-
rene-equivalent weight-average molecular weight of the
polymer compound according to the present invention can be
determined using, for example, gel permeation chromatogra-
phy (GPC).

[0268] The polymer compound according to the present
invention is preferably a conjugated polymer compound. That
the polymer compound according to the present inventionis a
conjugated polymer compound means that the polymer com-
pound contains, in the main chain thereof, a region in which
multiple bonds or unshared electron pairs possessed by a
nitrogen atom, an oXygen atom, or the like are linked through
a single bond. When the polymer compound is a conjugated
polymer compound, in view ofthe electron transport property
of the conjugated polymer compound, the polymer com-
pound has a ratio calculated by a formula of {(the number of
atoms on the main chain contained in the region in which
multiple bonds or unshared electron pairs possessed by a
nitrogen atom, an oxygen atom, or the like are linked through
a single bond)/(the number of all atoms on the main chain)
1x100% of preferably 50% or more, more preferably 60% or
more, further preferably 70% or more, particularly preferably
80% or more, and most of all preferably 90% or more.

[0269] In view of the electron acceptability and the hole
acceptability of the polymer compound according to the
present invention, the orbital energy of the lowest unoccupied
molecular orbital (LUMO) of the polymer compound is pref-
erably -5.0 eV or more and more preferably -4.5 eV or less;
the upper limit of the orbital energy of LUMO is preferably
-2.0¢eV orless; and the range of the orbital energy of LUMO
is preferably =5.0 eV or more and -2.0 ¢V or less, and more

COOM*
n

O(CH;CH,0);CH;
COOM*

O(CH;CH,0);CH;

/100-p mol %
P
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preferably -4.5 eV or more and =2.0 eV or less. In view ofthe
same, the orbital energy of the highest occupied molecular
orbital (HOMO) of the polymer compound is preferably -6.0
eV or more and more preferably 5.5 eV or more; the upper
limit of the orbital energy of HOMO is preferably -3.0 eV or
less; and the range of the orbital energy of HOMO is prefer-
ably -6.0eV ormoreand -3.0 eV orless, and more preferably
-5.5eVormore and -3.0 eV or less, provided that the orbital
energy of HOMO is lower than the orbital energy of LUMO.
The orbital energy of HOMO of the polymer compound is
determined by measuring the ionization potential of the poly-
mer compound, and regarding the obtained ionization poten-
tial as the orbital energy. On the other hand, the orbital energy
of LUMO of the polymer compound is determined by mea-
suring the energy difference between HOMO and LUMO,
and regarding the sum of the value and the above measured
ionization potential as the orbital energy. For measuring the
ionization potential, a photoelectron spectrophotometer is
used. The energy difference between HOMO and LUMO is
determined by measuring an absorption spectrum of the poly-
mer compound using an ultraviolet-visible-near infrared
spectrophotometer through its absorption edge.

[0270] Examples of the polymer compound may include
the polymer compounds having structural units represented
by the following formulae. Among these polymer com-
pounds, in polymer compounds having structural units rep-
resented by a formula in which a plurality of structures are
delimited by a slash *“/”, the ratio of the left-hand structural
unit is p % by mole and the ratio of the right-hand structural
unit is (100-p) % by mole, and these structural units are
arranged at random. Structural units other than the structural
units represented by the following formulae may be further
contained, and also in this case, they can be represented in the
same manner as below. In the following formulae, M repre-
sents the same meaning as described above; n represents the
degree of polymerization; and any hydrogen atom in the
formulae may be replaced with a substituent to the extent of
capable of being synthesized. Examples of the substituent
may include the same as the group that may be substituted in
the above Ar'.

[Chemical Formula 43]

cooM*

O(CH,CH,0);CH;3
(p/100-p mol %)
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42

-continued
CoOM*

oo -0

O(CH,CH,0};CH;

(1

(p/100-p mol %)

cooM*

05920

O(CH,CH,0);CH,

(p/100-p mol %)
cooM*

/ {%@

O(CH,CH,0};CH,

(p/100-p mol %)

CcooOM*

o0 oot

O(CH,CH,0};CH,

(p/100-p mol %)
coom*

/{% ST

O(CH,CH,0);CH;

(p/100-p mol %)
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-continued

cooM*

i O(CH,CH,0);CH;
HzC)gO i
"

O(CHzCHzO)gCHg H3C(OH2C

(p/100-p mol %)

cooM*

O(CH2CH20)3CH3 HgC(OHoCHzC)gO

(p/g/ 100-p-q mol %)

cooOM*

O(CH,CH,0);CH; H;C(OH,CH,C);0

(p/q/ 100-p-q mol %)

cooM*

O(CH2CH20)3CH3 HgC(OHoCH2C)3O

(p/q/ 100-p-q mol %)

i O(CH;CH,0);CH;

f O(CH,CH;0);CH;
f O(CH;CH,0);CH;

Feb. 6, 2014

[Chemical Formula 44]
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-continued
COOM*

i O(CH,CH;0);CH;
O(CH,CH,0);CH; E : : : : ;

H;C(OH,CH,C);0

(p/q/ 100-p-q mol %)

[Chemical Formula 45]

cooM*

O(CH,CH,0)3CHs H;C(OH,CH,C);0 i l I O(CH,CH,0);CH;
H;C(OH,CH,C);0 l l O(CH,CH,0);CH;
n

(p/100-p mol %)

CoOM"
O(CH,CH,0)5CH; H;C(OH,CH,C);0 O(CH,CH,0);CH;
H3;C(OH,CH,C)30 O(CH,CH,0);CHz !
(p/q/ 100-p-q mol %)
cooM*
O(CH,CH,0);CH; H;C(OH,CH,C)5 O(CH,CH,0);CH;

H;C(OH,CH,C)30 O(CH,CH>0);CH; "

(p/g/ 100-p-q mol %)
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-continued
CoOM*
O(CHCH,0);CH; H;C(OH,CH,C)30. O(CH,CH,0)3CH;
H;C(OH,CH,C);0 O(CH,CH,0);CH; N
(p/q/ 100-p-q mol %)
CoOM*
AN
/ 0
O(CHCH,0)3CH;3 H;C(OH,CH,C)50 O(CH,CH,0);CH; N
H;C(OH,CH,C);0 O(CH,CH,0);CH;
(p/g/ 100-p-q mol %)
[Chemical Formula 46]

M00C O(CH,CH,0);CH;

*M-00C O(CH,CH,0)3CH;

$7o)

(p/100-p mol %)

*M-00C

O(CH,CH,0);CH;

(p/100-p mol %)
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-continued
M00C O(CH,CH,0);CH;

059}

(p/100-p mol %)

™M-00C O(CH2CH20)3CH3

(p/100-p mol %)

V00C O(CH>CH,0);CH;

AN
o0

(p/100-p mol %)

-M-00C  O(CH,CH,0)CH;

/ OOF

(p/100-p mol %)
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-continued
-M-00C  O(CH,CH,0);CH;

/ OO et

(p/100-p mol %)
[Chemical Formula 47]

M-00C  O(CHLCH,0);CH;

(p/100-p mol %)

O(CH,CH,0);CH;

H;C{OH,CHyL)0

-M-00C  O(CH,CH0):CH; O(CH,CH,0),CH;

/ 2oy L

(p/q/ 100-p-q mol %)

i

M00C O(CH,CH,0);CH;3 O(CH,CH,0);CH;
/A / /V< /%:}{ —
H,C(OHCH,CK0

n

(p/q/ 100-p-q mol %)



US 2014/0039131 A1 Feb. 6,2014
48

-continued
M00C O(CH,CH,0);CH; O(CH,CH,0);CH;

[~ =0 @j

(p/q/ 100-p-q mol %)

*M00C O(CH,CH,0);CH;
O(CH,CH,0);CH;
H;C(OH,CH,C);0
(p/g/ 100-p-q mol %)
[Chemical Formula 48]
M00C O(CH,CH,0)3CH;

(p/100-p mol %)

*M00C, O(CH,CH,0)3CH;

/\

H;C(OH,CH>C)30 O(CH,CH>0)3CH;

H;C(OH:CH,C);0 O(CH,CH,0)3CH;

(p/g/ 100-p-q mol %)
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-continued

M00C O(CH,CH,0);CH;

/N

H3C(OH,CH,C)30 O(CH,CH,0)3CH;
(p/q/ 100-p-q mol %)
M00C O(CH,CH,0);CH;
/ / N

H,C(OH,CH,C);0 O(CH,CH,0),CH;

H;C(OH,CH,C);0 O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

QO /7@[
l I O(CH,CH,0)3CH; N
O(CHchzo)chg

M00C O(CH,CH,0);CH;

/

H3C(OH,CHLC)0

H;C(OH,CH,C)30
n
(p/g/ 100-p-q mol %)
[Chemical Formula 49]
CooM* CcOOM*
H3C(OCH,CH,)30 H3C(OCH,CH, )0 '
(p/100-p mol %)
COOM*

H;C(OCH,CH,);0 : "

(p/100-p mol %)
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-continued

COOM*

H;C(OCH,CH,);0 .
(p/q/ 100-p-q mol %)

CoOOM*

H3C(OCH2CH2D3O L
(p/q/ 100-p-q mol %)

COOM*

H;C(OCH,CH, )30
n
N
(p/g/ 100-p-q mol %)
cooOM*
900 /L
N n
H3C(OCH,CH, )30
(p/q/ 100-p-q mol %)
COOM*
0]
N
H;C(OCH,CH,);0 @ @ n

{p/q/ 100-p-q mol %)
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51
-continued
[Chemical Formula 50]
COOM*
i Ol:CHzCHzO)gCHg
H;C(OCH,CH,)30 H;C(OH,CHLC)30
n
(p/100-p mol %)
cooM*
O(CH,CH,0)3CH;3

H;C(OCH,CH, )0

H;C(OH,CH,C)0
n

(p/q/ 100-p-q mol %)

cooM*
O(CH2CH20)3CH3

/ _</ ;— / N N
H;C(OCHCH,)50 H;C(OH,CH,C)30 @ @

(p/g/ 100-p-q mol %)
cooM*
O(CH,CH,0)3CH3

H:C(OCHCH, )30 E

H3C(OH,CH,C)30

N n

(p/q/ 100-p-q mol %)
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-continued
coom*
O(CH,CH,0);CH;
H;C(OCH,CHy)30 H;C(OH,CH,C):0
(p/q/ 100-p-q mo 1%)
[Chemical Formula 51]
coom*
H;C(OCH,CH,):0
(p/100-p mol %)
CoOM*
H3C(OCH,CH,)30 .
COCHCHy)s H;C(OHL,CH,C)0 O(CH,CH,0)CH;
H;C(OH,CH3C)0 O(CH;CH;0);CH; "
(p/q/ 100-p-q mol %)
cCooM*t
H,C(OCH,CH, )10 H;C(OH,CH,C);0 O(CH,CH,0);CH; @ @
H;C(OH,CH,C)0 O(CH,CH,0);CH; "

(p/q/ 100-p-q mol %)
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COOM*
AN
|~ [ -On)
H;C(OCH,CH,);0 H;C(OH,CHLC)50 O(CH,CH,0);CH;
H;C(OH,CH,C)30 l O(CH,CH,0);CH; X
L
(p/q/ 100-p-q mol %)
CoOOM*
AN
/ / \‘ / )
H;C(OCH,CH,);0 H3C(OH,CH,C)30 O(CH,CH0)3CH; N
H;C(OH,CH,C)30 0(CH,CH,0};CH;
(p/q/ 100-p-q mol %)
[Chemical Formula 52]
H;C(0CH,CH,)30 coov*
Q Q n
H;C(OCH,CH, )0 cooM*

A

(p/100-p mol %)

H;C(OCH;CH, 10 Coov*

OO0t

(p/100-p mol %)
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-continued
H;C(OCH,CH,);0 COOM*

(105

(p/100-p mol %)

n

I5,C(0CH,CH,)0 COOM*
(p/100-p mol %)

H;C(OCH:;CHz )50 CoOM*
|
:\/ N :
(p/100-p mol %)

H;C(OCH,CH, )0 CoOM*
ale (Iﬁ@%
N n

(p/100-p mol %)
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-continued
H;C(0CH,CH, 10 Ccoo-M*

OO FOEO5 2008))

(p/g/ 100-p-q mol %)

H;3;C(OCH,CH, 10 cooM* [Chemical Formula 53]

O(CH,CH,0);CH;

H,COH,CH,C)0

n

(p/100-p mol %)
H;C(OCH,CH, )30 cooM*

O(CH,CH,0);CH;

|50

H3Cl OHchzc)go

(p/q/ 100-p-q mol %)

H3C(OCH,CH, )30 CcooM*
O(CH,CH,0);CH;
/ / N N
i
(p/q/ 100-p-q mol %)
H3;C(OCH,CH,);0 cooM*

O(CH,CH,0);CH;

EeYReS

H;C(OH,CH,0);0

N, n

(p/g/ 100-p-q mol %)
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-continued
H;C(OCH,CH,);0 CooM*
O(CH,CH,0)%CH;
/ {} |Cx
. N A
H3C(OH2CH2C)3O
(p/g/ 100-p-q mol %)
[Chemical Formula 54]
H;C(OCH,CH,);0 CcooM*

H3C(OH,CH,C)30 I | I O(CH,CH,0)3CH;
H3C(OH,CH,C)30 O(CH,CH,0)3CH;

(p/100-p mol %)

H;C(OCH,CH, )10 COOM*
H;C(OH,CH,C);0. O(CH,CH,0);CH;
H;C(OH,CH,C);0 O(CH,CH,0);CH; "

(p/g/ 100-p-q mol %)
H3C(OCH,CH, ;30 CoOM*

H,C(OH,CH,C)0 O(CH,CH,0),CH;

H,C(OH,CH,C)0 O(CH,CH,0),CH; "

(p/q/ 100-p-q mol %)
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-continued
H;C(OCH,CH, )30 COOM'
H3C(OH,CH,C)30. O(CH,CH,0)3;CH;3
H;3C(OH,CH,C);0 O(CH,CH,0);CH; N
n
(p/g/ 100-p-q mol %)
H;C(OCH,CH, )30 COOM"
H;C(OH,CH,C)s O(CH,CH,0);CH; N
H;C(OH,CH,C )0 O(CH,CH,0);CH;
n
(p/g/ 100-p-q mol %)
[Chemical Formula 55]
O(CH,CH,0);CH; O(CH,CH,0)3CH;
cooM* cooM*
! / ;
n
(p/100-p mol %)
O(CH,CH,0);CH;
CcooOM*

ey

(p/100-p mol %)
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-continued
O(CH,CH,0),CH;

=
(L /{%@@3;

(p/100-p mol %)

O(CH,CH,0);CH;

@
-/ {%@O@@

(p/100-p mol %

CcoOM*

O(CH,CH,0);CH;

5=
(I /{%@@3[
o0

(p/100-p mol %)

Feb. 6, 2014
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-continued
O(CH,CH,0),CH;

=
CONES o

(p/100-p mol %)

O(CH,CH,):CH;

=
49 /{%{%{% 504

n

(p/q/ 100-p-q mol %)

[Chemical Formula 56]
O(CH,CH,0}5CH;

I COOM*

HC(OILCH, )0

Ol:CHzCHzO)gCHg

(p/100-p mol %)
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-continued
O(CH,CH,0);CH;

I cooM*
O(CH,CH,0),CH;

H;C(OH,CHE,C);0 "

{p/q/ 100-p-q mol %)

O(CH,CH,0);CH;

I CcooM*
O(CH,CH,0);CH;
H;C(OH,CHC);0 @ ©
)

(p/q/ 100-p-q mol %

O(CH>CH>0);CH;

l COOM*
O(CH,CH,0);CH;

9@ /{}/ @©@

H;C(OH,CH,C);0
)

(p/q/ 100-p-q mol %
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61
-continued
O(CH,CH,0);CH;
CcooOM*
O(CH,CH,0);CH;
N i
H;C(OH,CH,C)30
(p/q/ 100-p-q mol %)
[Chemical Formula 57]
O(CH,CH,0);CH;
COOM*

x
/ /
H;C(OE,CH,C)0 l l O(CH,CH,0),CH;
O(

H3C(OH,CH,C)30 CH,CH,0);CH3

(p/100-p mol %)

O(CH,CH,0);CH;
CooM”
qONy g
H,C(OH,CH,C) O(CH,CH,0);CH;

H;3;C(OH,CH,C);0

(p/q/ 100-p-q mol %)
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-continued
O(CH,CH,0);CH;

I COOM'
H3C(OH,CHC)30. I O(CH,CH,0);CH;
H;C(OH,CH,C);0 l [ O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

O(CH,CH,0);CH;

CooM*

\ —_— r—
/ e | —CH
H;C(OH>CH>C)0 O(CH;CH,0);CH; !
H;C(OH>CH>C)30 l l O(CH>CH>0);CH;

O C

(p/q/ 100-p-q mol %)

O(CH>CH>0);CH;

>
SORYES

H;C(OH,CH,C)0.

cooM*

10008

O(CH,CH,0);CH;

H,C(OH,CH,C);0 O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)
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-continued
[Chemcial Formula 58]
O(CHyCH,0)3CH;3
O(CH,CH,0)3CH; CoOOM*
CooM*
| n
*M-00C
.
M00C O(CH,CH,0);CH;
O(CH,CH,0)3CH;
(p/100-p mol %)
O(CH,CH,0);CH;3
COO'M*
: n
*M00C
O(CH,CH,0);CH;
(p/100-p mol %)
O(CH,CH,0);CH;3
COO'M*
®
/
= x
| N
\ /
n
/ |
*M00C \
O(CH,CH,0);CH;

(p/100-p mol %)
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-continued
O(CH,CH,0);CH;

o
eoNEet oS
&0

O(CH,CH,0);CHy
(p/100-p mol %)
O(CH,CH;0);CH;
COOM*
| \
S
7 \
| N
AN S
]
AN

M00C

N
O(CH,CH,01,CH; O/ \©

(p/100-p mol %)

O(CH,CH;0);CH;

COOM*

O ‘C[O:Qéi
N n
M00C .

O(CH,CH,0);,CH;

(p/100-p mol %)

Feb. 6, 2014
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-continued
O(CH,CH,0)3CH;

l cooMm*

QO 0500 |00
e elie

O(CH,CH,0),CH,
(p/q/ 100-p-q mol %)
[Chemical Formula 59]
O(CH,CH,0);CH;
COOM*
®
/
O(CH,CH,0);CH;
7 | A
\ /
n
/ H;C(OH,CHLC):0
arooe” N
O(CH,CH,0);CH;
(p/100-p mol %)
O(CH,CH,0);CH;
COOM*
O(CIH,CH,0);CH;
H;C(OH,CH;C)0 !
M00C
O(CH,CH,0);CH;

(p/g/ 100-p-q mol %)
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-continued
O(CH,CH,0);CH;
l COO'M*
O(CHL,CH,0);CH;

n
‘ H;C(OHchzc)jo
M00C

O(CH,CH;0),CH;
(p/q/ 100-p-q mol %)
O(CH,CH,0):CH;
coom*
| A
S
O(CH,CH,0)3CH;
N
S H,C(OH,CH,C)0 !
x

M-00C

O(CH,CH,0)3CH;

(p/g/ 100-p-q mol %)

O(CH,CH;0%;CH;

I COOM?
0O/(CH,CH,0);CH;

/ >:< / O
N N A
O LC(OHL,CHLC)30
M00C

O(CH,CH,0);CH;
(p/q/ 100-p-q mol %)
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-continued

[Chemical Formula 60]

O(CH,CH,0);CH;

COOM*

n

H,C(OH,CH,C);0 O(CH,CH,0),CH;

H;C(OH,CH,C);0 O(CH,CE>0);CH;

O(CH,CH,0):CH;
(p/100-p mol %)

O(CH,CH>0);CH;

O(CH,CH,0);CH;

(p/g/ 100-p-q mol %)

O(CH,CH,0);CH;

O(CHchzo)3CH3

(p/g/ 100-p-q mol %)
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O(CH,CH,0);CH,
cooM?
AN
H;C(OH,CH,C)30 A
M00C H,C(OH,CH,C);0
O(CH,CH,0);CH;

/g/ 100-p-q mol %
(/g p-q )

O(CH,CH,0);CH;

H;C(OH,CHyC)30 O(CH,CH,0);CHs

O(CH,CH,0);CH3
(p/q/ 100-p-q mol %)
[Chemical Formula 61]
O(CH,CH,0);CH; O(CH,CH,0);CH;
COOM* COOM*
" / : ;
YI
M00C M00C
O(CH,CH,0);CH; O(CH,CH,0);CH;

(p/100-p mol %)
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-continued

O(CH,CH,0);CH;

O(CH,CH,0);CH;
(p/100-p mol %)

O(CH,CH,0);CH;

n

O(CH,CH,0);CH;
(p/100-p mol %)

O(CH,CH,0);CH;
COOM’
O O / | | 3
(‘j @ n
M-00C
O(CH,CH,0);CH;

(p/100-p mol %)

Feb. 6, 2014
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-continued
O(CH,CH,0);CH;

COOM*

oo Yy

N
M-00C l
O(CH,CH,0);CH;

)

(p/100-p mol %

"

O(CH,CH,0)3;CH;

n

O(CH,CH,0);CH;

(p/100-p mol %)

O(CH,CH,0);CH,

O(CH,CH,0);CH;

(p/g/ 100-p-q mol %)
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-continued

[Chemical Formula 62]

O(CH,CH,0);CH;

O(CH,CH,0);CH,

H;C(OH,CH,C);0

*M00C

O(CH,CH,0);CH;

(p/100-p mol %)

O(CH;CH>0);CH;

COOM*

O(CH>CH>0)3CH;

O/ <010

H;C(OH,CH,C 1O

O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

O(CH,CH,0)3CH;

O(CHyCH,0)3;CH;3

7050301

H;C(OH,CHC)50

M-00C
O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)
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-continued
O(CH,CH,0);CH;
COOM*
O(CH,CH,0),CH;
OOO / N
n
I;C(OH,CH,C);0

*M00C

N
O(CH,CH,0),CH; O/ \©

(p/q/ 100-p-q mol %)
O(CH,CH,;0)3CH;

COOM*

O(CH,CH;0);CH;
O O / ; / ‘Q:O@i
N n
H;C(OH;CH,C);0

*M00C

O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

[Chemical Formula 63]

O(CH,CH,0);CH;

A A
Moo H,C(OH,CH,C),0

O(CH,CH,0)3CH;

O(CH,CH,0),CH;

(p/100-p mol %)
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O(CH,CH,0);CH;

H,C(OH,CH,C);0 O(CH,CH,0);CH;

*M-00C H;C(OH,CHLC)30 O(CH>CH,0);CH;
O(CH,CH,0)CH;
(plg/ 100-p-q mol %)
O(CH>CH0);CH;

O(CH,CH,0);CH;
O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

O(CH,CH,0);CH;3

H;C(OH,CH,C)0 O(CH,CH,0);CH; n

M0O0C H;C(OH,CH,C);0 O(CH,CH,0);CH; N

O(CH,CH,0);CH3

(p/q/ 100-p-q mol %)
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-continued
O(CH,CH,0);CH;
COOM*
H3C(OH2CH2C)3O O(CHchzo)3CH3 N "

H3C(OH,CH,C)30
O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

[Chemical Formula 64]
H;C(OH,CH,C);0 O(CH,CH,0};CH;

+M-OOC O Q COO-M+

n

H3;C(OH,CHC)i0 O(CH,CH,03CH3

*M00C O Q CooM*

(p/100-p mol %)
H;C(CH,CH,C )30 O(CH,CH,0}3CH;

M00C O Q cooM*

(p/100-p mol %
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-continued
H;C(OH,CH,C);0 O(CH,CH,0};CH;

(p/100-p mol %)

H;C(OH,CH,C);0 O(CH,CH,0}5CH;

(p/100-p mol %)

H;C(0H,CH,C)0 O(CH,CH,0)CH;

(p/100-p mol %)
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-continued

H;C(OHCH,C)0 O(CH>CH,0};CH;

(p/100-p mol %)

H;C(OH,CH,C)0 O(CH,CH>0);CH;

M00C Q Q COO'M*

G000 O /oot

(p/q/ 100-p-q mol %)

[Chemical Formula 65]

H,C(OHL,CH,CH0 O(CH,CH,0}CH;

+M-OOC O Q COO-M+
O(CH,CH,0),CH,

0150

H;C(OH,CH,0);0

(p/100-p mol %)
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H;C(OH,CH,C);0 O(CH,CH,0);CH;

+M-OOC O Q COO-M+
O O(CH,CH,0);CH;

H;C(OH,CH,C)30

(p/g/ 100-p-q mol %)

H;C(OH,CH,C)0 O(CH,CH,0);CH;

M00C O Q cooM*
! O(CHzCHzo)chg

H3C(OH,CH,C)30

(p/q/ 100-p-q mol %)

H;C(OH,CHCi0, O(CH,CH,03CH;

M00C O O COOM*
Ol:CHzCHzO)gCHg

H3C(OH,CH,C)30
: N :

(p/q/ 100-p-q mol %)
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-continued
H;C(OH,CH,C)10 O(CH,CH,0);CH;
+M-OOC O Q COO-M+
O(CH,CHL0);CH;
/ ; / ﬁo
N n

H3;C(OH,CH,C)30
(p/g/ 100-p-q mol %)

[Chemical Formula 66]
H;C(OH,CH,C)0 O(CH,CH,0);CH;

M00C O O COOM*

H;C(OH,CH,C)0.

n

O(CH,CH,0):CH;

H;C(OH,CH,C)30 O(CH,CH,0),CHs

(p/100-p mol %)

H,C(OH,CH,CH0 O(CH,CH,0),CH;

M-00C O O CcoOOM*

H,C(OH,CH,C)0 O(CH,CH,0);CH;

H,C(OH,CH,C)0

(p/g/ 100-p-q mol %)
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-continued

H,C(OH,CI,CY0 0O(CH,CH,0);CH;

e (oo
[ -C+-Cny

H;C{OH,CH,C )0 O(CH>CH,0);CH;

H;C{OH,CH,C)0 O(CH,CH,0);CH;

(p/q/ 100-p-q mol %)

H,C(OH,CH,C)0 O(CH,CH,0);CH,

*M00C O Q cooM*

H;C(OH,CH,C)0. O(CH,CH,0);CH; n

H,C(OH,CH,C);0 L

(p/q/ 100-p-q mol %)

H3C{OHCHLC)0, O(CH,CH,0)3CHz

*M00C O Q cooM*

H;C(OH,CHyCl0. l I I O(CH>CH,O}3CH; :

H;C(OH,CH,C);0 O(CH,CH,0);CH;

(p/g/ 100-p-q mol %)
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[0271] —Method for Manufacturing Polymer Com-
pound—

[0272] Next, amethod for manufacturing the polymer com-

pound according to the present invention will be described.
Preferred examples of the method for manufacturing the
polymer compound according to the present invention may
include: a method in which a compound represented by the
following Formula (17) and/or a compound represented by
Formula (20) are selected and used as raw materials, and
polymerized (a polymer compound manufacturing method
1); and amethod in which a polymer compound containing no
ionic group is synthesized in the first process, and in the
second process, from the polymer compound, a polymer
compound containing an ionic group is synthesized (a poly-
mer compound manufacturing method 2).

[Chemical Formula 67]

an
R,

XI_AI3_X2

Rz

(In Formula (17), Ar’ represents a (2+ml2+m13)-valent
fused polycyclic aromatic group that optionally has a sub-
stituent; R'° represents the group represented by Formula (2)
or Formula (3), or a group represented by Formula (18) or
Formula (19); R** represents the group represented by For-
mula (4); m12 and m13 each independently represent an
integer of 1 or more; and X' and X? each independently
represent a group involved in condensation polymerization.
WhenR'® and R are each plurally present, they each may be
the same or different. A hydrogen atom in Formula (17) may
be replaced with a substituent other than R*® or R'*))

[Chemical Formula 68]

—RP{ QY Y 1 (18)

(In Formula (18), R'* represents a single bond or a (1+m14)-
valent organic group that optionally has a substituent; Q*
represents a divalent organic group; Y* represents —CO,R%,
—SO0,R*, —SO,R*, —PO,(R%),, or —B (R*),; n4 repre-
sents an integer of 0 or more; R* represents a hydrogen atom,
an alkyl group having 1 to 30 carbon atoms optionally having
a substituent, or an aryl group having 6 to 50 carbon atoms
optionally having a substituent; and m14 represents an integer
of 1 or more, and when R'? is a single bond, m14 represents
1. When Q*, Y*, n4, R* are each plurally present, they each
may be the same or different.)

[Chemical Formula 69]

—RE{(Q)5 Y i 19

(In Formula (19), R'? represents a single bond or a (1+m15)-
valent organic group that optionally has a substituent; Q°
represents a divalent organic group; Y° represents a haloge-
nated alkyl group, a halogen atom, —N(R®),, —P(R®),, or
—SR®; n5 represents an integer of 0 or more; R represents a
hydrogen atom, an alkyl group having 1 to 30 carbon atoms
optionally having a substituent, or an aryl group having 6 to
50 carbon atoms optionally having a substituent; and m15
represents an integer of 1 or more, and when R*? is a single

Feb. 6, 2014

bond, m15 represents 1. When Q°, Y°, n3, and R® are each
plurally present, they may be the same or different.)

[Chemical Formula 70]

(20)
Bt

X¥—Art—Xx*

R1%)15

(In Formula (20), Ar* represents a (2+m16+m17)-valent
fused polycyclic aromatic group that optionally has a sub-
stituent; R'* represents the group represented by Formula
(15) or Formula (16), or a group represented by Formula (21)
or Formula (22); R"® represents the group represented by
Formula (4); m16 represents an integer of 1 or more; m17
represents an integer of 0 or more; and X* and X* each inde-
pendently represent a group involved in condensation poly-
merization. When R'* and R'* are each plurally present, they
each may be the same or different. A hydrogen atom in For-
mula (20) may be replaced with a substituent other thanR'* or
RIS.)

[Chemical Formula 71]

) 21
— R —{( @Y —Y" 5

{Q@s— Yo

(In Formula (21), R"* represents a (1+ml8+m19)-valent
organic group that optionally has a substituent; Q*, Q*, Y7,
Y*, n3, and n4 are the same as the corresponding definitions
above; m18 and m19 each independently represent an integer
of 1 or more; and when Q°, Q* Y?, Y*, n3, and n4 are each
plurally present, they each may be the same or different.)

[Chemical Formula 72]

(22)
— R —{(Q¥)s— Y}

{( Q=Y )

(In Formula (22), R'® represents a (1+m20+m21)-valent
organic group that optionally has a substituent; Q°, Q°, Y?,
Y>, n3, and n5 are the same as the corresponding definitions
above; m20 and m21 each independently represent an integer
of 1 or more; and when Q?, Q°, Y, Y>, n3, and n5 are each
plurally present, they each may be the same or different.)

[0273]

[0274] 1In Formula (17), Ar’ represents a (2+m12+ml3)-
valent fused polycyclic aromatic group that optionally has a
substituent; R'° represents the group represented by Formula
(2) or Formula (3), or the group represented by Formula (18)
or Formula (19); R” represents the group represented by For-
mula (4); m12 and m13 each independently represent an
integer of 1 or more; and X' and X* each independently
represent a group involved in condensation polymerization.

—Compound Represented by Formula (17)—
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[0275] Ar® may have a substituent other than R*® or R*.
Examples of the substituent may include the same as the
substituent exemplified in the above description with respect
to Ar'.

[0276] In Formula (17), m12 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0277] In Formula (17), m13 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0278] Examples of the (2+m12+m13)-valent fused poly-
cyclic aromatic group represented by Ar’ in Formula (17)
may include a (2+m12+m13)-valent group remaining after
removing (2+m12+m13) hydrogen atoms from a fused poly-
cyclic aromatic ring in which two or more benzene rings are
fused.

[0279] Examples of the fused polycyclic aromatic ring may
include the same as the ring exemplified in the above descrip-
tion with respect to Ar’.

[0280] 1In view of the solubility of the polymer compound,
the (2+4m12+m13)-valent fused polycyclic aromatic group is
preferably a group remaining after removing (2+m12+m13)
hydrogen atoms from the ring represented by any one of
Formulae 1to 4, 7, and 8, more preferably a group remaining
after removing (2+m12+m13) hydrogen atoms from the ring
represented by any one of Formulae 1 to 3, 7, and 8, and
further preferably a group remaining after removing
(2+m12+m13) hydrogen atoms from the ring represented by
any one of Formulae 1 to 3, and 7.

[0281] InFormula(17),Ar’ is preferably a group remaining
after removing (m12+m13)hydrogen atoms from the divalent
group represented by any one of Formulae 10 to 17.

[0282] —Group Represented by Formula (18)—

[0283] In Formula (18), R'? represents a single bond or a
(1+m14)-valent organic group that optionally has a substitu-
ent. The group represented by Formula (18) is a monovalent
group.

[0284] In Formula (18), examples of the (1+m14)-valent
organic group that optionally has a substituent represented by
R'? may include: a group remaining after removing m14
hydrogen atoms from an alkyl group having 1 to 20 carbon
atoms optionally having a substituent, such as a methyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m14 hydrogen atoms from an aryl
group having 6 to 30 carbon atoms optionally having a sub-
stituent, such as a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group. a 1-anthracenyl group, a 2-anthracenyl group, a
9-anthraceny! group, and a group in which at least one hydro-
gen atom in these groups is substituted with a substituent; a
group remaining after removing m14 hydrogen atoms from
an alkoxy group having 1 to 50 carbon atoms optionally
having a substituent, such as a methoxy group, an ethoxy
group, a propyloxy group, a butoxy group, a pentyloxy group,
a hexyloxy group, a nonyloxy group, a dodecyloxy group, a
cyclopropyloxy group, a cyclobutyloxy group, a cyclopenty-
loxy group, acyclohexyloxy group, a cyclononyloxy group, a
cyclododecyloxy group, a norbornyloxy group, an adaman-
tyloxy group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
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remaining after removing ml14 hydrogen atoms from an
amino group having a substituent containing a carbon atom;
and a group remaining after removing m14 hydrogen atoms
from a silyl group having a substituent containing a carbon
atom. The number of carbons of the substituent is not
included in the above number of carbons. Because the syn-
thesis of the raw material monomer is simplified, preferred
examples are a group remaining after removing m14 hydro-
gen atoms from an alkyl group, a group remaining after
removing m14 hydrogen atoms from an aryl group, and a
group remaining after removing m14 hydrogen atoms from
an alkoxy group.

[0285] Examples of the substituent may include the same as
the substituent exemplified in the above description with
respect to Formula (1). When the substituent is plurally
present, they may be the same or different.

[0286] In Formula (18), m14 represents an integer of 1 or
more, and when R'? is a single bond, m14 represents 1. m14
is preferably 1 to 3, and more preferably 1 or 2.

[0287] In Formula (18), examples of the divalent organic
group represented by Q* may include: a divalent chain satu-
rated hydrocarbon group having 1 to 50 carbon atoms option-
ally having a substituent, such as a methylene group, an
ethylene group, a 1,2-propylene group, a 1,3-propylene
group, a 1,2-butylene group, a 1,3-butylene group, a 1,4-
butylene group, a 1,5-pentylene group, a 1,6-hexylene group,
a 1,9-nonylene group, a 1,12-dodecylene group, and a group
in which at least one hydrogen atom in these groups is sub-
stituted with a substituent; a divalent unsaturated hydrocar-
bon group having 2 to 50 carbon atoms optionally having a
substituent including an alkenylene group having 2 to 50
carbon atoms optionally having a substituent, such as an
ethenylene group, a propenylene group, a 3-butenylene
group, a 2-butenylene group, a 2-pentenylene group, a 2-hex-
enylene group, a 2-nonenylene group, a 2-dodecenylene
group, and a group in which at least one hydrogen atom in
these groups is substituted with a substituent, and an ethy-
nylene group; a divalent cyclic saturated hydrocarbon group
having 3 to 50 carbon atoms optionally having a substituent,
such as a cyclopropylene group, a cyclobutylene group, a
cyclopentylene group, a cyclohexylene group, a
cyclononylene group, a cyclododecylene group, a nor-
bornylene group, an adamantylene group, and a group in
which at least one hydrogen atom in these groups is substi-
tuted with a substituent; an arylene group having 6 to 50
carbon atoms optionally having a substituent, such as a 1,3-
phenylene group, a 1,4-phenylene group, a 1,4-naphthylene
group, a 1,5-naphthylene group, a 2,6-naphthylene group, a
biphenyl-4,4'-diy] group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; an alkyleneoxy group having 1 to 50 carbon atoms
optionally having a substituent, such as a methylencoxy
group, an ethyleneoxy group, a propyleneoxy group, a buty-
leneoxy group, a pentylencoxy group, a hexyleneoxy group,
and a group in which at least one hydrogen atom in these
groups is substituted with a substituent (that is, a divalent
organic group represented by formula: —R%—O—— (wherein
R%is an alkylene group having 1 to 50 carbon atoms option-
ally having a substituent, such as a methylene group, an
ethylene group, a propylene group, a butylene group, a pen-
tylene group, a hexylene group, and a group in which at least
one hydrogen atom in these groups is substituted with a
substituent)); an imino group having a substituent containing
a carbon atom; and a silylene group having a substituent
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containing a carbon atom. The number of carbons of the
substituent is not included in the above number of carbons.
Because the synthesis is simplified, preferred examples are a
divalent chain saturated hydrocarbon group, an arylene
group, and an alkyleneoxy group.

[0288] The group exemplified as the divalent organic group
represented by Q* may have a substituent, and examples of
the substituent may include the same as the substituent exem-
plified in the above description with respect to Formula (1).
When the substituent is plurally present, they may be the
same or different.

[0289] InFormula(18),Y*represents —CO,R%,—SO,R¥,
—SO0,R*, —PO;(R*),, or —B(R*),. R* represents a hydro-
gen atom, an alkyl group having 1 to 30 carbon atoms option-
ally having a substituent, or an aryl group having 6 to 50
carbon atoms optionally having a substituent. The number of
carbons of the substituent is not included in the above number
of carbons. Examples of the substituent may include the same
as the substituent exemplified in the above description with
respect to Formula (1). When the substituent is plurally
present, they may be the same or different. Examples of R*
may include: an alkyl group having 1 to 20 carbon atoms such
as amethyl group, an ethyl group, a propyl group, an isopro-
pyl group, a butyl group, an isobutyl group, a sec-butyl group,
atert-butyl group, a pentyl group. a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, and a lauryl group; an aryl group having 6 to 30 carbon
atoms such as a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a 1 -anthracenyl group, a 2-anthracenyl group, and
a 9-anthracenyl group.

[0290] In Formula (18), n4 represents an integer of 0 or
more, and in view of the synthesis of the raw material mono-
mer, n4 is preferably an integer of from 0 to 8, and more
preferably an integer of from 0 to 2.

[0291] —Group Represented by Formula (19)—

[0292] In Formula (19), R™ represents a single bond or a
(1+m15)-valent organic group that optionally has a substitu-
ent. The group represented by Formula (19) is a monovalent
group.

[0293] In Formula (19), examples of the (1+m15)-valent
organic group that optionally has a substituent represented by
R*® may include: a group remaining after removing m15
hydrogen atoms from an alkyl group having 1 to 20 carbon
atoms optionally having a substituent, such as a methyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a cyclohexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, a
lauryl group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m15 hydrogen atoms from an aryl
group having 6 to 30 carbon atoms optionally having a sub-
stituent, such as a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group. a 1-anthracenyl group, a 2-anthracenyl group, a
9-anthraceny! group, and a group in which at least one hydro-
gen atom in these groups is substituted with a substituent; a
group remaining after removing m15 hydrogen atoms from
an alkoxy group having 1 to 50 carbon atoms optionally
having a substituent, such as a methoxy group, an ethoxy
group, a propyloxy group, a butoxy group, a pentyloxy group,
a hexyloxy group, a nonyloxy group, a dodecyloxy group, a
cyclopropyloxy group, a cyclobutyloxy group, a cyclopenty-
loxy group, acyclohexyloxy group, a cyclononyloxy group, a
cyclododecyloxy group, a norbornyloxy group, an adaman-
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tyloxy group, and a group in which at least one hydrogen atom
in these groups is substituted with a substituent; a group
remaining after removing m15 hydrogen atoms from an
amino group having a substituent containing a carbon atom;
and a group remaining after removing m15 hydrogen atoms
from a silyl group having a substituent containing a carbon
atom. The number of carbons of the substituent is not
included in the above number of carbons. Because the syn-
thesis of the raw material monomer is simplified, preferred
examples are a group remaining after removing m15 hydro-
gen atoms from an alkyl group, a group remaining after
removing m15 hydrogen atoms from an aryl group, and a
group remaining after removing m135 hydrogen atoms from
an alkoxy group.

[0294] Examples of the substituent may include the same as
the substituent exemplified in the above description with
respect to Formula (1). When the substituent is plurally
present, they may be the same or different.

[0295] In Formula (19), m15 represents an integer of 1 or
more, and when R'? is a single bond, m15 represents 1. m15
is preferably 1 to 3, and more preferably 1 or 2.

[0296] In Formula (19), examples of the divalent organic
group represented by Q° may include: a divalent chain satu-
rated hydrocarbon group having 1 to 50 carbon atoms option-
ally having a substituent, such as a methylene group, an
ethylene group, a 1,2-propylene group, a 1,3-propylene
group, a 1,2-butylene group, a 1,3-butylene group, a 1,4-
butylene group, a 1,5-pentylene group, a 1,6-hexylene group,
a 1,9-nonylene group, a 1,12-dodecylene group, and a group
in which at least one hydrogen atom in these groups is sub-
stituted with a substituent; a divalent unsaturated hydrocar-
bon group having 2 to 50 carbon atoms optionally having a
substituent including an alkenylene group having 2 to 50
carbon atoms optionally having a substituent, such as an
ethenylene group, a propenylene group, a 3-butenylene
group, a 2-butenylene group, a 2-pentenylene group, a 2-hex-
enylene group, a 2-nonenylene group, a 2-dodecenylene
group, and a group in which at least one hydrogen atom in
these groups is substituted with a substituent, and an ethy-
nylene group; a divalent cyclic saturated hydrocarbon group
having 3 to 50 carbon atoms optionally having a substituent,
such as a cyclopropylene group, a cyclobutylene group, a
cyclopentylene group, a cyclohexylene group, a
cyclononylene group, a cyclododecylene group, a nor-
bornylene group, an adamantylene group, and a group in
which at least one hydrogen atom in these groups is substi-
tuted with a substituent; an arylene group having 6 to 50
carbon atoms optionally having a substituent, such as a 1,3-
phenylene group, a 1,4-phenylene group, a 1,4-naphthylene
group, a 1,5-naphthylene group, a 2,6-naphthylene group, a
biphenyl-4,4'-diy] group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; an alkyleneoxy group having 1 to 50 carbon atoms
optionally having a substituent, such as a methylencoxy
group, an ethyleneoxy group, a propyleneoxy group, a buty-
leneoxy group, a pentylencoxy group, a hexyleneoxy group,
and a group in which at least one hydrogen atom in these
groups is substituted with a substituent (that is, a divalent
organic group represented by formula: —R?—O—— (wherein
R%is an alkylene group having 1 to 50 carbon atoms option-
ally having a substituent, such as a methylene group, an
ethylene group, a propylene group, a butylene group, a pen-
tylene group, a hexylene group, and a group in which at least
one hydrogen atom in these groups is substituted with a
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substituent)); an imino group having a substituent containing
a carbon atom; and a silylene group having a substituent
containing a carbon atom. The number of carbons of the
substituent is not included in the above number of carbons.
Because the synthesis is simplified, preferred examples are a
divalent chain saturated hydrocarbon group, an arylene
group, and an alkyleneoxy group.

[0297] The group exemplified as the divalent organic group
represented by Q° may have a substituent, and examples of
the substituent may include the same as the substituent exem-
plified in the above description with respect to Formula (1).
When the substituent is plurally present, they may be the
same or different.

[0298] In Formula (19), Y represents a halogenated alkyl
group, a halogen atom, —N(R®),, —P(R®),, or —SR®. R®
represents a hydrogen atom, an alkyl group having 1 to 30
carbon atoms optionally having a substituent, oran aryl group
having 6 to 50 carbon atoms optionally having a substituent.
The number of carbons of the substituent is not included in the
above number of carbons. Examples of the substituent may
include the same as the substituent exemplified in the above
description with respect to Formula (1). When the substituent
is plurally present, they may be the same or different.
Examples of R® may include: an alkyl group having 1 to 20
carbon atoms such as a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl
group, a cyclohexyl group, a heptyl group, an octyl group, a
nonyl group, a decyl group, and a lauryl group; and an aryl
group having 6 to 30 carbon atoms such as a phenyl group, a
1-naphthyl group, a 2-naphthyl group, a 1-anthracenyl group,
a 2-anthracenyl group, and a 9-anthracenyl group. The alkyl
group in the halogenated alkyl group may be the same as the
alkyl group described above. The halogen atom with respect
to the halogenation in the halogenated alkyl group may be the
same as the halogen atom described above. Examples of the
halogenated alkyl group may include a halogenated methyl
group, a halogenated ethyl group, a halogenated propyl
group, and a halogenated butyl group.

[0299] In Formula (19), n5 represents an integer of 0 or
more, and in view of the synthesis of the raw material mono-
mer, n5 is preferably an integer of from 0 to 8, and more
preferably an integer of from 0 to 2.

[0300] —Compound Represented by Formula (20)—
[0301] In Formula (20), Ar* represents a (2+4m16+m17)-
valent fused polycyclic aromatic group that optionally has a
substituent; R'* represents the group represented by Formula
(15) or Formula (16), or the group represented by Formula
(18) or Formula (19); R” represents the group represented by
Formula (4); m16 represents an integer of 1 or more; and m17
represents an integer of 0 or more.

[0302] Ar® may have a substituent other than R'* or R*’.
Examples of the substituent may include the same as the
substituent exemplified in the above description with respect
to Ar*.

[0303] In Formula (20), m16 represents an integer of 1 or
more, preferably an integer of from 1 to 4, and more prefer-
ably an integer of from 1 to 3.

[0304] In Formula (20), m17 represents an integer of 0 or
more, preferably an integer of from O to 4, and more prefer-
ably an integer of from 0 to 3.

[0305] Examples of the (2+m16+m17)-valent fused poly-
cyclic aromatic group represented by Ar* in Formula (20)
may include a (2+m16+m17)-valent group remaining after
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removing (2+m16+m17) hydrogen atoms from a fused poly-
cyclic aromatic ring in which two or more benzene rings are
fused.

[0306] Examples of the fused polycyclic aromatic ring may
include the same as the ring exemplified in the above descrip-
tion with respect to Ar’.

[0307] In view of the solubility of the polymer compound,
the (2+m16+m17)-valent fused polycyclic aromatic group is
preferably a group remaining after removing (2+m16+m17)
hydrogen atoms from the ring represented by any one of
Formulae 1 to 4, 7, and 8, more preferably a group remaining
after removing (2+m16+m17) hydrogen atoms from the ring
represented by any one of Formulae 1 to 3, 7, and 8, and
further preferably a group remaining after removing
(2+m16+m17) hydrogen atoms from the ring represented by
any one of Formulae 1 to 3, and 7.

[0308] InFormula(20), Ar*is preferably a group remaining
after removing (m16+m17)hydrogen atoms from the divalent
group represented by any one of Formulae 10 to 17.

[0309] —Group Represented by Formula (21)—

[0310] In Fornmla (21), R*® represents a (1+m18+ml9)
valent organic group that optionally has a substituent. The
group represented by Formula (21) is a monovalent group.
[0311] In Formula (21), examples of the (1+m18+m19)-
valent organic group that optionally has a substituent repre-
sented by R'* may include: a group remaining after removing
(m18+m19) hydrogen atoms from an alkyl group having 1 to
20 carbon atoms optionally having a substituent, such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a lauryl group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; a group remaining after removing (m18+m19) hydrogen
atoms from an aryl group having 6 to 30 carbon atoms option-
ally having a substituent, such as a phenyl group, a 1-naphthyl
group, a 2-naphthyl group, a 1-anthracenyl group, a 2-anthra-
cenyl group, a 9-anthracenyl group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m18+m19)
hydrogen atoms from an alkoxy group having 1 to 50 carbon
atoms optionally having a substituent, such as a methoxy
group, an ethoxy group, a propyloxy group, a butoxy group, a
pentyloxy group, a hexyloxy group, a nonyloxy group, a
dodecyloxy group, a cyclopropyloxy group, a cyclobutyloxy
group, a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m18+m19)
hydrogen atoms from an amino group having a substituent
containing a carbon atom; and a group remaining after remov-
ing (m18+m19) hydrogen atoms from a silyl group having a
substituent containing a carbon atom. The number of carbons
of the substituent is not included in the above number of
carbons. Because the synthesis of the raw material monomer
is simplified, preferred examples are a group remaining after
removing (m18+m19) hydrogen atoms from an alkyl group, a
group remaining after removing (m18+m19) hydrogen atoms
from an aryl group, and a group remaining after removing
(m18+m19) hydrogen atoms from an alkoxy group.

[0312] Examples of the above substituent may include the
same as the substituent exemplified in the description with
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respect to Formula (1). When the substituent is plurally
present, they may be the same or different.

[0313] In Formula (21), m18 and m19 each independently
represent an integer of 1 or more (e.g., 1, 2, or 3 for each).
[0314] InFormula (21), Q% n4,Y* Q°, n3, and Y are the
same as the corresponding definitions above. When Q*, n4,
Y*, Q% n3, and Y? are each plurally present, they may be the
same or different.

[0315] —Group Represented by Formula (22)—

[0316] In Formula (22), R'® represents a (1+m20+m21)
valent organic group that optionally has a substituent. The
group represented by Formula (22) is a monovalent group.
[0317] In Formula (22), examples of the (1+m20+m21)-
valent organic group that optionally has a substituent repre-
sented by R'9 may include: a group remaining after removing
(m20+m21) hydrogen atoms from an alkyl group having 1 to
20 carbon atoms optionally having a substituent, such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a hexyl group, a cyclohexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a lauryl group, and a group in which at least one
hydrogen atom in these groups is substituted with a substitu-
ent; a group remaining after removing (m20+m21) hydrogen
atoms from an aryl group having 6 to 30 carbon atoms option-
ally having a substituent, such as a phenyl group, a 1 -naphthyl
group, a 2-naphthyl group, a 1-anthracenyl group, a 2-anthra-
cenyl group, a 9-anthracenyl group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m20+m21)
hydrogen atoms from an alkoxy group having 1 to 50 carbon
atoms optionally having a substituent, such as a methoxy
group, an ethoxy group, a propyloxy group, a butoxy group, a
pentyloxy group, a hexyloxy group, a nonyloxy group, a
dodecyloxy group, a cyclopropyloxy group, a cyclobutyloxy
group, a cyclopentyloxy group, a cyclohexyloxy group, a
cyclononyloxy group, a cyclododecyloxy group, a norborny-
loxy group, an adamantyloxy group, and a group in which at
least one hydrogen atom in these groups is substituted with a
substituent; a group remaining after removing (m20+m21)
hydrogen atoms from an amino group having a substituent
containing a carbon atom; and a group remaining after remov-
ing (m20+m21) hydrogen atoms from a silyl group having a
substituent containing a carbon atom. The number of carbons
of the substituent is not included in the above number of
carbons. Because the synthesis of the raw material monomer
is simplified, preferred examples are a group remaining after
removing (m20+m21) hydrogen atoms from an alkyl group, a
group remaining after removing (m20+m21) hydrogen atoms
from an aryl group, and a group remaining after removing
(m204m21) hydrogen atoms from an alkoxy group.

[0318] Examples of the above substituent may include the
same as the substituent exemplified in the description with
respect to Formula (1). When the substituent is plurally
present, they may be the same or different.

[0319] In Formula (22), m20 and m21 each independently
represent an integer of 1 or more (e.g., 1, 2, or 3 for each).
[0320] In Formula (22), Q% n5,Y>, Q°, n3, and Y? are the
same as the corresponding definitions above. When Q°, n5,
Y?, Q% n3, and Y° are each plurally present, they may be the
same or different.

[0321] When, together with the structural unit represented
by Formula (1) and/or the structural unit represented by For-
mula (14), another structural unit is contained in the polymer

Feb. 6, 2014

compound according to the present invention, the polymer
compound according to the present invention further having a
structural unit represented by -A - can be manufactured by
condensation polymerizing a compound represented by For-
mula (26) in addition to the compounds represented by For-
mulae (17) and (20).

X>-A,- X8 (26)

(InFormula (26), A represents a group constituting the struc-
tural unit represented by Formula (23), and/or a divalent
aromatic group represented by the above ArS or a divalent
aromatic amine residue that optionally has a substituent, and
X® and X° each independently represent a group involved in
condensation polymerization.)

[0322] Examples of the group involved in condensation
polymerization represented by X', X2, X3, X* X°, and X°
may include a hydrogen atom, a halogen atom, an alkyl sul-
fonate group, an aryl sulfonate group, an arylalkyl sulfonate
group, a boric acid ester residue, a sulfonium methyl group, a
phosphonium methyl group, a phosphonate methyl group, a
monohalogenated methyl group, —B(OH),, a formyl group,
a cyano group, and a vinyl group.

[0323] Examples of the halogen atom which can be
selected as the group involved in condensation polymeriza-
tion may include a fluorine atom, a chlorine atom, a bromine
atom, and an iodine atom.

[0324] Examples of the alkyl sulfonate group which can be
selected as the group involved in condensation polymeriza-
tion may include a methane sulfonate group, an ethane sul-
fonate group, and a trifluoromethane sulfonate group.
[0325] Examples of the aryl sulfonate group which can be
selected as the group involved in condensation polymeriza-
tion may include a benzene sulfonate group and a p-toluene
sulfonate group.

[0326] Examples of the arylalkyl sulfonate group which
can be selected as the group involved in condensation poly-
merization may include a benzyl sulfonate group.

[0327] Examples of the boric acid ester residue which can
be selected as the group involved in condensation polymer-
ization may include groups represented by the following for-
mulae.

[Chemical Formula 73]
H;C
OCHs 0 CH; 0
/ / /
A TN A
OC,Hjs 0 CH; 0
H;C
0 6]
/ /
—_ B\ —_ B\
0 0

[0328] Examples of the sulfoniummethyl group which can
be selected as the group involved in condensation polymer-
ization may include groups represented by the following for-
mulae:

— CH,$*"Me,E~ or —CH,S*Ph,E~

(where E represents a halogen atom, and Ph represents a
phenyl group; the same is applicable hereinafter).
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[0329] Examples of the phosphoniummethyl group which
can be selected as the group involved in condensation poly-
merization may include a group represented by the following
formula:

—CH,P*Ph,E-

(where E represents the same meaning as described above).

[0330] Examples of the phosphonate methyl group which
can be selected as the group involved in condensation poly-
merization may include a group represented by the following
formula:

—CH,PO(OR),

(where R/ represents an alkyl group, an aryl group, or an
arylalkyl group).

[0331] Examples of the monohalogenated methyl group
which can be selected as the group involved in condensation
polymerization may include a fluorinated methyl group, a
chlorinated methyl group, a brominated methyl group, and an
iodinated methyl group.

[0332] The group preferred as the group involved in con-
densation polymerization varies depending on the types of
polymerization reactions. For example, when a zero-valent
nickel complex for the Yamamoto coupling reaction or the
like is used, examples of the group may include a halogen
atom, an alkyl sulfonate group, an aryl sulfonate group, and
an arylalkyl sulfonate group. When a nickel catalyst or a
palladium catalyst for the Suzuki coupling reaction or the like
is used, examples of the group may include an alkyl sulfonate
group, a halogen atom, a boric acid ester residue, and
—B(OH),. When an oxidation polymerization is conducted
using an oxidant or conducted electrochemically, examples of
the group may include a hydrogen atom.

[0333] Examples of the polymer compound manufacturing
method 1 described above may include polymer compound
manufacturing methods 1-1 and 1-2.

[0334] The polymer compound manufacturing method 1-1
is a method for manufacturing a polymer compound having
the structural unit represented by Formula (1) including poly-
merizing an organic compound represented by the following
formula (17A):

[Chemical Formula 74]

’ (174)
R0

XI_AIS_X2

R

(in Formula (17A), R'* represents the group represented by
Formula (2) or Formula (3); Ar*, R'!, m12, m13, and X* and
X? are the same as the corresponding definitions above; a
hydrogen atom in Formula (17A) may be replaced with a
substituent other than R** or R'")

to obtain the polymer compound having the structural unit
represented by Formula (1).

[0335] The details of the groups in the organic compound
represented by Formula (17A) are the same as those of the
organic compound represented by Formula (17). In the manu-
facturing method 1-1, not only the organic compound repre-
sented by Formula (17A), but also one or two or more types of
other organic compounds selected from the group consisting
of the organic compound represented by Formula (17), the
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organic compound represented by Formula (20), and the
organic compound represented by Formula (26) may be fur-
ther polymerized. Inthe manufacturing method 1-1, Ar®, R'?,
R*!, m12, and m13 in the organic compound represented by
Formula (17A) correspond to Ar*, RY, R?, m1, and m2 in the
polymer compound having the structural unit represented by
Formula (1), respectively.

[0336] The polymer compound manufacturing method 1-2
is a method for manufacturing a polymer compound having
the structural unit represented by Formula (14) including
polymerizing an organic compound represented by the fol-
lowing formula (20A):

[Chemical Formula 75]

, (20A)
R™),56

X—aArt—x*

R15)17

(in Formula (20A), R** represents the group represented by
Formula (15) or Formula (16); Ar*, R"*, m16, m17, and X*
and X* are the same as the corresponding definitions above; a
hydrogen atom in Formula (20A) may be replaced with a
substituent other than R'* or R'?)

to obtain the polymer compound having the structural unit
represented by Formula (14).

[0337] The details of the groups in the organic compound
represented by Formula (20A) are the same as those of the
organic compound represented by Formula (20). In the manu-
facturing method 1-2, not only the organic compound repre-
sented by Formula (20A), but also one or two or more types of
organic compounds selected from the group consisting of the
organic compound represented by Formula (17), the organic
compound represented by Formula (20), and the organic
compound represented by Formula (26) may be further poly-
merized. In the manufacturing method 1-2, Ar*, R'*, R",
m16, and m17 in the organic compound represented by For-
mula (20A) correspond to Ar’, R®, R7, m6, and m7 in the
polymer compound having the structural unit represented by
Formula (14), respectively.

[0338] Examples of the polymer compound manufacturing
method 2 described above may include polymer compound
manufacturing methods 2-1 and 2-2.

[0339] The polymer compound manufacturing method 2-1
is a method for manufacturing a polymer compound having
the structural unit represented by Formula (1) including:

(1) polymerizing an organic compound represented by the
following Formula (17B):

[Chemical Formula 76]

) (17B)
R0

XI_AIS_XZ
Rz
(in Formula (17B), R'®" represents the group represented by

Formula (18) or Formula (19). A, R*!, m12, m13, and X*
and X* are the same as the corresponding definitions above. A
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hydrogen atom in Formula (17B) may be replaced with a
substituent other than R'" or R'*.)

to obtain a polymer compound represented by the following
Formula (17B"):

[Chemical Formula 77]

(17R)
R0

AP

®!),1

(in Formula (17B"), R*®" represents the group represented by
Formula (18) or Formula (19). Ar’, R**, m12, and m13 arethe
same as the corresponding definitions above. A hydrogen
atom in Formula (17B') may be replaced with a substituent
other than R'®" or R™.); and

(ii) ionizing the polymer compound having the structural unit
represented by Formula (17B') to obtain the polymer com-
pound having the structural unit represented by Formula (1).
The present invention also provides a polymer compound
having the structural unit represented by Formula (17B"). The
structural unit represented by Formula (17B') is a divalent
structural unit.

[0340] The details of the groups in the organic compounds
represented by Formula (17B) and (17B') may be the same as
those of the organic compound represented by Formula (17).
In the process (i) of the manufacturing method 2-1, not only
the organic compound represented by Formula (17B), but
also one or two or more types of organic compounds selected
from the group consisting of the organic compound repre-
sented by Formula (17), the organic compound represented
by Formula (20), and the organic compound represented by
Formula (26) may be further polymerized. In the manufac-
turing method 2-1, Ar’, R*", R, m12, and m13 in the
organic compounds represented by Formulae (17B) and
(17B") correspond to Ar', R*, R?, m1, and m2 in the polymer
compound having the structural unit represented by Formula
(1), respectively.

[0341] Inthe process (ii) of the manufacturing method 2-1,
the polymer compound having the structural unit represented
by Formula (17B") is ionized, thereby, in R'”", converting the
group represented by Formula (18) or the group represented
by Formula (19) (a non-ionic group) into the group repre-
sented by Formula (2) or the group represented by Formula
(3) (an ionic group).

[0342] The manufacturing method 2-2 is a method for
manufacturing a polymer compound having the structural
unit represented by Formula (14) including:

(i") polymerizing an organic compound represented by the
following Formula (20B):

[Chemical Formula 78]

(20B)
R 16

X—aArt—x*

(R15)p17
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(in Formula (20B), R**" represents the group represented by
Formula (21) or Formula (22). Ar*, R'>, m16, m17, X>, and
X* are the same as the corresponding definitions above. A
hydrogen atom in Formula (20B) may be replaced with a
substituent other than R'*" or R**))

to obtain a polymer compound represented by the following
Formula (20B":

[Chemical Formula 79]

R

L

(Lls)mn
(in Formula (20B'), R'*" represents the group represented by
Formula (21) or Formula (22). Ar*, R'*>, m16, and m17 are the
same as the corresponding definitions above. A hydrogen
atom in Formula (20B") may be replaced with a substituent
other than R**" or R'*.); and
(it") ionizing the polymer compound having the structural unit
represented by Formula (20B') to obtain the polymer com-
pound having the structural unit represented by Formula (14).
The present invention also provides a polymer compound
having the structural unit represented by Formula (20B"). The
structural unit represented by Formula (20B') is a divalent
structural unit.
[0343] The details of the groups in the organic compounds
represented by Formula (20B) and (20B') are the same as
those of the organic compound represented by Formula (20).
In the process (i) of the manufacturing method 2-2, not only
the organic compound represented by Formula (20B), but
also one or two or more types of organic compounds selected
from the group consisting of the organic compound repre-
sented by Formula (17), the organic compound represented
by Formula (20), and the organic compound represented by
Formula (26) may be further polymerized. In the manufac-
turing method 2-2, Ar*, R'*') R", m16, and m17 in the
organic compounds represented by Formulae (20B) and
(20B") correspond to Ar*, R%, R”, m6, and m7 in the polymer
compound having the structural unit represented by Formula
(14), respectively.
[0344] Inthe process (ii') of the manufacturing method 2-2,
the polymer compound having the structural unit represented
by Formula (20B") is ionized, thereby, in R**", converting the
group represented by Formula (21) or the group represented
by Formula (22) (a non-ionic group) into the group repre-
sented by Formula (15) or the group represented by Formula
(16) (an ionic group).
[0345] Examples of the ionization in the process (ii) of the
manufacturing method 2-1 and the process (ii') of the manu-
facturing method 2-2 may include cationization and anion-
ization. Examples of the ionization may include a method in
which the polymer compound obtained in the process (i) is
reacted with a reagent such as a metal hydroxide, a metal
carbonate, and alkylammonium hydroxide or a reagent such
as an alkyl halide and SbF, as needed dissolved in water or an
organic solvent, at a temperature of the melting point of the
organic solvent or higher and the boiling point of the organic
solvent or lower.
[0346] When the polymer compound according to the
present invention is manufactured, a polymerization method

(20B)
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may be employed in which, for example, a compound (mono-
mer) represented by Formula (17) or (20) having a plurality of
groups involved in condensation polymerization is dissolved
in an organic solvent as needed and is reacted using an alkali
or an appropriate catalyst, at a temperature of the melting
point of the organic solvent or higher and the boiling point of
the organic solvent or lower. Examples of such a polymeriza-
tion method may include publicly known methods described
in, for example, “Organic Reactions, vol. 14, pp. 270-490
(1965), published by John Wiley & Sons, Inc.,” “Organic
Syntheses, Collective Volume VI, pp. 407-411 (1988), pub-
lished by John Wiley & Sons, Inc.,” “Chemical Review
(Chem. Rev.), vol. 95, p. 2457 (1995),” “Journal of Organo-
metallic Chemistry (J. Organomet. Chem.), vol. 576, p. 147
(1999),” and “Macromolecular Chemistry, Macromolecular
Symposium (Macromol. Chem., Macromol. Symp.) vol. 12,
p. 229 (1987)

[0347] When the polymer compound according to the
present invention is manufactured, a known condensation
polymerization reaction may be employed according to the
group involved in condensation polymerization. Examples of
such a polymerization method may include: a method of
polymerizing the relevant monomer by the Suzuki coupling
reaction; a method of polymerizing the relevant monomer by
the Grignard reaction; a method of polymerizing the relevant
monomer by a Ni(0) complex; a method of polymerizing the
relevant monomer by an oxidant such as FeCl;; a method of
oxidative polymerizing the relevant monomer electrochemi-
cally; and a method of decomposing an intermediate polymer
having an appropriate leaving group. Among such polymer-
ization reactions, the method of polymerizing by the Suzuki
coupling reaction, the method of polymerizing by the Grig-
nard reaction, and the method of polymerizing by a zero-
valent nickel complex are preferred, because the structure of
the obtained ionic polymer can be easily controlled.

[0348] A preferred embodiment of the method for manu-
facturing the polymer compound according to the present
invention is a method for manufacturing the polymer com-
pound including: using a raw material monomer including a
group selected from the group consisting of a halogen atom,
an alkyl sulfonate group, an aryl sulfonate group, and an
arylalkyl sulfonate group as the group involved in condensa-
tion polymerization; and condensation polymerizing the raw
material monomer in the presence of a zero-valent nickel
complex. Examples of the raw material monomer used for
such a method may include a dihalogenated compound, a
bis(alkyl sulfonate) compound, a bis(aryl sulfonate) com-
pound, a bis(arylalkyl sulfonate) compound, a halogen-alkyl
sulfonate compound, a halogen-aryl sulfonate compound, a
halogen-arylalkyl sulfonate compound, an alkyl sulfonate-
aryl sulfonate compound, an alkyl sulfonate-arylalkyl sul-
fonate compound, and an aryl sulfonate-arylalkyl sulfonate
compound.

[0349] Another preferred embodiment of the method for
manufacturing the polymer compound is a method for manu-
facturing the polymer compound including: using a raw mate-
rial monomer including a group selected from the group
consisting of a halogen atom, an alkyl sulfonate group, an aryl
sulfonate group, an arylalky! sulfonate group, —B(OH),, and
a boric acid ester residue as the group involved in condensa-
tion polymerization, the raw material monomer in which the
ratio between the sum (J) of the number of moles of a halogen
atom, an alkyl sulfonate group, an aryl sulfonate group, and
an arylalkyl sulfonate group that all raw material monomers
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have and the sum (K) of the number of moles of —B(OH),
and a boric acid ester residue that all raw material monomers
have is substantially 1 (usually, K/Tis in a range 0f 0.7 to 1.2);
and condensation polymerizing the raw material monomer in
the presence of a nickel catalyst or a palladium catalyst.

[0350] The organic solvent varies depending on the used
compounds and the reaction. For the organic solvent, in order
to suppress a side reaction, an organic solvent subjected thor-
oughly to deoxygenation treatment is generally preferred to
be used. When the polymer compound is manufactured, it is
preferred that the reaction is progressed using such an organic
solvent in an inert atmosphere. The organic solvent is prefer-
ably subjected to a dehydration treatment as well as the
deoxygenation treatment, provided that this may not be the
case for the reaction in a two-phase system with water such as
the Suzuki coupling reaction.

[0351] Examples of the organic solvent may include: a
saturated hydrocarbon such as pentane, hexane, heptane,
octane, and cyclohexane; an unsaturated hydrocarbon such as
benzene, toluene, ethylbenzene, and xylene; alcohols such as
methanol, ethanol, propanol, isopropanol, butanol, and tert-
butyl alcohol; carboxylic acids such as formic acid, acetic
acid, and propionic acid; ethers such as dimethyl ether,
diethyl ether, methyl tert-butyl ether, tetrahydrofuran, tet-
rahydropyran, and dioxane; amines such as trimethylamine,
triethylamine, N,N,N'N'-tetramethylethylenediamine, and
pyridine; and amides such as N,N-dimethylformamide, N,N-
dimethylacetamide, N,N-diethylacetamide, and N-methyl-
morpholine oxide. These organic solvents may be used alone
or in combination of two or more types thereof. Among such
organic solvents, in view of the reactivity, ethers are more
preferred, and tetrahydrofuran and diethyl ether are further
preferred. In view of the reaction rate, toluene and xylene are
preferred.

[0352] When the polymer compound is manufactured, it is
preferred that an alkali or an appropriate catalyst is added in
order to cause the raw material monomer to react. The alkali
or catalyst may be selected according to an employed poly-
merization method or the like. The alkali and catalyst are
preferably those capable of being thoroughly dissolved in the
solvent used for the reaction. Examples of the method for
mixing the alkali or catalyst may include a method in which
while stirring a reaction mixture in an inert atmosphere such
as argon and nitrogen, a solution of the alkali or the catalyst is
slowly added thereto and a method in which the reaction
mixture is slowly added to a solution of the alkali or the
catalyst.

[0353] Regarding the polymer compound according to the
present invention, if a polymerization-active group remains at
the position of a terminal group as it is, there is such a
probability that the light-emitting characteristics and the life
characteristics of the obtained light-emitting device might
lower. Therefore, the terminal group may be protected with a
stable group. When the terminal group is protected with a
stable group and the polymer compound according to the
present invention is a conjugated compound, the polymer
compound has preferably a conjugated bond in conjunction
with a conjugated structure of the main chain of the polymer
compound. Examples of such a structure may include a struc-
ture being bonded with an ary] group or a heterocyclic group
through a carbon-carbon bond. Examples of such a stable
group for protecting the terminal group may include a
monovalent aromatic group.



US 2014/0039131 Al

[0354] Examples of a preferred method for manufacturing
the polymer compound containing an ionic group may
include a method in which in the first process, a polymer
compound having no cationic group is polymerized, and in
the second process, a polymer compound containing a cat-
ionic group is manufactured from the former polymer com-
pound. Examples of the method for polymerizing the polymer
compound having no cationic group in the first process may
include the condensation polymerization reaction described
above. Examples of the reaction in the second process may
include amethod in which the polymer compound obtained in
the first process and a reagent such as a metal hydroxide, a
metal carbonate, and alkylammonium hydroxide are dis-
solved in water or an organic solvent as needed and reacted at
a temperature of the melting point of the organic solvent or
higher and the boiling point of the organic solvent or lower.

[0355] Examples of another preferred method for manufac-
turing the polymer compound containing an ionic group may
include a method in which in the first process, a polymer
compound having no anionic group is polymerized, and in the
second process, a polymer compound containing an anionic
group is manufactured from the former polymer compound.
Examples of the method for polymerizing the polymer com-
pound having no anionic group in the first process may
include the condensation polymerization reaction described
above. Examples of the reaction in the second process may
include a method in which a reagent such as an alkyl halide
and SbF, is dissolved in water or an organic solvent as needed
and reacted at a temperature of the melting point of the
organic solvent or higher and the boiling point of the organic
solvent or lower.

[0356] Impurities may be removed from the polymer com-
pound containing an ionic group as needed through a process
such as washing with water or an organic solvent and repre-
cipitation.

[0357] It is preferable that a layer containing the polymer
compound according to the present invention is substantially
non-luminescent when it is used for an electroluminescent
device. Here, that a layer containing a given polymer com-
pound is substantially non-luminescent means as follows.
First, in Example 12 below, an electroluminescent device A is
prepared in the same manner as Example 12 except that a
polymer compound of interest is used in place of a non-
conjugated polymer compound 1. On the other hand, an elec-
troluminescent device C1 is prepared according to the
description of Comparative Example 1. The electrolumines-
cent device A and the electroluminescent device C1 are dif-
ferent only in that the electroluminescent device A has a layer
containing the given polymer compound, while the electrolu-
minescent device C1 has no layer containing the given poly-
mer compound. Next, a forward voltage of 10V is applied to
the electroluminescent device A and the electroluminescent
device C1 to measure a luminescent spectrum. A wavelength
A giving a maximum peak in the luminescent spectrum
obtained with respect to the electroluminescent device C1 is
measured. While assuming the luminescence intensity at the
wavelength A as 1, the luminescent spectrum obtained with
respect to the electroluminescent device C1is normalized and
is integrated relative to the wavelength to calculate a normal-
ized luminescence amount S,. While assuming the lumines-
cence intensity at the wavelength A as 1, the luminescent
spectrum obtained with respect to the electroluminescent
device A is also normalized and is integrated relative to the
wavelength to calculate a normalized luminescence amount
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S. When the value calculated by formula of (S=S,)/S;x100%
is 30% or less, that is, when an increment of the normalized
luminescence amount of the electroluminescent device A
having the layer containing the given polymer compound
from the normalized luminescence amount of the electrolu-
minescent device C1 not having the layer containing the given
polymer compound is 30% or less, the used layer containing
the given polymer compound is regarded as substantially
non-luminescent. The value calculated by formula of (S-S,)/
Spx100 is preferably 15% or less and more preferably 10% or
less.

[0358] <Electronic Device>

[0359] Next, an electronic device according to the present
invention will be described.

[0360] The electronic device according to the present
invention includes a layer containing a polymer compound
having one or more structural units selected from the group
consisting of the structural unit represented by Formula (1)
and the structural unit represented by Formula (14) as a
charge injection layer and/or a charge transport layer.

[0361] Examples of the electronic device according to the
present invention can be used as an electroluminescent
device, a photovoltaic cell, and the like. When the electronic
device is used for the electroluminescent device (that may be
referred to as the “electroluminescent device according to the
present invention” below), the electronic device includes a
light-emitting layer. When the electronic device is used for
the photovoltaic cell (that may be referred to as the “photo-
voltaic cell according to the present invention” below), the
electronic device includes a charge separation layer.

[0362] <Electroluminescent Device>

[0363] The electroluminescent device according to the
present invention includes, for example, a cathode, an anode,
a light-emitting layer positioned between the cathode and the
anode, and a layer that is positioned between the light-emit-
ting layer and the cathode or the anode and contains the
polymer compound according to the present invention. The
electroluminescent device according to the present invention
may include a substrate as an optional constituent and may
have a constitution in which the cathode, the anode, the light-
emitting layer, the layer containing the polymer compound
according to the present invention, and any optional constitu-
ents are provided on the surface of the substrate.

[0364] In one embodiment of the electroluminescent
device according to the present invention, the anode is pro-
vided on the substrate, the light-emitting layer is stacked
thereon, the layer containing the polymer compound accord-
ing to the present invention is stacked thereon, and the cath-
ode is further stacked thereon. In another embodiment, the
anode is stacked on the substrate, the layer containing the
polymer compound according to the present invention is
stacked thereon, the light-emitting layer is stacked thereon,
and the cathode is further stacked thereon. In still another
embodiment, the anode is stacked on the substrate, the layer
containing the polymer compound according to the present
invention is stacked thereon, the light-emitting layer is
stacked thereon, the layer containing the polymer compound
according to the present invention is stacked thereon, and the
cathode is further stacked thereon. In still another embodi-
ment, the cathode is stacked on the substrate, the layer con-
taining the polymer compound according to the present
invention is stacked thereon, the light-emitting layer is
stacked thereon, and the anode is further stacked thereon. In
still another embodiment, the cathode is stacked on the sub-
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strate, the light-emitting layer is stacked thereon, the layer
containing the polymer compound according to the present
invention is stacked thereon, and the anode is further stacked
thereon. In further another embodiment, the cathode is
stacked on the substrate, the layer containing the polymer
compound according to the present invention is stacked
thereon, the light-emitting layer is stacked thereon, the layer
containing the polymer compound according to the present
invention is stacked thereon, and the anode is further stacked
thereon. In these embodiments, layers having other functions
such as a protective layer, a buffer layer, and a reflective layer
may be further provided. The constitution of the electrolumi-
nescent device will be described separately in detail below.
The electroluminescent device is further covered with a seal-
ing film or a sealing substrate to form a light-emitting device
with the electroluminescent device cut off from outside air.

[0365] The layer containing the polymer compound
according to the present invention may be mixed with a
known macromolecular or low molecular charge transport
material, electroconductive carbons such as graphene,
fullerene, and carbon nanotubes, an electroconductive com-
pound such as a metal, an alloy, a metal oxide, and a metal
sulfide, and a mixture thereof. As the charge transport mate-
rial, those used for a hole transport layer or an electron trans-
port layer, which will be described later, may be used. As the
metal, alloy, metal oxide, and metal sulfide, those used for an
anode or cathode, which will be described later, may be used.
In addition, organic materials having neither a light-emitting
function nor a charge transport function may be mixed with-
out impairing the light-emitting function as the electrolumi-
nescent device.

[0366] The electroluminescent device according to the
present invention may be an electroluminescent device of any
type of what is called the bottom emission type that emits
light from the substrate side, what is called the top emission
type that emits light from the side opposite the substrate, and
the double-sided emission type.

[0367] Examples of a method for forming the layer con-
taining the polymer compound according to the present
invention may include a film forming method using a solution
containing the polymer compound.

[0368] Examples ofasolvent forusein film formation from
a solution may include solvents having a solubility parameter
of 9.3 or more such as water, alcohols, ethers, esters, nitrile
compounds, nitro compounds, alkyl halides, aryl halides,
thiols, sulfides, sulfoxides, thioketones, amides, and carboxy-
lic acids. Examples of the solvents may include (the value in
parentheses denotes the value of the solubility parameter of
each solvent) water (21.0), methanol (12.9), ethanol (11.2),
2-propanol (11.5), 1-butanol (9.9), t-butyl alcohol (10.5),
acetonitrile (11.8), 1,2-ethanediol (14.7), N.N-dimethylfor-
mamide (11.5), dimethy] sulfoxide (12.8), acetic acid (12.4),
nitrobenzene (11.1), nitromethane (11.0), 1,2-dichloroethane
(9.7), dichloromethane (9.6), chlorobenzene (9.6), bro-
mobenzene (9.9), dioxane (9.8), propylene carbonate (13.3),
pyridine (10.4), carbon disulfide (10.0), and mixed solvents
of these solvents (for the values of the solubility parameter,
see Solvent Handbook, 14th printing, published by Kodansha
Ltd. Publishers). Here, a description will be made on the
mixed solvents composed of two solvents (designated as a
solvent 1 and a solvent 2). The solubility parameter (8,,) of the
mixed solvent is determined by the equation: 3, =3, x¢, +0,x
¢, (where 9, is the solubility parameter of the solvent 1, ¢, is
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the volume fraction of the solvent 1, 9, is the solubility param-
eter of the solvent 2, and ¢, is the volume fraction of the
solvent 2.).

[0369] Examples of the film forming method from a solu-
tion may include application methods such as a spin coating
method, a casting method, a micro gravure printing method, a
gravure printing 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 flexographic printing
method, an offset printing method, an inkjet printing method,
and a nozzle coating method.

[0370] Because the optimum thickness of the layer contain-
ing the polymer compound according to the present invention
varies depending on the polymer compound used, the thick-
ness may be selected so as to give adequate values of drive
voltage and light-emitting efficiency. The thickness is prefer-
ably from 1 nm to 1 um, more preferably from 2 nm to 500
nm, and further more preferably from 2 nmto 200 nm. In view
of protecting the light-emitting layer, the thickness is prefer-
ably from 5 nm to 1 pm.

[0371] The electroluminescent device includes a cathode
and an anode and includes a light-emitting layer between the
cathode and the anode. It may have another constituent.
[0372] For example, the electroluminescent device may
include, between the anode and the light-emitting layer, one
or more of a hole injection layer and a hole transport layer.
When the hole injection layer is present, the device may
include one or more hole transport layers between the light-
emitting layer and the hole injection layer.

[0373] On the other hand, the device may include one or
more of an electron injection layer and an electron transport
layer between the cathode and the light-emitting layer. When
the electron injection layer is present, the device may include
one or more electron transport layers between the light-emit-
ting layer and the electron injection layer.

[0374] The layer containing a polymer compound used in
the present invention can be used for the hole injection layer,
the hole transport layer, the electron injection layer, the elec-
tron transport layer, or the like. When the layer containing the
polymer compound is used for the hole injection layer or the
hole transport layer, the first electrode serves as the anode,
and the second electrode serves as the cathode. When the
layer containing the polymer compound is used for the elec-
tron injection layer or the electron transport layer, the first
electrode serves as the cathode and the second electrode
serves as the anode.

[0375] The anode is an electrode for supplying holes to the
hole injection layer, the hole transport layer, the light-emit-
ting layer, or the like, while the cathode is an electrode for
supplying electrons to the electron injection layer, the elec-
tron transport layer, the light-emitting layer, or the like.
[0376] The light-emitting layer refers to a layer having a
function of accepting holes from the anode or a layer adjacent
on the anode side and accepting electrons from the cathode or
a layer adjacent on the cathode side when an electric field is
applied, a function of moving the accepted charges by the
force of the electric field, and a function of providing a recom-
bination site for electrons and holes to cause light emission.
[0377] Theelectron injection layer is a layer adjacent to the
cathode and a layer having a function of receiving holes from
the anode and refers to a layer having further as needed any of
a function of transporting electrons, a function of blocking
holes injected from the anode, and a function of supplying
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electrons to the light-emitting layer. The electron transport
layer is a layer mainly having a function of transporting
electrons and refers to a layer having further as needed any of
a function of receiving electrons from the cathode, a function
of blocking holes injected from the anode, and a function of
supplying electrons to the light-emitting layer.

[0378] The hole injection layer is a layer adjacent to the
anode and a layer having a function of receiving holes from
the anode and refers to a layer having further as needed any of
a function of transporting holes, a function of supplying holes
to the light-emitting layer, and a function of blocking elec-
trons injected from the cathode. The hole transport layer is a
layer mainly having a function of transporting holes and
refers to a layer having further as needed any of a function of
receiving holes from the anode, a function of supplying holes
to the light-emitting layer, and a function of blocking elec-
trons injected from the cathode.

[0379] The electron transport layer and the hole transport
layer may be collectively referred to as a charge transport
layer. The electron injection layer and the hole injection layer
may be collectively referred to as a charge injection layer.
[0380] In other words, the electroluminescent device
according to the present invention may have the following
layer structure (a) or may have a layer structure obtained by
omitting one or more of the hole injection layer, the hole
transport layer, the electron transport layer, and the electron
injection layer from the layer structure (a). In the layer struc-
ture (a), the layer containing the polymer compound accord-
ing to the present invention can be used as one or more layers
selected from the group consisting of the hole injection layer,
the hole transport layer, the electron injection layer, and the
electron transport layer.

[0381] (a) Anode-Hole injection layer-(Hole transport
layer)-Light-emitting layer-(Electron transport layer)-Elec-
tron injection layer-Cathode

[0382] The symbol “-” means that the layers are stacked
adjacent to one another. The “(hole transport layer)” means a
layer structure including one or more hole transport layers.
The “(electron transport layer)” means a layer structure
including one or more electron transport layers. The same is
applicable to the description of the following layer structures.
[0383] Furthermore, the electroluminescent device accord-
ing to the present invention can include two light-emitting
layers within one layered structure. In this case, the electrolu-
minescent device can include a layer structure (b) described
below or a layer structure obtained by omitting one or more of
the hole injection layer, the hole transport layer, the electron
transport layer, the electron injection layer, and an electrode
from thelayer structure (b). In the layer structure (b), the layer
containing the polymer compound according to the present
invention can be used for a layer located between the anode
and a light-emitting layer that is closest to the anode or used
for a layer located between the cathode and a light-emitting
layer that is closest to the cathode.

[0384] (b) Anode-Hole injection layer-(Hole transport
layer)-Light-emitting layer-(Electron transport layer)-Elec-
tron injection layer-Electrode-Hole injection layer-(Hole
transport layer)-Light-emitting layer-(Electron transport
layer)-Electron injection layer-Cathode

[0385] Furthermore, the electroluminescent device accord-
ing to the present invention can include three or more light-
emitting layers within one layer structure. In this case, the
electroluminescent device can include a layer structure (c)
described below or a layer structure obtained by omitting one
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or more of the hole injection layer, the hole transport layer, the
electron transport layer, the electron injection layer, and an
electrode from the layer structure (c). In the layer structure
(¢), the layer containing the polymer compound according to
the present invention can be used for a layer located between
the anode and a light-emitting layer that is closest to the anode
or used for a layer located between the cathode and a light-
emitting layer that is closest to the cathode.

[0386] (c) Anode-Hole injection layer-(Hole transport
layer)-Light-emitting layer-(Electron transport layer)-Elec-
tron injection layer-Repeating unit A-Repeating unit A . . .
-Cathode

[0387] The “repeating unit A” indicates a unit of a layer
structure of Electrode-Hole injection layer-(Hole transport
layer)-Light-emitting layer-(Electron transport layer)-Elec-
tron injection layer.

[0388] Preferred examples of the layer structure of the elec-
troluminescent device according to the present invention may
include the following structures. In the following layer struc-
tures, the layer containing the polymer compound according
to the present invention can be used for one or more layers
selected from the group consisting of the hole injection layer,
the hole transport layer, the electron injection layer, and the
electron transport layer.

(a) Anode-Hole injection layer-Light-emitting layer-Cathode
(b) Anode-Light-emitting layer-Electron injection layer-
Cathode

(¢) Anode-Hole injection layer-Light-emitting layer-Electron
injection layer-Cathode

(d) Anode-Hole injection layer-Hole transport layer-Light-
emitting layer-Cathode

(e) Anode-Hole injection layer-Hole transport layer-Light-
emitting layer-Electron injection layer-Cathode

(D) Anode-Light-emitting layer-Electron transport layer-
Electron injection layer-Cathode

(2) Anode-Hole injection layer-Light-emitting layer-Electron
transport layer-Electron injection layer-Cathode

(h) Anode-Hole injection layer-Hole transport layer-Light-
emitting layer-Electron transport layer-Electron injection
layer-Cathode

[0389] The layer containing the polymer compound
according to the present invention is preferably the electron
injection layer or the electron transport layer. When the layer
containing the polymer compound is the electron injection
layer or the electron transport layer, the first electrode is the
cathode.

[0390] The electroluminescent device according to the
present invention may be further provided with an insulating
layer adjacent to an electrode in order to improve adhesion
with the electrode and improve the injection of charges from
the electrode. A thin buffer layer may be provided on the
interface of the charge transport layer and the light-emitting
layer. The order and number of the layers to be stacked and the
thickness of the layers may be selected taking light-emitting
efficiency and device life into consideration.

[0391] Next, the material and forming method of the layers
constituting the electroluminescent device according to the
present invention will be described in detail.

[0392] —Substrate—

[0393] As a substrate constituting the electroluminescent
device according to the present invention, any one is usable so
long as it does not chemically change when an electrode is
formed thereon and an organic layer is formed thereon. For
example, substrates made from glass, plastics, polymer films,
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metal films, silicon, or the like and substrates obtained by
laminating these materials may be used. Such substrates are
commercially available or can be produced by known meth-
ods.

[0394] When the electroluminescent device according to
the present invention constitutes a pixel of a display device,
the substrate may have thereon a circuit for driving the pixel
or have a planarized film on this drive circuit. When the
planarized film is provided, the center line average roughness
(Ra) of the planarized film satisfies preferably Ra<10 nm.

[0395] Ra can be measured based on JIS-B0601-2001 of
Japanese Industrial Standards (JIS) with reference to JIS-
B0651 to JIS-B0656, JIS-B0671-1, or the like.

[0396] —Anode

[0397] Inview of hole supply property to an organic semi-
conductor material used for the hole injection layer, the hole
transport layer, an interlayer, the light-emitting layer, or the
like, the anode constituting the electroluminescent device
according to the present invention has preferably a work
function of 4.0 ¢V or more on the surface of the anode on the
light-emitting layer side.

[0398] As the material of the anode, electroconductive
compounds such as metals, alloys, metal oxides, and metal
sulfides, and mixtures thereof can be used. Specific examples
may include electroconductive metal oxides such as tin oxide,
zine oxide, indium oxide, indium tin oxide (ITO), indium zinc
oxide (IZ0), and molybdenum oxide; metals such as gold,
silver, chromium, and nickel; and mixtures of these electro-
conductive metal oxides and metals.

[0399] The anode may have a single layer structure com-
posed of one or two or more of these materials or a multilay-
ered structure composed of a plurality of layers having the
same composition or different compositions. When it has a
multilayered structure, it is more preferred to dispose a mate-
rial having a work function of 4.0 eV or more on the outer-
most layer on the light-emitting layer side.

[0400] As amethod for forming the anode, known methods
can be used. Examples of the method may include a vacuum
deposition method, a sputtering method, an ion plating
method, a plating method, and a method by film formation
from a solution (that may use a mixed solution with a mac-
romolecular binder).

[0401] The thickness of the anode is usually from 10 nm to
10 um, preferably from 40 nm to 500 nm.

[0402] In view of preventing faulty electric connection
such as short circuit, the center line average roughness (Ra) of
the surface of the anode on the light-emitting layer side sat-
isfies preferably Ra<10 nm and more preferably Ra<5 nm.

[0403] Furthermore, the anode may be subjected to a sur-
face treatment with a solution containing an electron acceptor
compound such as UV ozone, a silane coupling agent, or
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane ~ after
being formed by the above method. The surface treatment
improves electric connection with a layer to be brought into
contact with the anode.

[0404] Whenthe anodeis usedas alight reflective electrode
of the electroluminescent device according to the present
invention, the anode preferably has a multilayered structure
composed of a combination ofa light reflective layer made of
a highly light reflective metal and a high work function mate-
rial layer containing a material having a work function of 4.0
eV or more.
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[0405] Specific examples of the structure of the anode may
include:

() Ag— MoO,,

[0406] (ii) (Ag—Pd—Cu alloy)-(ITO and/or 170),

(iil) (Al-—Nd alloy)-(ITO and/or 1ZO),

(iv) (Mo—Cr alloy)-(ITO and/or 1Z0), and

(v) (Ag—Pd—Cu alloy)~(ITO and/or IZO)-MoO,.

[0407] 1In order to achieve a sufficient light reflectance, the
thickness of the highly light reflective metal layer such as Al,
Ag, an Al alloy, a Ag alloy, a Cr alloy, or the like is preferably
50 nm or more and more preferably 80 nm or more. The
thickness of the high work function material layer such as
ITO, 170, and MoO; is usually within a range from 5 nm to
500 nm.

[0408] —Hole Injection Layer—

[0409] In the electroluminescent device according to the
present invention, examples of the material for forming the
hole injection layer other than the polymer compound accord-
ing to the present invention may include: carbazole deriva-
tives, triazole derivatives, oxazole derivatives, oxadiazole
derivatives, imidazole derivatives, fluorene derivatives, pol-
varylalkane derivatives, pyrazoline derivatives, pyrazolone
derivatives, phenylenediamine derivatives, arylamine deriva-
tives, starburst type amines, phthalocyanine derivatives,
amino-substituted chalcone derivatives, styrylanthracene
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, silazane derivatives, aromatic tertiary
amine compounds, styrylamine compounds, aromatic dim-
ethylidyne-based compounds, porphyrin-based compounds,
polysilane-based  compounds,  poly(N-vinylcarbazole)
derivatives, organic silane derivatives, and polymers contain-
ing them; electroconductive metal oxides such as vanadium
oxide, tantalum oxide, tungsten oxide, molybdenum oxide,
ruthenium oxide, and aluminum oxide; electroconductive
polymers and oligomers such as polyaniline, aniline-based
copolymers, thiophene oligomers, and polythiophene;
organic electroconductive materials such as poly(3,4-ethyl-
enedioxythiophene)polystyrenesulfonic acid and polypyr-
role and polymers containing them; amorphous carbon;
acceptor organic compounds such as tetracyanoquin-
odimethane derivatives (for example, 2,3,5,6-tetrafluoro-7,7,
8,8-tetracyanoquinodimethane), 1,4-naphthoquinone deriva-
tives, diphenoquinone detivatives, and polynitro compounds;
and silane coupling agents such as octadecyltrimethoxysi-
lane.

[0410] The above materials may be used as a single com-
ponent or a composition composed of a plurality of compo-
nents. The hole injection layer may have a single layered
structure composed only of the above material or a multilay-
ered structure composed of a plurality of layers having the
same or different compositions. In addition, materials exem-
plified as materials usable in the hole transport layer or the
interlayer can also be used for the hole injection layer.
[0411] As a method for preparing the hole injection layer,
known methods can be used. When the material used for the
preparation of the hole injection layer is an inorganic mate-
rial, the vacuum deposition method, the sputtering method,
the ion plating, or the like can be employed. When the mate-
rial is a low molecular organic material, the vacuum deposi-
tion method, a transfer method such as laser transfer or heat
transfer, the method by film formation from a solution (that
may use a mixed solution with a macromolecular binder), or
the like can be employed. When a hole injection material is a
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macromolecular organic matetial, the method by film forma-
tion from a solution can be employed.

[0412] When the hole injection material is a low molecular
organic material such as a pyrazoline derivative, an arylamine
derivative, a stilbene derivative, and a triphenyldiamine
derivative, the hole injection layer is preferably formed by the
vacuum deposition method.

[0413] Thehole injection layer may also be formed using a
mixed solution containing a polymer compound binder and
the low molecular organic material dispersed therein.

[0414] The polymer compound binder to be mixed is pref-
erably a compound that does not extremely hinder charge
transport, and a compound not exhibiting strong absorption to
visible light is suited for use. Specific examples of the poly-
mer compound binder may include poly(N-vinylcarbazole),
polyaniline and derivatives thereof, polythiophene and
derivatives thereof, poly(p-phenylenevinylene) and deriva-
tives thereof, poly(2,5-thienylene vinylene) and derivatives
thereof, polycarbonates, polyacrylates, polymethyl acrylate,
polymethyl methacrylate, polystyrene, polyvinyl chloride,
and polysiloxane.

[0415] The solvent for use in the film formation from a
solution may be any solvent that can dissolve the hole injec-
tion material. Examples of the solvent may include: water;
chlorine-containing solvents such as chloroform, methylene
chloride, and dichloromethane; ether solvents such as tet-
rahydrofuran; aromatic hydrocarbon solvents such as toluene
and xylene; ketone solvents such as acetone and methy] ethyl
ketone; and ester solvents such as ethyl acetate, butyl acetate,
and ethyl cellosolve acetate.

[0416] Examples of the film forming method from a solu-
tion may include application methods including: coating
methods such as the spin coating method from a solution, the
casting method, the bar coating method, the roll coating
method, the wire bar coating method, the dip coating method,
the slit coating method, a capillary coating method, the spray
coating method, and a nozzle coating method; and printing
methods such as the micro gravure printing method, the gra-
vure printing method, the screen printing method, the flexo-
graphic printing method, the offset printing method, a reverse
printing method, and the inkjet printing method. Because of
the simplicity of pattern forming, preferred examples may
include the printing methods such as the gravure printing
method, the screen printing method, the flexographic printing
method, the offset printing method, the reverse printing
method, the inkjet printing method and the nozzle coating
method.

[0417] When an organic compound layer such as the hole
transport layer and the light-emitting layer is formed after the
formation of the hole injection layer, and particularly when
both layers are formed by an application method, a layered
structure may not be formed, because the layer applied first
dissolves in a solvent contained in a solution for a layer
applied later. In such a case, a method for insolubilizing a
lower layer may be employed. Examples of the insolubilizing
method may include: a method of cross-linking a polymer
compound through a cross-linking group added thereto,
thereby insolubilizing the lower layer; a method of mixing
with a low molecular compound having an aromatic-ring-
containing cross-linking group, typified by aromatic
bisazide, as a cross-linking agent and cross-linking it to
insolubilize the lower layer; a method of mixing a low
molecular compound having an aromatic-ring-free cross-
linking group, typified by an acrylate group, as a cross-link-
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ing agent and cross-linking it to insolubilize the lower layer;
a method of exposing the lower layer to ultraviolet light to
cause cross-linking, thereby insolubilizing the lower layer in
an organic solvent to be used in the formation of an upper
layer; and a method of heating the lower layer to cause cross-
linking, thereby insolubilizing it in an organic solvent to be
used in the formation of the upper layer. The heating tempera-
ture when the lower layer is heated is usually from 100° C. to
300° C. The heating time is usually from 1 minute to 1 hour.
[0418] As another method for stacking the upper layer
without dissolving the lower layer, there is a method using
solutions different in polarity for the formation of the adjacent
layers. For example, there is a method using a water soluble
polymer compound for the lower layer and an oil soluble
polymer compound for the upper layer to prevent the lower
layer from dissolving even by the application of the upper
layer.

[0419] The optimum thickness of the hole injection layer
varies depending on the material used and may be selected so
as to give adequate values of drive voltage and light-emitting
efficiency. The thickness is usually 1 nm to 1 um, preferably
from 2 nm to 500 nm, and further preferably from 10 nm to
100 nm.

[0420] —Hole Transport Layer—

[0421] In the electroluminescent device according to the
present invention, examples of a material constituting the
hole transport layer other than the polymer compound
according to the present invention may include: carbazole
derivatives, triazole derivatives, oxazole derivatives, oxadia-
zole derivatives, imidazole derivatives, fluorene derivatives,
polyarylalkane derivatives, pyrazoline derivatives, pyra-
zolone derivatives, phenylenediamine derivatives, arylamine
derivatives, starburst type amines, phthalocyanine deriva-
tives, amino-substituted chalcone derivatives, styrylan-
thracene derivatives, fluorenone derivatives, hydrazone
derivatives, stilbene derivatives, silazane derivatives, aro-
matic tertiary amine compounds, styrylamine compounds,
aromatic dimethylidyne-based compounds, porphyrin-based
compounds, polysilane-based compounds, poly(N-vinylcar-
bazole) derivatives, organic silane derivatives, and polymers
containing them; electroconductive polymers and oligomers
such as polyaniline, aniline-based copolymers, thiophene oli-
gomers, and polythiophene; and organic electroconductive
materials such as polypyrrole.

[0422] The above materials may be used as a single com-
ponent or a composition composed of a plurality of compo-
nents. The hole transport layer may have a single layered
structure composed only of the above material or a multilay-
ered structure composed of a plurality of layers having the
same or different compositions. In addition, materials exem-
plified as materials usable in the hole injection layer can also
be used for the hole transport layer.

[0423] As a method for preparing the hole transport layer
and the interlayer, for example, the same as the method for the
film formation of the hole injection layer can be employed.
Examples of the film forming method from a solution may
include application methods and printing methods such as the
spin coating method, the casting method, the bar coating
method, the slit coating method, the spray coating method,
the nozzle coating method, the gravure printing method, the
screen printing method, the flexographic printing method,
and the inkjet printing method. When a sublimation com-
pound material is used, examples of the method may include
the vacuum deposition method and the transfer method.
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Examples of the solvent for use in the film formation from a
solution may include the solvents exemplified in the film
forming method for the hole injection layer.

[0424] When an organic compound layer such as the light-
emitting layer is formed by an application method after the
formation of the hole transport layer, and when a lower layer
dissolves in a solvent contained in a solution for a layer
applied later, the lower layer can be insolubilized by the same
method as exemplified in the film forming method for the hole
injection layer.

[0425] The optimum thickness of the hole transport layer
varies depending on the material used and may be selected so
as to give adequate values of drive voltage and light-emitting
efficiency. The thickness is usually 1 nm to 1 um, preferably
from 2 nm to 500 nm, and further preferably from 5 nm to 100
nm.

[0426]

[0427] In the electroluminescent device according to the
present invention, when the light-emitting layer contains the
polymer compound, conjugated polymer compounds such as
polyfluorene derivatives, polyparaphenylene vinylene
derivatives, polyphenylene derivatives, polyparaphenylene
derivatives, polythiophene derivatives, polydialkylfluorenes,
polyfluorenebenzothiadiazole, and polyalkylthiophenes are
suited for use as the polymer compound.

[0428] The light-emitting layer containing the polymer
compound may contain a macromolecular dye compound
such as a perylene dye, a coumarin dye, and a rhodamine dye,
and a low molecular dye compound such as rubrene,
perylene, 9,10-diphenylanthracene, tetraphenylbutadiene,
nile red, coumarin 6, and quinacridone. In addition, the light-
emitting layer may contain a naphthalene derivative,
anthracene or a derivative thereof, perylene or a derivative
thereof, a dye based on polymethine, xanthene, coumarin,
and cyanine, a metal complex of 8-hydroxyquinoline or a
derivative thereof, an aromatic amine, tetraphenylcyclopen-
tadiene or a derivative thereof, tetraphenylbutadiene or a
derivative thereof, and a metal complex emitting phosphores-
cence such as tris(2-phenylpyridine)iridium.

[0429] The light-emitting layer of the electroluminescent
device according to the present invention may include a com-
position composed of a non-conjugated polymer compound
and a luminous organic compound such as the above organic
dye or the above metal complex. Examples of the non-con-
jugated polymer compound may include polyethylene, poly-
vinyl chloride, polycarbonate, polystyrene, polymethyl
methacrylate, polybutyl methacrylate, polyester, polysul-
fone, polyphenylene oxide, polybutadiene, poly(N-vinylcar-
bazole), hydrocarbon resins, ketone resins, phenoxy resins,
polyamide, ethyl cellulose, vinyl acetate, ABS resins, poly-
urethane, melamine resins, unsaturated polyester resins,
alkyd resins, epoxy resins, and silicone resins. The non-con-
jugated polymer compound may include, on the side chain
thereof, a structure of one or more derivatives or compounds
selected from the group consisting of carbazole derivatives,
triazole derivatives, oxazole derivatives, oxadiazole deriva-
tives, imidazole derivatives, fluorene derivatives, polyarylal-
kane derivatives, pyrazoline derivatives, pyrazolone deriva-
tives, phenylenediamine derivatives, arylamine derivatives,
amino-substituted chalcone derivatives, styrylanthracene
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, silazane derivatives, aromatic tertiary

—Light-Emitting Layer—
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amine compounds, styrylamine compounds, aromatic dim-
ethylidyne compounds, porphyrin compounds, and organic
silane derivatives.

[0430] When the light-emitting layer contains a low
molecular compound, examples of the low molecular com-
pound may include low molecular dye compounds such as
rubrene, perylene, 9,10-diphenylanthracene, tetraphenylb-
utadiene, nile red, coumarin 6, carbazole, and quinacridone,
naphthalene derivatives, anthracene and derivatives thereof,
perylene and derivatives thereof, dyes based on polymethine,
xanthene, coumarin, cyanine, and indigo, metal complexes of
8-hydroxyquinoline and derivatives thereof, metal complexes
of phthalocyanine and derivatives thereof, aromatic amines,
tetraphenylcyclopentadiene and derivatives thereof, and tet-
raphenylbutadiene and derivatives thereof.

[0431] When the light emitting layer contains a metal com-
plex emitting phosphorescence, examples of the metal com-
plex may include tris(2-phenylpyridine)iridium, thienylpyri-
dine ligand-containing iridium complexes, phenylquinoline
ligand-containing iridium complexes, and triazacyclononane
skeleton-containing terbium complexes.

[0432] The above materials may be used as a single com-
ponent or a composition composed of a plurality of compo-
nents. The light-emitting layer may have a single layered
structure composed one or two or more of the above materials
or a multilayered structure composed of a plurality of layers
having the same or different compositions.

[0433] As a film forming method for the light-emitting
layer, the same as the method for the film formation of the
hole injection layer may be employed. Examples of the film
forming method from a solution may include application
methods and printing methods such as the spin coating
method, the casting method, the bar coating method, the slit
coating method, the spray coating method, the nozzle coating
method, the gravure printing method, the screen printing
method, the flexographic printing method, and the inkjet
printing method. When a sublimation compound material is
used, examples of the method may include the vacuum depo-
sition method and a transfer method.

[0434] Examples of the solvent foruse in the film formation
from a solution may include the solvents exemplified in the
film forming method for the hole injection layer.

[0435] When an organic compound layer such as the elec-
tron transport layer is formed by an application method after
the formation of the light-emitting layer, and when a lower
layer dissolves in a solvent contained in a solution for a layer
applied later, the lower layer can be insolubilized by the same
method as exemplified in the film forming method for the hole
injection layer.

[0436] The optimum thickness of the light-emitting layer
varies depending on the material used and may be selected so
as to give adequate values of drive voltage and light-emitting
efficiency. The thickness is usually 5 nm to 1 um, preferably
from 10 nm to 500 nm, and more preferably from 30 nm to
200 nm.

[0437] —Electron Transport Layer—

[0438] In the electroluminescent device according to the
present invention, known materials that constitute the elec-
tron transport layer other than the polymer compound accord-
ing to the present invention can be used. Examples of the
material may include triazole derivatives, oxazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, fluorene
derivatives, benzoquinone and derivatives thereof, naphtho-
quinone and derivatives thereof, anthraquinone and deriva-
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tives thereof, tetracyanoanthraquinodimethane and deriva-
tives thereof, fluorenone derivatives,
diphenyldicyanoethylene and derivatives thereof, dipheno-
quinone derivatives, anthraquinodimethane derivatives,
anthrone derivatives, thiopyran dioxide derivatives, carbodi-
imide derivatives, fluorenylidenemethane derivatives,
distyrylpyrazine derivatives, aromacyclic tetracarboxylic
anhydrides such as naphthalene and perylene, phthalocya-
nine derivatives, various metal complexes typified by metal
complexes of a 8-quinolinol derivative, metal phthalocya-
nines, and metal complexes having benzoxazole or ben-
zothiazole as a ligand, organic silane derivatives, metal com-
plexes of 8-hydroxyquinoline or a derivative thereof,
polyquinoline and derivatives thereof, polyquinoxaline and
derivatives thereof, and polyfluorene and derivatives thereof.
Of these materials, triazole derivatives, oxadiazole deriva-
tives, benzoquinone and derivatives thereof, anthraquinone
and derivatives thereof, metal complexes of 8-hydroxyquino-
line or a derivative thereof, polyquinoline and derivatives
thereof, polyquinoxaline and derivatives thereof, and poly-
fluorene and derivatives thereof are preferred.

[0439] The above materials may be used as a single com-
ponent or a composition composed of a plurality of compo-
nents. The electron transport layer may have a single layered
structure composed one or two or more of the above materials
or a multilayered structure composed of a plurality of layers
having the same or different compositions. In addition, mate-
rials exemplified as materials usable in the electron injection
layer can also be used for the electron transport layer.
[0440] As a film forming method for the electron transport
layer, for example, the same as the method for the film for-
mation of the hole injection layer may be employed.
Fxamples of the film forming method from a solution may
include application methods and printing methods such as the
spin coating method, the casting method, the bar coating
method, the slit coating method, the spray coating method,
the nozzle coating method, the gravure printing method, the
screen printing method, the flexographic printing method,
and the inkjet printing method. When a sublimation com-
pound material is used, examples of the method may include
the vacuum deposition method and a transfer method.
[0441] Examples of the solvent for usein the film formation
from a solution may include the solvents exemplified in the
film forming method for the hole injection layer.

[0442] When an organic compound layer such as the elec-
tron injection layer is formed by an application method after
the formation of the electron transport layer, and when a
lower layer dissolves in a solvent contained in a solution for a
layer applied later, the lower layer can be insolubilized by the
same method as exemplified in the film forming method for
the hole injection layer.

[0443] The optimum thickness of the electron transport
layer varies depending on the material used and may be
selected so as to give adequate values of drive voltage and
light-emitting efficiency. The thickness is usually 1 nm to 1
pm, preferably from 2 nm to 500 nm, and more preferably
from 5 nm to 100 nm.

[0444] —Electron Injection Layer—

[0445] In the electroluminescent device according to the
present invention, known materials that constitute the elec-
tron injection layer other than the polymer compound accord-
ing to the present invention can be used. Examples of the
material may include triazole derivatives, oxazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, fluorene

Feb. 6, 2014

derivatives, benzoquinone and derivatives thereof, naphtho-
quinone and derivatives thereof, anthraquinone and deriva-
tives thereof, tetracyanoanthraquinodimethane and deriva-
tives thereof, fluorenone derivatives,
diphenyldicyanoethylene and derivatives thereof, dipheno-
quinone derivatives, anthraquinodimethane derivatives,
anthrone derivatives, thiopyran dioxide derivatives, carbodi-
imide derivatives, fluorenylidenemethane derivatives,
distyrylpyrazine derivatives, aromacyclic tetracarboxylic
anhydrides such as naphthalene and perylene, phthalocya-
nine derivatives, various metal complexes typified by metal
complexes of a 8-quinolinol derivative, metal phthalocya-
nines, and metal complexes having benzoxazole or ben-
zothiazole as a ligand, and organic silane derivatives.

[0446] The above materials may be used as a single com-
ponent or a composition composed of a plurality of compo-
nents. The electron injection layer may have a single layered
structure composed only of the above material or a multilay-
ered structure composed of a plurality of layers having the
same or different compositions. In addition, materials exem-
plified as materials usable in the electron transport layer and
a hole block layer can also be used for the electron injection
layer.

[0447] As a film forming method for the electron injection
layer, for example, the same as the method for the film for-
mation of the hole injection layer may be employed.
Examples of the film forming method from a solution may
include application methods and printing methods such as the
spin coating method, the casting method, the bar coating
method, the slit coating method, the spray coating method,
the nozzle coating method, the gravure printing method, the
screen printing method, the flexographic printing method,
and the inkjet printing method. When a sublimation com-
pound material is used, examples of the method may include
the vacuum deposition method and a transfer method.
[0448] Examples of the solvent for use in the film formation
from a solution may include the solvents exemplified in the
film forming method for the hole injection layer.

[0449] The optimum thickness of the electron injection
layer varies depending on the material used and may be
selected so as to give adequate values of drive voltage and
light-emitting efficiency. The thickness is usually 1 nm to 1
um, preferably from 2 nm to 500 nm, and more preferably
from 5 nm to 100 nm.

[0450] —Cathode—

[0451] In the electroluminescent device according to the
present invention, the cathode may have a single layered
structure composed of a single material or a plurality of
materials, or a multilayered structure composed of a plurality
of layers. When the cathode has a single layer structure,
examples of the material of the cathode may include low
resistance metals such as gold, silver, copper, aluminum,
chromium, tin, lead, nickel, and titanium, alloys containing
these metals, electroconductive metal oxides such as tin
oxide, zinc oxide, indium oxide, indium tin oxide (ITO),
indium zinc oxide (IZ0), and molybdenum oxide, and mix-
tures of the electroconductive metal oxide and the metal
exemplified above, and among them, aluminum and alloys
containing aluminum are preferred. When the cathode has a
multilayered structure, it has preferably a two-layer structure
including a first cathode layer and a cover cathode layer or a
three-layer structure including a first cathode layer, a second
cathode layer, and a cover cathode layer. The first cathode
layer as used herein refers to a layer present on the side closest
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to the light-emitting layer among the cathodes. The cover
cathode layer refers to a layer that covers the first cathode
layer in atwo-layer structure and covers the first cathode layer
and the second cathode layer in a three-layer structure. In
view of electron supplving capacity, the material of the first
cathode layerhas preferably a work function of 3.5eV or less.
Oxides, fluorides, carbonates, complex oxides, or the like of
ametal having a work function of 3.5 eV or less are also suited
for use as the first cathode layer material. As the material of
the cover cathode layer, metals, metal oxides, or the like
having a low resistivity and highly corrosion-resistant to
water are suited for use.

[0452] Examples of the first cathode layer material may
include one or more materials selected from the group con-
sisting of alkali metals, alkaline earth metals, alloys contain-
ing one or more of these metals, oxides, halides, carbonates
and complex oxides of the metals, and mixtures thereof.
Examples of the alkali metals or oxides, halides, carbonates,
or complex oxides thereof may include lithium, sodium,
potassium, rubidium, cesium, lithium oxide, sodium oxide,
potassium oxide, rubidium oxide, cesium oxide, lithium fluo-
ride, sodium fluoride, potassium fluoride, rubidium fluoride,
cesium fluoride, lithium carbonate, sodium carbonate, potas-
sium carbonate, rubidium carbonate, cesium carbonate,
potassium molybdate, potassium titanate, potassium tung-
state, and cesium molybdate. Examples of the alkaline earth
metals or oxides, halides, carbonates, or complex oxides
thereof may include magnesium, calcium, strontium, barium,
magnesium oxide, calcium oxide, strontium oxide, barium
oxide, magnesium fluoride, calcium fluoride, strontium fluo-
ride, barium fluoride, magnesium carbonate, calcium carbon-
ate, strontium carbonate, barium carbonate, barium molyb-
date, and barium tungstate. Examples of the alloy containing
oneormore alkali metals or alkaline earth metals may include
aLi—Al alloy, a Mg—Ag alloy, an Al—Ba alloy, a Mg—Ba
alloy, a Ba—Ag alloy, and a Ca—Bi—Pb—Sn alloy. Com-
positions made of the material exemplified as the first cathode
layer material and the material exemplified as the material
constituting the electron injection layer can be used for the
first cathode layer. Examples of the material of the second
cathode layer may include the same materials as those of the
first cathode layer.

[0453] Examples of the cover cathode layer material may
include low resistance metals such as gold, silver, copper,
aluminum, chromium, tin, lead, nickel, and titanium, alloys
containing these metals, metal nanoparticles, metal nanow-
ires, electroconductive metal oxides such as tin oxide, zinc
oxide, indium oxide, indium tin oxide (ITO), indium zinc
oxide (IZ0), and molybdenum oxide, mixtures of these elec-
troconductive metal oxides and metals, and nanoparticles of
the electroconductive metal oxides, and electroconductive
carbons such as graphene, fullerene, and carbon nanotubes.

[0454] Examples of the cathode having a multilayered
structure may include: a two-layer structure including a first
cathode layer and a cover cathode layer such as Mg/Al,
Ca/Al, Ba/Al, NaF/Al KF/Al, RbF/Al, CsF/Al Na,CO,/Al,
K,CO4/Al, and Cs,CO,/Al; and a three-layer structure
including a first cathode layer, a second cathode layer, and a
cover cathode layer such as LiF/Ca/Al, NaF/Ca/Al, KF/Ca/
Al, RbF/Ca/Al, CsF/Ca/Al, Ba/Al/Ag, KF/Al/Ag, KF/Ca/
Ag,and K,CO,/Ca/Ag. The symbol “/” means that the layers
are adjacent to each other. The material of the second cathode
layer preferably has a reduction action on the material of the
first cathode layer. The presence or absence and degree of the
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reduction action between materials can be estimated, for
example, from bond dissociation energy (ArH®) between
compounds. More specifically, in the reduction reaction of
the material constituting the first cathode electrode with the
material constituting the second cathode layer, when they are
a combination of materials to provide a positive bond disso-
ciation energy, it can be said that the material of the second
cathode layerhas a reduction action on the material of the first
cathode layer. With respect to the bond dissociation energy, it
is possible to refer to, for example, “Handbook on Electro-
chemistry, 5th ed.” (Maruzen Co., Ltd., published in 2000)
and “Thermodynamic Database MALT” (Kagaku Gijutsu-
Sha, published in 1992).

[0455] As a method for preparing the cathode, known
methods can be used. Examples of the method may include
the vacuum deposition method, the sputtering method, theion
plating method, and the method by film formation from a
solution (that may contain a macromolecular binder). For the
formation of the cathode by using metals, metal oxides, fluo-
rides, or carbonates, the vacuum deposition method is fre-
quently used. For the formation of the cathode by using metal
oxides having a high boiling point, metal complex oxides, or
electroconductive metal oxides such as indium tin oxide
(ITO), the sputtering method or the ion plating method are
frequently used. For the formation of the cathode by using in
combination two or more of metals, metal oxides, fluorides,
carbonates, metal oxides having a high boiling point, metal
complex oxides, and electroconductive metal oxides, a co-
deposition method, the sputtering method, the ion plating
method, or the like are used. For the formation of the cathode
by using metal nanoparticles, metal nanowires, or electrocon-
ductive metal oxide nanoparticles, the method by film forma-
tion from a solution is frequently used. In particular, for the
formation of the cathode by using compositions of low
molecular organic compounds and metals, metal oxides, fluo-
rides, or carbonates, the co-deposition method is suited.
[0456] The optimum thickness of the cathode varies
depending on the material and the layer structure used and
may be selected so as to give adequate values of drive voltage,
light-emitting efficiency, and device life. The thickness of the
first cathode layer is usually 0.5 am to 20 nm, and the thick-
ness of the cover cathode layer is usually 10 nm to 1 um. For
example, when Baor Caisused for the first cathode layer, and
Al is used for the cover cathode layer, the thickness of Ba or
Ca is preferably from 2 nm to 10 nm, and the thickness of Al
is preferably from 10 nm to 500 nm. When NaF or KF is used
for the first cathode layer, and Al is used for the cover cathode
layer, the thickness of NaF or KF is preferably from 1 nm to
8 nm, and the thickness of Alis preferably from 10 nm to 500
nm.

[0457] In the electroluminescent device according to the
present invention using the cathode as a light transmitting
electrode, a visible light transmittance of the cover cathode
layer is preferably 40% or more and more preferably 50% or
more. This visible light transmittance can be achieved by
using a transparent electroconductive metal oxide such as
indium tin oxide (ITO), indium zinc oxide (IZ0), or molyb-
denum oxide as the cover cathode layer material, or adjusting
the thickness of the cover cathode layer to be 30 nm or less by
using a low resistance metal such as gold, silver, copper,
aluminum, chromium, tin, and lead, and an alloy containing
such metals.

[0458] Forthe purpose of improving the light transmittance
from the cathode side, an antireflection layer may be disposed
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on the cover cathode layer of the cathode. Materials used for
the antireflection layer have preferably a refractive index of
from 1.8 to 3.0. Examples of the materials capable of satis-
fying this refractive index may include ZnS, ZnSe, and WO,.
Although the thickness of the antireflection layer varies
depending on the combination of the materials, it is usually
from 10 nm to 150 nm.

[0459]

[0460] An insulating layer with a thickness of 5 nm or less
that the electroluminescent device according the present
invention optionally has functions of improving adhesion
with an electrode, improving injection of charges from the
electrode, and preventing mixing with a layer adjacent to it.
Examples of the material of the insulating layer may include
metal fluorides, metal oxides, and organic insulating materi-
als (polymethyl methacrylate or the like). Examples of the
electroluminescent device provided with the insulating layer
with a thickness of 5 nm or less may include a device provided
with the insulating layer with a thickness 5 nm or less adjacent
to the cathode and an device provided with the insulating
layer with a thickness of 5 nm or less adjacent to the anode.

[0461] —Other Constituents—

[0462] The device may be further provided with a sealing
member on the side opposite the substrate across the light
emitting layer or the like. In addition, it may have optional
constituents for constituting a display device including filters
such as a color filter and a fluorescence conversion filter and
circuits and wirings necessary for the driving of pixels.

—TInsulating Layer—

[0463] —Method for Manufacturing Electroluminescent
Device—
[0464] The electroluminescent device according to the

present invention can be manufactured, for example, by suc-
cessively stacking layers on a substrate. More specifically, the
electroluminescent device can be manufactured by providing
the anode on the substrate, stacking layers such as the hole
injection layer and the hole transport layer one after another,
stacking thereon the light-emitting layer, stacking thereon
layers such as the electron transport layer and the electron
injection layer, and further stacking the cathode thereon.
Another manufacturing method includes providing the cath-
ode on the substrate, stacking thereon layers such as the
electron injection layer, the electron transport layer, the light-
emitting layer, the hole transport layer, and the hole injection
layer one after another, and further stacking the anode thereon
to manufacture the electroluminescent device. A still another
manufacturing method includes facing and joining the anode
or an anode-side base material obtained by stacking layers on
the anode and the cathode or a cathode side base material
obtained by stacking layers on the cathode to manufacture the
electroluminescent device.

[0465] —Application of Electroluminescent Device—

[0466] A display device can be manufactured using the
electroluminescent device according to the present invention.
The display device has the electroluminescent device as a
pixel unit. As a form of the arrangement of pixel units, a usual
arrangement in display devices such as television may be
employed and a form of the arrangement in which a number
of pixels may be arranged on a common substrate can be
employed. In the device of the present invention, pixels
arranged on the substrate can be formed in a pixel area defined
by a bank. In addition, the electroluminescent device accord-
ing to the present invention can be used for planar or curved
illumination devices.

Feb. 6, 2014

[0467] <Photovoltaic Cell>

[0468] A photovoltaic cell according to the present inven-
tion includes, for example, an anode, a cathode, a charge
separation layer located between the anode and the cathode,
and a layer that is located between the charge separation layer
and the anode or cathode, and contains the polymer com-
pound according to the present invention. The photovoltaic
cell according to the present invention may havea substrate as
an optional constituent and it may include, on the surface of
the substrate, the anode, the cathode, the charge separation
layer, and the layer containing the polymer compound
according to the present invention, and optional constituents.
[0469] In one embodiment of the photovoltaic cell accord-
ing to the present invention, the cathode is provided on the
substrate, the charge separation layer is stacked thereon, the
layer containing the polymer compound according to the
present invention is stacked thereon, and the anode is further
stacked thereon. In another embodiment, the cathode is pro-
vided on the substrate, the layer containing the polymer com-
pound according to the present invention is stacked thereon,
the charge separation layer is stacked thereon, and the anode
is further stacked thereon. In still another embodiment, the
cathode is provide on the substrate, the layer containing the
polymer compound according to the present invention is
stacked thereon, the charge separation layer is stacked
thereon, the layer containing the polymer compound accord-
ing to the present invention is stacked thereon, and the anode
is further stacked thereon. In still another embodiment, the
anode is provided on the substrate, the layer containing the
polymer compound according to the present invention is
stacked thereon, the charge separation layer is stacked
thereon, and the anode is further stacked thereon. In still
another embodiment, the anode is provided on the substrate,
the charge separation layer is stacked thereon, the layer con-
taining the polymer compound according to the present
invention is stacked thereon, and the cathode is further
stacked thereon. In further another embodiment, the anode is
stacked on the substrate, the layer containing the polymer
compound according to the present invention is stacked
thereon, the charge separation layer is stacked thereon, the
layer containing the polymer compound according to the
present invention is stacked thereon, and the cathode is fur-
ther stacked thereon. In these embodiments, layers other than
the layer containing the polymer compound according to the
present invention or the charge separation layer may be fur-
ther provided. The constitution of the photovoltaic cell will be
described in detail below.

[0470] The layer containing the polymer compound
according to the present invention may contain a known elec-
tron donar compound and/or electron acceptor compound,
metal nanoparticles, or metal oxide nanoparticles.

[0471] Examples of a method for forming the layer con-
taining the polymer compound may include a method for film
formation using a solution containing the polymer com-
pound.

[0472] Examples ofasolvent for use in film formation from
a solution may include solvents having a solubility parameter
0f9.3 ormore out of water, alcohols, ethers, esters, carboxylic
acids, alkyl halides, heterocyclic aromatic compounds, thiols,
sulfides, thioketones, sulfoxides, nitro compounds, nitrile
compounds, and mixed solvents of these solvents. The
examples and solubility parameters of the solvents are
described above.

[0473] Examples of the film forming method from a solu-
tion may include application methods such as the spin coating
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method, the casting method, the micro gravure printing
method, the gravure printing method, the bar coating method,
the roll coating method, the wire bar coating method, the dip
coating method, the slit coating method, the cap coating
method, the spray coating method, the screen printing
method, the flexographic printing method, the offset printing
method, the inkjet printing method, and the nozzle coating
method.

[0474] Because the optimum thickness of the layer contain-
ing the polymer compound varies depending on the polymer
compound used, the thickness may be selected so as to give an
adequate value of photovoltaic efficiency. The thickness is
preferably from 1 nm to 1 um, more preferably from 2 nm to
500 nm, and further preferably from 2 nm to 200 nm.

[0475] The photovoltaic cell according to the present
invention includes the anode, the cathode, and the charge
separation layer located between the anode and the cathode
and preferably includes the layer containing the polymer
compound according to present invention either one of or
both between the charge separation layer and the anode and
between the charge separation layer and the anode. More
preferably, the photovoltaic cell includes the layer containing
the polymer compound between the cathode and the charge
separation layer.

[0476] The charge separation layer of the photovoltaic cell
according to the present invention preferably contains an
electron donar compound and an electron acceptor com-
pound.

[0477] The charge separation layer may contain one com-
pound alone or two or more compounds in combination for
each of the electron donar compound and the electron accep-
tor compound. The electron donar compound and the electron
acceptor compound are relatively determined depending on
the energy level thereof.

[0478] Examples of the electron donar compound may
include pyrazoline derivatives, arylamine derivatives, stil-
bene derivatives, triphenyldiamine derivatives, and conju-
gated polymer compounds. Examples ofthe conjugated poly-
mer compounds may include oligothiophene and derivatives
thereof, polyfluorene and derivatives thereof, polyvinylcar-
bazole and derivatives thereof, polysilane and derivatives
thereof, polysiloxane derivatives having, on the side chain or
main chain thereof, an aromatic amine, polyaniline and
derivatives thereof, polypyrrole and derivatives thereof,
polyphenylenevinylene and derivatives thereof, and polythie-
nylenevinylene and derivatives thereof.

[0479] Examples of the electron acceptor compound may
include oxadiazole derivatives, anthraquinodimethane and
derivatives thereof, benzoquinone and derivatives thereof,
naphthoquinone and derivatives thereof, anthraquinone and
derivatives thereof, tetracyanoanthraquinodimethane and
derivatives thereof, fluorenone derivatives, diphenyldicyano-
ethylene and derivatives thereof, diphenoquinone derivatives,
metal complexes of 8-hydroxyquinoline and derivatives
thereof, polyquinoline and derivatives thereof, polyquinoxa-
line and derivatives thereof, polyfluorene and derivatives
thereof, fullerenes such as Cy, and derivatives thereof,
phenanthrene derivatives such as bathocuproine, metal
oxides such as titanium oxide, and carbon nanotubes. As the
electron acceptor compound, titanium oxide, carbon nano-
tubes, fullerene, and fullerene derivatives are preferred, and
fullerene and fullerene derivatives are particularly preferred.
[0480] The thickness of the charge separation layer is usu-
ally from 1 nm to 100 um, more preferably from 2 nm to 1000
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nm, further preferably from 5 nm to 500 nm, and still more
preferably from 20 nm to 200 nm.

[0481] <Method for Manufacturing Charge Separation
Layer>
[0482] Any method can be employed for the method for

manufacturing the charge separation layer and examples
thereof may include film formation from a solution and film
formation by the vacuum deposition method.

[0483] For the film formation from a solution, it is possible
to use application methods such as the spin coating method,
the casting method, the microgravure coating method, the
gravure coating method, the bar coating method, the roll
coating method, the wire bar coating method, the dip coating
method, the spray coating method, the screen printing
method, the gravure printing method, the flexographic print-
ing method, the offset printing method, the inkjet printing
method, a dispenser printing method, the nozzle coating
method, and the capillary coating method. Among these, the
spin coating method, the flexographic printing method, the
gravure printing method, the inkjet printing method, and the
dispenser printing method are preferred.

[0484] The photovoltaic cell according to the present
invention is usually formed on a substrate. Any substrate is
usable so long as it does not change upon formation of an
electrode and formation of an organic material layer.
Examples of the material of the substrate may include glass,
plastics, polymer films, and silicon. When the substrate
employed is opaque, the electrode on the opposite side (that
1s, an electrode distant from the substrate) is preferably trans-
parent or translucent.

[0485] Examples of the transparent or translucent electrode
material may include electroconductive metal oxide films and
translucent thin metal films. Specific examples may include a
film prepared using an electroconductive material composed
of indium oxide, zinc oxide, tin oxide, and complexes thereof
such as indium tin oxide (ITO), and indium zinc oxide,
NESA, gold, platinum, silver, and copper. Among these, ITO,
indium zinc oxide, and tin oxide are preferred. Examples ofa
method for forming the electrode may include the vacuum
deposition method, the sputtering method, the ion plating
method, and the plating method.

[0486] As an electrode material, organic transparent elec-
troconductive films such as polyaniline and derivatives
thereof and polythiophene and derivatives thereof may be
used. Furthermore, as the electrode material, metals and elec-
troconductive polymers can be used. One of a pair of elec-
trodes is preferably made of a material having a small work
function. Examples may include metals such as lithium,
sodium, potassium, rubidium, cesium, magnesium, calcium,
strontium, barium, aluminum, scandium, vanadium, zinc,
yttrium, indium, cerium, samarium, europium, terbium, and
ytterbium, alloys of two or more thereof, alloys of one or more
of the above metals and one or more of gold, silver, platinum,
copper, manganese, titanium, cobalt, nickel, tungsten, and
tin, and graphite and graphite interlayer compounds.
Examples of the alloys may include a magnesium-silver
alloy, a magnesium-indium alloy, a magnesium-aluminum
alloy, an indium-silver alloy, a lithium-aluminum alloy, a
lithium-magnesium alloy, a lithium-indium alloy, and a cal-
cium-aluminum alloy.

[0487] As means for improving the photovoltaic efficiency,
an additional intermediate layer other than the charge sepa-
ration layer may be used in addition to the layer containing the
polymer compound according to the present invention.
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Examples of a material used as the intermediate layer may
include halides and oxides of alkali metals or alkaline earth
metals such as lithium fluoride. Additional examples may
include fine particles of inorganic semiconductor such as
titanium oxide and PEDOT (poly-3,4-ethylenediox-

ythiophene).
[0488] <Usage of Cell>
[0489] When the photovoltaic cell according to the present

invention is exposed to light such as sunlight on the side of the
transparent or translucent electrode, photovoltaic power is
generated between the electrodes so that it can be operated as
an organic thin-film solar cell. A plurality of organic thin-film
solar cells integrated can be used as an organic thin film solar
cell module.

[0490] By being exposed to light on the side of the trans-
parent or translucent electrode while applying or not applying
avoltage between the electrodes, a photocurrent flows so that
it can be operated as an organic optical sensor. A plurality of
organic light sensors integrated can be used as an organic
image sensor.

[0491] <Solar Cell Module>

[0492] The organic thin-film solar cell can have basically a
similar module structure to a conventional solar cell module.
In the solar cell module, a cell is usually formed on a support-
ing substrate such as a metal, ceramic, or the like and it is
covered with a filling resin, a protective glass, or the like to
capture light from the side opposite the supporting substrate.
Alternatively, the cell is formed on the supporting substrate
made of a transparent material such as reinforced glass to
capture light from the transparent supporting substrate side.
Specifically, module structures called a super straight type, a
substrate type, and a potting type, and a substrate-integrated
module structure used in amorphous silicon solar cells, or the
like are known. The organic thin-film solar cell according to
the present invention can select these module structures as
needed, depending on a purpose of use, a place of use, and an
environment.

[0493] A typical module of the superstrate type or the sub-
strate type has a structure in which cells are arranged at a
given interval between the supporting substrates each of
which is transparent and subjected to an antireflection treat-
ment on one side or on both sides thereof; adjacent cells are
connected to each other by metal leads or flexible wiring; and
a current collecting electrode is placed at an outer peripheral
portion to allow the electric power thus generated to be taken
to the outside. In order to protect the cells or improve current
collecting efficiency, various plastic materials such as ethyl-
ene vinyl acetate (EVA) may be provided in the form of a film
or a filling resin between the substrate and cells according to
the purposes.

[0494] When the module is used in a place where the cov-
ering of the surface with a hard material is not required, for
example, a place with less external impact, it is possible to
form a surface protective layer from a transparent plastic film
or cure the filling resin to impart a protective function thereto,
thereby eliminating one of the supporting substrates.

[0495] The supporting substrate is fixed, at the periphery
thereof, with a metal frame in a sandwich form so as to ensure
sealing of the inside and rigidity of the module. The space
between the supporting substrate and the frame is hermeti-
cally sealed with a sealing material. A solar cell can also be
formed on a curved surface if the cell itself, the supporting
substrate, the filling material, or the sealing material is made
of a flexible material.
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[0496] 1In a solar cell using a flexible substrate such as a
polymer film, the cell body can be manufactured by sequen-
tially forming unit cells while delivering a roll-shaped sub-
strate, cutting into a desired size, and then sealing a peripheral
portion with a flexible, moisture-resistant material. It is also
possible to manufacture a module structure called “SCAF”
described in “Solar Energy Materials and Solar Cells™, 48, p
383-391. Furthermore, a solar cell using a flexible substrate
can also be used after being bonded and fixed to curved glass
or the like.

EXAMPLES

[0497] The present invention will be described more spe-
cifically below based on the examples and comparative
example, however, the present invention is not limited to the
following examples.

[0498] Theweight-average molecular weight (Mw) and the
number-average molecular weight (Mn) of a polymer com-
pound were determined as polystyrene-equivalent weight-
average molecular weight and polystyrene-equivalent num-
ber-average molecular weight, respectively, by using gel
permeation chromatography (GPC) (“HLC-8220GPC”
manufactured by Tosoh Corporation). A sample to be mea-
sured was dissolved in tetrahydrofuran to give a concentra-
tion of about 0.5% by weight and 50 ul. of the resulting
solution was injected into GPC. Tetrahydrofuran was used as
a mobile phase of GPC and was fed at a flow rate of 0.5
ml/min. Structural analysis of the polymer compound was
conducted by "H-NMR analysis using a 300 MHz NMR
spectrometer manufactured by Varian, Inc. The measurement
was conducted after dissolving the sample in a deuterated
solvent (a solvent in which a hydrogen atom, in the molecules
thereof, has been substituted with a deuterium atom) capable
of dissolving the sample therein so as to give a concentration
of 20 mg/mlL.

Example 1

Synthesis of Compound A

[0499] After a reaction vessel was purged with a nitrogen
gas, S-bromo-2-hydroxybenzoic acid (92.85 g), ethanol
(1140 mL), and concentrated sulfuric acid (45 mL) were
refluxed for 48 hours and concentrated under reduced pres-
sure. To the mixture was added ethyl acetate, and the organic
layer was washed with water and a 10% by weight aqueous
sodium carbonate solution. The organic layer was dried over
anhydrous sodium sulfate and concentrated under reduced
pressure. The resultant crude product was purified with silica
gel column chromatography to obtain a compound A (95.38
g, with a yield of 91%).

[Chemical Formula 80]

Compound A
0]

B
T O/\

OH
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Example 2
Synthesis of Compound B
[0500] After a reaction vessel was purged with a nitrogen

gas, the compound A (95.0 g), bis(pinacolato)diboron (108.5
2), [1,1"-bis(diphenylphosphino)ferrocene]palladium(Il)
dichloride dichloromethane adduct (3.3 g), 1,1'-bis(diphe-
nylphosphino)ferrocene (2.2 g), potassium acetate (117.2 g),
and 14-dioxane (1.3 L) were stirred at 105° C. for 22 hours.
The resultant reaction mixture was filtered and washed with
dioxane and toluene. The filtrate was concentrated under
reduced pressure, and to the filtrate was added ethyl acetate (2
L). The mixture was washed with a saturated saline solution,
and the organic layer was dried over anhydrous sodium sul-
fate and concentrated under reduced pressure. The resultant
crude product was purified with silica gel column chroma-
tography to obtain a compound B (90.1 g, 308 mmol).

[Chemical Formula 81]
Compound B

wu\\\o

OH

Exaniple 3

Synthesis of Compound C

[0501] After a reaction vessel was purged with a nitrogen
gas, 1,5-dihydroxynaphthalene (15.0 g), triethylamine (28.5
), and chloroform (150 mL) were mixed and cooled to 0° C.
To the mixture was added dropwise trifluoromethanesulfonic
anhydride (68.7 g), and the mixture was stirred for 1 hour. To
the resultant reaction mixture were added water and chloro-
form, the aqueous layer was removed, and the organic layer
was washed with water. The organic layer was dried over
anhydrous sodium sulfate and concentrated under reduced
pressure. The resultant solid was purified by recrystallization
to obtain a compound C (31.46 g). In the following structural
formula of the compound C, Tf represents a trifluoromethyl
group.

[Chemical Formula 82]
Compound C
OTf

OTf

Example 4

Synthesis of Compound D

[0502] After a reaction vessel was purged with a nitrogen
gas, the compound B (16.90 g), the compound C (23.30 g),
tetrakis(triphenylphosphine)palladium(0) (4.60 g), potas-
sium phosphate (42.30 g), and 1,2-dimethoxyethane (340
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mL) were stirred at 80° C. for 14 hours. The resultant reaction
mixture was filtered and washed with chloroform and metha-
nol. The filtrate was concentrated under reduced pressure and
purified with silica gel column chromatography to obtain a
compound D (8.85 g).

[Chemical Formula 83]
Compound D

X NN

7/ N/ \

Example 5

Synthesis of Compound E

[0503] After a reaction vessel was purged with a nitrogen
gas, the compound D (8.80 g), 2-[2-(2-methoxyethoxy)
ethoxy]ethyl p-toluene sulfonate (12.52 g), dimethylforma-
mide (380 mL), potassium carbonate (13.32 g), and 1,4,7,10,
13,16-hexaoxacyclooctadecane (also referred to as <“1,4,7,10,
13,16-hexaoxacyclooctadecane” (also referred to as “18-
crown-6")) (1.02 g) were stirred at 100° C. for 23 hours. The
resultant reaction mixture was added to water and extracted
with ethyl acetate. The organic layer was washed with an
aqueous sodium chloride solution, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure.
The resultant crude product was purified with silica gel col-
umn chromatography to obtain a compound E (7.38 g).

[Chemical Formula 84]
Compound E

H;C(OH,CH,0);0 o

o™

~Y

0 O(CH>CH,0);CH;
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Example 6

Synthesis of Compound F

[0504] After a reaction vessel was purged with a nitrogen
gas, the compound E (5.53 g), bis(pinacolato)diboron (11.25
2), (1.5-cyclooctadiene)(methoxy)iridium(I) dimer (0.15 g,
manufactured by Sigma-Aldrich Co.), 4,4'-di-tert-butyl-2,2'-
dipyridyl (0.12 g, manufactured by Sigma-Aldrich Co.), and
1,4-dioxane (300 mL) were stirred at 110° C. for 19 hours.
The resultant reaction mixture was concentrated under
reduced pressure. The crude product was purified with silica
gel column chromatography and then purified by recrystalli-
zation to obtain a compound F (5.81 g).

[0505] 'H NMR (400 MHz, CDCL,, 1) 8 (ppm) 1.27-1.41
(30H), 3.39 (6H), 3.57 (411), 3.66-3.75 (8I1), 3.83 (4M), 3.99
(4H), 4.27-4.42 (8H), 7.13 (2H), 7.60 (2H), 7.76 (2H), 7.93
(2H), 8.30 (2H).

[Chemical Formula 85]

Compound F

H;C(OH,CH,C);0 o

o N

0 O(CH,CH,0),CH;
Example 7
Synthesis of Compound G

[0506] After forming a nitrogen gas flow within a reaction
vessel, 2,7-dibromo-9-fluorenone (121.9 g), catechol (883.1
2), 3-mercaptopropionic acid (4.87 g), and concentrated sul-
furic acid (18.4 g) were mixed and stirred at 125° C. for 2
hours. The resultant mixture was left to be cooled and added
to iced water, and the resultant solid was collected by filtra-
tion. The resultant solid was dissolved in ethanol, and the
ethanol solution was added to hexane, and the resultant solid
was collected by filtration to obtain a compound G (168.1 g)
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[Chemical Formula 86]

HO OH

Compound G

HO OH

Example 8

Synthesis of Compound H

[0507] After forming a nitrogen gas flow within a reaction
vessel, the compound G (1384 g), 2-[2-(2-methoxvethoxy)
ethoxylethyl-p-toluene sulfonate (408.6 g), potassium car-
bonate (358.5 g), and acetonitrile (2.5 L) were mixed and
refluxed under heating for 3 hours. After being left to be
cooled, the resultant reaction mixture was filtered, and the
filtrate was concentrated under reduced pressure and purified
with silica gel column chromatography to obtain a compound
H(109.4 g).

[Chemical Formula 87]

Compound H
H3C(OH,CH,C)30, I O(CH,CH,0)3;CH;
H3C(OH,CH,C)30 O(CH,CH,0)3;CH;3

Example 9

Synthesis of Compound I

[0508] After a reaction vessel was purged with a nitrogen
gas, the compound H (101.2 g) bis(pinacolato)diboron (53.1
2),  [1,1-bis(diphenylphosphino)ferrocene]dichloropalla-
dium(IT) dichloromethane complex (3.7 g), 1,1'-bis(diphe-
nylphosphino)ferrocene (5.4 g), potassium acetate (90.6 g),
and dioxane (900 ml.) were mixed, heated to 110° C., and
refluxed under heating for 8 hours. After being left to be
cooled, the resultant reaction mixture was filtered, and the
filtrate was concentrated under reduced pressure and purified
with silica gel column chromatography to obtain a compound
I(514¢).
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[Chemical Formula 88]

Compound I

O(CH,CH,0);CH;

O(CH,CH>0);CH;

H3C(OH,CH,C)30. l I
)30

H;C(OH,CH,C

Example 10
Synthesis of Polymer Compound A

[0509] After a reaction vessel was purged with an argon
gas, the compound H (0.53 g), the compound F (0.43 g),

[Chemical Formula 89]
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dichlorobis(triphenylphosphine)palladium (0.3 mg), methyl-
trioctylammonium chloride (trade name “Aliquat 336 (reg-
istered trademark) manufactured by Sigma-Aldrich Co.) (5
mg), toluene (12 mL), and a 2 mol/, aqueous sodium carbon-
ate solution (1 mL) were stirred at 105° C. for 9 hours.
Phenylboronic acid (23 mg) was then added to the mixture,
and the mixture was stirred at 105° C. for 14 hours. To the
resultant reaction mixture were added sodium diethyldithio-
carbamate trihydrate (0.40 g) and water (8 mL), and the
mixture was stirred at 80° C. for 2 hours. The resultant mix-
ture was added dropwise to methanol, and the precipitate was
collected by filtration and dried. The resultant solid was dis-
solved in chloroform and purified with alumina and silica gel
chromatography. The eluate was added dropwise to metha-
nol, and the precipitate was collected by filtration and dried to
obtain a polymer compound A (0.56 g). Polystyrene-equiva-
lent number-average molecular weight of the polymer com-
pound A was 3.4x10*. The polymer compound A is composed
of a structural unit represented by Formula (A).

(4

OliCHzCHzO)gCHg

Example 11

Synthesis of Cesium Salt of Polymer Compound A
(Conjugated Polymer Compound 1)

[0510] After a reaction vessel was purged with an argon
gas, the polymer compound A (0.25 g), tetrahydrofuran (13
mL), methanol (6 mL), cesium hydroxide monohydrate (69
mg), and water (1 mL) were stirred at 65° C. for 6 hours. The
resultant reaction mixture was concentrated and added drop-
wise 1o isopropanol, and the solid was collected by filtration
and dried. To the resultant solid was added methanol, and the
mixture was filtered. The filtrate was added dropwise to iso-
propanol, and the solid was collected by filtration and dried to
obtain a conjugated polymer compound 1 (0.19 g). The con-
jugated polymer compound 1 is composed of a structural unit
represented by Formula (B).
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[Chemical Formula 90]

H;C(OH>CH,C)0

H;CIOH,CH,C):0 O(CH,CH,0);CH;

FExample 12

Synthesis of Compound J

[0511] After a nitrogen gas flow was set within a reaction
vessel, the compound F (2.00 g), copper bromide (2.22 g),
N,N-dimethylformamide (40 mL), and water (24 mL) were
mixed and stirred at 100° C. for 5 hours. After being left to be
cooled, the resultant reaction mixture was collected by filtra-
tion, and the solid was collected and dried. The solid was
dissolved in chloroform and filtered, and the filtrate was con-
centrated. The resultant solid was washed with methanol and
acetone to obtain a compound J (1.55 g).

[Chemical Formula 91]

Compound J
O(CH,CH,0);CH;

COOCH,CH;

Br

Br

COOCH,CH;

O(CH,CH,0);CH;

Example 13

Synthesis of Polymer Compound B

[0512] After a reaction vessel was purged with an argon
gas, the compound F (0.29 g), the compound J (0.31 g),

H;C(OH,CH,C)0

O(CHCH>0);CH;

Cator
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®)

Ol:CH2CH20)3CH3

dichlorobis(triphenylphosphine)palladium (0.2 mg), methyl-
trioctylammonium chloride (trade name “Aliquat 336 (reg-
istered trademark) manufactured by Sigma-Aldrich Co.) (3.4
mg, manufactured by Sigma-Aldrich Co.), toluene (8 mL),
and a 2 mol/LL aqueous sodium carbonate solution (1.4 mL)
were stirred at 105° C. for 6 hours. Phenylboronic acid (16.7
mg) was then added to the mixture, and the mixture was
stirred at 105° C. for 14 hours. To the resultant reaction
mixture were added sodium diethyldithiocarbamate trihy-
drate (0.3 g) and water (6 mL), and the mixture was stirred at
80° C. for 2 hours. The resultant mixture was concentrated
and dried. The resultant solid was dissolved in chloroform
and purified with alumina and silica gel chromatography. The
eluate was added dropwise to methanol, and the precipitate
was collected by filtration and dried to obtain a polymer
compound B (0.36 g). Polystyrene-equivalent number-aver-
age molecular weight of the polymer compound B was 2.0x
10*. The polymer compound B is composed of a structural
unit represented by Formula (C).

[Chemical Formula 92]

Compound (C)
O(CH,CH,0)3CH3

COOCHLCH,

COOCH,CH;

O(CH>CH,0);CH;
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Example 14

Synthesis of Cesium Salt of Polymer Compound B
(Conjugated Polymer Compound 2)

[0513] After a reaction vessel was purged with an argon
gas, the polymer compound B (0.15 g), tetrahydrofuran (8.6
mL), methanol (4.3 mL), cesium hydroxide monohydrate
(9.4 mg), and water (0.8 mL) were stirred at 65° C. for 6
hours. The resultant reaction mixture was concentrated and
added dropwise to isopropanol, and the solid was collected by
filtration and dried. To the resultant solid was added metha-
nol, and the mixture was filtered. The filtrate was added
dropwise to isopropanol, and the solid was collected by fil-
tration and dried to obtain a conjugated polymer compound 2
(0.14 g). The conjugated polymer compound 2 is composed
of a structural unit represented by Formula (D).

[Chemical Formula 93]

Compound (D)
O(CH,CH,0);CH;

COOCs*

COOCs*

O(CH,CH,0);CH;

Example 15

Synthesis of Polymer Compound C

[0514] After a reaction vessel was purged with an argon
gas, the compound H (0.32 g), the compound F (0.26 g),
N,N'-bis(4-bromophenyl)-N,N'-bis(4-tert-butyl-2.6-dimeth-
vlphenyl) 1,4-phenylenediamine (0.013 g), dichlorobis
(triphenylphosphine)palladium (0.2 mg), methyltrioctylam-
monium chloride (trade name “Aliquat 336 (registered
trademark) manufactured by Sigma-Aldrich Co.) (3.0 mg,
manufactured by Sigma-Aldrich Co.), toluene (7 mL), and a
2 mol/LL aqueous sodium carbonate solution (1.3 mL) were
stirred at 105° C. for 9 hours. Phenylboronic acid (14.4 mg)
was then added to the mixture, and the mixture was stirred at
105° C. for 14 hours. To the resultant reaction mixture were
added sodium diethyldithiocarbamate trihydrate (0.3 g) and
water (5 mL), and the mixture was stirred at 80° C. for 2
hours. The resultant mixture was added dropwise to metha-
nol, and the precipitate was collected by filtration and dried.
The solid was dissolved in chloroform and purified with
alumina and silica gel chromatography. The eluate was added
dropwise to methanol, and the precipitate was collected by
filtration and dried to obtain a polymer compound C (0.32 g).
Polystyrene-equivalent number-average molecular weight of
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the polymer compound B was 3.4x10*. The polymer com-
pound C is composed of a structural unit represented by
Formula (E).

[Chemical Formula 94]

)
O(CH,CH,0);CH;

COOCH,CH,
] COOCH,CH;

O(CH,CH,0);CH;

H;C(OH,CHyC0 O Q O(CH>CH,0);CH;

H:C(OH>CH,C)0

(50:45:5 mol %)

/

O(CH,CH;0);CH;

[0515] N,N'-bis(4-bromophenyl)-N,N'-bis(4-tert-butyl-2,
6-dimethylphenyl) 1,4-phenylenediamine can be synthesized
according to a method described in, for example, Japanese
Patent Application Laid-open No. 2008-749017.

Synthesis of Cesium Salt of Polymer Compound C
(Conjugated Polymer Compound 3)

[0516] After a reaction vessel was purged with an argon
gas, the polymer compound C (0.15 g), tetrahydrofuran (7.6
mL), methanol (3.8 mL), cesium hydroxide monohydrate (42
mg), and water (0.7 mL) were stirred at 65° C. for 6 hours. The
resultant reaction mixture was concentrated and added drop-
wise to isopropanol, and the solid was collected by filtration
and dried. To the resultant solid was added methanol, and the
mixture was filtered. The filtrate was added dropwise to iso-
propanol, and the solid was collected by filtration and dried to
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obtain a conjugated polymer compound 3 (0.12 g). The con-
Jugated polymer compound 3 is composed of a structural unit
represented by Formula (F).

[Chemical Formula 95]

(3]
O(CH,CH>0);CH;

COOCs*

/

CO0Cs*

O(CH,CH,0);CH;

H;C(OH,CHyC)0 O O O(CH>CH,0);CH;

H;C(0OH,CH,C);0 O(CH,CH,0);CH;
(50:45:5 mol %)

/

[Chemical Formula 96]

CH 0 0

H Hog H B og |
N C —_N—C—0—C —C —Cl—C
CH;

HC CH;
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-continued
—< >— N —< >— N
g
AN

TN

Reference Example 1
Synthesis of Polyurethane Sodium Salt
(Non-Conjugated Polymer Compound 1)

[0517] After a reaction vessel was purged with a nitrogen
gas, 1,3-butanediol (1.0 g), dibutyltin dilaurate (7.5 mg), and
dimethylolpropionic acid (0.5 g) were put in a 100 mL flask.
DMF (50 mL) was added to the mixture, and the mixture was
stirred at 90° C. for 30 minutes. To the mixture was then added
isophorone diisocyanate (3.3 g), and the mixture was heated
at 90° C. for 3 hours. A solution containing a polymer com-
pound obtained in this stage was subjected to GPC measure-
ment according to the above-described method to measure the
molecular weight of the polymer compound. Polystyrene-
equivalent number-average molecular weight of the polymer
compound was 1.9x10°, and polystyrene-equivalent weight-
average molecular weight of the polymer compound was
3.0x10?. The resultant reaction solution was cooled to 60° C.
and neutralized through the addition of a 1M aqueous sodium
hydroxide solution. The reaction solution was further stirred
at 60° C. further for 1 hour, and the solvent was distilled off
from the reaction solution to obtain a white solid (2.0 g). The
resultant white solid is referred to as a non-conjugated poly-
mer compound 1. The non-conjugated polymer compound 1

is composed of a structural unit represented by Formula (I).

O

CH; 0 CH, 0
B on Il H | B |
N ¢ - N—C—0—(C —C—C —0—C
i |
COONa
me  Cm,
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Example 17

Preparation of Electroluminescent Device 1

[0518] Onto an ITO anode (thickness: 45 nm), which had
been patterned for film formation on the surface of a glass
substrate, a solution of a hole injection material was applied
to form a hole injection layer with a film thickness of 60 nm
by the spin coating method. The glass substrate on which the
hole injection layer had been formed was heated at 200° C. for
10 minutes under a nitrogen atmosphere (in a nitrogen atmo-
sphere) to insolubilize the hole injection layer. The resulting
substrate was left to be cooled to room temperature to obtain
a substrate having the hole injection layer thereon.

[0519] As the solution of the hole injection material,
AQ-1200, which is a polythiophene/sulfonic acid-based hole
injection material purchased from Plextronics, Inc., was used.
[0520] Next, a hole-transporting polymer material and
xylene were mixed to obtain a composition for forming a hole
transport layer containing a 0.7% by weight hole-transporting
polymer material.

[0521] Thehole-transporting polymer material was synthe-
sized according to the following process.

[0522] After making the gas within a reaction vessel an
inert gas atmosphere, 2,7-dibromo-9,9-di(octyl)-fluorene
(1.4 g), 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
v1)-9,9-di(octyl)fluorene (6.4 g), N,N'-bis(4-bromophenyl)-
N,N'-bis(4-butylphenyl)-1,4-phenylenediamine (4.1 g), bis
(4-bromophenyl)benzocyclobutene  amine (0.6  g),
tetraethylammonium hydroxide (1.7 g), palladium acetate
(4.5 mg), tri(2-methoxyphenyl)phosphine (0.03 g), and tolu-
ene (100 mL) were mixed, and the resultant mixture was
stirred at 100° C. for 2 hours. To the mixture was then added
phenylboronic acid (0.06 g), and the resultant mixture was
stirred for 10 hours. After being left to be cooled, the aqueous
layer was removed. After adding an aqueous sodium dieth-
yldithiocarbamate solution and stirring the mixture, the aque-
ous layer was removed, and the organic layer was washed
with water and a 3% by volume aqueous acetic acid solution.
After pouring the organic layer into methanol to precipitate a
solid, the solid collected by filtration was dissolved in toluene
again and passed through a silica gel column and an alumina
column. The eluted toluene solution containing the solid was
collected. The collected toluene solution was poured into
methanol to precipitate the solid. The precipitated solid was
collected by filtration and vacuum dried at 50° C. to obtain a
hole-transporting polymer material. Polystyrene-equivalent
weight-average molecular weight of the hole-transporting
polymer material was 3.0x10°.

[0523] Onto the hole injection layer of the substrate on
which the hole injection layer had been formed obtained as
described above, the composition for forming a hole transport
layer was applied by the spin coating method to form an
applied film with a thickness of 20 nm. The substrate having
the applied film was heated at 180° C. for 60 minutes under a
nitrogen atmosphere (in a nitrogen atmosphere) to insolubi-
lize the applied film. The substrate was then left to be cooled
to room temperature to obtain a substrate having the hole
transport layer thereon.

[0524] Next, a light-emitting polymer material and xylene
were mixed to obtain a composition for forming a light-
emitting layer containing a 1.4% by weight light-emitting
polymer material.

[0525] The light-emitting polymer material was synthe-
sized according to the following process.
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[0526] After making the gas within a reaction vessel an
inert gas atmosphere, 2,7-dibromo-9,9-di(octyl)-fluorene
(9.0 g), N,N"-bis(4-bromophenyl)-N,N'-bis(4-tert-butyl-2,6-
dimethylphenyl) 1,4-phenylenediamine (1.3 g), 2,7-bis(4,4,
5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-di(4-hexyphe-
nyD)fluorene (13.4 g), tetracthylammonium hydroxide (43.0
2), palladium acetate (8 mg), tri(2-methoxyphenyl)phos-
phine (0.05 g), and toluene (200 mL) were mixed, and the
resultant mixture was stirred at 90° C. for 8 hours. To the
mixture was then added phenylboronic acid (0.22 g), and the
resultant mixture was stirred for 14 hours. After being left to
be cooled, the aqueous layer was removed. After adding an
aqueous sodium diethyldithiocarbamate solution and stirring
the mixture, the aqueous layer was removed, and the organic
layer was washed with water and a 3% by volume aqueous
acetic acid solution. After pouring the organic layer into
methanol to precipitate a solid, the solid collected by filtration
was dissolved in toluene again and passed through a silica gel
column and an alumina column. The eluted toluene solution
containing the solid was collected. The collected toluene
solution was poured into methanol to precipitate the solid.
The precipitated solid was vacuum dried at 50° C. to obtain a
light-emitting polymer material (12.5 g). According to gel
permeation chromatography, polystyrene-equivalent weight-
average molecular weight of the obtained light-emitting poly-
mer material was 3.1x10°.

[0527] Onto the hole transport layer of the substrate on
which the hole transport layer had been formed obtained as
described above, the composition for forming a light-emitting
layer was applied by the spin coating method to form an
applied film with a thickness of 80 nm. The substrate having
the applied film was heated at 130° C. for 10 minutes in a
nitrogen atmosphere to evaporate the solvent and left to be
cooled to room temperature to obtain a substrate having the
light-emitting layer thereon.

[0528] Methanol and the conjugated polymer compound 1
were mixed to obtain a solution containing a 0.2% by weight
conjugated polymer compound 1. Onto the light-emitting
layer of the substrate on which the light-emitting layer had
been formed as described above, the solution was applied by
the spin coating method to obtain an applied film with a
thickness of 10 nm. The substrate having the applied film was
heated at 130° C. for 10 minutes in a nitrogen atmosphere to
evaporate the solvent and left to be cooled to room tempera-
ture to obtain a substrate having the conjugated polymer
compound 1.

[0529] The substrate having the layer containing the con-
jugated polymer compound 1 obtained as described above
was inserted into a vacuum deposition apparatus, and an Al
film with a thickness of 80 nm was formed on the layer by the
vacuum deposition method to form a cathode. Thus, a layered
structure 1 was prepared.

[0530] The layered structure 1 thus prepared was taken out
of the vacuum deposition apparatus and sealed with a sealing
glass and a two-part mixing type epoxy resin in a nitrogen
atmosphere to obtain an electroluminescent device 1.

Example 18

Preparation of Electroluminescent Device 2

[0531] An electroluminescent device 2 was obtained in the
same manner as Example 17 except that the conjugated poly-
mer compound 2 was used in place of the conjugated polymer
compound 1 in Example 17.
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Example 19

Preparation of Electroluminescent Device 3

[0532] An electroluminescent device 3 was obtained in the
same manner as Example 17 except that the conjugated poly-
mer compound 3 was used in place of the conjugated polymer
compound 1 in Example 17.

Example 20

Preparation of Electroluminescent Device 4

[0533] An electroluminescent device 4 was obtained in the
same manner as Example 17 except that Ag was used in place
of Alin Example 17.

Example 21

Preparation of Electroluminescent Device 5

[0534] An electroluminescent device 5 was obtained in the
same manner as Example 17 except that Au was used in place
of Alin Example 17.

Comparative Example 1

Preparation of Electroluminescent Device Cl1

[0535] An electroluminescent device C1 was obtained in
the same manner as Example 17 except that the cathode was
directly formed without forming the layer containing the
conjugated polymer compound 1 in Example 17.

Comparative Example 2

Preparation of Electroluminescent Device C2

[0536] An electroluminescent device C2 was obtained in
the same manner as Example 20 except that the cathode was
directly formed without forming the layer containing the
conjugated polymer compound 1 in Example 20.

Comparative Example 3

Preparation of Electroluminescent Device C3

[0537] An electroluminescent device C3 was obtained in
the same manner as Example 21 except that the cathode was
directly formed without forming the layer containing the
conjugated polymer compound 1 in Example 21.

Comparative Example 4

Preparation of Electroluminescent Device C4

[0538] An electroluminescent device C4 was obtained in
the same manner as Example 17 except that the non-conju-
gated polymer compound 1 was used in place of the conju-
gated polymer compound 1 in Example 17.

MEASUREMENT

[0539] A forward voltage of 10V was applied to the elec-
troluminescent devices 1 to 5 and C1 to C4 obtained as
described above to measure light-emitting brightness and
light-emitting efficiency. The results are indicated in Table 1.
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TABLE 1
Light- Light-
emitting  emitting
polymer brightness efficiency
compound ~ Cathode  (cd/m?) (cd/A)
Example 17 Conjugated Al 42221 3.98
(Electroluminescent polymer
device 1) compound 1
Example 18 Conjugated Al 4709.0 5.82
(Electroluminescent polymer
device 2) compound 2
Example 19 Conjugated Al 3560.5 5.36
(Electroluminescent polymer
device 3) compound 3
Example 20 Conjugated  Ag 170.7 1.27
(Electroluminescent polymer
device 4) compound 1
Example 21 Conjugated  Au 8.18 0.07
(Electroluminescent polymer
device 5) compound 1
Comparative Example |~ Absent Al 15 0.01
(Electroluminescent
device C1)
Comparative Example 2 Absent Ag 12.8 0.5
(Electroluminescent
device C2)
Comparative Example 3~ Absent Au Light was Light was
(Electroluminescent not not
device C3) emitted emitted
Comparative Example 4  Non- Al 0.7 0.01
(Electroluminescent conjugated
device C4) polymer
compound 1

1. An electronic device including a layer comprising a
polymer compound comprising one or more structural units
selected from the group consisting of a structural unit repre-
sented by formula (1) and a structural unit represented by
formula (14) as a charge injection layer and/or a charge trans-
port layer,

wherein the structural unit represented by formula (1) is:

0]
<I|<1>m1
Arl

R

wherein

Ar' represents a (2+m1+m2)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R! represents a group represented by formula (2) or for-
mula (3);

R? represents a group represented by formula (4);

ml represents an integer of 1 or more;

m?2 represents an integer of 1 or more;

whenR' and R? are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (1) may be replaced with a
substituent other than R* or R?;

wherein the group represented by formula (2) is:

—RH{QYn Y MYar @Y1 s @
wherein
R? represents a single bond, or a (1+m3)-valent organic

group that optionally has a substituent;
Q' represents a divalent organic group;
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Y! represents —CO,~,
—BRY),

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F~, CI~, Br~, I, OH", B(R%),~, R“S0,",
R#COO, CIO7, CI0,™, ClO,~, ClO,~, SCN™, CN",
NO,-, 80,*7, HS0,", P0,*>",HPO,*, H,PO,", BF,"
or PF;™;

nl represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of ) or more, wherein al and b1 are selected
such that a charge of the group represented by formula
(2) s zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R?represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m3 represents an integer of 1 or more, and when R*is a
single bond, m3 represents 1; and

when Q', Y*, M, Z', nl, al and b1 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (3) is:

—R{(Q)r Y (M) a2} ©)

wherein

R* represents a single bond, or a (1+m4)-valent organic
group that optionally has a substituent;

Q” represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI~, Br™, 1", OH™, BR?),~, R’SO,",
R?CO0", CIO7, ClO,7, C10,~, Cl0,~, SCN™, CN-,
NO,", S0,*~, HSO,~, PO,*", HPO,*~, H,PO,~, BF,~
or PF;™;

72 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that a charge ofthe group represented by formula
(3) is zero;

R? represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m4 represents an integer of 1 or more, and when R*is a
single bond, m4 represents 1; and

when Q?, Y2, M?, 72, n2, a2 and b2 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (4) is:
—RH{Q) Y} s 4
wherein

R’ represents a single bond, or a (1+mS5)-valent organic
group that optionally has a substituent;

Q® represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

—80,7, —S0,”, —P0,* or
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m5 represents an integer of 1 or more, and when R®is a
single bond, m5 is 1; and

when Q, Y2 and n3 are each plurally present, they each
may be the same or different;

wherein the group represented by any one of formulae

(5)to (13)is:
—0—(RO),;—R" ()
—R—o ®)
b

—$—(R'S),—R" M
—C=0—R—C(=0))s—R" ®
—CE=S)—R—C(=8)) R ©
“N{R)oaR"} (10)
—C(=0)0—(R—C(=0)0),—R" (11)
—C(=0)0—(R'0),—R" (12)
— NHC(=0)—(RNHC(=0)),,—R" 13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NRS,, a cyano group or
—C(=0)NR";

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R, R" and R" are each plurally present, they
each may be the same or different;

and
wherein the structural unit represented by formula (14) is:

(14)
RS s
TAE

R

wherein

Ar? represents a (2+m6+m7)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R represents a group represented by formula (15) or for-
mula (16);

R’ represents the group represented by formula (4);

m6 represents an integer of 1 or more;

m7 represents an integer of 0 or more;
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when R®and R” are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (14) may be replaced with a
substituent other than R® or R7;

wherein the group represented by formula (15) is:

(15)
—Ilis—{<Q1>n1—Y1<Ml>a1<zl>M}ms

(@)=Y o

wherein

R® represents a (1+m8+m9)-valent organic group that
optionally has a substituent;

QL Q%YL Y3, M, Z',nl, n3, al and b1 are the same as
the corresponding definitions above;

m8 and m9 each independently represent an integer of 1
or more; and

when Q', Q% Y',Y>,M', Z', n1,n3, al and b1 are each
plurally present, they each may be the same or differ-
ent,

wherein the group represented by formula (16) is:

(16)
— I|{9 — (@)=Y M)2(ZHs2} w10

{(Q— "} nt

wherein

R? represents a (1+m10+m11)-valent organic group that
optionally has a substituent;

Q% Q% Y2 M2, 7%, 1n2,n3, a2 and b2 are the same as the
corresponding definitions above;

m10andml1 each independently represent an integer of
1 or more; and

when Q?, Q®, Y2, Y?, M?, 72, n2, n3, a2 and b2 are each
plurally present, they each may be the same or differ-
ent.

2. The electronic device according to claim 1, wherein the
(2+m1+m2)-valent fused polycyclic aromatic group that
optionally has a substituent which is represented by Ar" is a
group remaining after removing (2+m1+m2) hydrogen atoms
from a ring represented by any one of the following formulae:

se
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-continued

3. The electronic device according to claim 1, wherein the
(2+m6+m7)-valent fused polycyclic aromatic group that
optionally has a substituent which is represented by Ar* is a
group remaining after removing (2+m6+m?7) hydrogen atoms
from a ring represented by any one of the following formulae:

\'

Se3STE

)

\_/
(Y

¢ < 2%
~

¢

4. The electronic device according to claim 1, wherein the
layer comprising the polymer compound is an electron injec-
tion layer and/or an electron transport layer.

5. The electronic device according to claim 1, which is an
electroluminescent device.

6. A polymer compound comprising one or more structural
units selected from the group consisting of a structural unit
represented by formula (1) and a structural unit represented
by formula (14),

wherein the structural unit represented by formula (1) is:

@
Ry
L
I
(RZ)mZ

wherein

Ar' represents a (2+m1+m2)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R! represents a group represented by formula (2) or for-
mula (3);

R? represents a group represented by formula (4);

ml represents an integer of 1 or more;

m?2 represents an integer of 1 or more;
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when R* and R? are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (1) may be replaced with a
substituent other than R* or R?;

wherein the group represented by formula (2) is:

—RH{QYu Y MY (Z 151} @

wherein

R? represents a single bond, or a (1+m3)-valent organic
group that optionally has a substituent;

Q' represents a divalent organic group;

Y! represents —COQ,~, —80,~, —S0,”, —P0O,* or
—BR);7

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F~, CI~, Br~, I", OH™, B(R%),~, R“S0,",
R#COO, CIO™, C10,™, ClO;~, ClO,~, SCN™~, CN™,
NO,-, S0,*~, HS0,~, PO,*",HPO,*~, H,PO,~, BF,"
or PF;™;

nl represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of ) or more, wherein al and b1 are selected
such that a charge of the group represented by formula
(2) is zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R?represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m3 represents an integer of 1 or more, and when R> is a
single bond, m3 represents 1; and

when Q', Y', M', Z', nl, al and b1 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (3) is:
—RH(Q@) Y M)aaZ7)52 s &)
wherein

R* represents a single bond, or a (1+m4)-valent organic
group that optionally has a substituent;

Q7 represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI~, Br~, I", OH", BR?),~, R”SO,",
R®COO0", CIO7, ClO,7, C10,7, Cl0,~, SCN™, CN-,
NO,-, S0,*~,HS0,", P0,*>", HPO,*~, H,PO,~, BF,"
or PF;™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that a charge of the group represented by formula
(3) is zero;

R represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m4 represents an integer of 1 or more, and when R* is a
single bond, m4 represents 1; and

when Q% Y2, M?, 7% n2, a2 and b2 are each plurally
present, they each may be the same or different;
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wherein the group represented by formula (4) is:
—RH{@Q) Y} s &)

wherein

R® represents a single bond, or a (1+mS5)-valent organic
group that optionally has a substituent;

Q° represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

mS represents an integer of 1 or more, and when R> is a
single bond, m5 is 1; and

when Q°, Y? and n3 are each plurally present, they each
may be the same or different;

wherein the group represented by any one of formulae
(5)to (13) is:

—O—RO);—R" ©)

©

— R 0

b,

—S—R'S),,—R" ™)
—C(=0)—(R'—C(=0)),,—R" ®)
—CES)—R—C(=8))ge—R" )
—N{(R),R"}2 10
—C=0)0—R—C(=0)0),—R" (1D
—C(=0)0—(R'0),4—R" 12
—NHC(=0)}—(R'NHC(=0)),,—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NRS,, a cyano group or
—C(=O0)NR;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;
a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R, R" and R" are each plurally present, they
each may be the same or different;
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and
wherein the structural unit represented by formula (14) is:

(14)
(Rs)mé

I

Ry

wherein

Ar? represents a (2+m6+m7)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R® represents a group represented by formula (15) or for-
mula (16);

R” represents the group represented by formula (4);

m6 represents an integer of 1 or more;

m7 represents an integer of 0 or more;

when R®and R” are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (14) may be replaced with a
substituent other than R® or R7;

wherein the group represented by formula (15) is:

(15
—Ilis—{<Q1>n1—Y‘<M‘>a1<zl>M}ms

(@Y o

wherein
R® represents a (1+4m8+m9)-valent organic group that
optionally has a substituent;
Q' Q% Y" Y’,M", 7' nl,n3,al and b1 are the same as
the corresponding definitions above;
m8 and m9 each independently represent an integer of 1
or more; and
when Q*, Q*,Y',Y?, M*, Z*,n1,n3, al and b1 are each
plurally present, they each may be the same or differ-
ent,
wherein the group represented by formula (16) is:

(16)
— R —{( @)=Y M)(Z)52} m10

{(Q—Y it

wherein

R® represents a (1+m10+m11)-valent organic group that
optionally has a substituent;

Q% Q% Y2 Y3, M?, Z2,n2, n3, a2 and b2 are the same as
the corresponding definitions above;

m10and m11 each independently represent an integer of
1 or more; and

when Q2, Q3,Y2,Y3, M2, 7%, 12, n3, a2 and b2 are each
plurally present, they each may be the same or differ-
ent.

7. The polymer compound according to claim 6, wherein
the (2+m1+m?2)-valent fused polycyclic aromatic group that
optionally has a substituent which is represented by Ar* is a
group remaining after removing (2+m1+m?2) hydrogen atoms
from a ring represented by any one of the following formulae:
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RAR.8G
Sisies

8. The polymer compound according to claim 6, wherein
the (2+m6+m7)-valent fused polycyclic aromatic group that
optionally has a substituent which is represented by Ar* is a
group remaining after removing (2+m6+m?7) hydrogen atoms
from a ring represented by any one of the following formulae:

\'

Rk

)

¢ < S
~

¢

o

7\

9. An organic compound represented by formula (17):

(17

R
XI_AIJ_XZ
Ry
wherein

Ar® represents a (2+m12+m13)-valent fused polycyclic
aromatic group that optionally has a substituent;

R'° represents a group represented by formula (2) or for-
mula (3), or a group represented by formula (18) or
formula (19);

R!! represents a group represented by fornula (4);
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m12 and m13 each independently represent an integer of 1
Or more;

X! and X? each independently represent a group involved
in a condensation polymerization;

when R*? and R** are each plurally present, they each may
be the same or different; and

a hydrogen atom in formula (17) may be replaced with a
substituent other than R*® or R'*;

wherein the group represented by formula (2) is:

—R{(QY) Y (M) (21 jm3 @

wherein

R? represents a single bond, or a (1+m3)-valent organic
group that optionally has a substituent;

Q' represents a divalent organic group;

Y! represents —CO,~, —80,~, —S0,~, —PO,* or
—BRY),

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F-, CI-, Br~, I", OH", B(R%),~, R“S0,",
R“COO", CIO7, CI0,™, ClO5~, ClO,~, SCN™, CN™,
NO,-, 80,*~, HS0,~, PO,*", HPO,*~, H,PO,~, BF,~
or PF;™;

nl represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of ) or more, wherein al and b1 are selected
such that acharge of the group represented by formula
(2) is zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R“represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m3 represents an integer of 1 or more, and when R> is a
single bond, m3 represents 1; and

when Q', Y, M!, Z', nl, al and b1 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (3) is:

(@), Y (M) AZ7)52 ) ©)

wherein

R* represents a single bond, or a (1+m4)-valent organic
group that optionally has a substituent;

Q7 represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI~, Br™, I, OH™, BR?),~, R“SO4",
R?COO", C107, Cl0,7, C10,~, Cl0,~, SCN—, CN-,
NO,-, S0,*~,HS0,", PO,*>", HPO,*",H,PO,~, BF,"
or PF,™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that acharge of the group represented by formula
(3) 1s zero;

R represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;
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m4 represents an integer of 1 or more, and when R*is a
single bond, m4 represents 1; and

when Q?, Y2, M?, 72, n2, a2 and b2 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (18) is:

“REZ{(Qs (18)

wherein

R*? represents a single bond, or a (1+m14)-valent
organic group that optionally has a substituent;

Q* represents a divalent organic group;

Y* represents —CO,R%, —SO,R%, —SO,R¥, —PO,
(R), or —B(R¥),;

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m14 represents an integer of 1 or more, and when R'* is
a single bond, m14 represents 1; and

when Q*, Y*, n4 and R are each plurally present, they
each may be the same or different;

wherein the group represented by formula (19) is:

—RE{Q@s YL (19)

wherein

R represents a single bond, or a (1+m15)-valent
organic group that optionally has a substituent;

QQ° represents a divalent organic group;

Y represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR®;

n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m15 represents an integer of 1 or more, and when R'? is
a single bond, m15 represents 1; and

when Q°, Y, n5 and R® are each plurally present, they
each may be the same or different;

wherein the group represented by formula (4) is:

—R{Q)3 Vs @

wherein

R? represents a single bond, or a (1+mS5)-valent organic
group that optionally has a substituent;

Q° represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

m5 represents an integer of 1 or more, and when R® is a
single bond, m5 is 1; and

when Q, Y and n3 are each plurally present, they each
may be the same or different;
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wherein the group represented by any one of formulae

(5)to (13)is:
—O0—R0),—R" (©)
(6
—— 0
b
a3
—$—(R'S) 4—R" M
—C(=0)—R"—C(=0)),,—R" ®)
—C(=S—R—C(=8)).,—R" ®
—N{(R)aR"}> (10)
—C(=0)0—R'—C(=0)0) . —R" an
—C(=0)0—(R'0),,—R" 12)
—NHC(=0)—(R'NHC(=0)),,—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=O)NR*,;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they each
may be the same or different.

10. A method of producing a polymer compound compris-
ing a structural unit represented by formula (1), which
includes polymerizing an organic compound represented by
formula (17A) to obtain the polymer compound comprising
the structural unit represented by formula (1),

wherein the organic compound represented by formula
(17A) is:

(174)
R,
Xl—aAr—Xx?
R
wherein

R'? represents a group represented by formula (2) or for-
mula (3);

Ar® represents a (2+m12+m13)-valent fused polycyclic
aromatic group that optionally has a substituent;

R'! represents a group represented by formula (4);
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m12 and m13 each independently represent an integer of 1
or more;

X! and X? each independently represent a group involved
in a condensation polymerization;

whenR'® and R are each plurally present, they each may
be the same or different; and

a hydrogen atom in formula (17A) may be replaced with a
substituent other than R*® or R*!;

wherein the group represented by formula (2) is:

—RHQY Y MY (Z o s @

wherein

R? represents a single bond, or a (14m3)-valent organic
group that optionally has a substituent;

Q' represents a divalent organic group;

Y! represents —CO,~, —80,~, —S0,~, —PO,> or
—BRY,;

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F-, CI-, Br~, I", OH", B(R%),~, R“S0,",
R“COO", CIO™, CI0,™, Cl0,4~, ClO,~, SCN™, CN™,
NO,-,S0,*, HS0,~, PO,*-, HPO,*~, H,PO,~, BF,~
or PF;™;

nl represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of 0 or more, wherein al and b1 are selected
such that acharge ofthe group represented by formula
(2) is zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R“represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m3 represents an integer of 1 or more, and when R*is a
single bond, m3 represents 1; and

when Q', Y, M!, Z', nl, al and b1 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (3) is:

(@), Y (M) AZ7)52) ©)

wherein

R* represents a single bond, or a (14m4)-valent organic
group that optionally has a substituent;

Q7 represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI~, Br™, I, OH™, B(R?),”, R’SO,",
R>COO", CIO™, ClO,~, ClO,~, Cl0,~, SCN-, CN-,
NO,-,80,*,HS0,~, PO,*",HPO,*",H,PO,~, BF,”
or PF;™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that acharge ofthe group represented by formula
(3) is zero;

R represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;



US 2014/0039131 Al

m4 represents an integer of 1 or more, and when R*is a
single bond, m4 represents 1; and

when Q?, Y2, M?, 72, n2, a2 and b2 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (4) is:
—R-{@)a Vs @
wherein

R? represents a single bond, or a (1+m5)-valent organic
group that optionally has a substituent;

Q° represents a divalent organic group;

Y? represents a cyano group, or a group represenied by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

m5 represents an integer of 1 or more, and when R’ is a
single bond, m5 is 1; and

when Q, Y? and n3 are each plurally present, they each
may be the same or different;

wherein the group represented by any one of formulae

(5)to (13)is:
—O0—R0O),—R" ®
— o (6

i(o—R')fﬁ
—S—R'S) 4—R" @)
—C(=0)—R'—C(=0))—R" ®)
—O(=S)—R—C(=S)) ,4—R" )
—N{(R),R"}, {10)
—C(=0)0—(R'—C(=0)0) ,—R" 11
—C(=0)0—(R'0) ,—R" (12)
—NHC(=0)—(R'NHC(=0)),4—R" (13)

wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=0)NR";;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;
a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they
each may be the same or different;
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and
wherein the structural unit represented by formula (1) is:

@
® '

Ar!

(RZ:‘MZ

wherein

Ar' represents a (2+m1+m2)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R' represents the group represented by formula (2) or for-
mula (3);

R? represents the group represented by formula (4);

ml represents an integer of 1 or more;

m?2 represents an integer of 1 or more;

whenR ! and R? are each plurally present, they eachmay be
the same or different; and

a hydrogen atom in formula (1) may be replaced with a
substituent other than R* or R®.

11. A method of producing a polymer compound compris-
ing a structural unit represented by formula (1), which
includes:

(i) polymerizing an organic compound represented by for-
mula (17B) to obtain a polymer compound comprising a
structural unit represented by formula (17B");

(i) ionizing the polymer compound comprising the struc-
tural unit represented by formula (17B') to obtain the
polymer compound comprising the structural unit rep-
resented by formula (1),

wherein the organic compound represented by formula
(17B)is:

(178)
R0

XI_AIJ_XZ

Ry

wherein

R represents a group represented by formula (18) or
formula (19);

Ar® represents a (2+m12+m13)-valent fused polycyclic
aromatic group that optionally has a substituent;

R'! represents a group represented by fornula (4);

m12 and m13 each independently represent an integer of 1
or more;

X! and X? each independently represent a group involved
in a condensation polymerization;

whenR'?" and R'* are each plurally present, they each may
be the same or different; and

a hydrogen atom in formula (17B) may be replaced with a
substituent other than R'®" or R'*;

wherein the group represented by formula (18) is:

—RZ{QNa Y e (13)
wherein
R'? represents a single bond, or a (1+ml4)-valent

organic group that optionally has a substituent;
Q" represents a divalent organic group;
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Y* represents —CO,R*, —SO,R*, —SO,R¥, —PO,
(R¥), or —B(R¥);;

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m14 represents an integer of 1 or more, and when R*? is
a single bond, m14 represents 1; and

when Q* Y*, n4 and R* are each plurally present, they
each may be the same or different;

wherein the group represented by formula (19) is:

—RP{(Q@)u5 Y )i 19

wherein
R'? represents a single bond, or a (I1+ml5)-valent
organic group that optionally has a substituent;
Q° represents a divalent organic group;
Y> represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR?;
n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m15 represents an integer of 1 or more, and when R*? is
a single bond, m15 represents 1; and

when Q°, Y, nS and R® are each plurally present, they
each may be the same or different;

wherein the group represented by formula (4) is:
(@)Y s 4
wherein
R represents a single bond, or a (1+m5)-valent organic
group that optionally has a substituent;
Q° represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

m5 represents an integer of 1 or more, and when R’ is a
single bond, m5 is 1; and

when Q°,Y? and n3 are each plurally present, they each
may be the same or different;

wherein the group represented by any one of formulae
(5)to (13)is:

—O0—R0O),;;—R" ¢

(6)
— R 0

(\O—R'}L3

—8$—R'S),—R" M
—C(=0)—R—C(=0)),—R" ®)
—C(=8—R—C(=8))u—R" ©
—N{R)aaR"}> (10)
—C(=0)0—(R'—C(=0)0) . —R" (1n
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—C(=0)0—(R'0),—R" 12)
— NHC(=0)—(RNHC(=0)),,—R" (13)

wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NRS,, a cyano group or
—C(—O)NR",;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R, R" and R" are each plurally present, they
each may be the same or different;

wherein the organic compound represented by formula
(17B") is:

R
s
|
RNy
wherein
R'" represents the group represented by formula (18) or
formula (19);
Ar’, R", m12 and m13 are the same as the corresponding
definitions above; and
ahydrogen atom in formula (17B') may be replaced with a
substituent other than R'®" or R'!;

and
wherein the structural unit represented by formula (1) is:

a7m)

@
(Rl:‘ml
Arl

(RZ“mZ

/

wherein

Ar' represents a (2+m1+m2)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R! represents a group represented by formula (2) or for-
mula (3);

R? represents the group represented by formula (4);

ml represents an integer of 1 or more;

m?2 represents an integer of 1 or more;

whenR* and R? are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (1) may be replaced with a
substituent other than R' or R?;

wherein the group represented by formula (2) is:

—RUQY Y MY Z Yo} @
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wherein

R represents a single bond, or a (1+m3)-valent organic
group that optionally has a substituent;

Q! represents a divalent organic group;

Y' represents —CO,~, —S0,~, —S0,, —PO,*> or
—BR%);%

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F-, CI™, Br~, I, OH", B(R%),”, R“S0;",
R“CO0O™, C107, Cl0,7, ClO,7, Cl10,7, SCN7, CN-,
NO,,S0,>",HSO,~, PO,*", HPO,>",H,PO,”, BE,”
or PF;™;

nl represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of ) or more, wherein al and b1 are selected
such that a charge of the group represented by formula
(2) s zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R%represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m3 represents an integer of 1 or more, and when R? is a
single bond, m3 represents 1; and

when Q', Y', M', 7', nl, al and b1 are each plurally
present, they each may be the same or different;

wherein the group represented by formula (3) is:
R Q)Y (M)an(Z7)p2 s &)

wherein

R* represents a single bond, or a (1+m4)-valent organic
group that optionally has a substituent;

Q? represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI”, Br~, I", OH™, BR?),”, R?S0O,",
R?CO0~, C10-, C10,™, C10,~, ClO,~, SCN™, CN-,
NO,-,S0,*7, HS0,", P0,*>",HPO,*",H,PO,",BF,”
or PF,™;

72 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that a charge of the group represented by formula
(3) is zero;

R? represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m4 represents an integer of 1 or more, and when R* is a
single bond, m4 represents 1; and

when Q% Y2, M?, 7% n2, a2 and b2 are each plurally
present, they each may be the same or different.
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12. A polymer compound comprising a structural unit rep-
resented by formula (17B"):

R 1
L
|
RNz
wherein
R represents a group represented by formula (18) or
formula (19);
Ar” represents a (2+m12+m13)-valent fused polycyclic
aromatic group that optionally has a substituent;
R!! represents a group represented by fornmula (4);
m12 and m13 each independently represent an integer of 1
or more; and
a hydrogen atom in formula (17B') may be replaced with a

substituent other than R'®" or R!;
wherein the group represented by formula (18) is:
—REZ{QYr Y e (18)
wherein

R'? represents a single bond, or a (1+ml4)-valent
organic group that optionally has a substituent;

Q* represents a divalent organic group;

Y* represents —CO,R*% —SO,R%, —SO,R* —PO,
(R¥), or—B(R);

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m14 represents an integer of 1 or more, and when R'? is
a single bond, m14 represents 1; and

when Q*, Y#, n4 and R* are each plurally present, they
each may be the same or different;

wherein the group represented by formula (19) is:
—REH{(Q@)s Y s (19)
wherein

R'? represents a single bond, or a (I1+ml5)-valent
organic group that optionally has a substituent;

Q° represents a divalent organic group;

Y represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR?;

n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m15 represents an integer of 1 or more, and when R'? is
a single bond, m15 represents 1; and

when Q°, Y, nS and R® are each plurally present, they
each may be the same or different;

wherein the group represented by formula (4) is:

—R{Q) Y} s &
wherein
R® represents a single bond, or a (1+mS5)-valent organic

group that optionally has a substituent;
Q° represents a divalent organic group;

17B)
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Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

n3 represents an integer of 0 or more;

m5 represents an integer of 1 or more, and when R’ is a
single bond, m5 is 1; and

when Q°, Y and n3 are each plurally present, they each
may be the same or different;

wherein the group represented by any one of formulae
(5)to (13)is:

—0—(R'0),—R" &)

(6)
—— 0

to—l.

—S$—(R'S),,—R" ©)
—C(=0)—R—C(=0)),s—R" ®
—C(=S)—R—C(=S8)),.—R" ©)
—N{R)aR"} (10)
—C(=0)0—R'—C(=0)0),,—R" 1
—((=0)0—(R'0),,—R" (12)
—NHC(=0)—R'NHC(=0)),,—R" 13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=O)NR";;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they
each may be the same or different.

13. An organic compound represented by formula (20):

(20)
R)pi6

X—art—x*

R)17

wherein
Ar* represents a (2+m16+m17)-valent fused polycyclic
aromatic group that optionally has a substituent;
R'* represents a group represented by fornmla (15) or
formula (16), or a group represented by formula (21) or
formula (22);
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R'? represents a group represented by fornula (4);

m16 represents an integer of 1 or more;

m17 represents an integer of O or more;

X3 and X* each independently represent a group involved
in a condensation polymerization;

when R** and R'? are each plurally present, they each may
be the same or different; and

a hydrogen atom in formula (20) may be replaced with a
substituent other than R'* or R**;

wherein the group represented by formula (15) is:

1%
— R (@Y= Y MY (ZNo1 s

{( Q= mo

wherein

R® represents a (1+m8+m9Y)-valent organic group that
optionally has a substituent;

Q' represents a divalent organic group;

Q° represents a divalent organic group;

Y! represents —CQ,”, —SO;~, —S0,~, —PO,* or
—BR;™

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

M represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents -, CI", Br~, I, OH", B(R%),”, R“S0;",
R*COO-, ClO™, ClO,~, ClO;7, ClO,~, SCN-, CN-,
NO,~,80,*,HS0,”, PO,*",HPO,*",H,PO,”, BF,
or PF.™;

nl represents an integer of 0 or more;

n3 represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of 0 or more, wherein al and b1 are selected
such that a charge ofthe group represented by formula
(2) is Zero;

R“ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R“represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m8 and m9 each independently represent an integer of 1
or more; and

when Q*, Q*,Y', Y?, M*, Z*, n1,n3, al and b1 are each
plurally present, they each may be the same or differ-
ent;

wherein the group represented by any one of formulae
(5)to (13)is:

—0—(R0O),,—R" )

®
—R"——0

o,

—8—(R'S)4—R" @]

—CE=0—R—C(=0))0—R" ®
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—O(=S)—R—C(=S)) .,—R" ©
—N{(R)4R"}, (10)
—C(=0)0—R'—C(=0)0)_,—R" (1n
—C(=0)0—(R'0),4—R" 12
—NHC(=0)}—(R'NHC(=0}),,—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=0)NR;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R? represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they
each may be the same or different;

wherein the group represented by formula (16) is:

(16)
— Il{g — (@)=Y M)2(Z)s2} m10

SRS &

wherein

R? represents a (1+m10+m11)-valent organic group that
optionally has a substituent;

Q*,Y? and n3 are the same as the corresponding defini-
tions above;

)” represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI-, Br~, I", OH~, BR”),~, R"SO,",
R?CO0", C107, Cl0,~, C10,7, Cl0,~, SCN™, CN-,
NO,-, S0,*~, HS0,~, PO,*", HPO,*,H,PO,~, BF,"
or PFg™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that a charge ofthe group represented by formula
(3) is zero;

R represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m10andml1 each independently represent an integer of
1 or more; and

when Q% Q°, Y2, Y3, M?, 7%, n2, n3, a2 and b2 are each
plurally present, they each may be the same or differ-
ent,
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wherein the group represented by formula (21) is:

) (21
—I|{15 —{( QY=Y mis

(@)=Y 1

wherein

R'® represents a (1+m18+m19)-valent organic group
that optionally has a substituent;

Q>,Y? and n3 are the same as the corresponding defini-
tions above;

Q* represents a divalent organic group;

Y* represents —CO,R*, —SO,R%, —SO,R*, —PO,
(R?), or—B(R¥),:

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m18and m19 each independently represent an integer of
1 or more; and

when Q®, Q*,Y?,Y*, n3 and nd are each plurally present,
they each may be the same or different;

wherein the group represented by formula (22) is:

) (22)
—I|<16—{<Q5>ns—Y>}mzo

(@)=Y

wherein

R'¢ represents a (1+m20+m21)-valent organic group
that optionally has a substituent;

Q?,Y? and n3 are the same as the corresponding defini-
tions above;

Q° represents a divalent organic group;

Y> represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR?;

n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m20and m21 each independently represent an integer of
1 or more; and

whenQ®, Q%,Y?,Y>, n3 and n5 are each plurally present,
they each may be the same or different.

wherein the group represented by formula (4) is:
(@)Y} s @
wherein

R® represents a single bond, or a (14m5)-valent organic
group that optionally has a substituent;

Q*,Y? and n3 are the same as the corresponding defini-
tions above;

m5 represents an integer of 1 or more, and when R>is a
single bond, m5 is 1; and

when Q°,Y? and n3 are each plurally present, they each
may be the same or different.

14. A method of producing a polymer compound compris-
ing a structural unit represented by formula (14), which
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includes polymerizing an organic compound represented by
formula (20A) to obtain the polymer compound comprising
the structural unit represented by formula (14),
wherein the organic compound represented by formula
(20A):

(20A)
R)p6

X —art—x*

R15)p17

wherein

R'* represents a group represented by formula (15) or
formula (16);

Ar” represents a (2+ml6+m17)-valent fused polycyclic
aromatic group that optionally has a substituent;

R'? represents a group represented by formula (4);

m16 represents an integer of 1 or more;

m17 represents an integer of 0 or more;

X2 and X* each independently represent a group involved
in a condensation polymerization;

when R** and R** are each plurally present, they each may
be the same or different; and

ahydrogen atom in formula (20A) may be replaced with a
substituent other than R** or R*>;

wherein the group represented by formula (15) is:

5)
—Ilis—{<Q1>n1—Y‘<M1>a1<Z‘>b1}ms

(@)=Y} mo

wherein

R® represents a (1+m8+m9)-valent organic group that
optionally has a substituent;

Q' represents a divalent organic group;

Q° represents a divalent organic group;

Y! represents —CO,~, —S0,~, —S0,~, —P0O,*" or
—BR%);7

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

M! represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

7! represents F-, CI-, Br~, I", OH™, B(R%),~, R“S0;",
R#COO, CIO7, Cl0,™, ClO;~, ClO,~, SCN™, CN",
NO,~,80,%7, HS0,~, PO,*~, HPO,*~,H,PO,~, BF,~
or PF,™;

nl represents an integer of 0 or more;

n3 represents an integer of 0 or more;

al represents an integer of 1 or more, and b1 represents
an integer of 0 or more, wherein al and b1 are selected
such that a charge ofthe group represented by formula
(2) is zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R“represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;
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m8 and m9 each independently represent an integer of 1
or more; and

when Q*, Q%,Y',Y?, M', Z',nl.n3, al and b1 are each
plurally present, they each may be the same or differ-
ent;

wherein the group represented by any one of formulae
(5)to (13)is:

—0—(R0),;—R" &)
_ g o ©)
Toef,

—$—(R'S),—R" M
—CE=0)—R—C(=0)—R" ®)
—CE=S)—R—C(=8))eg—R" ©
—N{(R),aR"}, 10
—C(=0)0—R—C{(=0)0),,—R" (11)
—C(=0)0—R'0),4—R" (12)
—NHC(=0)—(R'NHC(=0)),+—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=O0)NR",;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R" are each plurally present, they
each may be the same or different;

wherein the group represented by formula (16) is:

(16)
— ]]19 —{(Q2= Y’ M)e2(Z2)2} mio

(@)=Y}t

wherein

R? represents a (1+m10+m11)-valent organic group that
optionally has a substituent;

Q°,Y? and n3 are the same as the corresponding defini-
tions above;

Q” represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;
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M? represents F~, CI~, Br™, I", OH™, B(R*),~, R°SO,",
R?COO, C10, Cl0,~, C10,, Cl0,~, SCN~, CN-,
NO,-, 80,*7, HS0,", PO,*", HPO,*", H,PO, ", BF,"
or PF,™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of ) or more, wherein a2 and b2 are selected
such that a charge of the group represented by formula
(3) s zero;

R” represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m10andml1 each independently represent an integer of
1 or more; and

when Q?, Q®,Y?,Y>, M?, 72, n2, n3, a2 and b2 are each
plurally present, they each may be the same or differ-
ent;

wherein the group represented by formula (4) is:
—R{(@)aY}s *
wherein

R’ represents a single bond, or a (1+m5)-valent organic
group that optionally has a substituent;

Q’,Y” and n3 are the same as the corresponding defini-
tions above;

m5 represents an integer of 1 or more, and when R’ is a
single bond, m5 is 1; and

when Q°,Y? and n3 are each plurally present, they each
may be the same or different;

and
wherein the structural unit represented by formula (14) is:

(Iliﬁ)ms

I

LY
wherein

Ar? represents a (2+m6+m7)-valent fused polycyclic aro-
matic group that optionally has a substituent;

RS represents the group represented by formula (15) or
formula (16);

R” represents the group represented by formula (4);

m6 represents an integer of 1 or more;

m7 represents an integer of 0 or more;

when R®and R are each plurally present, they eachmay be
the same or different; and

a hydrogen atom in formula (14) may be replaced with a
substituent other than R® or R,

15. A method of producing a polymer compound compris-
ing a structural unit represented by formula (14), which
includes:

(1) polymerizing an organic compound represented by for-
mula (20B) to obtain a polymer compound comprising a
structural unit represented by formula (20B");

(11") ionizing the polymer compound comprising the struc-
tural unit represented by formula (20B') to obtain the
polymer compound comprising the structural unit rep-
resented by formula (14),

(14
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wherein the organic compound represented by formula
(20B) is:

. (20B)
R0

X¥—Art—x*

R1%)17

wherein

R'* represents a group represented by formula (21) or
formula (22);

Ar* represents a (2+m16+m17)-valent fused polycyclic
aromatic group that optionally has a substituent;

R*® represents a group represented by formula (4);

m16 represents an integer of 1 or more;

m17 represents an integer of O or more;

X? and X* each independently represent a group involved
in a condensation polymerization;

whenR'*" and R'* are each plurally present, they each may
be the same or different; and

a hydrogen atom in formula (20B) may be replaced with a
substituent other than R'*" or R,

wherein the group represented by formula (21) is:

2
—I|{15 — Q=Y s

{( Q=Y i

wherein

R*' represents a (1+m18+m19)-valent organic group
that optionally has a substituent;

Q? represents a divalent organic group;

Q" represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

Y* represents —CO,R* —SO,R%, —SO,R* —PO,
(R¥), or—B(RY);

n3 represents an integer of 0 or more;

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m18and m19 each independently represent an integer of
1 or more; and

whenQ®, Q*,Y?,Y* n3 and n4 are each plurally present,
they each may be the same or different;

wherein the group represented by any one of formulae

() to (13)is:
—O0—(R0),;—R" G
©)

— R o

T

a3
—S$—RS)u—R" 0
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—C(=0—R—C(=0)),,—R" (8)

—C(=8)—R—C(=8))s—R" ©

—N{R)aaR"} (10)

—C(=0)0—R'—C(=0)0)_,—R" (1

—C(=0)0—(R'0),4—R" (12)

—NHC(=0)—(R'NHC(=0)),+—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=O0)NR",;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they
each may be the same or different;

wherein the group represented by formula (22) is:

_Ifls —{( Q@5 } a0

(@)=Y )21

wherein

R'S represents a (1+m20+m21)-valent organic group
that optionally has a substituent;

Q?,Y? and n3 are the same as the corresponding defini-
tions above;

Q’ represents a divalent organic group;

Y> represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR?;

n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m20 and m21 each independently represent an integer of
1 or more; and

whenQ*,Q%,Y?,Y’, n3 andnS are each plurally present,
they each may be the same or different.

wherein the group represented by formula (4) is:

—R>-{(Q),5Y*}s G

wherein
R® represents a single bond, or a (1+mS5)-valent organic
group that optionally has a substituent;
Q®,Y? and n3 are the same as the corresponding defini-
tions above;
m5 represents an integer of 1 or more, and when R® is a
single bond, m5 is 1; and
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when Q°, Y and n3 are each plurally present, they each
may be the same or different;
wherein the group represented by formula (20B") is:

(20B)
R
Lo
|
(R)19
wherein
R'*" represents the group represented by formula (21) or
formula (22);

Ar®, R'®, m16 and m17 are the same as the corresponding
definitions above; and
a hydrogen atom in formula (20B') may be replaced with a
substituent other than R'*" or R*;
and
wherein the structural unit represented by formula (14) is:

(14)
al{é)ms

i

R),7

wherein

Ar” represents a (2+m6+m?7)-valent fused polycyclic aro-
matic group that optionally has a substituent;

R® represents a group represented by formula (15) or for-
mula (16);

R” represents the group represented by formula (4);

m6 represents an integer of 1 or more;

m7 represents an integer of 0 or more;

whenR®and R” are each plurally present, they each may be
the same or different; and

a hydrogen atom in formula (14) may be replaced with a
substituent other than R® or R”.

wherein the group represented by formula (15) is:

(15)
—1|18—{<Q1>n1—Y‘<M1>51<Z‘>b1}ms

{( Q=Y o

wherein

R® represents a (1+m8+m9)-valent organic group that
optionally has a substituent;

Q*,Y? and n3 are the same as the corresponding defini-
tions above;

Q! represents a divalent organic group;

Y' represents —CO,”, —SO,~, —S0O,”, —PO,*> or
—BR%;%

M represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

Z' represents F~, CI7, Br~, I, OH™, B(R%),”, R“SO;—,
R“COO", ClO7, ClO,™, ClO;7, ClO,~, SCN™, CN™,
NO,~,80,*,HSO,~, PO,*",HPO,*",H,PO,”, BF,
or PF,~;

nl represents an integer of 0 or more;
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al represents an integer of 1 or more, and b1 represents
an integer of 0 or more, wherein al and b1 are selected
such that acharge of the group represented by formula
(2) s zero;

R® represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally has
a substituent;

R#represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m8 and m9 each independently represent an integer of 1
or more; and

when Q*, Q*,Y',Y?, M*, Z*,n1,n3, al and b1 are each
plurally present, they each may be the same or differ-
ent,

wherein the group represented by formula (16) is:

(16)
— I|{9 —{( @)= Y M)2(ZHs2} m10

{( Q=Y tnu1

wherein

R? represents a (1+m10+m11)-valent organic group that
optionally has a substituent;

Q°,Y? and n3 are the same as the corresponding defini-
tions above;

Q” represents a divalent organic group;

Y? represents a carbocation, an ammonium cation, a
phosphonium cation, a sulfonium cation, or an iodo-
nium cation;

M? represents F~, CI~, Br~, 1", OH™, BR?),~, R’SO4",
R®COO", CIO", ClO,, Cl0,~, ClO,~, SCN-, CN-,
NO,",80,>", HSO,",PO,*,HPO,>",H,PO,", BF,"
or PF;™;

77 represents a metallic cation, or represents an ammo-
nium cation that optionally has a substituent;

n2 represents an integer of 0 or more;

a2 represents an integer of 1 or more, and b2 represents
an integer of 0 or more, wherein a2 and b2 are selected
such that a charge ofthe group represented by formula
(3) 1s zero;

R? represents an alkyl group having 1 to 30 carbon atoms
that optionally has a substituent, or an aryl group
having 6 to 50 carbon atoms that optionally has a
substituent;

m10andml1 each independently represent an integer of
1 or more; and

when Q% Q°, Y2, Y3, M?, 7%, n2, n3, a2 and b2 are each
plurally present, they each may be the same or differ-
ent.
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16. A polymer compound comprising a structural unit rep-
resented by formula (20B"):

Q0B
R
L
|
R0
wherein
R represents a group represented by formula (21) or
formula (22);

Ar* represents a (2+#m16+m17)-valent fused polycyclic
aromatic group that optionally has a substituent;

R!? represents a group represented by fornula (4);

m16 represents an integer of 1 or more;

m17 represents an integer of 0 or more; and

whenR** and R'* are each plurally present, they each may
be the same or different.

a hydrogen atom in formula (20B') may be replaced with a
substituent other than R'*" or R'>;

wherein the group represented by formula (21) is:

) 1)
—1|115 —{(@— Y s

{( Q@)=Y Y1

wherein

R'*" represents a (14m18+m19)-valent organic group
that optionally has a substituent;

Q’ represents a divalent organic group;

Q* represents a divalent organic group;

Y? represents a cyano group, or a group represented by
any one of formulae (5) to (13);

Y* represents —CO,R*, —SO,R%, —SO,R*, —PO,
(R¥), or—B(R¥),:

n3 represents an integer of 0 or more;

n4 represents an integer of 0 or more;

R* represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m18and m19 each independently represent an integer of
1 or more; and

when Q*, Q% Y, Y*, n3 and n4 are each plurally present,
they each may be the same or different;

wherein the group represented by any one of formulae

(5)to (13) is:
—O0—(RO);;—R" ¢
©)
—R" 0
Yo
a3
—S—(R'S),,—R" 7

—CE=0—R—C(=0))0—R" ®
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—O(=S)—R—C(=S)) .,—R" ©
—N{(R)4R"}, (10)
—C(=0)0—R'—C(=0)0)_,—R" (1n
—C(=0)0—(R'0),4—R" 12
—NHC(=0)}—(R'NHC(=0}),,—R" (13)
wherein

R' represents a divalent hydrocarbon group that
optionally has a substituent;

R" represents a hydrogen atom, a monovalent hydro-
carbon group that optionally has a substituent, a
carboxyl group, a sulfo group, a hydroxy group, a
mercapto group, —NR,, a cyano group or
—C(=0)NR",;

R™ represents a trivalent hydrocarbon group that
optionally has a substituent;

a3 represents an integer of 1 or more;

a4 represents an integer of 0 or more;

R¢ represents an alkyl group having 1 to 30 carbon
atoms that optionally has a substituent, or an aryl
group having 6 to 50 carbon atoms that optionally
has a substituent; and

when R', R" and R™ are each plurally present, they
each may be the same or different;

wherein the group represented by formula (22) is:

2y
—I|{15 —{(@)rs— Y} o

{( Q=Y 21
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wherein

R'C represents a (1+m20+m21)-valent organic group
that optionally has a substituent;

Q°,Y? and n3 are the same as the corresponding defini-
tions above;

Q° represents a divalent organic group;

Y’ represents a halogenated alkyl group, a halogen
atom, —N(R®),, —P(R®), or —SR®;

n5 represents an integer of 0 or more;

R® represents a hydrogen atom, an alkyl group having 1
to 30 carbon atoms that optionally has a substituent, or
an aryl group having 6 to 50 carbon atoms that option-
ally has a substituent;

m20and m21 each independently represent an integer of
1 or more; and

whenQ?,Q%,Y?,Y’, n3 andn5 are each plurally present,
they each may be the same or different;

wherein the group represented by formula (4) is:
—RH(Q),5 Y 4
wherein

R® represents a single bond, or a (14m5)-valent organic
group that optionally has a substituent;

Q’,Y? and n3 are the same as the corresponding defini-
tions above;

mS represents an integer of 1 or more, and when R> is a
single bond, m5 is 1; and

when Q°, Y* and n3 are each plurally present, they each
may be the same or different.

L S S T
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