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 con%ﬁgﬁqiﬁ;ﬁgﬁaition. BACKGROUND ART [0002] In
recent years, development of conductive po ompounds capable of imparting
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compounds are expe applied fo con ucti\I/e %unctlonal materials, |ght-emisswe1?t§?ﬁctional
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TECHNICAL FIELD

[0001]

Thepresentinventionrelatestoconductivecompos itions.
Particularly, the presentinvention relatestoanc onductive
compositioncomprisingaconductivepolymerandad opanthaving
aspecific chemical structure; an electrode produce d by using
the conductive compositionforasolid electrolyte capacitor;
asolidelectrolyte capacitorproducedbyusingthe 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, itisknownthatcompoundshavingasu Ifonic



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 cgrrode metal Whi%%is in corlgtgg with the coating liquid, M%reover, the

conductive %8%%%%\%% 89%%% %%'gfll Ii’jhsuffuoﬁ AN %IBctroconductivity ofafBEP00 S/cm,
which is no o vity required in: Use ductive functional jals. [Q005] In
Patent Doch:%pegnﬁ@%tﬁggﬁggégg&%wEa%(énégltm%%&%(Qigg a polycondensedrT:f:?(j}?%rl%gcglﬁ1 having a
sulfonic acigh groMPss-aARANS aRd g)film that exhibits good electroconductivity has been obtained by
performing electrolytic oxidation polymerization. However, the conductive coating film formed from the
coating quu[dqu an electroconductivity of about 100 S/cm, which is not sufficient conductivity
required in use for conductive functional materials. PRIOR ART DOCUMENTS

In Patent Document 1 has been proposed a coating | iquid
intheformofanaqueouscolloidaldispersionusin gpolystyrene
sulfonic acid as a dopant. However, this coating | iquid has
sohighhydrophilicitythataconductive coatingfi Improduced
by using this coating liquid is highly hygroscopic and there
areproblemssuchasthathighlyacidichydrogenio nsgenerated
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

electroconductivityofabout100S/cm,whichisnot sufficient
conductivity required in use for conductive functio nal
materials.
[0005]

InPatentDocument 2 hasbeenproposed amethod of using
a polycondensed compound having a sulfonic acid gro up as a
dopant, and afilm that exhibits good electroconduc tivity has

been obtained by performing electrolytic oxidation

polymerization. However, the conductive coating fi Im formed
fromthecoatingliquidhasanelectroconductivity ofabout100
S/cm,whichisnotsufficientconductivityrequired inusefor

conductive functional materials.



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]

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
conductivecompositionwhichcanformaconductive coatingfilm

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 ( a)
substituted at the 3-position and/or the 4-position of its
thiopheneringwithatleastone group selectedfro mthegroup

consisting of
(a)apolyethergrouprepresentedbygeneralformu la(1)
given below,

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



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 grqup of which a hydrogen at s been substituted with the polyether group (a).
[0009] [Chem. 1] %nga?l{kﬁyamwlg}/oup%avmgoé?oqgcaﬁ)ona 0 s oy

(d)analkylgrouphavingltol5carbonatomsor analkyl
group of which a hydrogen atom has been substituted with the
polyether group (a).

[0009]

[Chem. 1]

—P OR1+ OR? (1)
k

[0010]

Intheformula,OR representsanoxyalkylenegrouphaving
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 presentinventio nare
solowly corrosive thatitcan be applied to metal orthelike
whichare pronetobe corrodedandthe conductive c oatingfilm
hashighelectroconductivity,itcanbeexpectedto beapplied

to various conductive functional materials.

MODE FOR CARRYING OUT THE INVENTION
[0012]
The conductive composition (A) ofthe presentinve ntion

comprisesasubstitutedpolythiophene(P)andasul furtrioxide



k [0010]

OF THE INVENTION [0011]

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

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]

composition (gm c?f the po ytﬁl Rstltuted polythiophen%{,ﬁ)] é’%ﬂﬂ'ga sulfur
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"thiophene repeating unit ( a)").

[0013]

The aforementioned polyether group (a) is a polyet
group represented by the general formula (1) and ha
repeating units each made up of an oxyalkylene grou
to 4 carbon atoms, the number of the repeating unit
to 9, and one terminal of the polyether group being
group having 1 to 15 carbon atoms.

Examples of the oxyalkylene group having 2 to 4 ca
atoms include an oxyethylene group, an oxypropylene
oxybutylene and the like.

[0014]

Examplesoftheterminalalkoxygrouphavinglto
atomsincludeamethoxygroup,anethoxygroup,ap
anisopropoxy group, a n-, iso-, sec- or a tert-but
a pentyloxy group, a hexyloxy group, a heptyloxy gr
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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

f la (1) and [ ti it h mad f lkyl having 2 to 4 carb

atoms. the GO PIREReLLG G BeHE e o RSN estmmat of he poly B Broup beng
lk | I fth lkyl ing2to 4

carbon aron S g roup, oxybu R B e e, 0014

Examples of theferppgal 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 J[00P5 R 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 groupxarmgésdgayiexikyeygrand g ikeutRO0dkoxy gr oup
havingltol5carbonatomswhicharethesameast hoseprovided
as examples for the aforementioned polyether group (a).
[0016]

Examples of the aforementioned alkoxyalkyl group ( )
includealkylgroupshavinglto4carbonatomssub stitutedwith
alkoxy groups having 1 to 15 carbon atoms. Example s of the
alkoxygroupshavingltol5carbonatomsincludea Ikoxygroups
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
repeatingunit( a)hasincludealinearorbranchedalkylgroup
having 1 to 15 carbon atoms, e.g., a methyl group, an-or
iso-propyl group, a n-, iso-, sec- or tert-butyl gr oup, an-
or iso-pentyl group, a cyclopentyl group, an- or i so-hexyl
group, a cyclohexyl group, a n- or iso-heptyl group ,an-or
iso-octylgroup,a2-ethylhexylgroup,an-oriso- nonylgroup,



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 isq-prgpy! group, a n-, sec-, iso-, or_tert-butyl group and
the like. [003 7Y 09'5&%%%!&%?%@‘ Ky g8t %ﬁa%ﬂqéqhiophene repeating Uhit (& has include a

linear or brqggjb%%g@fl %F%EET%]WHQ %.10&8'.&?58 n ?%i?ﬁn'@'ir’ ed.,a methyl group, a n- or&so-propyl

group, a n-, Iso-, sec-"or tert-butyl group, a nor 1so-pe oup, a cyclopentyl group, a n- or iso-hexyl

group, a cyggm(%eypg,%@p’o&ri‘%loah@ptg} HOYR R i%;)-octyl group, a 2-etnymfxyl 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 groupha Sk PIgRSuISERAREYhE EVRIKIST SuPTRLIGA-Pentadecyl group. gfrorhhe alkyl
group (d) may be an alkyl group resulting from the substitution of a hydrogen atom of the

above-mentigsambalkyutigrafdhyiifounaionssiaetiboed-payether group (a). [idh8kalkylOne preferred
from the viewpoint of electroconductivity as the thiophene repeating unit (a) that the substituted
polythiophegm (ip) witthih @ refeeatiandotied paby/stlaeregeaiminit (al) represented by the following
general formula (2), a repeating unit (a2) represented by the following general formula (3), or a
repeating uli0(8) represented by the following general formula (4).

One preferredfromthe viewpointofelectroconduct ivity
as the thiophene repeating unit ( a) that the substituted
polythiophene (P) inthe presentinvention hasis 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).

[0019]

[Chem. 2]



[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-dodecy! group).

(2)

a —
-/ (3)

R5 ORS OR?
\_ € _} Y,

S
\ (a)
RS
[0020]
OR2inthe above generalformula (2) and OR ®intheabove
generalformula(3)eachindependentlyrepresentan oxyethylene
group or an oxypropylene group, and an oxyethylene group is

preferred from the viewpoint of electroconductivity
[0021]
R* R ",andR 2inthe above general formulae (2) through
(4) each independently represent a linear or branch ed alkyl

group having 1to 12 carbon atoms (e.g., amethyl g roup, an-



[0022] When the below-described nis 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 alkyqurrcggrgé’ta}/ing 1 to 6 carbon atoms and more preferably

a linear or bc%%ﬁcgﬁéégéﬂ}}ﬁﬁr&%paﬁ]évﬁa'lst%ci & Yms. When m is 0, 225?88 Preferred as
R7 f he_vj i [WILY. i b hed alkyl j 12 carb
mtome and B a8 N ing 6 t0 15 a5 s, 10004 A

group prefeg(r,%%&sal%%[gﬁé w%{%%‘%&ﬁ%ﬁﬂlﬂww and electroconductiyity. is-a linear or

branched alkyl group having 3 fo 12 carbon atoms and more preferably a linear or branched alkyl
group havingdidenhd PR atmhdPgrdup, an-oriso- nonylgroup,
an- oriso-decyl group, a n- oriso-undecyl group, andan-,

or iso-dodecyl group).

[0022]

Whenthebelow-describednislormore,agroupp referred
asR “fromthe viewpointof electroconductivity isalin earor
branched alkyl group having 1 to 6 carbon atoms and more
preferablyalinearorbranchedalkylgrouphaving 1lto4carbon
atoms.

When nis 0, a group preferred as R 4 from the viewpoint
of electroconductivity is a linear or branched alky | group
having 3 to 12 carbon atoms and more preferably a | inear or

branched alkyl group having 6 to 12 carbon atoms.

[0023]

Whenthebelow-describedmislormore,agroupp referred
asR ’fromthe viewpointof electroconductivity isalin earor
branched alkyl group having 1 to 6 carbon atoms and more
preferablyalinearorbranchedalkylgrouphaving 1to4carbon
atoms.

When mis 0, a group preferred as R " from the viewpoint
of electroconductivity is a linear or branched alky | group
having 3 to 12 carbon atoms and more preferably a | inear or



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 Ito 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 a %ﬁ‘gg? C Lg{ﬁﬂeﬁ%\{g‘grg%’rzg‘zf g o%,%ﬂglﬁ‘l is more preferably 0 to 3. [0027]

The substit E{)Iythiophene (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 vy{tl@,tggpr eRliRgURIR(2)- [0028§5m tfé%\ﬂiﬁ)mFWPQJﬂ\t/éﬁlSO'Vem solubility, the

content of the above-described thiophene repeating units (a) in the substitutedpolythiophene (P) is

preferably S fauliQ%riy deigrscorRIGoRUiRIabAY IfRR &P @0 by weight, and partiggianhegreferably 70
to 100% by weight based on the weight of the substituted polythiophene (P).

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 Sintheaboveformula(3)representsalinearorbr 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
al,2-,1,3-,2,3-orl,4-butylenegroup),andgrou pspreferred

from the  viewpoint of solvent solubility and
electroconductivity are linear or branched alkylene groups
havinglto3carbonatoms,andmorepreferablyam ethylenegroup

or an ethylene group.

[0026]

nand minthe above general formula(2) or (3) ar eeach
independently an integer of 0 to 5. From the viewp oint of
solventsolubility and electroconductivity, nis pr eferably 1
to 5, more preferably 2 to 5. From the viewpoint o f solvent
solubilityandelectroconductivity,mispreferably Oto4,and

m is more preferably O to 3.
[0027]
The substituted polythiophene (P) in the present

invention may consist only of the above-described t hiophene

10



[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- OSI on andgtg -position. Th|o hene is rec%op%s a monomer corresponding

to the unsJﬁ&ﬁﬁ%@tH ne rep A7 niay contain thiophene
repeating units that are not substltuted along with the
repeating units ( a).
[0028]

Fromtheviewpointofsolventsolubility,the cont entof
the above-described thiophene repeating units ( a) in the
substitutedpolythiophene(P)ispreferably50tol 00%byweight,
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
inventioncanbesynthesizedbyaknownmethod,suc hasanionic
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 ( a) include
thiophenes substituted with the polyether group (a) defined
above,thealkoxygroup(b)definedabove thealko xyalkylgroup
(c) defined above or the alkyl group (d) defined ab ove atthe
3-positionand/orthe4-positionofitsthiophener ingandalso
substituted with a halogen atom at the 2-position a nd the
5-position.

Thiophene is recited as a monomer corresponding to the

11



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)ofthesupstituted polythiophene (P) in the present invention is usually 50% or
more, and %%%'Wi%%Hpﬁeﬂgéﬁgé)gﬁ%gc?lti\Ey it is more preferably 80% or more, even more
preferably @e%ﬂ 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 Ch%?ﬁ'tf%r(}}é%diﬁt’&f @&ﬂﬂﬁiﬂ{ﬁﬂ@%@&%rﬁ‘ﬁ'ﬂr linkage (B-2), a HT;EIH linkage

(B3), and a IT-HH linkage (B4). As used herein, HI'is an abbreviation of Head-to-Tail, Il is an

abbreviatios @i kil ABEHRdERIRRBRERatavRbRead-to-Head. [003434@EbAA) 3]

ispreferably0.1t020%byweight,morepreferably 1.0t06.0%
byweightbasedontheweightoftheconductivecom position(A).

It is undesirable that the content of the substitut ed
polythiophene (P)islargerbecause anagglomerate generates,
resulting in deterioration of applicability. It is

undesirable thatthe contentofthe substituted pol ythiophene
(P) is smaller because it becomes difficult to form auniform
conductive coating film.

[0032]

The regioregularity (RR) of the substituted
polythiophene (P) in the present invention is usual ly 50% or
more,andfromtheviewpointofelectroconductivity ,itismore
preferably 80% or more, even more preferably 90% or more.
[0033]

Thedefinitionoftheregioregularity(RR)inthe present
invention is described below.

The bond of the substituted polythiophene (P) incl udes
fourtypesasillustrated inthe following chemical formulae,
i.e., a HT-HT linkage (B1), a TT-HT linkage (B-2), a HT-HH
linkage (B3),andaTT-HHlinkage (B4). Asusedhe rein,HTis
an abbreviation of Head-to-Tail, TT is an abbreviat ion of

12



[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. linka, B2 represents the number of TT-HT linkages, B3 represents the
number of HTHA TagE8 Lk e A0 S R IRBEA 81 TT-HH finkages. M eac.
[0034]

[Chem. 3]

R (Fi R R
N s o N s ‘R
LI D=

24 A
HT-HT linkage (B1) TT-HT linkage (B2)
R R " R
T S A iR s T
LS - L
A 21

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

[0035]

Rinthechemicalformulae ofthe foregoingfourl 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 (B1l) in the substituted
polythiophene (P) and it is calculated by the follo wing

expression (1):

Regioregularity (RR) =B1 x100/(B1+B2+B3+B4) (1)

BlrepresentsthenumberofHT-HTlinkages,B2rep resents
thenumberof TT-HTlinkages,B3representsthenum berofHT-HH
linkages, and B4 represents the number of TT-HH lin kages.

13



[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 chemlcﬂ)gg s peculiar to (B1), (B2), (B3), and (B4) are calculated, and then a regioregularity (RR)
is calculat e following formula (2) using the ratio (%) of the integral 51 of the peak at the

chemical shift pec@%i)ﬂé%p&, rtsall g@htg &3ng t%% q%%gﬁ tegrals. Regloregularl%@R)—Slx

100/(S1 + 52 + 53 e me suremen R was carried out by using a

measurem dﬂsgmptﬂ@ﬁmg:(ﬁj %ﬁent IQG%E%E% [manufactured by ﬁw'?ﬁjﬁé gppin K.K.J under

conditions including a measureme chloroform and a measurement temperature:

27C. [0038}nagnEher§§Bﬁ%@@@ﬁsv&Mbrﬁeh9@e (P), whigh jaaroomeaistive eliaer donates an

electron to a sulfur trioxide complex a
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( a3) represented by generalformula (3), HT-HT
linkage (B1): 0 =6.98, TT-HT linkage (B2): 0 =7.00, HT-HH
linkage (B3): 0=7.02, and TT-HH linkage (B4): d0=7.05are
specifically exhibited. Therefore, integralsS1,S 2,S3,and
S4 ofthe peaks atthe chemical shifts peculiarto (B1),(B2),
(B3),and(B4)are calculated,andthenaregioregu larity (RR)
iscalculated by thefollowingformula (2) usingth eratio (%)
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 x100/(S1+S2+S3+S4)(2)
The measurement of the 'H-NMR was carried out by using

a measurement instrument: AVANCE 111400 digital NMR

[manufactured by Bruker BioSpin K.K.] under conditi ons
including a measurement solvent: deuterated chlorof ormand a
measurement temperature: 27 °C.
[0038]

Thesubstitutedpolythiophene(P),whichisacond uctive
polymer, donates an electron to a sulfur trioxide ¢ omplex as
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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 the{rgéa ides, amines, and. sulfides Eﬁar%)les of ether-sulfur trioxiﬁﬁzt omplexes
i r

include sulfthPRB%IGe %&rgﬁaec &ﬁ%é%%s@ﬂﬁmﬁb% g gl(%rlane complexe;, U ' ?oxide-dimethyl
ether comp@ §nPU|f§ri¢88X_' Séﬂthélr%E%e@gﬁﬂ%wggmﬁngﬁ%&r tr|OX|de-d|ethyIO% er

complexes; examples of amide-sul e complexesi
trioxide-N,%@&%Hamm@eggmleggﬁi@nd&o QIEC%WPI%QH amine-sulfur trioxidegomplexes

include sulfur trioxide-pyridiné complexes, sulfur trioxide-triethylamine complexes, sulfur
trioxide-trimes R BrfiagoFRBPIASe IR RIfE Bimisiexzrthyldiisopropylamine garapigyes; and
examples of sulfide-sulfur trioxide complexes include sulfur trioxide-dimethylsulfide complexes, sulfur
trioxide-ethyaetwdsulfidesempdexesaatsnlfus tiodestiefylsigifide complexes. Out oftiiese, the
amide-sulfur trioxide complexes and the amine-sulfur trioxide complexes are preferable in terms of
electrocondeletttrty ardlistilfity wikidetdtidl-atenelhdiefm@nide complexes are morgepustedable among
the amide-sulfur trioxide complexes and sulfur trioxide-pyridine complexes are more preferable among
the amine-anfatniofite solfipli@ddpoanplex istrefetmlvctive composition (A tof38%resent
invention comprises a sulfur trioxide complex as a dopant and can further comprise other dopants and
an organic SyNEidhtneeEepie ErabboiQHRleRSdMUalantish is impaired. [00£t]vetothe

substituted polythiophene (P).

[0039]

Asulfurtrioxidecomplexisacomplexofsulfurt rioxide
withaLewisbasesuchasethers,amides,amines,a ndsulfides.
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-dimethylformamidecomplexes,andsoon ;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
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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.qg., tetrafluoroboron and perchloric acid) ,
guinone compounds [e.g., chloranilic acid, p-chloranil, p-benzoquinone, p-quinonedioxime,
dichlorodicyanoquinone (DDQ), p-naphthoquinone, anthraquinone, chloroanthraquinone, and
p-toluguinone), alkyl-substituted organic sulfonic acid ions (e.g., methanesulfonic acid and
dodecylsulfonic acid), cyclic sulfonic acid ions (e.g., camphorsulfonic acid ion),
alkyl-substitutedqrunsubstitytedbenzenemanag-or benzenedi-splfonic acid ions (e.g., benzenesulfonic
HngS B f i

acid, paratolrllj%)ﬂ %4l ecylber??éﬂgsem?osnic aci%r,1 nd bénzetedisulfonic acid),
aIkyI-substiw

( A @Q@H@?ﬁ@%@éﬂ i%ﬁﬂmgthalwsugpn{ﬂ&%ds aving 1 to 4 sulfonicacid groups
e.g., 2-nap n and 1,

thalenesulfonic acid -naphthalenedisulfonic acid), an anthracenesulfonic acid ion,

an anthraguypgResyliniHikiddeBnitkiss Bt inedRindnsippstituted biphenylsufigrigacid ions (e.g.,

alkylbiphenylsulfonic acid and biphenyldisulfonic acid), and substituted or unsubstituted aromatic

polymeric sggmg;égggjai EectalitoltistrrrEepalbRnie @md@d naphthalenesuligijcaagd-formalin
condensates). [0042] he use amount of such other dopants is preferably 0 to 1100% by weight,
and more psefuablyidiide-B0R%Imewsighimelative tesheptessituiasl polythiophene (AndA943]

The conductive composition (A) of the present invention may further comprise an organic solvent as
stated aboverefecabldactivegtbedmiddredantbhexidedongudxeapplying the consatiselfcomposition (A)
to a substrate, and then removing the organic solvent by heating as necessary. In order to obtain a
homogenous®sitigipyidingicypiexaecistataoicippeédsakia tnoge as the organicR@iViedit a good

solvent of the substituted polythiophene (P) and a good solvent of the dopant
amine-sulfur trioxide complexes.

[0040]

The conductive composition (A) ofthe presentinve ntion
comprisesasulfurtrioxidecomplexasadopantand canfurther
compriseotherdopantsandanorganicsolventunles stheeffect

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.,

tetrafluoroboronandperchloricacid),quinonecomp ounds[e.g.,
chloranilic acid, p-chloranil, p-benzoquinone,
p-quinonedioxime, dichlorodicyanoquinone (DDQ),
p-naphthoquinone, anthraquinone, chloroanthraquinon e, and
p-toluguinone), alkyl-substituted organic sulfonic acidions
(e.g.,methanesulfonicacidand dodecylsulfonicaci d),cyclic

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

alkyl-substituted or  unsubstituted benzenemono-  or
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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

h d sal f th ituted polythigph in_the soluti d by mixing th d
cohvant and PSS o A1) (e SDA B35 Gty weight, and moré Hibferably 50 fo
98% by Weg&?d[@&ﬁeo‘éﬂlfﬁhi{:ggﬁﬁl d?d e ﬁ@pi%?%%ﬁgoad solvent of the d%Rflrgdlaclude

,2- ol,e -methylp

methanol,ethanol,Z2-propan yleneglycol, yrrolidone, THF, 7-butyrolactone, and
cyclopentanQiitanedisulfonic acid), alkyl-substituted or unsub stituted
ions of naphthalenesulfonic acids having 1 to 4 sul fonic acid
groups (e.q., 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 orunsubstitutedaromatic polymericsul fonicacid
ions (e.g., polystyrenesulfonic acid and naphthalen esulfonic

acid-formalin condensates).
[0042]

The use amount of such other dopants is preferably Oto
1100% by weight, and more preferably 10 to 600% by weight

relative to the substituted polythiophene (P).

[0043]

The conductive composition (A) ofthe presentinve 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
theorganicsolventbyheatingasnecessary. Inor dertoobtain
a homogenous solution containing no precipitate, it is
preferred to use as the organic solvent a good solv entofthe
substituted polythiophene (P)andagood solvent of thedopant
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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(#{{1.
(A) of the p}gs% h
solvent, the nt is removed by air drying at normal temperature or heat drying by air circulation,
[tﬁe case of a high-boiling point solvent, heat drying using a vacuum dryer is preferred.

The cogﬁgﬁ{b{gscompqﬁgio%% ofshediessnt iR¥E|Mkinskitable especially for an

electrode for solid electrolyte capacitors. A capacitor having an electrode (cathode) produced by

forming a pgepuhfdpheeteinryexHisaAdlso plaatimaingmi@r the like and thenctprging a conductive
polymer layer on a surface thereof has been used as a solid electrolyte

whereas in
[0050]

Ve

When producing a conductive coating film by using the conductive composition

ﬁtion, it is necessary to remove the solvent. In the case of a low-boiling point

ether-based, aromatic hydrocarbon-based, alcohol-ba sed,
ketone-based, and sulfur-containing solvents having 1to 10
carbonatoms,andpreferredarechloroform,methyle nechloride,
dimethylformamide, = N-methylpyrrolidone, tetrahydrof uran
(hereinafter abbreviated as THF), 1,3-dioxolane, to luene,
methanol, acetone, methyl ethyl ketone, y-butyrolactone,
cyclopentanone, cyclohexanone, dimethyl sulfoxide, and

mixtures thereof.

[0045]

The content of the good solvent of the substituted
polythiophene (P) inthe solution prepared by mixin gthe good
solvent and the substituted thiophene (P) is prefer ablyOto
99% by weight, and more preferably 50 to 98% by wei ghtinthe
solution.
[0046]

Examples of the good solvent of the dopant include
methanol, ethanol, 2-propanol, ethylene glycaol,
N-methylpyrrolidone, THF, y-butyrolactone,andcyclopentanone.
Ofthese,preferredfromtheviewpointofdissoluti onstability
are methanol, ethanol, 2-propanol, and y-butyrolactone.
[0047]
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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 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, si the conductive comppsition the present invention has been fylly dissolved
in an organic solvgﬁﬁgrﬁ? %&H%ﬁfﬁ%ﬁe%?r%%%r?%%ﬁ@&f{nefsdpgcps%r?%I'QtE) impregnate a porotil}% film with a
conductive pol i i increasing the capagi .and there is no
fear of corrgggg%ﬂé%g&?%gg g@?ﬁﬁ?ﬁ%ﬁ g}élggtgggg]m An electrodelDﬁa;&iiss,g(fjlilal electrolyte
capacitor ti}gx@iﬁeh;%i@ ygi@@@@w V\%F@HE pETae] ,lﬁggeirbllg]aé?wvent can be obtaingg hy @plying the
conductive composition (A) of thé preSent invention to a substrate and then performing heat treatment.
[0053] dyaeglasetieesaigtipd 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 floe48pstrate in the conductive composition (A). Examples of the substrate include plastics,
glass, metal, rubber, ceramics, paper and the like. [0054] From the viewpoint of
electroconductivitylrtloeddbicaodsaiobtherfilng éhabissedetionimadiaimd dried on a substgithesurface 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 filmsehhiitntadpalythiophent SUftiorkineslepadtdigiuctivity may not be igtsirale A thickness
exceeding 100 pnmay cause a problem, for example, that cracking or peeling occurs easily in film

forming. toprepare asolution of the substituted polythioph ene(P)in
asolventandasolutionofthedopantinasolvent respectively,
and then mix the solutions.
[0049]

When producing a conductive coating film by using the
conductive composition (A) of the present invention , itis
necessarytoremovethesolvent. Inthecaseofa low-boiling
point solvent, the solventis removed by air drying atnormal
temperature or heatdrying by air circulation, wher easinthe

caseofahigh-boilingpointsolvent,heatdryingu

dryer is preferred.

singavacuum

[0050]

The conductive composition (A) ofthe presentinve 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
layeronasurfacethereofhasbeenusedasasolid electrolyte
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[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 compositio éAé is usually Q.5 to 8 hours, and preferably 1 to 4 hours. If th geating time
becomes SKAREF (e HIEFYE5 RN POAMSRG AL B ating fim to be CHUTEAIRm the
conductive gaRIpARHOR.) Qi BENaUTAG K9REL o The conductive compagiian i) of the
present invention IS use ecause It Is lowly corrosive since the dopant contained therein is not an

acid and is éUESﬁi@ﬂéﬂ\FéeﬁHﬂﬁﬁéﬁ‘éﬁB’ia”M&W&@@F‘%@W‘AUQBYG coating film by, ggly simple

application thereof . In particular, it is useful because it allows the capacitance of a capacitor to be

increased eﬁﬁg@@dm%b]b%m%w%]é)gg PO B with a conductiv Py a simple

process and it can produce a solid electrolyte capacitor with high withstand voltage and little leak

current. EXiHohED {0%&8]singdodecylbenzenesulfonicaci dasadopant,
areproblematicinthatcapacitorproductioneffici encyisvery
low,thatthe capacitancecannotbeincreasedeffic iently,and
that withstand voltage drops or leak currentincrea sesdueto
the corrosion of an electrode because the dopantis an acid.
[0051]

Incontrasttothis,sincetheconductivecomposit ion(A)
ofthepresentinventionhasbeenfullydissolvedi nanorganic
solventand s highin electroconductivity, itisp ossibleto
impregnate aporous filmwith aconductive polymer byasimple
process, thereby efficiently increasing the capacit ance, and
thereisnofearofcorrosionbecausethedopantis notanacid.
[0052]

An electrode for a solid electrolyte capacitor tha tis
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)tothesubstrateincludeaspincoa
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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] <ProductionExamplel>:Synthesisof poly[3-(1,4,7,10-tetraoxaundecyl)thiophene] (P-1) (2)
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 tf’tﬁes lution became cloudy. When the generation of bthgbl s was settled,
24.5 parts 6 L BRSASINGEREIOTna I Gl B aEos A hide were added GOG er to the
reaction soli%i%.rg'iﬂ%ft(t %CHBB&%%E?H m%s&%%&i%%g%g i reaction was casﬂe&g_ut for 2 hours.

After the completion e reaction, the reaction solution was allowed to cool down to'room

temperatur@faqﬂﬁmg\g)pgqgigﬂ@gt%@%@é@ E)IH%‘?i'é's,aSIé%%‘,JS ammonium chloridg s@jution, the

mixture was moved to a separatory funnel using 50 parts of ethyl acetate and then the aqueous layer

was separafgHpEIEReANE OF3RYAE dayeihwakavashed 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] [0054]

Fromtheviewpointofelectroconductivity,thethi ckness
ofthefilmthatistobeformedanddriedonasub stratesurface
usingthe conductivecomposition (A)is preferably 0.05t0100
pum, and more preferably 0.1 to 50 um. If the coating filmis
thinner than 0.05 um, sufficient electroconductivity may not
beobtained. Athicknessexceeding100 pmmaycauseaproblem,
for example, that cracking or peeling occurs easily in film
forming.

[0055]

In order to obtain a conductive coating film with high
electroconductivityusingtheconductivecompositio n(A)ofthe
presentinvention,theheattreatingtemperatureis preferably
100t0190 °C,andmorepreferably110to170 °C. Inthecase 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

accordingtothe heatingtemperature and the concen tration of
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(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-tetraoxaundecylthioph ﬁ}g}) After dissolving 8.1 parts of the aforementioned

e dibrom B 6 AR L OISFRUENTD part of iHE. 21 pALr B
methylmagngsit ' inn.in.l %Bc&? eto and then a reactio S erformed at
75C for 30 Kﬁzlﬁgq%wgiﬂé%ﬁg %%I’l%%er{\v@%gei g(sl parts of # g
[1,3-bis(dipfeR¥/RRagRR MR IRaRREGhiRranigheL (Uaaraahen a reaction wasperfggned for

additional 5 hours still at 75C. After allowing the reaction solution to cool down to room temperature,

20 parts of grethanebwasanded daerajo fitvtefodipllingrafhagoint, the reaction mixturgqwas moved
to a Soxhlet extractor and was washed with 150 parts of methanol and 150 parts of hexane in this

order. FinaltyoriiadesideenmyassBidpigpiechty exdnasiidncising 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

[0057]

The conductive composition (A) ofthe presentinve ntion
is useful because it is lowly corrosive since the d opant
contained therein is not an acid and is superior in
electroconductivity, itcan produce aconductive co atingfilm

byonlysimpleapplicationthereof. Inparticular,

becauseitallowsthecapacitanceofacapacitorto

itisuseful

beincreased

efficiently through the impregnation of a porous fi Im with a
conductivepolymerbyasimpleprocessanditcanp roduceasolid
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
inventionisnotlimitedthereto. Inthefollowing ,"part(s)”
means "part(s) by weight".

[0059]
<Production Example 1>: Synthesis of
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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 nging_ triethylene glycpl m thyl ether for hexaethylene glycol
monometh)ﬁ %Mgr(jth%e/()éﬁ@gr‘fgﬁgﬁ%(glu&?é%f@ﬁﬁ\?/ﬁ?@ ied out with the amounts of the raw materials
were adjusted so that the jo of the reagti ) eight ratio of the

R e o) Might bt R 1 e

non-reaction components (solvent, etc.) mig corméequa roduction Example 1. [0063]
<Producti0@§6§ﬂ@l‘%$>:Synthesisof

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.
Bubblesweregeneratedinthereactionsolutionand thesolution
becamecloudy. Whenthegenerationofoubbleswas settled,24.5
parts of 3-bromothiophene and 2.0 parts of copper(l ) bromide
wereaddedinthisordertothereactionsolution. Thereaction
solutionwasheatedto110 °Candareactionwascarriedoutfor

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
chloridesolution,themixturewasmovedtoasepar atoryfunnel
using 50 parts of ethyl acetate and thenthe aqueou slayerwas
separated. Further, the organic layer was washed t wice with
30partsofdistilledwaterandthenethylacetate wasdistilled
off, o) 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
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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 mmaql) of N-brpmo inimjde, and Q.12 parts (0.50 mmol) dibenzaoyl pergxide
[produced 5 OFSQ@%’%ﬁgﬁﬂcal:%ﬂu%tufy&@b{?{ﬁg?]% 5&&@%&&%& the tempe atu%]a/as raised to
100C and t (O \ led. out for 4 . e_completion of th ion, the
resultant ngs all %ggﬁﬁﬂéo\gm%ﬁglﬁg@n@ %é‘r’%}%%ﬁa\%t\lﬁérz.%o oS‘ving addition of 3 d’\g'gr((\%lslt%f alM

aqueous sogdiym ﬁ’ti‘?éBlrfFi‘tFeﬁ%%?&ﬂ)rg‘?om%tHfﬁJY%‘?‘sAnBP&q&@aa separatory funnel;gng then the

aqueous layer was separated. Further, the organic layer was washed twice with 30 parts of distilled

water and them HeT it wagdistiled oéingothphRsSsrRaMA (35.7 mmol) of 3-brogemeshylthiophene
was obtained. [0065]

andTHFandethylacetatewerethendistilledoff. Bypurifying
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

performedat75 °Cfor30minutes. Tothereactionsolutionwas

added 0.1 parts of
[1,3-bis(diphenylphosphino)propane]-dichloronickel (1N),and
then areaction was performed for additional 5 hour sstill at
75°C. Afterallowingthereactionsolutiontocooldo wntoroom
temperature, 20 parts of methanol was added thereto . After
distilling off a solvent, the reaction mixture was movedtoa
Soxhletextractorandwaswashedwith150partsof methanoland
150 parts of hexane in this order. Finally, the re sidue was
subjectedtoextractionusing 150 partsofchlorofo rmandthen
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(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 oys layer was se ed. Furthey, the organic layer was washed
twice with %aﬁ&?ﬁt‘stwga W@%&lztllﬁgﬁd fﬂin ?ﬂFt%{s)ag’g[illggrg?f a?m]rd the resulting mixture was
purified wit ilic U mmgl) of 3-(2,5-dioxaheptyl)thiophene was
obtained. [&%gqg( %ﬁt@ﬂ@,@gﬁégﬁ?ﬁ@%{%}giwe tyl iopﬁ\g’ne: In THF w%%e dissolved
5.68 parts (gf;5ihagol) of tl?ﬁ@forgé‘q%}@mﬁgi%(z,%gyiaqulf@(ptyl)mopme{@e and 11.9 parts (67.1 mmol)

of N-bromosuccinimide, which werethen-allowéd to react at room temperature for 2 hours. A

precipitate Wpgvemeyesotimacehes fiigg using SOt parimef Gy lorcetate, 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,fpdérpmo-3-(2,5-dioxaheptyl)thiophene was obtained.

<Production Example 2>: Synthesis of
poly[3-(1,4,7,10,13,16,19-heptaoxaeicosyl)thiophene ] (P-2)

Experimental operations were carried outwhich wer ethe
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

materialswereadjustedsothatthemolarratioof

thereaction

componentsandtheweightratioofthenon-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 outwhich wer ethe
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[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 (Il), 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 Wiﬁ adde?lPThé r acti%tw was m?(i/ed to a Soxhlet extractor and was washed
with 150 pa?%n&? MethSR61And? B(%'glqs Réne KRR SRl Finally, the resid grwglgsubjected to

extraction %ig%ﬁg (%Tﬁﬁc%fl meﬁﬁ{%”ﬁvdemgp meg ?I\éefnbmdistilled off, so thatc%é&?oparts of

poly{3-(2,5-dioxahep iophene aving a regioregularity of 94.6% was obtaine 068]

<Producti0@§éﬁm@e S5p: %@thefjﬁégtgﬂmgf%-dwecmg}iopge;ne) Fggf@ of EXperimental operations

were carried out which were the same as those of Production Example 1 except for exchanging
2,5-dibrom hépirsianspHede IQ)QFH' \ﬁ‘ﬁ'@éﬂé igpéfioduction Exampleqtifpps
2,5-dibromg{§r}( odec%h%gheng (pro%ﬁﬂjcedbyAldrlch),séotha%.Spartsof poly(3-dod(tef>f:)ylthiophene) (P-5)
having a reg®BEgUlaE0BtARe0 was obtained.

[0064]
<Production Example 4>: Synthesis of
poly{3-(2,5-dioxaheptyl)thiophene} (P-4)
(1) Synthesis of 3-bromomethylthiophene:
Afterdissolving5parts(50.9mmol)of3-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.]in30partsofbenzene,thetemperaturewasr

aisedto100 °C

and then a reaction was carried out for 4 hours. A fter the
completion of the reaction, the resultant was allow edto cool
down to room temperature. Following addition of 30 parts of
alMaqueoussodiumthiosulfatesolution,themixtu rewasmoved
toaseparatoryfunnelandthentheagueouslayerw asseparated.
Further, the organic layer was washed twice with 30 parts of
distilledwaterandthenbenzenewasdistilledoff, sothat6.32
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)
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[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

of 2-ethoxyethanols, and sodium hydride (60% disper sion in
paraffin) was added thereto. In 15 parts of THF, 6 .32 parts
(35.7mmol) ofthe aforementioned 3-bromomethyl thi ophenewas
dissolved and dropped thereinto over 2 hours. Then , the

temperature was raised to 100

for 4 hours. After the completion of the reaction, the
resultant was allowed to cool down to room temperat ure.
Followingadditionof 30 partsof distilled water, themixture
wasmovedtoaseparatoryfunnelandthentheaqueo uslayerwas
separated. Further, the organic layer was washed t wice with
30 parts of distilled water and then THF was distil led offand
the resulting mixture was purified with a silica ge | column,
sothat5.68parts(30.5mmol)of3-(2,5-dioxahepty Nthiophene
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-dioxaheptylthiophene and 11. 9 parts
(67.1 mmol) of N-bromosuccinimide, whichwere then allowedto
react at room temperature for 2 hours. A precipita te was
removed with a glass filter using 50 parts of ethyl acetate,
andTHFandethylacetatewerethendistilledoff. Bypurifying

theresultingmixturewithasilicagelcolumn,8.1

mmol)  of
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obtained.
[0067]
(4) Synthesis of poly{3-(2,5-dioxaheptyl)thiophene
After dissolving 8.11 parts (23.6 mmol) of
aforementioned 2,5-dibromo-3-(2,5-dioxaheptyl)thiop
30 parts of THF, 25 parts of methylmagnesium bromid
in THF was added thereto and then areaction was pe
75°Cfor30minutes. Tothereactionsolutionwas add
parts of [1,3-bis(diphenylphosphino)propane]-dichlo
(I1),andthenareactionwas performedforadditio

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

down to room temperature, 5 parts of methanol was a
reactionmixturewasmovedtoaSoxhletextractora
with150partsofmethanoland150partsofhexane
Finally theresiduewassubjectedtoextractionus
of chloroform and then the solvent was distilled of
2.85partsofpoly{3-(2,5-dioxaheptyl)thiophene}(P
a regioregularity of 94.6% was obtained.
[0068]
<ProductionExample5>:Synthesisofpoly(3-dodecyl
(P-5)

Experimental operations were carried outwhich wer
same as those of Production Example 1 except for ex
2,5-dibromo-3-(1,4,7,10-tetraoxaundecyl)thiophene i

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

29



C)CD CDC

[0070]

[Table 1]

81

(1

6

Lt

8

1t

it

0t

9

1

5

0t

1t

1l

5

it

8

0t

(1) bt PURISHITY

0009L

00088

61

0

61

q

il

81

a

0

81

A

11

8

a

1!

a

q

(28 00T/(1) S0UEISTSAT TELIRNT

19°0

0

07

0%

't

0%

6t

0

'y

'y

'y

I'7

(28 071/4n)

aouey1oeded 011835012097

abeyeat

U0TIENTELS
10110808)

UOTIeN[EAY AITATSOI00 0 J[NSeY

80

598

b'76T

§°98¢

9'11¢

T'6€C

809

9'91C

L8

§11LE

9'%8

706

79l

(10/S) ATATIONPUOI0IIIRTE

801

i1

T

10

61°0

L0

N

N

1€°0

¢l

50

6L°0

AN

(ur) ssauwpIyL

uoTyen[eAs
JTATI0NPU00II03T
70 ISRy

9'L6

1978

auouequadotoly

auoprroaaAdrAyiau-y

spTwEwI0IAydauTg

£

86

071

TOUeIg3}

il

L0t

Lt

030804 INg -

0t

0°66

0°66

£t

0°6%

SUETOX0TC-'T

J0BATOS
o1UebI)

£l

PIOE DTTTUEIOTY)

31RUOJTNSAUSN]03-d 101

L't

¥o7du00
SUTIRTAYISTII-SPTROLI) INJTNS

L't

¥a7du0o
autptaAd-spTxoray MmIng

L0

L0

L't

L0

L't

L0

L't

1

L't

¥a7duoo
RPTUELIO] AyaUTp-Ky'N-3pTHOLIY
g

¥a7duo0o
8pIXOT)
ngng

U0187305Tp Snosbe §54 /1003

01

S-d

0’1

07

01

07

07

07

07

01

07

07

01

07

01

(5-d)
(7-d)
(¢-d)
(t-d)
(1-4)

(d)

susydoryafrod

PIINTISqNS

(ssew Aq (s)21ed)
gazed papunodio)

ﬂm. L&
¢ a7duexy
BA17818010)

Am. &v
7 o7duexy
SAT1818010)

(1-1%)
1 a7duexy
BAT1818010)

(97-%)
91
o1duexy

(ST-1)
57
o1due

(¥1-%)
il
o1duexy

(¢1-9)
(1
o1due

(T1-%)
il
o1duexy

(11-9)
11
o1due

(01-9)
01
Sl

(6-%)
6
o1due]

(8-1)
§
il

(L)
L
a1duev

(9-1)
9
Sl

(5-4)
§
a1duery

(b4)
i
o1duery

(€-1)
{
Jllite

(%)
4
a1duery

(1-1)
I

10137806100 3AT30MpL0)

o1duexy

30



Ca [0071] <Comparative Example 1>

[0071]
<Comparative Example 1>

A conductive composition (A'-1) for comparison was
obtainedbymixingl.0partofsubstitutedpolythio phene(P-1),
0.3partsofchloranilicacid,and30.0partsof1, 3-dioxolane
as an organic solvent.
[0072]
<Comparative Example 2>

"PEDOT/PSS" (a conductive polymer prepared by

polymerizing Baytron-P (3,4 -ethylenedioxythiophene produced
byH.C.Starck)inanagueoushighmolecularweight polystyrene
sulfonic acid solution), which was known as an aque ous
dispersionofapolythiophene,wasusedasitwasa saconductive

composition (A'-2) for comparison.
[0073]
<Comparative Example 3>

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

obtainedbymixingl.0partofsubstitutedpolythio phene(P-1),
2.7 parts of iron p-toluenesulfonate as well as 32. 3 parts of
1,3-dioxolaneand8.4 partsofmethanolasanorgan icsolvent.
[0074]

Conductivecoatingfilmswerepreparedandevaluat ionof
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
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A conductive composition (A'-1) for comparison was obtained by mixing 1 . O 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 le$§> A conductive cgmposition \&A'-S) for comparison w tained by
mixing 1 . O('[A)‘é (ﬁ)rng t[%ﬁ%%%ﬁﬁ%%e%ﬁ@%ﬁrf??boa 2 of iron p-toluenesu%aig%geas 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 US[I@Qj@F conductive compositions (A-1) to (A-16) of Examples 1 to 16 and the conductive
compositions

[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 ateina3
cm x7 cmrectangular patternwith adoctor blade, foll owed by
dryingunderreducedpressureatroomtemperaturef or30minutes
andsubsequentlyheatingonahotplateat170 °Cfor60minutes,

so that a conductive coating film was obtained.
[0076]

[Method for electroconductivity evaluation]

Thesurfaceresistanceofaresultingconductivec 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 alaser microscope (VK-8700 manuf actured by
KEYENCE CORP.),andthe electroconductivity ofthe conductive
coatingfilmwascalculatedfromthesurfaceresist anceandthe
thickness.

[0077]

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

Examples 1 to 16 and the conductive compositions (A 1) to
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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 substrate ina 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 resista of a resulting conductive cgating film was measured in accprdance with "Testing
method for lBaaS SCanBaENE D TRFRIT probe array of NOITS.  Then, the

thickness of thef conduct'\é?é:@ati film was meas relufl(g using a laser microscog(e (VK-87XOO

manufacturgarbgj/"%g\ﬁ:n %@%S)S 3%5%@%% rocon ugm/ity of the conductive toating film was
calculated T iREwHERSH EPSIRIHIE tRRBItRR HIEHBGRIYO 7 7] sealingthe
glass container. After storage under conditions of astorage
temperature of 25 °Candastorage time of 150 hours, the glass
substratewithITOwastakenoutandthenwashedwi thTHF. The
corrosion state of the surface of ITO of the glass substrate
with ITO after washing was observed by a microscope (digital
microscopeVHXmanufacturedbyKEYENCECORP.)andw asevaluated
onthe basis ofthefollowingcriteria. Theresult sareshown
in Table 1.

<Corrosivity evaluation criteria>
O (No corrosion is observed.)

X (Corrosion is observed.)

It was shown that the conductive composition of th e
presentinvention fails to have corrosivity as show ninTable
1.
[0078]

[Method of capacitor characteristic evaluation]

(1) Preparation of dielectric film on anode

An aluminum etched foil (size: 4 x 3.3 mm) as an anode
metal was immersed in a 3% by weight aqueous ammoni um adipate
solution,voltagewasincreasedfromOVvto40Vun deracondition
of 0.53 mA/sec by using a constant-current constant -voltage
power supply, and then chemical conversion treatmen t was
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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 migoscg\ye VHX manifa?turedraé\létEYENCE CORP.) ?1 was evaluated on the

[

basis of the ellSW I En R T8 FREGIRRYR A5

corrosion iSs%kﬂﬁgf\éﬁﬁ
i0

of the present inven ails to have corrosivity as s

characterisiig RyidAetirebeBfifealaHARrhelel e i on anode

Qble 1. <Corrosivity € I'Ué{ﬁ%% criteria> 0 (No

ng%{f?cqmsp,%goqgﬁ%qugd lt;'oa‘ was shown that the hﬁéﬁqﬂgﬁ&%& composition

own in Table 1. [0078] [

capacitor
hiswaswashed

in running deionized water for 10 minutes and then was dried
at105 °C for 5 minutes, so that an anode composed of an an ode
metalandadielectricfilmwasprepared. Theresu Itinganode
was immersed in the aforementioned agueous ammonium adipate
solution and an electrostatic capacitance was measu redat120
Hz. The measurement 4.2 HUF was determined as a theoretical
electrostatic capacitance.
[0079]

(2) Preparation of electrode for solid electrolyte
capacitor

Anodeswereimmersedintheconductivecomposition s(A-1)
to(A-16)and(A'-1)to(A'-3)andthenwerepulled 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

Oneachoftheelectrolytelayersobtainedabove, acarbon
paste["VarniphiteFU"producedbyNipponGraphite Industries,
Ltd.Jwasappliedandthendried,andthereaftera silverpaste
["Everyohm ME" produced by Nippon Graphite Industri es, Ltd.]
was further applied, sothatacathode was formed. Aleadwas
pulled out from the silver paste and a terminal was connected
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An aluminum etched foil (size: 4 X 3.3 mm) as an anode metal was immersed in a 3% by weight
agueous 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 gnode composed of an anode metal and a dielectric film was prepared. The resulting anode
was immeri (arﬁmtcfhe aforementioned aqueous ammonium adipate solution and an electrostatic
capacitancid6§ measured at 120 Hz. The measurement 4.2 RE was determined as a theoretical
electrostati capa]citance. [0079] (2) Preparation of electrode for solid electrolyte capacitor

Anodes were imm?@qqéggn%mueeggmggéﬁions (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 layqiisaupserfesmed cHphbiRisty fERtRdandensrlid electrolyte capagdgyg were
prepared. (3) Preparation of an electrolyte capacitor On each of the electrolyte layers

obtained ahewstarmarken garie of dvipkitatind ‘epsettusrd by Nippon Graphite tgiisinies, Ltd.] was
applied and then dried, and thereafter a silver paste ['"Everyohm ME" produced by Nippon Graphite
Industries, Wdrpwasdsutieer egipd et 6 fhatderatmatitherathbooed. A lead was pdleck@it from the
silver paste and a terminal was connected thereto.

leakage and withstand voltage were evaluated onthe following

criteria.

<Criteria of leakage evaluation>

Acasewherealeakcurrentdidnotdecreaseandn either
an electrostatic capacitance nor an internal resist ance was
measuredsuccessfullyinthemeasurementwiththelL CRmeterwas
evaluatedas” X"andacasewherealeakcurrentdecreasedand
both an electrostatic capacitance and an internal r esistance
were measured successfully was evaluated as " o".

<Criteria of withstand voltage evaluation>

Voltage was applied in a low current mode of 0.2 m A by
usingaDCpowerunitfGP0650-05RmanufacturedbyT akasagoLtd.]
andwas elevated automatically, and the voltage det ectedjust
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 closetothetheoretical value (4.2
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[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 c?& ¢jtance and an internal resistance were measured successfully was evaluated as "0

<Criteria of i VRS IBYAiaNGRE Al (ESHSIBEGEAESEplied in a low curreREA%ES of 0.2 mA by
using a DC E:HSF ?&%@Q%ﬁﬁm%&gg@;‘%ﬁ%%@/ El;ﬁkasago Ltd. and Waescsl%@éﬁ eautomatically,
Just etor e g

and the voltage detecte e volta ropped suddenly due to discharge was defined as a

withstand Vegﬁ%s[ﬁ\%%gfCom%ﬁﬂ@ﬁﬂﬁ?@’i?c‘?ﬁﬂ?&gﬂﬂﬁé@ng the conduc&gﬁ&%@eositions of the

present invention each afforded an electrostatic capacitance close to the theoréetical value (4.2

insidethe electrode because the dopantwasanacid ,andthere
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,
cloggingoccurredinsidepores,sothattheconduct ivepolymer
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
internalresistancewashigh. Moreover,thewithst andvoltage
was also lower in comparison to Example 1 to 16.

AsshowninTablel,itwasindicatedthatthecon ductive
composition of the present invention was high in
electroconductivity.

INDUSTRIAL APPLICABILITY
[0082]

The conductive composition (A) ofthe presentinve ntion
are so lowly corrosive that it can be applied to me tal or the
likewhichare pronetobe corrodedandthe conduct ive coating
film has high electroconductivity, it can be expect ed to be
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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 h| nd a ca acitance a ea onl ut 1/1 theoretical electrostatic

i AR I

capautancé"le\%s Red il %%pgl%q utgh% SS insufficient and internal
reS|stance e was also lower in co r Example 1lto
16. Q%M%ﬁ&l( |tav%§§&|{nc? @ﬁ%@% e conductive compoat%ér)\%ém present invention
was high m@dgg{g@@pnductlvny. 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 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 alky!l
group of which a hydrogen atom has been subs&g&?&gith the polyether group (a); [Chem. 1]
C)FOmOW(1) k

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 eeacha
thiophene repeating unit ( o) substituted at the 3-position
and/or the 4-position of its thiophene ring with at leastone

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)analkoxyalkylgrouphaving2tol19carbonato ms,and

(d)analkylgrouphaving1tol5carbonatomsor analkyl
group of which a hydrogen atom has been substituted with the

polyether group (a);

[Chem. 1]
Lovdow
k
whereinOR !representsanoxyalkylenegrouphaving2to4carb on
atoms,R 2representsanalkylgrouphaving1to15carbonat oms,

and k is an integer of 1 to 9.

2. The conductive composition according to claim 1,
wherein the thiophene repeating unit ( Q) is a repeating unit
(al) represented by formula (2), a repeating unit ( a2)
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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 ORG6 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 at R5 represents a linear or branched alkylene group having 1 to 4
carbon ator{%?rgr?grﬁt% fm@%@ér?fﬁ HRMGn integer of 0 to 5_a?‘§¥epre§ent£d

by formula (4);

[Chem. 2]

(2)

a —
-/ (3)

R5 ORS OR?
\_ € _} Y,

\ ()

RS

whereinOR 3andOR ®eachindependentlyrepresentanoxyethylene

grouporanoxypropylenegroup,R R 7,andR Beachindependently
representalinearorbranchedalkylgrouphavingl tol2carbon
atoms,R °representsalinearorbranchedalkylenegrouphav ing
ltodcarbonatoms,andnandmareeachindepende ntlyaninteger
of 0 to 5.
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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, ORG6is 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 accor%mgﬂ.peaéyn%u%t @H@%)&tsﬁ? %O\gggégm [%e[?c ﬁﬂt of the thiophene rEpeatlng unit
IS 0 y we

(a) in the substituted polythiop ene W e substituted polythlophene (P).

5. 'I_'he con ﬁ@y&ﬁ;ﬁ{gp gg%}ﬁg%ﬁﬁmmg to any &{ﬁﬁﬁﬁ% élﬁwherena %F egulanty

defined by the percentag ad-to-Tail-Head-to ages In the substituted p ythlophene (P)is

90% or mo é‘?)lsanox%ffﬂ@e@@@%ﬁ Bugnemmposition actesinehio @ RiHQhKAIms 1 to 5, wherein the
sulfur trioxide complex is at least one sulfur trioxide complex selected from the group consisting of a

sulfur trioxidgoN phalimmgtind iz et eenmiese i dfandgioxide-pyridinecortideiaaalasulfur

trioxide-trdethylamlne complex.

or branched alkyl group having 1 to 6 carbon atoms whennis
lormore;therepeatingunit( a2)isoneinwhichR ®informula
(3)isalinearorbranchedalkylenegrouphaving 1 to3carbon
atoms,OR °®isanoxyethylenegroupandR ’isalinearorbranched

alkyl group having 3to 12 carbon atoms when mis 0 ,andR 'is
alinearorbranchedalkylgrouphavinglto6carb onatomswhen
m is 1 or more; and the repeating unit ( a3) is one in which

Re 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 1to 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 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.
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7. The conductive composition according to any one of claims Ito 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 compaosition
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
lto7toa substratg aﬂqd thencnjc t-treatin

e condlictive com osmon according to any on e of
claims 1to 5, whereinthe sulfurtrioxide complex isatleast
onesulfurtrioxidecomplexselectedfromthegroup consisting
of a sulfur trioxide-N,N-dimethylformamide complex, asulfur
trioxide-pyridine complex, and a sulfur

trioxide-triethylamine complex.

7. The conductive composition according to any on e of
claimsl1to6,whereinthecontentofthesulfurtr ioxidecomplex
based on the weight of the substituted polythiophen e(P)is5

to 300% by weight.

8. An electrode for a solid electrolyte capacitor
produced by using the conductive composition accord ingtoany

one of claims 1 to 7.

9. Asolid electrolyte capacitor produced by usin gthe
conductive composition according to any one of clai ms1lto7.

10. A process for producing a conductive coating film
comprisingapplyingtheconductivecompositionacco rdingtoany
one ofclaims 1to 7 to asubstrate and then heat-t reatingit.
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