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DESCRIPTION 

TITLE OF THE INVENTION: CONDUCTIVE COMPOSITION AND METHOD FOR 

PRODUCING CONDUCTIVE COATING FILM 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to conductive compos itions.  

Particularly, the present invention relates to an c onductive 

composition comprising a conductive polymer and a d opant having 

a specific chemical structure; an electrode produce d by using 

the conductive composition for a solid electrolyte capacitor; 

a solid electrolyte capacitor produced by using the  conductive 

composition; and a method for producing a conductiv e coating 

film formed from the conductive composition. 

 

BACKGROUND ART 

[0002] 

 In recent years, development of conductive polymer ic 

compounds capable of imparting electroconductivity at low 

temperature onto flexible substrates has been attem pted, and 

such compounds are expected to be applied to conduc tive 

functional materials, light-emissive functional mat erials, 

optoelectronic conversion functional materials, and  so on. 

[0003] 

 Heretofore, it is known that compounds having a su lfonic 

DESCRIPTION TITLE OF THE INVENTION: CONDUCTIVE COMPOSITION AND METHOD FOR
PRODUCING CONDUCTIVE COATING FILM TECHNICAL FIELD [0001]       The present invention
relates to conductive compositions. Particularly, the present invention relates to an conductive
composition comprising a conductive polymer and a dopant having a specific chemical structure; an
electrode produced by using the conductive composition for a solid electrolyte capacitor; a solid
electrolyte capacitor produced by using the conductive composition; and a method for producing a
conductive coating film formed from the conductive composition. BACKGROUND ART [0002]         In
recent years, development of conductive polymeric compounds capable of imparting
electroconductivity at low temperature onto flexible substrates has been attempted, and such
compounds are expected to be applied to conductive functional materials, light-emissive functional
materials, optoelectronic conversion functional materials, and so on. [0003] 
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acid group as a dopant are suitable as conductive p olymers 

capable of affording conductive coating films (see,  for example, 

Patent Documents 1 and 2). 

[0004] 

 In Patent Document 1 has been proposed a coating l iquid 

in the form of an aqueous colloidal dispersion usin g polystyrene 

sulfonic acid as a dopant.  However, this coating l iquid has 

so high hydrophilicity that a conductive coating fi lm produced 

by using this coating liquid is highly hygroscopic and there 

are problems such as that highly acidic hydrogen io ns generated 

from the absorbed moisture will corrode metal which  is in 

contact with the coating liquid.  Moreover, the con ductive 

coating film formed from the coating liquid has an 

electroconductivity of about 100 S/cm, which is not  sufficient 

conductivity required in use for conductive functio nal 

materials. 

[0005] 

 In Patent Document 2 has been proposed a method of  using 

a polycondensed compound having a sulfonic acid gro up as a 

dopant, and a film that exhibits good electroconduc tivity has 

been obtained by performing electrolytic oxidation 

polymerization.  However, the conductive coating fi lm formed 

from the coating liquid has an electroconductivity of about 100 

S/cm, which is not sufficient conductivity required  in use for 

conductive functional materials. 

Heretofore, it is known that compounds having a sulfonic  acid group as a dopant are suitable as
conductive polymers capable of affording conductive coating films (see, for example, Patent
Documents 1 and 2). [0004]         In Patent Document 1 has been proposed a coating liquid in the form
of an aqueous colloidal dispersion usingpolystyrene sulfonic acid as a dopant. However, this coating
liquid has so high hydrophilicity that a conductive coating film produced by using this coating liquid is
highly hygroscopic and there are problems such as that highly acidic hydrogen ions generated from
the absorbed moisture will corrode metal which is in contact with the coating liquid. Moreover, the
conductive coating film formed from the coating liquid has an electroconductivity of about 100 S/cm,
which is not sufficient conductivity required in use for conductive functional materials. [0005]         In
Patent Document 2 has been proposed a method of using a polycondensed compound having a
sulfonic acid group as a dopant, and a film that exhibits good electroconductivity has been obtained by
performing electrolytic oxidation polymerization. However, the conductive coating film formed from the
coating liquid has an electroconductivity of about 100 S/cm, which is not sufficient conductivity
required in use for conductive functional materials.  PRIOR ART DOCUMENTS 
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PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0006] 

 Patent Document 1: JP-A-7-90060 

 Patent Document 2: JP-A-2007-224182 

 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0007] 

 An object of the present invention is to provide a  

conductive composition which can form a conductive coating film 

with less corrosiveness and high electroconductivit y. 

 

SOLUTIONS TO THE PROBLEMS 

[0008] 

 The present invention is a conductive composition (A) 

comprising a sulfur trioxide complex and a substitu ted 

polythiophene (P) having thiophene repeating units at least 

some of which are each a thiophene repeating unit ( α) 

substituted at the 3-position and/or the 4-position  of its 

thiophene ring with at least one group selected fro m the group 

consisting of 

 (a) a polyether group represented by general formu la (1) 

given below, 

 (b) an alkoxy group having 1 to 15 carbon atoms, 

PATENT DOCUMENTS [0006] Patent Document 1: JP-A-7-90060 Patent Document 2:
JP-A-2007-224182 DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION [0007]        An object of the present invention is to provide a conductive composition
which can forma conductive coating film with less corrosiveness and high electroconductivity.
SOLUTIONS TO THE PROBLEMS [0008] 
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 (c) an alkoxyalkyl group having 2 to 19 carbon ato ms, and 

 (d) an alkyl group having 1 to 15 carbon atoms or an alkyl 

group of which a hydrogen atom has been substituted  with the 

polyether group (a). 

[0009] 

[Chem. 1] 

 

[0010] 

 In the formula, OR 1 represents an oxyalkylene group having 

2 to 4 carbon atoms, R 2 represents an alkyl group having 1 to 

15 carbon atoms, and k is an integer of 1 to 9. 

 

ADVANTAGES OF THE INVENTION 

[0011] 

 The conductive composition of the present inventio n are 

so lowly corrosive that it can be applied to metal or the like 

which are prone to be corroded and the conductive c oating film 

has high electroconductivity, it can be expected to  be applied 

to various conductive functional materials. 

 

MODE FOR CARRYING OUT THE INVENTION 

[0012] 

 The conductive composition (A) of the present inve ntion 

comprises a substituted polythiophene (P) and a sul fur trioxide 

The present invention is a conductive composition (A) comprising a sulfur trioxide complex and a
substituted polythiophene (P) having thiophene repeating units at least some of which are each a
thiophene repeating unit (a) substituted at the 3-position and/or the 4-position of its thiophene ring with
at least one group selected from the group consisting of         (a) a polyether group represented by
general formula (1) given below,         (b) an alkoxy group having 1 to 15 carbon atoms,           (c) an
alkoxyalkyl group having 2 to 19 carbon atoms, and         (d) an alkyl group having 1 to 15 carbon
atoms or an alkyl group of which a hydrogen atom has been substituted with the polyether group (a).
[0009] [Chem. 1] C)F0OW(1) 
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complex as a dopant, the substituted polythiophene (P) having 

thiophene repeating units at least some of which ar e each a 

thiophene repeating unit ( α) substituted at the 3-position 

and/or the 4-position of its thiophene ring with at  least one 

group selected from the group consisting of a polye ther group 

(a) defined above, an alkoxy group (b) defined abov e, an 

alkoxyalkyl group (c) defined above, and an alkyl g roup (d) 

defined above (in this description, also referred t o as a 

"thiophene repeating unit ( α)"). 

[0013] 

 The aforementioned polyether group (a) is a polyet her 

group represented by the general formula (1) and ha ving 

repeating units each made up of an oxyalkylene grou p having 2 

to 4 carbon atoms, the number of the repeating unit s being 1 

to 9, and one terminal of the polyether group being  an alkoxy 

group having 1 to 15 carbon atoms. 

 Examples of the oxyalkylene group having 2 to 4 ca rbon 

atoms include an oxyethylene group, an oxypropylene  group, 

oxybutylene and the like. 

[0014] 

 Examples of the terminal alkoxy group having 1 to 15 carbon 

atoms include a methoxy group, an ethoxy group, a p ropoxy group, 

an isopropoxy group, a n-, iso-, sec- or a tert-but oxy group, 

a pentyloxy group, a hexyloxy group, a heptyloxy gr oup, an 

octyloxy group, a 2-ethylhexyloxy group, a nonyloxy  group, a 

k [0010]         In the formula, OR' representsan oxyalkylene group having 2 to 4 carbon atoms, R2
represents an alkyl group having 1 to 15 carbon atoms, and k is an integer of 1 to 9. ADVANTAGES
OF THE INVENTION [0011]        The conductive composition of the present invention are so lowly
corrosive that it can be applied to metal or the like which are prone to be corroded and the conductive
coating film has high electroconductivity, it can be expected to be applied to various conductive
functional materials. MODE FOR CARRYING OUT THE INVENTION [0012]        The conductive
composition (A) of the present invention comprises a substituted polythiophene (P) and a sulfur
trioxide 
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decyloxy group, an undecyloxy group, a dodecyloxy g roup, a 

tridecyloxy group, a tetradecyloxy group, a pentade cyloxy group 

and the like. 

[0015] 

 Examples of the alkoxy group (b) include alkoxy gr oup 

having 1 to 15 carbon atoms which are the same as t hose provided 

as examples for the aforementioned polyether group (a). 

[0016] 

 Examples of the aforementioned alkoxyalkyl group ( c) 

include alkyl groups having 1 to 4 carbon atoms sub stituted with 

alkoxy groups having 1 to 15 carbon atoms.  Example s of the 

alkoxy groups having 1 to 15 carbon atoms include a lkoxy groups 

which are the same as those provided as examples fo r the 

aforementioned polyether group (a), and examples of  the alkyl 

groups having 1 to 4 carbon atoms include a methyl group, an 

ethyl group, a n- or iso-propyl group, a n-, sec-, iso-, or 

tert-butyl group and the like. 

[0017] 

 Examples of the alkyl group (d) that the thiophene  

repeating unit ( α) has include a linear or branched alkyl group 

having 1 to 15 carbon atoms, e.g., a methyl group, a n- or 

iso-propyl group, a n-, iso-, sec- or tert-butyl gr oup, a n- 

or iso-pentyl group, a cyclopentyl group, a n- or i so-hexyl 

group, a cyclohexyl group, a n- or iso-heptyl group , a n- or 

iso-octyl group, a 2-ethylhexyl group, a n- or iso- nonyl group, 

complex as a dopant, the substituted polythiophene (P) having thiophene repeating units at least some
of which are each a thiophene repeating unit (a) substituted at the 3-position and/or the 4-position of
its thiophene ring with at least one group selected from the group consisting of a polyether group (a)
defined above, an alkoxy group (b) defined above, an alkoxyalkyl group (c) defined above, and an
alkyl group (d) defined above (in this description, also referred to as a "thiophene repeating unit (a)").
[0013]        The aforementioned polyether group (a) is a polyether group represented by the general
formula (1) and having repeating units each made up of an oxyalkylene group having 2 to 4 carbon
atoms, the number of the repeating units being 1 to 9, and one terminal of the polyether group being
an alkoxy group having 1 to 15 carbon atoms.        Examples of the oxyalkylene group having 2 to 4
carbon atoms include an oxyethylene group, an oxypropylene group, oxybutylene and the like. [0014]
Examples of the terminal alkoxy group having 1 to 15 carbon atoms include a methoxy group, an
ethoxy group, a propoxy group, an isopropoxy group, a n-, iso-, sec- or a tert-butoxy group, a
pentyloxy group, a hexyloxy group, a heptyloxy group, an octyloxy group, a 2-ethylhexyloxy group, a
nonyloxy group, a  decyloxy group, an undecyloxy group, a dodecyloxy group, a tridecyloxy group, a
tetradecyloxy group, a pentadecyloxy group and the like. [0015] 
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a n- or iso-decyl group, a n- or iso-undecyl group,  a n- or 

iso-dodecyl group, a n- or iso-tridecyl group, a n-  or 

iso-tetradecyl group, and a n-, or iso-pentadecyl g roup. 

 The alkyl group (d) may be an alkyl group resultin g from 

the substitution of a hydrogen atom of the above-me ntioned alkyl 

group with the aforementioned polyether group (a). 

[0018] 

 One preferred from the viewpoint of electroconduct ivity 

as the thiophene repeating unit ( α) that the substituted 

polythiophene (P) in the present invention has is a  repeating 

unit ( α1) represented by the following general formula (2) , 

a repeating unit ( α2) represented by the following general 

formula (3), or a repeating unit ( α3) represented by the 

following general formula (4). 

[0019] 

[Chem. 2] 

Examples of the alkoxy group (b) include alkoxy group having 1 to 15 carbon atoms which are the
same as those provided as examples for the aforementioned polyether group (a). [0016]
Examples of the aforementioned alkoxyalkyl group (c) include alkyl groups having 1 to 4 carbon atoms
substituted with alkoxy groups having 1 to 15 carbon atoms. Examples of the alkoxy groups having 1
to 15 carbon atoms include alkoxy groups which are the same as those provided as examples for the
aforementioned polyether group (a), and examples of the alkyl groups having 1 to 4 carbon atoms
include a methyl group, an ethyl group, a n- or iso-propyl group, a n-, sec-, iso-, or tert-butyl group and
the like. [0017]        Examples of the alkyl group (d) that the thiophene repeating unit (a) has include a
linear or branched alkyl group having 1 to 15 carbon atoms, e.g., a methyl group, a n- or iso-propyl
group, a n-, iso-, sec- or tert-butyl group, a nor iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl
group, a cyclohexyl group, a n- or iso-heptyl group, a n- or iso-octyl group, a 2-ethylhexyl group, a n-
or iso-nonyl group,  a n- or iso-decyl group, a n- or iso-undecyl group, a n- or iso-dodecyl group, a n-
or iso-tridecyl group, a n- or iso-tetradecyl group, and a n-, or iso-pentadecyl group.        The alkyl
group (d) may be an alkyl group resulting from the substitution of a hydrogen atom of the
above-mentioned alkyl group with the aforementioned polyether group (a). [0018]        One preferred
from the viewpoint of electroconductivity as the thiophene repeating unit (a) that the substituted
polythiophene (P) in the present invention has is a repeating unit (al) represented by the following
general formula (2), a repeating unit (a2) represented by the following general formula (3), or a
repeating unit (a3) represented by the following general formula (4). 
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[0020] 

 OR3 in the above general formula (2) and OR 6 in the above 

general formula (3) each independently represent an  oxyethylene 

group or an oxypropylene group, and an oxyethylene group is 

preferred from the viewpoint of electroconductivity . 

[0021] 

 R 4, R 7, and R 8 in the above general formulae (2) through 

(4) each independently represent a linear or branch ed alkyl 

group having 1 to 12 carbon atoms (e.g., a methyl g roup, a n- 

[0019] [Chem. 2]  [0020]        OR3 in the above general formula (2) and OR6 in the above general
formula (3) each independently represent an oxyethylene group or an oxypropylene group, and an
oxyethylene group is preferred from the viewpoint of electroconductivity. [0021]        R4, R3, and R8 in
the above general formulae (2) through (4) each independently represent a linear or branched alkyl
group having 1 to 12 carbon atoms (e.g., a methyl group, a n-  or iso-propyl group, a n-, iso-, sec- or
tert-butyl group, a n- or iso-pentyl group, a cyclopentyl group, a n- or iso-hexyl group, a cyclohexyl
group, a n- or iso-heptyl group, a n- or iso-octyl group, a 2-ethylhexyl group, a n- or iso-nonyl group, a
n- or iso-decyl group, a n- or iso-undecyl group, and a n-, or iso-dodecyl group). 
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or iso-propyl group, a n-, iso-, sec- or tert-butyl  group, a 

n- or iso-pentyl group, a cyclopentyl group, a n- o r iso-hexyl 

group, a cyclohexyl group, a n- or iso-heptyl group , a n- or 

iso-octyl group, a 2-ethylhexyl group, a n- or iso- nonyl group, 

a n- or iso-decyl group, a n- or iso-undecyl group,  and a n-, 

or iso-dodecyl group). 

[0022] 

 When the below-described n is 1 or more, a group p referred 

as R 4 from the viewpoint of electroconductivity is a lin ear or 

branched alkyl group having 1 to 6 carbon atoms and  more 

preferably a linear or branched alkyl group having 1 to 4 carbon 

atoms. 

 When n is 0, a group preferred as R 4 from the viewpoint 

of electroconductivity is a linear or branched alky l group 

having 3 to 12 carbon atoms and more preferably a l inear or 

branched alkyl group having 6 to 12 carbon atoms. 

[0023] 

 When the below-described m is 1 or more, a group p referred 

as R 7 from the viewpoint of electroconductivity is a lin ear or 

branched alkyl group having 1 to 6 carbon atoms and  more 

preferably a linear or branched alkyl group having 1 to 4 carbon 

atoms. 

 When m is 0, a group preferred as R 7 from the viewpoint 

of electroconductivity is a linear or branched alky l group 

having 3 to 12 carbon atoms and more preferably a l inear or 

[0022]        When the below-described n is 1 or more, a group preferred as R4 from the viewpoint of
electroconductivity is a linear or branched alkyl group having 1 to 6 carbon atoms and more preferably
a linear or branched alkyl group having 1 to 4 carbon atoms.        When n is 0, a group preferred as R4
from the viewpoint of electroconductivity is a linear or branched alkyl group having 3 to 12 carbon
atoms and more preferably a linear or branched alkyl group having 6 to 12 carbon atoms. [0023]
When the below-describedm is 1 or more, a group preferred as R7 from the viewpoint of
electroconductivity is a linear or branched alkyl group having 1 to 6 carbon atoms and more preferably
a linear or branched alkyl group having 1 to 4 carbon atoms.        When m is 0, a group preferred as
R7 from the viewpoint of electroconductivity is a linear or branched alkyl group having 3 to 12 carbon
atoms and more preferably a linear or branched alkyl group having 6 to 12 carbon atoms. [0024]        A
group preferred as R9 from the viewpoint of solvent solubility and electroconductivity is a linear or
branched alkyl group having 3 to 12 carbon atoms and more preferably a linear or branched alkyl
group having 6 to 12 carbon atoms. [0025] 
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branched alkyl group having 6 to 12 carbon atoms. 

[0024] 

 A group preferred as R 8 from the viewpoint of solvent 

solubility and electroconductivity is a linear or b ranched 

alkyl group having 3 to 12 carbon atoms and more pr eferably a 

linear or branched alkyl group having 6 to 12 carbo n atoms. 

[0025] 

 R 5 in the above formula (3) represents a linear or br anched 

alkylene group having 1 to 4 carbon atoms (e.g., a methylene 

group, an ethylene group, a 1,2- or 1,3-propylene g roup, and 

a 1,2-, 1,3-, 2,3- or 1,4-butylene group), and grou ps preferred 

from the viewpoint of solvent solubility and 

electroconductivity are linear or branched alkylene  groups 

having 1 to 3 carbon atoms, and more preferably a m ethylene group 

or an ethylene group. 

[0026] 

 n and m in the above general formula (2) or (3) ar e each 

independently an integer of 0 to 5.  From the viewp oint of 

solvent solubility and electroconductivity, n is pr eferably 1 

to 5, more preferably 2 to 5.  From the viewpoint o f solvent 

solubility and electroconductivity, m is preferably  0 to 4, and 

m is more preferably 0 to 3. 

[0027] 

 The substituted polythiophene (P) in the present 

invention may consist only of the above-described t hiophene 

R5 inthe above formula (3) represents a linear or branched alkylene group having 1 to 4 carbon atoms
(e.g., a methylene group, an ethylene group, a 1,2- or 1,3-propylene group, and a 1,2-, 1,3-, 2,3- or
1,4-butylene group), and groups preferred from the viewpoint of solvent solubility and
electroconductivity are linear or branched alkylene groups having lto 3 carbon atoms, and more
preferably amethylene group or an ethylene group. [0026]        n and m in the above general formula
(2) or (3) are each independently an integer of 0 to 5. From the viewpoint of solvent solubility and
electroconductivity, n is preferably 1 to 5, more preferably 2 to 5. From the viewpoint of solvent
solubility and electroconductivity, m is preferably 0 to 4, and m is more preferably 0 to 3. [0027]
The substituted polythiophene (P) in the present invention may consist only of the above-described
thiophene  repeating units (a) or alternatively may contain thiophene repeating units that are not
substituted along with the repeating units (a). [0028]         From the viewpoint of solvent solubility, the
content of the above-described thiophene repeating units (a) in the substitutedpolythiophene (P) is
preferably 50 to 100% by weight, more preferably 60 to 100% by weight, and particularly preferably 70
to 100% by weight based on the weight of the substituted polythiophene (P). 
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repeating units ( α) or alternatively may contain thiophene 

repeating units that are not substituted along with  the 

repeating units ( α). 

[0028] 

 From the viewpoint of solvent solubility, the cont ent of 

the above-described thiophene repeating units ( α) in the 

substituted polythiophene (P) is preferably 50 to 1 00% by weight, 

more preferably 60 to 100% by weight, and particula rly 

preferably 70 to 100% by weight based on the weight  of the 

substituted polythiophene (P). 

[0029] 

 The substituted polythiophene (P) in the present 

invention can be synthesized by a known method, suc h as anionic 

polymerization or oxidation polymerization of monom ers 

corresponding to respective repeating units. 

[0030] 

 Examples of a monomer corresponding to the 

above-described thiophene repeating unit ( α) include 

thiophenes substituted with the polyether group (a)  defined 

above, the alkoxy group (b) defined above, the alko xyalkyl group 

(c) defined above or the alkyl group (d) defined ab ove at the 

3-position and/or the 4-position of its thiophene r ing and also 

substituted with a halogen atom at the 2-position a nd the 

5-position. 

 Thiophene is recited as a monomer corresponding to  the 

[0029]         The substituted polythiophene (P) in the present invention can be synthesized by a known
method, such as anionic polymerization or oxidation polymerization of monomers corresponding to
respective repeating units. [0030] Examplesofa monomercorresponding tothe above-described
thiophene repeating unit (a) include thiophenes substituted with the polyether group (a) defined above,
the alkoxy group (b) defined above, the alkoxyalkyl group (c) defined above or the alkyl group (d)
defined above at the 3-position and/or the 4-position of its thiophene ring and also substituted with a
halogen atom at the 2-position and the 5-position. Thiophene is recited as a monomer corresponding
to the  unsubstituted thiophene repeating unit. [0031] 
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unsubstituted thiophene repeating unit. 

[0031] 

 From the viewpoint of solubility, the content of t he 

substituted polythiophene (P) in the conductive com position (A) 

is preferably 0.1 to 20% by weight, more preferably  1.0 to 6.0% 

by weight based on the weight of the conductive com position (A).  

It is undesirable that the content of the substitut ed 

polythiophene (P) is larger because an agglomerate generates, 

resulting in deterioration of applicability.  It is  

undesirable that the content of the substituted pol ythiophene 

(P) is smaller because it becomes difficult to form  a uniform 

conductive coating film. 

[0032] 

 The regioregularity (RR) of the substituted 

polythiophene (P) in the present invention is usual ly 50% or 

more, and from the viewpoint of electroconductivity , it is more 

preferably 80% or more, even more preferably 90% or  more. 

[0033] 

 The definition of the regioregularity (RR) in the present 

invention is described below. 

 The bond of the substituted polythiophene (P) incl udes 

four types as illustrated in the following chemical  formulae, 

i.e., a HT-HT linkage (B1), a TT-HT linkage (B-2), a HT-HH 

linkage (B3), and a TT-HH linkage (B4).  As used he rein, HT is 

an abbreviation of Head-to-Tail, TT is an abbreviat ion of 

From the viewpoint of solubility, the content of the substitutedpolythiophene (P) in the conductive
composition (A) is preferably 0.1 to 20% by weight, more preferably 1.0 to 6.0% by weight based on
the weight of the conductive composition (A). It is undesirable that the content of the substituted
polythiophene (P) is larger because an agglomerate generates, resulting in deterioration of
applicability. It is undesirable that the content of the substituted polythiophene (P) is smaller because it
becomes difficult to form a uniform conductive coating film. [0032]
Theregioregularity(RR)ofthesubstituted polythiophene (P) in the present invention is usually 50% or
more, and from the viewpoint of electroconductivity, it is more preferably 80% or more, even more
preferably 90% or more. [0033]        The definition of the regioregularity (RR) in the present invention is
described below.        The bond of the substituted polythiophene (P) includes four types as illustrated
in the following chemical formulae, i.e., a HT-HT linkage (B1), a IT-HT linkage (B-2), a HT-HH linkage
(B3), and a IT-HH linkage (B4). As used herein, HI is an abbreviation of Head-to-Tail, II is an
abbreviation of Tail-to-Tail, and HH is an abbreviation of Head-to-Head. [0034] [Chem. 3]  
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Tail-to-Tail, and HH is an abbreviation of Head-to- Head. 

[0034] 

[Chem. 3] 

 

[0035] 

 R in the chemical formulae of the foregoing four l inkage 

types each independently represents the polyether g roup (a) 

defined above, the alkoxy group (b) defined above, the 

alkoxyalkyl group (c) defined above, or the alkyl g roup (d) 

defined above. 

[0036] 

 The regioregularity (RR) of the substituted 

polythiophene (P) in the present invention is defin ed by the 

ratio (%) of HT-HT linkages (B1) in the substituted  

polythiophene (P) and it is calculated by the follo wing 

expression (1): 

 Regioregularity (RR) = B1 × 100/(B1 + B2 + B3 + B4) (1) 

 B1 represents the number of HT-HT linkages, B2 rep resents 

the number of TT-HT linkages, B3 represents the num ber of HT-HH 

linkages, and B4 represents the number of TT-HH lin kages. 

HT-HT linkage (B1) TT-HT linkage (B2) 

HT- HH linkage (B3)  TT- HH linkage (B4)  

[0035]        R in the chemical formulae of the foregoing four linkage types each independently
represents the polyether group (a) defined above, the alkoxy group (b) defined above, the alkoxyalkyl
group (c) defined above, or the alkyl group (d) defined above. [0036]
Theregioregularity(RR)ofthesubstituted polythiophene (P) in the present invention is defined by the
ratio (%) of HT-HT linkages (B1) in the substituted polythiophene (P) and it is calculated by the
following expression (1): Regioregularity (RR) = B1 X 100/(B1 + B2 + B3 + B4) (1)        B1 represents
the number of HT-HT linkages, B2 represents the number of TT-HT linkages, B3 represents the
number of HT-HH linkages, and B4 represents the number of TT-HH linkages. 
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[0037] 

 Specifically, since the protons in these linkages have 

each exhibit their unique chemical shifts ( δ) in nuclear 

magnetic resonance spectrometry ( 1H-NMR), it can be calculated 

from the integrals of the peaks at the chemical shi fts 

corresponding to the four types of linkages. 

 In the case of polythiophene derivative having a 

repeating unit ( α3) represented by general formula (3), HT-HT 

linkage (B1): δ = 6.98, TT-HT linkage (B2): δ = 7.00, HT-HH 

linkage (B3): δ = 7.02, and TT-HH linkage (B4): δ = 7.05 are 

specifically exhibited.  Therefore, integrals S1, S 2, S3, and 

S4 of the peaks at the chemical shifts peculiar to (B1), (B2), 

(B3), and (B4) are calculated, and then a regioregu larity (RR) 

is calculated by the following formula (2) using th e ratio (%) 

of the integral S1 of the peak at the chemical shif t peculiar 

to (B1) relative to the sum total of those integral s. 

 Regioregularity (RR) = S1 × 100/(S1 + S2 + S3 + S4) (2) 

 The measurement of the 1H-NMR was carried out by using 

a measurement instrument: AVANCE III400 digital NMR  

[manufactured by Bruker BioSpin K.K.] under conditi ons 

including a measurement solvent: deuterated chlorof orm and a 

measurement temperature: 27 °C. 

[0038] 

 The substituted polythiophene (P), which is a cond uctive 

polymer, donates an electron to a sulfur trioxide c omplex as 

[0037]        Specifically, since the protons in these linkages have each exhibit their unique chemical
shifts (8) in nuclear magnetic resonance spectrometry (151-NMR), it can be calculated from the
integrals of the peaks at the chemical shifts corresponding to the four types of linkages.         In the
case of polythiophene derivative having a repeating unit (a3) represented by general formula (3),
HT-HT linkage (B1): 8 = 6.98, IT-HT linkage (B2): 8 = 7.00, HI-HH linkage (B3): 8 = 7.02, and IT-HH
linkage (B4): 8 = 7.05 are specifically exhibited. Therefore, integrals Sl, S2, S3, and 54 of the peaks at
the chemical shifts peculiar to (B1), (B2), (B3), and (B4) are calculated, and then a regioregularity (RR)
is calculated by the following formula (2) using the ratio (%) of the integral 51 of the peak at the
chemical shift peculiar to (B1) relative to the sum total of those integrals. Regioregularity (RR) = 51 X
100/(S1 + 52 + 53 + S4) (2)        The measurement of the 151-NMR was carried out by using a
measurement Instrument: AVANCE 111400 digital NMR [manufactured by Bruker BioSpin K.K.] under
conditions including a measurement solvent: deuterated chloroform and a measurement temperature:
27C. [0038]        The substituted polythiophene (P), which is a conductive polymer, donates an
electron to a sulfur trioxide complex as 
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a dopant to form a charge transfer complex together  with the 

dopant.  Since such a charge transfer complex devel ops 

electroconductivity as a carrier of electrons, high er 

concentrations of the sulfur trioxide complex are p referred.  

However, if the concentration is excessively high, the 

electroconductivity will deteriorate.  Therefore, t he used 

amount of the sulfur trioxide complex is preferably  5 to 300% 

by weight, more preferably 10 to 150% by weight rel ative to the 

substituted polythiophene (P). 

[0039] 

 A sulfur trioxide complex is a complex of sulfur t rioxide 

with a Lewis base such as ethers, amides, amines, a nd sulfides. 

Examples of ether-sulfur trioxide complexes include  sulfur 

trioxide-dioxane complexes, sulfur trioxide-dioxola ne 

complexes, sulfur trioxide-dimethyl ether complexes , sulfur 

trioxide-ethyl methyl ether complexes, and sulfur 

trioxide-diethyl ether complexes; examples of amide -sulfur 

trioxide complexes include sulfur 

trioxide-N,N-dimethylformamide complexes, and so on ; examples 

of amine-sulfur trioxide complexes include sulfur 

trioxide-pyridine complexes, sulfur trioxide-trieth ylamine 

complexes, sulfur trioxide-trimethylamine complexes , and 

sulfur trioxide-N-ethyldiisopropylamine complexes; and 

examples of sulfide-sulfur trioxide complexes inclu de sulfur 

trioxide-dimethylsulfide complexes, sulfur 

a dopant to form a charge transfer complex together with the dopant. Since such a charge transfer
complex develops electroconductivity as a carrier of electrons, higher concentrations of the sulfur
trioxide complex are preferred. However, if the concentration is excessively high, the
electroconductivity will deteriorate. Therefore, the used amount of the sulfur trioxide complex is
preferably 5 to 300% by weight, more preferably 10 to 150% by weight relative to the substituted
polythiophene (P). [0039]        A sulfur trioxide complex is a complex of sulfur trioxide with a Lewis
base such as ethers, amides, amines, and sulfides. Examples of ether-sulfur trioxide complexes
include sulfur trioxide-dioxane complexes, sulfur trioxide-dioxolane complexes, sulfur trioxide-dimethyl
ether complexes, sulfur trioxide-ethyl methyl ether complexes, and sulfur trioxide-diethyl ether
complexes; examples of amide-sulfur trioxide complexes include sulfur
trioxide-N,N-dimethylformamide complexes, and so on; examples of amine-sulfur trioxide complexes
include sulfur trioxide-pyridine complexes, sulfur trioxide-triethylamine complexes, sulfur
trioxide-trimethylamine complexes, and sulfur trioxide-N-ethyldiisopropylamine complexes; and
examples of sulfide-sulfur trioxide complexes include sulfur trioxide-dimethylsulfide complexes, sulfur
trioxide-ethylmethylsulfidecomplexes,andsulfur trioxide-diethylsulfide complexes. Out of these, the
amide-sulfur trioxide complexes and the amine-sulfur trioxide complexes are preferable in terms of
electroconductivity, and sulfur trioxide-N,N-dimethylformamide complexes are more preferable among
the amide-sulfur trioxide complexes and sulfur trioxide-pyridine complexes are more preferable among
the amine-sulfur trioxide complexes. [0040]         The conductive composition (A) of the present
invention comprises a sulfur trioxide complex as a dopant and can further comprise other dopants and
an organic solvent unless the effect of the present invention is impaired. [0041] 
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trioxide-ethylmethylsulfide complexes, and sulfur 

trioxide-diethylsulfide complexes.  Out of these, t he 

amide-sulfur trioxide complexes and the amine-sulfu r trioxide 

complexes are preferable in terms of electroconduct ivity, and 

sulfur trioxide-N,N-dimethylformamide complexes are  more 

preferable among the amide-sulfur trioxide complexe s and sulfur 

trioxide-pyridine complexes are more preferable amo ng the 

amine-sulfur trioxide complexes. 

[0040] 

 The conductive composition (A) of the present inve ntion 

comprises a sulfur trioxide complex as a dopant and  can further 

comprise other dopants and an organic solvent unles s the effect 

of the present invention is impaired. 

[0041] 

 Examples of such other dopants include inorganic a cids 

(e.g., sulfuric acid and nitric acid), halogen ions  (e.g., 

iodine, bromine, and chlorine), halide ions (e.g., 

tetrafluoroboron and perchloric acid), quinone comp ounds [e.g., 

chloranilic acid, p-chloranil, p-benzoquinone, 

p-quinonedioxime, dichlorodicyanoquinone (DDQ), 

p-naphthoquinone, anthraquinone, chloroanthraquinon e, and 

p-toluquinone), alkyl-substituted organic sulfonic acid ions 

(e.g., methanesulfonic acid and dodecylsulfonic aci d), cyclic 

sulfonic acid ions (e.g., camphorsulfonic acid ion) , 

alkyl-substituted or unsubstituted benzenemono- or 

Examples of such other dopants include inorganic acids (e.g., sulfuric acid and nitric acid), halogen
ions (e.g., iodine, bromine, and chlorine), halide ions (e.g., tetrafluoroboron and perchloric acid) ,
quinone compounds [e.g., chloranilic acid, p-chloranil, p-benzoquinone, p-quinonedioxime,
dichlorodicyanoquinone (DDQ), p-naphthoquinone, anthraquinone, chloroanthraquinone, and
p-toluquinone), alkyl-substituted organic sulfonic acid ions (e.g., methanesulfonic acid and
dodecylsulfonic acid), cyclic sulfonic acid ions (e.g., camphorsulfonic acid ion),
alkyl-substitutedorunsubstitutedbenzenemono-or  benzenedi-sulfonic acid ions (e.g., benzenesulfonic
acid, paratoluene sulfonic acid, dodecylbenzenesulfonic acid, and benzenedisulfonic acid),
alkyl-substituted or unsubstituted ions of naphthalenesulfonic acids having 1 to 4 sulfonic acid groups
(e.g., 2-naphthalenesulfonic acid and 1,7-naphthalenedisulfonic acid), an anthracenesulfonic acid ion,
an anthraguinonesulfonic acid ion, alkyl-substituted or unsubstituted biphenylsulfonic acid ions (e.g.,
alkylbiphenylsulfonic acid and biphenyldisulfonic acid), and substituted or unsubstituted aromatic
polymeric sulfonic acid ions (e.g., polystyrenesulfonic acid and naphthalenesulfonic acid-formalin
condensates). [0042]        The use amount of such other dopants is preferably 0 to 1100% by weight,
and more preferably 10 to 600% by weight relative to the substituted polythiophene (P). [0043]
The conductive composition (A) of the present invention may further comprise an organic solvent as
stated above. A conductive coating film can be produced by applying the conductive composition (A)
to a substrate, and then removing the organic solvent by heating as necessary. In order to obtain a
homogenous solution containing no precipitate, it is preferred to use as the organic solvent a good
solvent of the substituted polythiophene (P) and a good solvent of the dopant 
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benzenedi-sulfonic acid ions (e.g., benzenesulfonic  acid, 

paratoluene sulfonic acid, dodecylbenzenesulfonic a cid, and 

benzenedisulfonic acid), alkyl-substituted or unsub stituted 

ions of naphthalenesulfonic acids having 1 to 4 sul fonic acid 

groups (e.g., 2-naphthalenesulfonic acid and 

1,7-naphthalenedisulfonic acid), an anthracenesulfo nic acid 

ion, an anthraquinonesulfonic acid ion, alkyl-subst ituted or 

unsubstituted biphenylsulfonic acid ions (e.g., 

alkylbiphenylsulfonic acid and biphenyldisulfonic a cid), and 

substituted or unsubstituted aromatic polymeric sul fonic acid 

ions (e.g., polystyrenesulfonic acid and naphthalen esulfonic 

acid-formalin condensates). 

[0042] 

 The use amount of such other dopants is preferably  0 to 

1100% by weight, and more preferably 10 to 600% by weight 

relative to the substituted polythiophene (P). 

[0043] 

 The conductive composition (A) of the present inve ntion 

may further comprise an organic solvent as stated a bove.  A 

conductive coating film can be produced by applying  the 

conductive composition (A) to a substrate, and then  removing 

the organic solvent by heating as necessary.  In or der to obtain 

a homogenous solution containing no precipitate, it  is 

preferred to use as the organic solvent a good solv ent of the 

substituted polythiophene (P) and a good solvent of  the dopant 

in admixture. [0044]         Examples of the good solvent of the substituted polythiophene (P) include
chlorine-containing, amide-based, ether-based, aromatic hydrocarbon-based, alcohol-based,
ketone-based, and sulfur-containing solvents having 1 to 10 carbon atoms, andpreferredare
chloroform, methylene chloride, dimethylformamide, N-methylpyrrolidone, tetrahydrofuran (hereinafter
abbreviated as THF), 1,3-dioxolane, toluene, methanol, acetone, methyl ethyl ketone, 7-butyrolactone,
cyclopentanone, cyclohexanone, dimethyl sulfoxide, and mixtures thereof. [0045]        The content of
the good solvent of the substituted polythiophene (P) in the solution prepared by mixing the good
solvent and the substituted thiophene (P) is preferably 0 to 99% by weight, and more preferably 50 to
98% by weight in the solution. [0046]         Examples of the good solvent of the dopant include
methanol,ethanol,2-propanol,ethyleneglycol, N-methylpyrrolidone, THF, 7-butyrolactone, and
cyclopentanone. 
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in admixture. 

[0044] 

 Examples of the good solvent of the substituted 

polythiophene (P) include chlorine-containing, amid e-based, 

ether-based, aromatic hydrocarbon-based, alcohol-ba sed, 

ketone-based, and sulfur-containing solvents having  1 to 10 

carbon atoms, and preferred are chloroform, methyle ne chloride, 

dimethylformamide, N-methylpyrrolidone, tetrahydrof uran 

(hereinafter abbreviated as THF), 1,3-dioxolane, to luene, 

methanol, acetone, methyl ethyl ketone, γ-butyrolactone, 

cyclopentanone, cyclohexanone, dimethyl sulfoxide, and 

mixtures thereof. 

[0045] 

 The content of the good solvent of the substituted  

polythiophene (P) in the solution prepared by mixin g the good 

solvent and the substituted thiophene (P) is prefer ably 0 to 

99% by weight, and more preferably 50 to 98% by wei ght in the 

solution. 

[0046] 

 Examples of the good solvent of the dopant include  

methanol, ethanol, 2-propanol, ethylene glycol, 

N-methylpyrrolidone, THF, γ-butyrolactone, and cyclopentanone.  

Of these, preferred from the viewpoint of dissoluti on stability 

are methanol, ethanol, 2-propanol, and γ-butyrolactone. 

[0047] 

Of these, preferred from the viewpoint of dissolution stability are methanol, ethanol, 2-propanol, and
7-butyrolactone. [0047]          The content of the good solvent of the dopant in the solution prepared by
mixing the good solvent and the dopant is preferably 0 to 99% by weight, and more preferably 50 to
98% by weight in the solution. [0048]         In order to obtain a homogeneous solution in mixing the
substituted polythiophene (P) and the dopant, it is preferable to prepare a solution of the substituted
polythiophene (P) in a solvent and a solution of the dopant in a solvent, respectively, and then mix the
solutions. [0049]         When producing a conductive coating film by using the conductive composition
(A) of the present invention, it is necessary to remove the solvent. In the case of a low-boiling point
solvent, the solvent is removed by air drying at normal temperature or heat drying by air circulation,
whereas in the case of a high-boiling point solvent, heat drying using a vacuum dryer is preferred.
[0050]         The conductive composition (A) of the present invention is suitable especially for an
electrode for solid electrolyte capacitors. A capacitor having an electrode (cathode) produced by
forming a porous film by etching an oxidized film of aluminum or the like and then forming a conductive
polymer layer on a surface thereof has been used as a solid electrolyte 
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 The content of the good solvent of the dopant in t he 

solution prepared by mixing the good solvent and th e dopant is 

preferably 0 to 99% by weight, and more preferably 50 to 98% 

by weight in the solution. 

[0048] 

 In order to obtain a homogeneous solution in mixin g the 

substituted polythiophene (P) and the dopant, it is  preferable 

to prepare a solution of the substituted polythioph ene (P) in 

a solvent and a solution of the dopant in a solvent , respectively, 

and then mix the solutions. 

[0049] 

 When producing a conductive coating film by using the 

conductive composition (A) of the present invention , it is 

necessary to remove the solvent.  In the case of a low-boiling 

point solvent, the solvent is removed by air drying  at normal 

temperature or heat drying by air circulation, wher eas in the 

case of a high-boiling point solvent, heat drying u sing a vacuum 

dryer is preferred. 

[0050] 

 The conductive composition (A) of the present inve ntion 

is suitable especially for an electrode for solid e lectrolyte 

capacitors.  A capacitor having an electrode (catho de) 

produced by forming a porous film by etching an oxi dized film 

of aluminum or the like and then forming a conducti ve polymer 

layer on a surface thereof has been used as a solid  electrolyte 

capacitor. However, conventional methods, such as a method of applying a dispersion liquid
containing a precursor monomer of a conductive polymer and a method of applying a solution
prepared by dissolving a polypyrrole as a conductive polymer in a solvent while using
dodecylbenzenesulfonic acid as a dopant, are problematic in that capacitor production efficiency is
very low, that the capacitance cannot be increased efficiently, and that withstand voltage drops or leak
current increases due to the corrosion of an electrode because the dopant is an acid. [0051]         In
contrast to this, since the conductive composition (A) of the present invention has been fully dissolved
in an organic solvent and is high in electroconductivity, it is possible to impregnate a porous film with a
conductive polymer by a simple process, thereby efficiently increasing the capacitance, and there is no
fear of corrosion because the dopant is not an acid. [0052]         An electrode for a solid electrolyte
capacitor that is high in withstand voltage and little in leak current can be obtained by applying the
conductive composition (A) of the present invention to a substrate and then performing heat treatment.
[0053]         Examples of the method for applying the conductive composition (A) to the substrate
include a spin coating method,  a drop casting method, a dip coating method, and a method of
immersing the substrate in the conductive composition (A). Examples of the substrate include plastics,
glass, metal, rubber, ceramics, paper and the like. [0054]        From the viewpoint of
electroconductivity, the thickness of the film that is to be formed and dried on a substrate surface using
the conductive composition (A) is preferably 0.05 to 100 p.m, and more preferably 0.1 to 50 p.m. If the
coating film is thinner than 0.05 p.m, sufficient electroconductivity may not be obtained. A thickness
exceeding 100 pnmay cause a problem, for example, that cracking or peeling occurs easily in film
forming. 
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capacitor.  However, conventional methods, such as a method of 

applying a dispersion liquid containing a precursor  monomer of 

a conductive polymer and a method of applying a sol ution 

prepared by dissolving a polypyrrole as a conductiv e polymer 

in a solvent while using dodecylbenzenesulfonic aci d as a dopant, 

are problematic in that capacitor production effici ency is very 

low, that the capacitance cannot be increased effic iently, and 

that withstand voltage drops or leak current increa ses due to 

the corrosion of an electrode because the dopant is  an acid. 

[0051] 

 In contrast to this, since the conductive composit ion (A) 

of the present invention has been fully dissolved i n an organic 

solvent and is high in electroconductivity, it is p ossible to 

impregnate a porous film with a conductive polymer by a simple 

process, thereby efficiently increasing the capacit ance, and 

there is no fear of corrosion because the dopant is  not an acid. 

[0052] 

 An electrode for a solid electrolyte capacitor tha t is 

high in withstand voltage and little in leak curren t can be 

obtained by applying the conductive composition (A)  of the 

present invention to a substrate and then performin g heat 

treatment. 

[0053] 

 Examples of the method for applying the conductive  

composition (A) to the substrate include a spin coa ting method, 

[0055]         In order to obtain a conductive coating film with high electroconductivity using the
conductive composition (A) of the present invention, the heat treating temperature is preferably 100 to
190C, and more preferably 110 to 170C. In the case of a temperature lower than 100C, sufficient
strength and electroconductivity may not be obtained. In the case of a temperature higher than 190C,
electroconductivity may deteriorate. [0056]        The heating time, which may be selected appropriately
according to the heating temperature and the concentration of the substitutedpolythiophene (P) in the
conductive composition (A), is usually 0.5 to 8 hours, and preferably 1 to 4 hours. If the heating time
becomes shorter, the electroconductivity of the conductive coating film to be obtained from the
conductive composition (A) may be insufficient. [0057]        The conductive composition (A) of the
present invention is useful because it is lowly corrosive since the dopant contained therein is not an
acid and is superior in electroconductivity, it can produce a conductive coating film by only simple
application thereof . In particular, it is useful because it allows the capacitance of a capacitor to be
increased efficiently through the impregnation of a porous film with a conductive polymer by a simple
process and it can produce a solid electrolyte capacitor with high withstand voltage and little leak
current. EXAMPLES [0058] 
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a drop casting method, a dip coating method, and a method of 

immersing the substrate in the conductive compositi on (A).  

Examples of the substrate include plastics, glass, metal, 

rubber, ceramics, paper and the like. 

[0054] 

 From the viewpoint of electroconductivity, the thi ckness 

of the film that is to be formed and dried on a sub strate surface 

using the conductive composition (A) is preferably 0.05 to 100 

µm, and more preferably 0.1 to 50 µm.  If the coating film is 

thinner than 0.05 µm, sufficient electroconductivity may not 

be obtained.  A thickness exceeding 100 µm may cause a problem, 

for example, that cracking or peeling occurs easily  in film 

forming. 

[0055] 

 In order to obtain a conductive coating film with high 

electroconductivity using the conductive compositio n (A) of the 

present invention, the heat treating temperature is  preferably 

100 to 190 °C, and more preferably 110 to 170 °C.  In the case of 

a temperature lower than 100 °C, sufficient strength and 

electroconductivity may not be obtained.  In the ca se of a 

temperature higher than 190 °C, electroconductivity may 

deteriorate. 

[0056] 

 The heating time, which may be selected appropriat ely 

according to the heating temperature and the concen tration of 

The present invention is further described by means of the following examples and comparative
examples, but the invention is not limited thereto. In the following, "part(s)" means "part(s) by weight".
[0059] <ProductionExample1>:Synthesisof poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] (P-1)          (1)
Synthesisof3-(1,4,7,10-tetraoxaundecyl) thiophene:         In 50 parts of N,N-dimethylformamide was
dispersed 6.0 parts of sodium hydride (dispersed in paraffin in a concentration of 60% by weight), and
then 36.9 parts of triethylene glycol monomethyl ether was dropped thereto. Bubbles were generated
in the reaction solution and the solution became cloudy. When the generation of bubbles was settled,
24.5 parts of 3-bromothiophene and 2.0 parts of copper(I) bromide were added in this order to the
reaction solution. The reaction solution was heated to 110C and a reaction was carried out for 2 hours.
After the completion of the reaction, the reaction solution was allowed to cool down to room
temperature. Following addition of 50 parts of a 1 mol/L aqueous ammonium chloride solution, the
mixture was moved to a separatory funnel using 50 parts of ethyl acetate and then the aqueous layer
was separated. Further, the organic layer was washed twice with 30 parts of distilled water and then
ethyl acetate was distilled off,sothat34.0partsof 3-(1,4,7,10-tetraoxaundecyl)thiophene was obtained.
[0060] 
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the substituted polythiophene (P) in the conductive  composition 

(A), is usually 0.5 to 8 hours, and preferably 1 to  4 hours.  

If the heating time becomes shorter, the electrocon ductivity 

of the conductive coating film to be obtained from the 

conductive composition (A) may be insufficient. 

[0057] 

 The conductive composition (A) of the present inve ntion 

is useful because it is lowly corrosive since the d opant 

contained therein is not an acid and is superior in  

electroconductivity, it can produce a conductive co ating film 

by only simple application thereof.  In particular,  it is useful 

because it allows the capacitance of a capacitor to  be increased 

efficiently through the impregnation of a porous fi lm with a 

conductive polymer by a simple process and it can p roduce a solid 

electrolyte capacitor with high withstand voltage a nd little 

leak current. 

 

EXAMPLES 

[0058] 

 The present invention is further described by mean s of 

the following examples and comparative examples, bu t the 

invention is not limited thereto.  In the following , "part(s)" 

means "part(s) by weight". 

[0059] 

<Production Example 1>: Synthesis of 

(2) Synthesisof 2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene: In 40 parts of IHF were dissolved
7.4 parts of the aforementioned 3-(1,4,7,10-tetraoxaundecyl)thiophene and 10.7 parts of
N-bromosuccinimide, which were then allowed to react at room temperature for 2 hours. A precipitate
was removed with a glass filter using 50 parts of ethyl acetate, and IHF and ethyl acetate were then
distilled off. By purifying the resulting mixture with a silica gel column, 10.5 parts of
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene was obtained. [0061] (3)Synthesisof
poly[3-(1,4,7,10-tetraoxaundecyl)thiophene]:        After dissolving 8.1 parts of the aforementioned
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene in 150 parts of IHF, 21 parts of 1 mol/L
methylmagnesium bromide solution in IHF was added thereto and then a reaction was performed at
75C for 30 minutes. To the reaction solution was added 0.1 parts of
[1,3-bis(diphenylphosphino)propane]-dichloronickel (II), and then a reaction was performed for
additional 5 hours still at 75C. After allowing the reaction solution to cool down to room temperature,
20 parts of methanol was added thereto. After distilling off a solvent, the reaction mixture was moved
to a Soxhlet extractor and was washed with 150 parts of methanol and 150 parts of hexane in this
order. Finally, the residue was subjected to extraction using 150 parts of chloroform and then the
solvent was distilled off, so that 3.1 parts of poly[3-(1,4,7,10-tetraoxaundecyl)thiophene](P-1)was 
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poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] (P-1) 

 (1) Synthesis of 3-(1,4,7,10-tetraoxaundecyl) 

thiophene: 

 In 50 parts of N,N-dimethylformamide was dispersed  6.0 

parts of sodium hydride (dispersed in paraffin in a  

concentration of 60% by weight), and then 36.9 part s of 

triethylene glycol monomethyl ether was dropped the reto.  

Bubbles were generated in the reaction solution and  the solution 

became cloudy.  When the generation of bubbles was settled, 24.5 

parts of 3-bromothiophene and 2.0 parts of copper(I ) bromide 

were added in this order to the reaction solution.  The reaction 

solution was heated to 110 °C and a reaction was carried out for 

2 hours.  After the completion of the reaction, the  reaction 

solution was allowed to cool down to room temperatu re.  

Following addition of 50 parts of a 1 mol/L aqueous  ammonium 

chloride solution, the mixture was moved to a separ atory funnel 

using 50 parts of ethyl acetate and then the aqueou s layer was 

separated.  Further, the organic layer was washed t wice with 

30 parts of distilled water and then ethyl acetate was distilled 

off, so that 34.0 parts of 

3-(1,4,7,10-tetraoxaundecyl)thiophene was obtained.  

[0060] 

 (2) Synthesis of 

2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene: 

 In 40 parts of THF were dissolved 7.4 parts of the  

obtained.Theregioregularitycalculated bythe above-described method using 151-NMR was 96.3%.
[0062] <ProductionExample2>:Synthesisof poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] (P-2)
Experimental operations were carried out which were the same as those of Production Example 1
except for exchanging triethylene glycol monomethyl ether in (1) of Production Example 1 for
hexaethylene glycol monomethyl ether (produced by Tokyo Chemical Industry Co., Ltd.), so that 2.9
parts of poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene] (P-2) having a regioregularity of 95.1%
was obtained.         In exchanging triethylene glycol monomethyl ether for hexaethylene glycol
monomethyl ether, the experimental operations were carried out with the amounts of the raw materials
were adjusted so that the molar ratio of the reaction components and the weight ratio of the
non-reaction components (solvent, etc.) might become equal to those in Production Example 1. [0063]
<ProductionExample3>:Synthesisof 
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aforementioned 3-(1,4,7,10-tetraoxaundecyl)thiophen e and 

10.7 parts of N-bromosuccinimide, which were then a llowed to 

react at room temperature for 2 hours.  A precipita te was 

removed with a glass filter using 50 parts of ethyl  acetate, 

and THF and ethyl acetate were then distilled off.  By purifying 

the resulting mixture with a silica gel column, 10. 5 parts of 

2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene w as 

obtained. 

[0061] 

 (3) Synthesis of 

poly[3-(1,4,7,10-tetraoxaundecyl)thiophene]: 

 After dissolving 8.1 parts of the aforementioned 

2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene i n 150 

parts of THF, 21 parts of 1 mol/L methylmagnesium b romide 

solution in THF was added thereto and then a reacti on was 

performed at 75 °C for 30 minutes.  To the reaction solution was 

added 0.1 parts of 

[1,3-bis(diphenylphosphino)propane]-dichloronickel (II), and 

then a reaction was performed for additional 5 hour s still at 

75°C.  After allowing the reaction solution to cool do wn to room 

temperature, 20 parts of methanol was added thereto .  After 

distilling off a solvent, the reaction mixture was moved to a 

Soxhlet extractor and was washed with 150 parts of methanol and 

150 parts of hexane in this order.  Finally, the re sidue was 

subjected to extraction using 150 parts of chlorofo rm and then 

poly(3-heptyloxythiophene) (P-3) Experimental operations were carried out which were the  same as
those of Production Example 1 except for exchanging triethylene glycol monomethyl ether in (1) of
Production Example 1 for 1-heptanol, so that 2.7 parts of poly(3-heptyloxythiophene) (P-3) having a
regioregularity of 95.4% was obtained. [0064] <ProductionExample4>:Synthesisof
poly{3-(2,5-dioxaheptyl)thiophenel (P-4)  (1) Synthesis of 3-bromomethylthiophene:        After
dissolving 5 parts (50.9 mmol) of 3-methylthiophene [produced by Tokyo Chemical Industry Co., Ltd.],
9.97 parts (56.0 mmol) of N-bromosuccinimide, and 0.12 parts (0.50 mmol) dibenzoyl peroxide
[produced by Tokyo Chemical Industry Co., Ltd.] in 30 parts of benzene, the temperature was raised to
100C and then a reaction was carried out for 4 hours. After the completion of the reaction, the
resultant was allowed to cool down to room temperature. Following addition of 30 parts of a 1M
aqueous sodium thiosulfate solution, the mixture was moved to a separatory funnel and then the
aqueous layer was separated. Further, the organic layer was washed twice with 30 parts of distilled
water and then benzene was distilled off, so that 6.32 parts (35.7 mmol) of 3-bromomethylthiophene
was obtained. [0065] 
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the solvent was distilled off, so that 3.1 parts of  

poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] (P-1) w as 

obtained.  The regioregularity calculated by the 

above-described method using 1H-NMR was 96.3%. 

[0062] 

<Production Example 2>: Synthesis of 

poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene ] (P-2) 

 Experimental operations were carried out which wer e the 

same as those of Production Example 1 except for ex changing 

triethylene glycol monomethyl ether in (1) of Produ ction 

Example 1 for hexaethylene glycol monomethyl ether (produced 

by Tokyo Chemical Industry Co., Ltd.), so that 2.9 parts of 

poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene ] (P-2) 

having a regioregularity of 95.1% was obtained. 

 In exchanging triethylene glycol monomethyl ether for 

hexaethylene glycol monomethyl ether, the experimen tal 

operations were carried out with the amounts of the  raw 

materials were adjusted so that the molar ratio of the reaction 

components and the weight ratio of the non-reaction  components 

(solvent, etc.) might become equal to those in Prod uction 

Example 1. 

[0063] 

<Production Example 3>: Synthesis of 

poly(3-heptyloxythiophene) (P-3) 

 Experimental operations were carried out which wer e the 

(2) Synthesis of 3-(2,5-dioxaheptyl)thiophene: In 15 parts of THF was dissolved 3.54 parts (39.3 mmol)
of 2-ethoxyethanols, and sodium hydride (60% dispersion in paraffin) was added thereto. In 15 parts of
THF, 6.32 parts (35.7 mmol) of the aforementioned 3-bromomethyl thiophene was dissolved and
dropped thereinto over 2 hours. Then, the temperature was raised to 100C and a reaction was
performed for 4 hours. After the completion of the reaction, the resultant was allowed to cool down to
room temperature. Following addition of 30 parts of distilled water, the mixture was moved to a
separatory funnel and then the aqueous layer was separated. Further, the organic layer was washed
twice with 30 parts of distilled water and then THF was distilled off and the resulting mixture was
purified with a silica gel column, so that 5.68 parts (30.5 mmol) of 3-(2,5-dioxaheptyl)thiophene was
obtained. [0066] (3)Synthesisof 2,5-dibromo-3-(2,5-dioxapentyl)thiophene:         In THF were dissolved
5.68 parts (30.5 mmol) of the aforementioned 3-(2,5-dioxaheptyl)thiophene and 11.9 parts (67.1 mmol)
of N-bromosuccinimide, which were then allowed to react at room temperature for 2 hours. A
precipitate was removed with a glass filter using 50 parts of ethyl acetate, and THF and ethyl acetate
were then distilled off. By purifying the resulting mixture with a silica gel column, 8.11 parts (23.6
mmol) of 2,5-dibromo-3-(2,5-dioxaheptyl)thiophene was  obtained. 
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same as those of Production Example 1 except for ex changing 

triethylene glycol monomethyl ether in (1) of Produ ction 

Example 1 for 1-heptanol, so that 2.7 parts of 

poly(3-heptyloxythiophene) (P-3) having a regioregu larity of 

95.4% was obtained. 

[0064] 

<Production Example 4>: Synthesis of 

poly{3-(2,5-dioxaheptyl)thiophene} (P-4) 

 (1) Synthesis of 3-bromomethylthiophene: 

 After dissolving 5 parts (50.9 mmol) of 3-methylth iophene 

[produced by Tokyo Chemical Industry Co., Ltd.], 9. 97 parts 

(56.0 mmol) of N-bromosuccinimide, and 0.12 parts ( 0.50 mmol) 

dibenzoyl peroxide [produced by Tokyo Chemical Indu stry Co., 

Ltd.] in 30 parts of benzene, the temperature was r aised to 100 °C 

and then a reaction was carried out for 4 hours.  A fter the 

completion of the reaction, the resultant was allow ed to cool 

down to room temperature.  Following addition of 30  parts of 

a 1M aqueous sodium thiosulfate solution, the mixtu re was moved 

to a separatory funnel and then the aqueous layer w as separated.  

Further, the organic layer was washed twice with 30  parts of 

distilled water and then benzene was distilled off,  so that 6.32 

parts (35.7 mmol) of 3-bromomethylthiophene was obt ained. 

[0065] 

 (2) Synthesis of 3-(2,5-dioxaheptyl)thiophene: 

 In 15 parts of THF was dissolved 3.54 parts (39.3 mmol) 

[0067] (4) Synthesis of poly{3-(2,5-dioxaheptyl)thiophenel:        After dissolving 8.11 parts (23.6 mmol)
of the aforementioned 2,5-dibromo-3-(2,5-dioxaheptyl)thiophene in 30 parts of THF, 25 parts of
methylmagnesium bromide solution in THF was added thereto and then a reaction was performed at
75C for 30 minutes. To the reaction solution was added 0.127 parts of
[1,3-bis(diphenylphosphino)propane]-dichloronickel (II), and then a reaction was performed for
additional 2 hours still at 75C. After allowing the reaction solution to cool down to room temperature, 5
parts of methanol was added. The reaction mixture was moved to a Soxhlet extractor and was washed
with 150 parts of methanol and 150 parts of hexane in this order. Finally, the residue was subjected to
extraction using 150 parts of chloroform and then the solvent was distilled off, so that 2.85 parts of
poly{3-(2,5-dioxaheptyl)thiophenel (P-4) having a regioregularity of 94.6% was obtained. [0068]
<Production Example 5>: Synthesis of poly(3-dodecylthiophene) (P-5)        Experimental operations
were carried out which were the same as those of Production Example 1 except for exchanging
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene in (3) of Production Example 1 for
2,5-dibromo-3-dodecylthiophene  (producedbyAldrich),sothat3.5partsof poly(3-dodecylthiophene) (P-5)
having a regioregularity of 96.4% was obtained. 



 

27 

of 2-ethoxyethanols, and sodium hydride (60% disper sion in 

paraffin) was added thereto.  In 15 parts of THF, 6 .32 parts 

(35.7 mmol) of the aforementioned 3-bromomethyl thi ophene was 

dissolved and dropped thereinto over 2 hours.  Then , the 

temperature was raised to 100 °C and a reaction was performed 

for 4 hours.  After the completion of the reaction,  the 

resultant was allowed to cool down to room temperat ure.  

Following addition of 30 parts of distilled water, the mixture 

was moved to a separatory funnel and then the aqueo us layer was 

separated.  Further, the organic layer was washed t wice with 

30 parts of distilled water and then THF was distil led off and 

the resulting mixture was purified with a silica ge l column, 

so that 5.68 parts (30.5 mmol) of 3-(2,5-dioxahepty l)thiophene 

was obtained. 

[0066] 

 (3) Synthesis of 

2,5-dibromo-3-(2,5-dioxapentyl)thiophene: 

 In THF were dissolved 5.68 parts (30.5 mmol) of th e 

aforementioned 3-(2,5-dioxaheptyl)thiophene and 11. 9 parts 

(67.1 mmol) of N-bromosuccinimide, which were then allowed to 

react at room temperature for 2 hours.  A precipita te was 

removed with a glass filter using 50 parts of ethyl  acetate, 

and THF and ethyl acetate were then distilled off.  By purifying 

the resulting mixture with a silica gel column, 8.1 1 parts (23.6 

mmol) of 2,5-dibromo-3-(2,5-dioxaheptyl)thiophene w as 

[0069] <Examples 1 to 16>        Conductive compositions (A-1) to (A-16) of the present invention were
obtained by mixing the compounded parts given in Table 1 of the substituted polythiophenes (P-1) to
(P-5) obtained in Production Examples 1 to 5, the sulfur trioxide complexes and the organic solvents
given in Table 1.  [0070] [Table 1]  ;CD =-I  
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obtained. 

[0067] 

 (4) Synthesis of poly{3-(2,5-dioxaheptyl)thiophene }: 

 After dissolving 8.11 parts (23.6 mmol) of the 

aforementioned 2,5-dibromo-3-(2,5-dioxaheptyl)thiop hene in 

30 parts of THF, 25 parts of methylmagnesium bromid e solution 

in THF was added thereto and then a reaction was pe rformed at 

75°C for 30 minutes.  To the reaction solution was add ed 0.127 

parts of [1,3-bis(diphenylphosphino)propane]-dichlo ronickel 

(II), and then a reaction was performed for additio nal 2 hours 

still at 75 °C.  After allowing the reaction solution to cool 

down to room temperature, 5 parts of methanol was a dded.  The 

reaction mixture was moved to a Soxhlet extractor a nd was washed 

with 150 parts of methanol and 150 parts of hexane in this order.  

Finally, the residue was subjected to extraction us ing 150 parts 

of chloroform and then the solvent was distilled of f, so that 

2.85 parts of poly{3-(2,5-dioxaheptyl)thiophene} (P -4) having 

a regioregularity of 94.6% was obtained. 

[0068] 

<Production Example 5>: Synthesis of poly(3-dodecyl thiophene) 

(P-5) 

 Experimental operations were carried out which wer e the 

same as those of Production Example 1 except for ex changing 

2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene i n (3) of 

Production Example 1 for 2,5-dibromo-3-dodecylthiop hene 

CD CD  CD CC-) CD CD 
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(produced by Aldrich), so that 3.5 parts of 

poly(3-dodecylthiophene) (P-5) having a regioregula rity of 

96.4% was obtained. 

[0069] 

<Examples 1 to 16> 

 Conductive compositions (A-1) to (A-16) of the pre sent 

invention were obtained by mixing the compounded pa rts given 

in Table 1 of the substituted polythiophenes (P-1) to (P-5) 

obtained in Production Examples 1 to 5, the sulfur trioxide 

complexes and the organic solvents given in Table 1 . 

 

7al  CD  CD  
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[0070] 

[Table 1] 

 

C) CD  CD C   
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[0071] 

<Comparative Example 1> 

 A conductive composition (A'-1) for comparison was  

obtained by mixing 1.0 part of substituted polythio phene (P-1), 

0.3 parts of chloranilic acid, and 30.0 parts of 1, 3-dioxolane 

as an organic solvent. 

[0072] 

<Comparative Example 2> 

 "PEDOT/PSS" (a conductive polymer prepared by 

polymerizing Baytron-P (3,4 -ethylenedioxythiophene  produced 

by H.C. Starck) in an aqueous high molecular weight  polystyrene 

sulfonic acid solution), which was known as an aque ous 

dispersion of a polythiophene, was used as it was a s a conductive 

composition (A'-2) for comparison. 

[0073] 

<Comparative Example 3> 

 A conductive composition (A'-3) for comparison was  

obtained by mixing 1.0 part of substituted polythio phene (P-1), 

2.7 parts of iron p-toluenesulfonate as well as 32. 3 parts of 

1,3-dioxolane and 8.4 parts of methanol as an organ ic solvent. 

[0074] 

 Conductive coating films were prepared and evaluat ion of 

the electroconductivity thereof was carried out by the 

following methods using the conductive compositions  (A-1) to 

(A-16) of Examples 1 to 16 and the conductive compo sitions 

Ca       [0071] <Comparative Example 1> 
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(A'-1) to (A'-3) for comparison.  Results are shown  in Table 

1. 

[0075] 

[Method for preparing conductive coating film] 

 Each of the conductive compositions (A-1) to (A-16 ) of 

Examples 1 to 16 and the conductive compositions (A '-1) to 

(A'-3) for comparison was applied to a glass substr ate in a 3 

cm × 7 cm rectangular pattern with a doctor blade, foll owed by 

drying under reduced pressure at room temperature f or 30 minutes 

and subsequently heating on a hot plate at 170 °C for 60 minutes, 

so that a conductive coating film was obtained. 

[0076] 

[Method for electroconductivity evaluation] 

 The surface resistance of a resulting conductive c oating 

film was measured in accordance with "Testing metho d for 

resistivity of conductive plastics with a four-poin t probe 

array" of JIS K7194. 

 Then, the thickness of the conductive coating film  was 

measured by using a laser microscope (VK-8700 manuf actured by 

KEYENCE CORP.), and the electroconductivity of the conductive 

coating film was calculated from the surface resist ance and the 

thickness. 

[0077] 

 Each of the conductive compositions (A-1) to (A-16 ) of 

Examples 1 to 16 and the conductive compositions (A '-1) to 

A conductive composition (A'-1) for comparison was obtained by mixing 1 . 0 part of substituted
polythiophene (P-1), 0.3 parts of chloranilic acid, and 30.0 parts of 1,3-dioxolane as an organic
solvent. [0072] <Comparative Example 2> "PEDOI/PSS"(a conductive polymer prepared by
polymerizing Baytron-P (3,4 -ethylenedioxythiophene produced by H.C. Starck) in an aqueous high
molecular weight polystyrene sulfonic acid solution), which was known as an aqueous dispersion of a
polythiophene, was used as it was as a conductive composition (A'-2) for comparison. [0073]
<Comparative Example 3>        A conductive composition (A'-3) for comparison was obtained by
mixing 1 . 0 part of substituted polythiophene (P-1), 2.7 parts of iron p-toluenesulfonate as well as 32.3
parts of 1,3-dioxolane and 8.4 parts of methanol as an organic solvent. [0074]        Conductive coating
films were prepared and evaluation of the electroconductivity thereof was carried out by the following
methods using the conductive compositions (A-1) to (A-16) of Examples 1 to 16 and the conductive
compositions 
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(A'-3) for comparison in an amount of 10 mL was put  into a glass 

container and then a glass substrate with ITO (1 cm  × 1 cm × 

0.1 mm) was immersed into the solution, followed by  sealing the 

glass container.  After storage under conditions of  a storage 

temperature of 25 °C and a storage time of 150 hours, the glass 

substrate with ITO was taken out and then washed wi th THF.  The 

corrosion state of the surface of ITO of the glass substrate 

with ITO after washing was observed by a microscope  (digital 

microscope VHX manufactured by KEYENCE CORP.) and w as evaluated 

on the basis of the following criteria.  The result s are shown 

in Table 1. 

<Corrosivity evaluation criteria> 

 (No corrosion is observed.) 

� (Corrosion is observed.) 

 It was shown that the conductive composition of th e 

present invention fails to have corrosivity as show n in Table 

1. 

[0078] 

[Method of capacitor characteristic evaluation] 

(1) Preparation of dielectric film on anode 

 An aluminum etched foil (size: 4 × 3.3 mm) as an anode 

metal was immersed in a 3% by weight aqueous ammoni um adipate 

solution, voltage was increased from 0 V to 40 V un der a condition 

of 0.53 mA/sec by using a constant-current constant -voltage 

power supply, and then chemical conversion treatmen t was 

(A'-1) to (A'-3) for comparison. Results are shown in Table 1. [0075] [Method for preparing conductive
coating film]        Each of the conductive compositions (A-1) to (A-16) of Examples 1 to 16 and the
conductive compositions (A'-1) to (A'-3) for comparison was applied to a glass substrate in a 3 cm X 7
cm rectangular pattern with a doctor blade, followed by drying under reduced pressure at room
temperature for 30 minutes and subsequently heating on a hot plate at 170C for 60 minutes, so that a
conductive coating film was obtained. [0076] [Method for electroconductivity evaluation]         The
surface resistance of a resulting conductive coating film was measured in accordance with "Testing
method for resistivity of conductive plastics with a four-point probe array" of JIS K7194.         Then, the
thickness of the conductive coating film was measured by using a laser microscope (VK-8700
manufactured by KEYENCE CORP.), and the electroconductivity of the conductive coating film was
calculated from the surface resistance and the thickness. [0077] 
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performed by applying a constant voltage of 40 V fo r 40 minutes, 

so that a dielectric film made of an oxidized coati ng film was 

formed on a surface of the aluminum etched foil.  T his was washed 

in running deionized water for 10 minutes and then was dried 

at 105 °C for 5 minutes, so that an anode composed of an an ode 

metal and a dielectric film was prepared.  The resu lting anode 

was immersed in the aforementioned aqueous ammonium  adipate 

solution and an electrostatic capacitance was measu red at 120 

Hz.  The measurement 4.2 µF was determined as a theoretical 

electrostatic capacitance. 

[0079] 

 (2) Preparation of electrode for solid electrolyte  

capacitor 

 Anodes were immersed in the conductive composition s (A-1) 

to (A-16) and (A'-1) to (A'-3) and then were pulled  up, followed 

by drying under reduced pressure at room temperatur e for 30 

minutes, so that electrolyte layers were formed and  thereby 

electrodes for solid electrolyte capacitors were pr epared. 

 (3) Preparation of an electrolyte capacitor 

 On each of the electrolyte layers obtained above, a carbon 

paste ["Varniphite FU" produced by Nippon Graphite Industries, 

Ltd.] was applied and then dried, and thereafter a silver paste 

["Everyohm ME" produced by Nippon Graphite Industri es, Ltd.] 

was further applied, so that a cathode was formed.  A lead was 

pulled out from the silver paste and a terminal was  connected 

Each of the conductive compositions (A-1) to (A-16) of Examples 1 to 16 and the conductive
compositions (A'-1) to (A'-3) for comparison in an amount of 10 mL was put into a glass container and
then a glass substrate with ITO (1 cm X 1 cm X 0.1 mm) was immersed into the solution, followed by
sealing the glass container. After storage under conditions of a storage temperature of 25C and a
storage time of 150 hours, the glass substrate with ITO was taken out and then washed with THF. The
corrosion state of the surface of ITO of the glass substrate with ITO after washing was observed by a
microscope (digital microscope VHX manufactured by KEYENCE CORP. ) and was evaluated on the
basis of the following criteria. The results are shown in Table 1. <Corrosivity evaluation criteria> 0 (No
corrosion is observed.) X (Corrosion is observed.)         It was shown that the conductive composition
of the present invention fails to have corrosivity as shown in Table 1. [0078] [Method of capacitor
characteristic evaluation] (1) Preparation of dielectric film on anode 
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thereto. 

[0080] 

 (4) Measurement and evaluation 

 The electrostatic capacitance at 120 Hz and the in ternal 

resistance at 100 kHz of the resulting electrolyte capacitor 

were measured using an LCR meter, and then the occu rrence of 

leakage and withstand voltage were evaluated on the  following 

criteria. 

<Criteria of leakage evaluation> 

 A case where a leak current did not decrease and n either 

an electrostatic capacitance nor an internal resist ance was 

measured successfully in the measurement with the L CR meter was 

evaluated as " �" and a case where a leak current decreased and 

both an electrostatic capacitance and an internal r esistance 

were measured successfully was evaluated as " ". 

<Criteria of withstand voltage evaluation> 

 Voltage was applied in a low current mode of 0.2 m A by 

using a DC power unit [GP0650-05R manufactured by T akasago Ltd.] 

and was elevated automatically, and the voltage det ected just 

before voltage dropped suddenly due to discharge wa s defined 

as a withstand voltage. 

[0081] 

 The solid electrolyte capacitors using the conduct ive 

compositions of the present invention each afforded  an 

electrostatic capacitance close to the theoretical value (4.2 

An aluminum etched foil (size: 4 X 3.3 mm) as an anode metal was immersed in a 3% by weight
aqueous ammonium adipate solution, voltage was increased from 0 V to 40 V under a condition of
0.53 mA/sec by using a constant-current constant-voltage power supply, and then chemical
conversion treatment was performed by applying a constant voltage of 40 V for 40 minutes, so that a
dielectric film made of an oxidized coating film was formed on a surface of the aluminum etched foil.
This was washed in running deionized water for 10 minutes and then was dried at 105C for 5 minutes,
so that an anode composed of an anode metal and a dielectric film was prepared. The resulting anode
was immersed in the aforementioned aqueous ammonium adipate solution and an electrostatic
capacitance was measured at 120 Hz. The measurement 4.2 RE was determined as a theoretical
electrostatic capacitance. [0079]         (2) Preparation of electrode for solid electrolyte capacitor
Anodes were immersed in the conductive compositions (A-1) to (A-16) and (A'-1) to (A'-3) and then
were pulled up, followed by drying under reduced pressure at room temperature for 30 minutes, so
that electrolyte layers were formed and thereby electrodes for solid electrolyte capacitors were
prepared.         (3) Preparation of an electrolyte capacitor        On each of the electrolyte layers
obtained above, a carbon paste ["Varniphite FU" produced by Nippon Graphite Industries, Ltd.] was
applied and then dried, and thereafter a silver paste ["Everyohm ME" produced by Nippon Graphite
Industries, Ltd.] was further applied, so that a cathode was formed. A lead was pulled out from the
silver paste and a terminal was connected  thereto. 
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µF) while maintaining a low internal resistance nece ssary as 

a capacitor.  Conversely, in the capacitor using th e conductive 

composition of Comparative Example 1, corrosion was  generated 

inside the electrode because the dopant was an acid , and there 

was so great leakage that it could not be measured.   In the 

capacitor using the conductive composition of Compa rative 

Example 2 for solid electrolyte capacitors, since t he 

conductive polymer existed as a dispersoin in a sol ution, 

clogging occurred inside pores, so that the conduct ive polymer 

has not penetrated well.  Therefore, internal resis tance was 

high and a capacitance as large as only about 1/10 the 

theoretical electrostatic capacitance was obtained.   In 

Comparative Example 3, capacitance was insufficient  and 

internal resistance was high.  Moreover, the withst and voltage 

was also lower in comparison to Example 1 to 16. 

 As shown in Table 1, it was indicated that the con ductive 

composition of the present invention was high in 

electroconductivity. 

 

INDUSTRIAL APPLICABILITY 

[0082] 

 The conductive composition (A) of the present inve ntion 

are so lowly corrosive that it can be applied to me tal or the 

like which are prone to be corroded and the conduct ive coating 

film has high electroconductivity, it can be expect ed to be 

[0080] (4) Measurement and evaluation        The electrostatic capacitance at 120 Hz and the internal
resistance at 100 kHz of the resulting electrolyte capacitor were measured using an LCR meter, and
then the occurrence of leakage and withstand voltage were evaluated on the following criteria.
<Criteria of leakage evaluation>        A case where a leak current did not decrease and neither an
electrostatic capacitance nor an internal resistance was measured successfully in the measurement
with the LCR meter was evaluated as "X" and a case where a leak current decreased and both an
electrostatic capacitance and an internal resistance were measured successfully was evaluated as "0
<Criteria of withstand voltage evaluation>        Voltage was applied in a low current mode of 0.2 mA by
using a DC power unit [GP0650-05Rmanufactured by Takasago Ltd. and was elevated automatically,
and the voltage detected just before voltage dropped suddenly due to discharge was defined as a
withstand voltage. [0081]        The solid electrolyte capacitors using the conductive compositions of the
present invention each afforded an electrostatic capacitance close to the theoretical value (4.2 
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applied to various conductive functional materials.   

Especially, it is useful as an electrode for a soli d electrolyte 

capacitor. 

RE') while maintaining a low internal resistance necessary as a capacitor. Conversely, in the capacitor
using the conductive composition of Comparative Example 1, corrosion was generated inside the
electrode because the dopant was an acid, and there was so great leakage that it could not be
measured. In the capacitor using the conductive composition of Comparative Example 2 for solid
electrolyte capacitors, since the conductive polymer existed as a dispersoin in a solution, clogging
occurred inside pores, so that the conductive polymer has not penetrated well. Therefore, internal
resistance was high and a capacitance as large as only about 1/10 the theoretical electrostatic
capacitance was obtained. In Comparative Example 3, capacitance was insufficient and internal
resistance was high. Moreover, the withstand voltage was also lower in comparison to Example 1 to
16.        As shown in Table 1, it was indicated that the conductive composition of the present invention
was high in electroconductivity. INDUSTRIAL APPLICABILITY [0082]        The conductive composition
(A) of the present invention are so lowly corrosive that it can be applied to metal or the like which are
prone to be corroded and the conductive coating film has high electroconductivity, it can be expected
to be  applied to various conductive functional materials. Especially, it is useful as an electrode for a
solid electrolyte capacitor.  
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CLAIMS 

 

 1.  A conductive composition(A) comprising a sulfu r 

trioxide complex and a substituted polythiophene (P ) having 

thiophene repeating units at least some of which ar e each a 

thiophene repeating unit ( α) substituted at the 3-position 

and/or the 4-position of its thiophene ring with at  least one 

group selected from the group consisting of 

 (a) a polyether group represented by formula (1) g iven 

below, 

 (b) an alkoxy group having 1 to 15 carbon atoms, 

 (c) an alkoxyalkyl group having 2 to 19 carbon ato ms, and 

 (d) an alkyl group having 1 to 15 carbon atoms or an alkyl 

group of which a hydrogen atom has been substituted  with the 

polyether group (a); 

[Chem. 1] 

 

wherein OR 1 represents an oxyalkylene group having 2 to 4 carb on 

atoms, R 2 represents an alkyl group having 1 to 15 carbon at oms, 

and k is an integer of 1 to 9. 

 

 2.  The conductive composition according to claim 1, 

wherein the thiophene repeating unit ( α) is a repeating unit 

( α1) represented by formula (2), a repeating unit ( α2) 

CLAIMS         1. A conductive composition(A) comprising a sulfur trioxide complex and a substituted
polythiophene (P) having thiophene repeating units at least some of which are each a thiophene
repeating unit (a) substituted at the 3-position and/or the 4-position of its thiophene ring with at least
one group selected from the group consisting of         (a) a polyether group represented by formula (1)
given below,         (b) an alkoxy group having 1 to 15 carbon atoms,         (c) an alkoxyalkyl group
having 2 to 19 carbon atoms, and         (d) an alkyl group having 1 to 15 carbon atoms or an alkyl
group of which a hydrogen atom has been substituted with the polyether group (a); [Chem. 1]
C)F0mOW(1) k 
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represented by formula (3), or a repeating unit ( α3) represented 

by formula (4); 

[Chem. 2] 

 

wherein OR 3 and OR 6 each independently represent an oxyethylene 

group or an oxypropylene group, R 4, R 7, and R 8 each independently 

represent a linear or branched alkyl group having 1  to 12 carbon 

atoms, R 5 represents a linear or branched alkylene group hav ing 

1 to 4 carbon atoms, and n and m are each independe ntly an integer 

of 0 to 5. 

wherein OR' represents an oxyalkylene group having 2 to 4 carbon atoms, R2 represents an alkyl
group having 1 to 15 carbon atoms, and k is an integer of 1 to 9.        2. The conductive composition
according to claim 1, wherein the thiophene repeating unit (a) is a repeating unit (al) represented by
formula (2), a repeating unit (a2)  represented by formula (3), or a repeating unit (a3) represented by
formula (4) ; [Chem. 2]    wherein OR3 and OR6 each independently represent an oxyethylene group
or an oxypropylene group, R4, R3, and Fe each independently represent a linear or branched alkyl
group having 1 to 12 carbon atoms, R5 represents a linear or branched alkylene group having 1 to 4
carbon atoms, and n and m are each independently an integer of 0 to 5. 
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 3.  The conductive composition according to claim 2, 

wherein the repeating unit ( α1) is one in which OR 3 in formula 

(2) is an oxyethylene group, and R 4 is a linear or branched alkyl 

group having 3 to 12 carbon atoms when n is 0, and R4 is a linear 

or branched alkyl group having 1 to 6 carbon atoms when n is 

1 or more; the repeating unit ( α2) is one in which R 5 in formula 

(3) is a linear or branched alkylene group having 1  to 3 carbon 

atoms, OR 6 is an oxyethylene group and R 7 is a linear or branched 

alkyl group having 3 to 12 carbon atoms when m is 0 , and R 7 is 

a linear or branched alkyl group having 1 to 6 carb on atoms when 

m is 1 or more; and the repeating unit ( α3) is one in which 

R8 in formula (4) is a linear or branched alkyl group  having 

3 to 12 carbon atom. 

 

 4.  The conductive composition according to any on e of 

claims 1 to 3, wherein the content of the thiophene  repeating 

unit ( α) in the substituted polythiophene (P) is 50 to 100 % 

by weight of the substituted polythiophene (P). 

 

 5.  The conductive composition according to any on e of 

claims 1 to 4, wherein the regioregularity defined by the 

percentage of Head-to-Tail-Head-to-Tail linkages in  the 

substituted polythiophene (P) is 90% or more. 

 

3. The conductive composition according to claim 2, wherein the repeating unit (al) is one in which
OR3 in formula  (2) is an oxyethylene group, and R4 is a linear or branched alkyl group having 3 to 12
carbon atoms when n is 0, and R4 is a linear or branched alkyl group having 1 to 6 carbon atoms
when n is 1 or more; the repeating unit (a2) is one in which R5 in formula  (3) is a linear or branched
alkylene group having 1 to 3 carbon atoms, OR6is an oxyethylene group and R3 is a linear or
branched alkyl group having 3 to 12 carbon atoms when m is 0, and R3 is a linear or branched alkyl
group having 1 to 6 carbon atoms when m is 1 or more; and the repeating unit (a3) is one in which R8
in formula (4) is a linear or branched alkyl group having 3 to 12 carbon atom.         4. The conductive
composition according to any one of claims 1 to 3, wherein the content of the thiophene repeating unit
(a) in the substituted polythiophene (P) is 50 to 100% by weight of the substituted polythiophene (P).
5. The conductive composition according to any one of claims 1 to 4, wherein the regioregularity
defined by the percentage of Head-to-Tail-Head-to-Tail linkages in the substituted polythiophene (P) is
90% or more.           6. The conductive composition according to any one of claims 1 to 5, wherein the
sulfur trioxide complex is at least one sulfur trioxide complex selected from the group consisting of a
sulfur trioxide-N,N-dimethylformamide complex, a sulfur trioxide-pyridinecomplex,andasulfur
trioxide-trdethylamlne complex. 
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 6.  The conductive composition according to any on e of 

claims 1 to 5, wherein the sulfur trioxide complex is at least 

one sulfur trioxide complex selected from the group  consisting 

of a sulfur trioxide-N,N-dimethylformamide complex,  a sulfur 

trioxide-pyridine complex, and a sulfur 

trioxide-triethylamine complex. 

 

 7.  The conductive composition according to any on e of 

claims 1 to 6, wherein the content of the sulfur tr ioxide complex 

based on the weight of the substituted polythiophen e (P) is 5 

to 300% by weight. 

 

 8.  An electrode for a solid electrolyte capacitor  

produced by using the conductive composition accord ing to any 

one of claims 1 to 7. 

 

 9.  A solid electrolyte capacitor produced by usin g the 

conductive composition according to any one of clai ms 1 to 7. 

 

 10.  A process for producing a conductive coating film 

comprising applying the conductive composition acco rding to any 

one of claims 1 to 7 to a substrate and then heat-t reating it. 

7. The conductive composition according to any one of claims lto 6, wherein the content of the sulfur
trioxide complex based on the weight of the substituted polythiophene (P) is 5 to 300% by weight.
8. An electrode for a solid electrolyte capacitor produced by using the conductive composition
according to any one of claims 1 to 7.         9. A solid electrolyte capacitor produced by using the
conductive composition according to any one of claims 1 to 7.         10. A process for producing a
conductive coating film comprising applying the conductive composition according to any one of claims
1 to 7 to a substrate and then heat-treating it. 


