
28 SEP2005 -1 Polythiophenes The invention relates to a process for the
preparation of polythiophenes which are  soluble or dispersible in anhydrous
or low-water-content solvents, to polythiophenes  5 obtainable by this
process, and to the use of these polythiophenes. Organic, conductive
polymers have become increasingly widespread in industry. Ar- eas of
application are, for example, the through-plating of circuit boards (EP 553
671  Al), the antistatic finishing of photographic films (EP 440 957 A2) or
as electrode in 10 solid-electrolyte capacitors (EP 340 512 A2). Particular
importance has been  achieved by poly-3,4-alkylenedioxythiophenes, which are
distinguished by high sta- bility and electrical conductivity. EP 440 957 A2
describes water-soluble or water-dispersible polyalkylenedioxy- 15
thiophenes. These are synthesized directly in the presence of polyanions in
the aque ous phase. The aqueous preparations are employed for the production
of conductive  or antistatic coatings. For many applications, however, there
is a need for poly- alkylenedioxythiophenes which can be processed in the
form of anhydrous or low- water-content solutions or dispersions, for
example for shortening the drying times of 20 the coatings or for improving
the wetting behaviour. After removal of the water from  the solutions
described in EP 440 957 A2, the solids obtained are insoluble in water  and
organic solvents. EP 339 340 A2 describes the preparation of
3,4-polyalkylenedioxythiophenes by re- 25 action of the corresponding
monomers with oxidants. The 3,4-polyalkylenedioxythio phenes prepared in
this way are likewise insoluble in organic and inorganic solvents. EP 440
957 A2 teaches that the preparation of water-soluble or water-dispersible  



polyalkylenedioxythiophenes can in principle also be carried out in the
presence of 30 protic solvents, such as methanol, ethanol, isopropanol and
other water-miscible or- ganic solvents, such as, for example, acetone.
However, only small amounts of 2 8 SEP 2005 -2 organic solvents can be
admixed here, and consequently anhydrous or low-water- content solutions or
dispersions cannot be obtained in this way. Polyalkylenedioxythiophenes are
preferably prepared by oxidative polymerization.  5 Known oxidants are
transition metals, salt-like compounds and other oxidants. Pref erence is
given here to the use of transition metals and salt-like oxidants, in
particular  alkali metal or ammonium peroxodisulphates. Although there have
been attempts to use transition metal-containing oxidants, such  10 as
iron(Ill) salts, for the polymerization of thiophenes in organic solvents,
such as, for example, chloroform, acetonitrile and methanol, this is
afflicted with difficulties and  disadvantages. The polythiophenes prepared
in this way are not or only partially dis- persible in solvents or are only
dispersible in solvents with the aid of further  dispersion assistants (see
in this respect, for example, Lee, S. Park and Y. Son, Mol. 15 Cryst. Liq.
Cryst. 327 (1999) 237-240). The transition metal-containing residues of  the
oxidants can only be removed from the reaction solutions with difficulty and
have  an adverse effect on the quality of the conductive or antistatic
coatings, such as, for  example, their ageing resistance. 20 Salt-like
oxidants, such as peroxodisulphate or perborates, and other salt-like com-
pounds only react very slowly if at all in the absence of water or in the
presence of  only small amounts of water, giving rise to unacceptably long
reaction times when  the reaction is carried out in low-water-content
solvents. The reaction solutions ob- 



tainable in this way contain large amounts of monomers and virtually no  25
polythiophenes and therefore cannot be used. Surprisingly, it has now been
found that polythiophenes of high quality which are  readily soluble or
dispersible in anhydrous or low-water-content solvents can be pre- pared if
these are prepared in anhydrous or low-water-content solvents and phase 30
transfer catalysts are added during the reaction- The preparation process
has the ad- vantage that it is possible to prepare solvent-containing
anhydrous or low-water 2 8 SEP 2005 -3 content polythiophene dispersions or
solutions which have only low metal and salt  contents after work-up. The
polythiophenes prepared by the process according to the  invention are
stable on storage as a solid, dispersion or solution and are suitable for
the production of conductive or antistatic layers of high quality. 5 With
the same chemical composition, the polythiophenes according to the invention
surprisingly differ significantly from polythiophenes prepared in accordance
with the  state of the art. The polythiophenes according to the invention
dissolve spontaneously  in solvents and also water, even in high
concentrations, without precipitations, swel 10 ling or other undesired
effects, such as, for example, an increase in the viscosity,  occurring.
This was surprising and unforeseeable for the person skilled in the art
since the per- son skilled in the art had to assume that the polymerization
reaction of identical 15 thiophene starting materials using the identical
oxidant should lead to products hav- ing known properties, and the addition
of phase-transfer catalysts should merely  increase the reaction rate during
the polymerization. However, this is not the case.  



The polythiophenes according to the invention dissolve spontaneously in
water and  organic solvents. 20 The invention therefore relates to a process
for the preparation of polythiophenes in  which one or more thiophenes of
the general formula (1) 25 2 R  R,Rii  O 1% O (I) 2 8 SEP 2005 -4 in which
R' is an unsubstituted or substituted alkylene or alkenylene radical  having
from I to 10 carbon atoms, and R and R2, independently of one another, are
hydrogen, a linear or branched  alkyl radical having from 1 to 18 carbon
atoms, OH, O-CH2-CH2-CH2-SO3H  5 or O-alkyl having 1-18 carbon atoms, b) at
least one compound containing one or more sulphonic acid groups,  c) at
least one oxidant, d) at least one phase-transfer catalyst, and  e) if
desired one or more catalysts, 10 are reacted in at least one anhydrous or
low-water-content solvent at temperatures of  from 0 to 150C, and the
product is subsequently worked up. 



The invention also relates to the polythiophenes which can be prepared by
this proc- 15 ess. Finally, the invention relates to the use of the
polythiophenes prepared in accordance  with the invention, for example in
the form of solids, dispersions or solutions, for the  production of
conductive and/or antistatic coatings and mouldings. 20 The process
according to the invention is preferably carried out using thiophenes of
the general formula (II) or (III) R3 R4  Rs Rs O O R ~R8 25 where 2 8 SEP
2005 -5 R3, R4, R5, R6, R7 and R8 are each, independently of one another, a
hydrogen atom,  an alkyl group having from 1 to 20 carbon atoms, a
hydroxymethyl group, or  an alkoxymethyl group (R-O-CH2-) having from 1 to
20 carbon atoms which  is unsubstituted or substituted by sulphonic acid
groups. 5 The thiophenes employed in the process according to the invention
are particularly  preferably thiophenes of the general formula (IV) 10 where



R9 is hydrogen or an alkyl radical having from I to 20 carbon atoms. 15 Very
particularly suitable thiophenes which may be mentioned are the following:
3,4- methylenedioxythiophene, 3,4-ethylenedioxythiophene, 3,4-
propylenedioxythiophene, thiophenes carrying hydroxyl or alkoxy groups, as
de- scribed, for example, in US-A-5,111,327, and thiophenes carrying
[-CH2-O-(CH2)n- SO3H] groups. 20 Suitable compounds containing one or more
sulphonic acid groups are compounds  which carry at least one sulphonic acid
linked to an aliphatic, cycloaliphatic or aro- matic carbon atom. These are
preferably polysulphonic acids, for example  polystyrenesulphonic acids and
polyvinylsulphonic acids having a molecular weight 25 (Mw) of from 2000 to
2,000,000, preferably from 5000 to 500,000, toluenesulphonic  acids,
benzenesulphonic acids, which may carry alkyl radicals having from I to 20
carbon atoms, for example dodecylbenzenesulphonic acid, alkylsulphonic acids
hav 2 8 SEP 2005 -6 ing from 1 to 20 carbon atoms, for example
methanesulphonic acid and laurylsul- phonic acid. However, it is also
possible, if desired, to use or additionally use  compounds which carry an
[-O-SO2-OH) group (i.e. sulphuric acid monoesters). 5 Preferred oxidants are
salt-like oxidants, preferably peroxodisulphates, for example  alkali metal
and ammonium peroxodisulphate, and percarbonates, such as alkali  metal
percarbonate. Polythiophenes are prepared in accordance with the invention
in the presence of a  10 phase-transfer catalyst. Phase-transfer catalysts
increase the solubility of the oxidants in the solvent. Examples of suitable
phase-transfer catalysts are either compounds  



which complex alkali metal ions or are ionic compounds containing long-chain
alkyl  radicals which have a counterion which is soluble in the solvent and
thus increase the  solubility of the oxidants. Preferred phase-transfer
catalysts are compounds contain 15 ing -CH2- and -0- structural units, for
example crown ethers, such as, for example,  12-crown-4 or 18-crown-6,
benzo- or dibenzo-18-crown-6, or polyethers prepared  from ethylene oxide.
Preference is likewise given to quaternary ammonium salts,  particularly
preferably quaternary ammonium salts containing alkyl radicals or ary-
lalkyl radicals having from 4 to 20 carbon atoms, such as, for example,
butyl-, decyl-, 20 lauryl- or benzyltrimethylammonium salts, and
corresponding phosphorus com- pounds. If desired, one or more catalysts
which increase the rate of polymerization are added  in the process
according to the invention. Examples of suitable catalysts are iron(III) 25
or other transition-metal compounds, such as, for example, manganese salts.
Exam- ples which may be mentioned are iron(III) chloride, iron(III)
sulphate, iron(III)  toluenesulphonate, manganese dioxide and
manganese(II)salts. The process according to the invention is carried out in
an anhydrous or low-water- 30 content solvent. Suitable solvents are those
which contain up to 5% by weight of  water. These solvents preferably
contain less than 2% by weight of water. 2 8 SEP 2005 -7 Suitable anhydrous
or low-water-content solvents are in principle organic solvents.  These are,
for example, alcohols, for example methanol, ethanol, propanol, butanol,
pentanol or higher alcohols, ethylene glycol, diethylene glycol, triethylene
glycol or 5 higher homologues, ketones, such as, for example, acetone or
butanone, chlorinated  hydrocarbons; for example methylene chloride,
chloroform, tetrachloromethane, di- 



chloroethane or trichloroethane, aromatic compounds, such as, for example,
toluene,  xylene, chlorobenzene or dichlorobenzene, aliphatic or
cycloaliphatic hydrocarbons,  such as, for example, pentane, hexane,
heptane, cyclohexane and octane, ethers, such 10 as, for example,
tetrahydrofuran, diethyl ether, methyl tert-butyl ether, ethylene gly- col
mono- or dimethyl ether or higher homologues thereof, amides, such as, for
example, dimethylformamide, dimethylacetamide or N-methylpyrrolidone, and
es- ters, such as, for example, ethyl or butyl acetate. 15 The anhydrous or
low-water-content solvents are preferably lower alcohols having  from 1 to 8
carbon atoms, preferably methanol, ethanol, propanol, isopropanol, buta- nol
and/or pentanol. The process according to the invention is usually carried
out by reacting, per mole of  20 thiophene employed or mixture of a
plurality of thiophenes employed, from 0.1 to 20 mole equivalents,
preferably from 0.2 to 10 mole equivalents, particularly prefer- ably from
0.5 to 5 mole equivalents, of sulphonic acid groups of the compound con-
taining sulphonic acid groups, from 0.9 to 5.0 mole equivalents, preferably
from 1.0  to 3.0 mole equivalents, particularly preferably from 1.1 to 2.0
mole equivalents, of 25 the oxidant, where one equivalent of oxidant is
capable of taking up two moles of  electrons, from 0.1 to 10 mol%,
preferably from 1 to 5 mol%, of phase-transfer cata- lyst, based on the
oxidant, from 0 to 10 mol% of catalyst, based on thiophene, and  solvent in
such an amount that the ratio between thiophene and solvent is from 0.001
to 0.1:1, at temperatures of from 0 to 150C, preferably from 15 to 70C,
particularly 30 preferably from 20 to 40C, and subsequently working up the
reaction product. 2 8 SEP 2005 -8 The work-up preferably consists of the
removal of ions remaining in the reaction  



mixture, i.e. preferably desalination. However, possible undesired secondary
compo- nents can also be removed from the reaction solution during the
work-up. 5 Possible work-up steps are, for example, filtration or
decantation of the reaction so- lution, precipitation, washing and drying of
the polythiophene and further  purification steps which are usual and are
known to the person skilled in the art. In  many cases, however, it is
advisable additionally to remove salts with the aid of ion  exchanger resins
known to the person skilled in the art or other special methods for 10
selective removal of ions, for example with the aid of ion-selective
membranes. The polythiophenes prepared by the process according to the
invention are stable on  storage as a solid, dispersion or solution. 15 The
polythiophenes according to the invention can be used as dispersions or
solu- tions for the preparation of electrically conductive or antistatic
coatings. Suitable  areas of application are the finishing of plastic films
for the packaging of electronic  components and for clean-room packaging,
antistatic finishing of cathode ray tubes,  antistatic finishing of
photographic films, as transparent electrodes, for example for 20 touch
screens and organic or inorganic electroluminescent displays, for the
produc- tion of capacitors, batteries, circuit boards or window panes which
can be coloured  electrically. Before production of the coatings, it is
possible to add binders and/or crosslinking  25 agents, such as
polyurethanes or polyurethane dispersions, polyolefin dispersions,
epoxysilanes, such as 3-glycidoxypropyltrialkoxysilane, to the polythiophene
disper- sions according to the invention. Furthermore, silane hydrolysates,
for example based  on tetraethoxysilane, can be added in order to increase
the scratch resistance in coat- ings. 30 



2 8 SEP 2005 -9 The coatings can be produced by known processes, such as
spraying, gravure print- ing, offset printing, curtain coating, application
via application rolls and brushing. 2 8 SEP 2005 -10 Examples Example 1
(Preparation of an ethanolic polystyrenesulphonic acid solution) 5 400 ml of
an aqueous solution of a polystyrenesulphonic acid having a molecular
weight (Mw) of about 70,000 were evaporated to dryness and dissolved in 1000
ml  of ethanol. The solids content of the solution was found to be 10.4% by
weight. Example 2 (Preparation of a polythiophene according to the invention
in the form of  10 a solution) 133 ml of ethanol, 14.77 g (0.0256 mol) of
iron(III) toluenesulphonate, 1399.76 g of  the polystyrenesulphonic acid
solution from Example 1, 3.7 g (0.014 mol) of 18- crown-6, 74.66 g (0.2765
mol) of potassium peroxodisulphate and 27.97 g 15 (0.1967 mol) of
3,4-ethylenedioxythiophene were combined in a reactor and ho- mogenized for
1 minute using a commercially available disperser (Ultra-Turraz  from 1KA).
A finely divided suspension was formed. The suspension was subse- quently
stirred at room temperature for 24 hours. The reactor contents became a
dark- blue colour during the reaction time. The reaction conversion was
found to be 95.1%  20 by analysis by gas chromatography. Example 3
(Purification of a polythiophene according to the invention) The solution
from Example 2 was filtered, 455 ml of cation exchanger (Lewatit(r) S  25
100, a strongly acidic ion exchanger containing sulphonate groups based on 



crosslinked polystyrene, commercial product from Bayer AG, Leverkusen) and
525 ml of anion exchanger (Lewatit(r) MP 62, a basic ion exchanger
containing terti- ary amino groups based on crosslinked polystyrene,
commercial product from Bayer  AG, Leverkusen) were added, and the mixture
was stirred for 1 hour and filtered. A 30 dark-blue, clear solution was
obtained. A sample of this solution was diluted with  ethanol to a solids
content of 0.4% by weight, and a coating with a thickness of 60 2 8 SEP 2005
pm was applied from the dilute solution to a plastic film (polyethylene
terephthalate)  with the aid of a hand coater and dried at 80C for 15
minutes. The thickness of the  dry coating was about 240 nm. The surface
resistance of the applied layer was  7 Mohm/square in accordance with IEC
standard 93 (VDE 0303 Part 30) or ASTM D  5 257. Example 4 (Purification and
isolation of the polythiophene according to the inven- tion) 10 A
polythiophene solution was prepared as described in Example 2. The solution
was  filtered. 1500 ml of toluene were added to 1000 ml of the polythiophene
solution  with stirring, and the mixture was stirred for a further 15
minutes. A dark-blue pre- cipitate was obtained, from which the clear
supernatant liquid was decanted. The  residue was washed twice with 100 ml
of toluene each time, dried and powdered,  15 giving 97 g of dark-blue/black
powder. Example 5 (Preparation of a solution of the polythiophene according
to the invention  in ethanol) 20 10 g of the polythiophene powder from
Example 4 were stirred in 90 ml of ethanol  for 30 minutes. A dark-blue
clear solution was obtained. The solution was filtered  through a 0.2 m
filter. No filtration residue was obtained. The particle size distribu- 



tion of the solution was measured by means of light scattering in an
ultracentrifuge.  The mean particle size was about 30 nm (d50). 25 A coating
with a thickness of approximately 240 nm was produced from the solution  as
described in Example 3. The surface resistance of the applied layer was  6.7
Mohm/square in accordance with IEC standard 93 (VDE 0303 Part 30) or ASTM  D
257. 30 2 8 SEP 2005 -12 Example 6 (Preparation of a solution of the
polythiophene according to the invention  in water) 10 g of the
polythiophene powder from Example 4 were stirred in 90 ml of water for  5 30
minutes. A dark-blue clear solution was obtained. The solution was filtered
through a 0.2.(err)m filter. No residue was obtained. The particle size
distribution of the  solution was measured by means of light scattering in
an ultracentrifuge. The mean  particle size was about 30 nm (d50). 10 A
coating with a thickness of approximately 240 nm was produced from the
solution  as described in Example 3. The surface resistance of the applied
layer was  5.2 Mohm/square in accordance with IEC standard 93 (VDE 0303 Part
30) or ASTM  D 257. 15 Comparative Example 1 (Repetition of Example 2
without phase-transfer catalyst) 133 ml of ethanol, 14.77 g (0.0256 mol) of
iron(IIl) toluenesulphonate, 1399.76 g of  the polystyrenesulphonic acid
solution from Example 1, 74.66 g (0.2765 mol) of po- tassium
peroxodisulphate and 27.97 g (0.1967 mol) of 3,4-ethylenedioxythiophene 



20 were combined in a reactor and homogenized for 1 minute using a
commercially  available disperser (Ultra-Turrax(r) from IKA). A finely
divided suspension was  formed. The suspension was subsequently stirred at
room temperature for 24 hours.  The reactor contents did not change colour
during the reaction time. After a reaction  time of one week, the contents
were slightly greenish. The reaction conversion was  25 found to be 2.5% by
analysis by gas chromatography. Comparative Example 1 shows that without
addition of phase-transfer catalysts, an  adequate reaction rate is not
achieved and virtually no polythiophene is obtained. 28 SEP2005 - 13
Comparative Example 2 (Repetition of Example 2 in water) 724 g of water,
14.77 g (0.0256 mol) of iron(III) toluenesulphonate, 808.75 g of a
polystyrenesulphonic acid solution in water (Mw about 70,000 g/mol, 18%
strength 5 by weight in water), 3.7 g (0.014 mol) of 18-crown-6, 74.66 g
(0.2765 mol) of potas- sium peroxodisulphate and 27.97 g (0.1967 mol) of
3,4-ethylenedioxythiophene were  combined in a reactor and homogenized for 1
minute using a commercially available  disperser (Ultra-Turraz from IKA). A
milky dispersion was formed which became a  blue colour after a few minutes.
The dispersion was subsequently stirred and ho 10 mogenized at room
temperature for 24 hours. A highly viscous suspension containing  coarse gel
particles was formed. The gel particles were insoluble in ethanol. The
comparative example shows that the same reaction in water leads to a
polythio- phene which differs significantly in solubility from the
polythiophene according to  15 the invention. Comparative Example 3
(Preparation of a polythiophene of the same composition  as in Example 2 of
EP 440957 A2 in water, but with a lower solids content) 



20 1588.13 g of water, 15.08 g of a 1 per cent strength by weight aqueous
iron(III) sul- phate solution, 359.79 g of a polystyrene sulphonic acid
solution in water (Mw about  70,000 g/mol, 5.5% strength by weight in water)
and 8.02 g (0.056 mol) of 3,4- ethylenedioxythiophene were introduced into a
reactor at room temperature and ho- mogenized for 15 minutes using a
commercially available disperser (Ultra-Turrax 25 from 1KA). A milky
suspension was formed. 19.24 g (0.081 mol) of sodium peroxo- disulphate were
added. After 10 minutes, the solution became a blue colour. The dis- persion
was subsequently stirred and homogenized at room temperature for 24 hours.
A dark-blue, slightly viscous solution was formed. 106.65 g of cation
exchanger  (Lewatit(r) S 100, a strongly acidic ion exchanger containing
sulphonate groups based 30 on crosslinked polystyrene, commercial product
from Bayer AG, Leverkusen) and  160.6 g of anion exchanger (Lewatit(r) MP
62, a basic ion exchanger containing terti 2 8 SEP 2005 -14 ary amino groups
based on crosslinked polystyrene, commercial product from Bayer  AG,
Leverkusen) were added to this solution, and the mixture was stirred for 30
minutes. The ion exchanger was subsequently filtered off through an 8 m
filter. As  described in Example 3, a coating with a thickness of
approximately 240 nm was 5 produced from the solution. The surface
resistance of the applied layer was  2.5 Mohm/square in accordance with IEC
standard 93 (VDE 0303 Part 30) or ASTM  D 257. 10 ml of the solution were
dried and powdered. The resultant powder was not soluble  10 in either water
or ethanol. The comparative example shows that aqueous polythiophene
solutions can be pre- pared in accordance with the prior art, but they
differ in solubility from the polythio- 



phenes according to the invention. 2 6 SEP 2005 - 15  Patent Claims 1)
Process for the preparation of polythiophenes characterized in that  5 a)
one or more thiophenes of the general formula (I) (I) in which R' is an
unsubstituted or substituted alkylene or alkenylene  10 radical having from
1 to 10 carbon atoms, and R and R2, independently of one another, are
hydrogen, a linear or  branched alkyl radical having from 1 to 20 carbon
atoms, OH,  O-CH2-CH2-CH2-SO3H or 0-alkyl having 1-18 carbon atoms, b) at
least one compound containing one or more sulphonic acid groups,  15 c) at
least one oxidant, d) at least one phase-transfer catalyst, and  e) if
desired one or more catalysts, are reacted in at least one anhydrous or
low-water-content solvent at tem- 20 peratures of from 0 to 150C, and the
product is subsequently worked up, wherein low-water-content solvents are
those which contain up to 5% by weight of water. 2) Process according to
Claim 1, characterized in that the thiophene of the for- mula (I) is a
thiophene of the general formula (II) or (11I) 2 6 SEP 2005 -16 R R4  R5) (R
6 



or 5 where R, R, R5, R, R and R8 are hydrogen atoms, alkyl groups having
from 1 to 20 carbon atoms, a hydroxymethyl group, or alkoxymethyl groups
having from 1 to 20 carbon atoms which are unsubstituted or substituted by
sulphonic acid groups. 10 3) Process according to Claim 1 or 2,
characterized in that the thiophene of the  formula (I) is a thiophene of
the formula (IV) 15 where R9 is hydrogen or an alkyl radical having from 1
to 20 carbon atoms. 4) Process according to Claim 1, 2 or 3, characterized
in that the compound  containing one or more sulphonic acid groups is at
least one compound se 2 8 SEP 2005 -17 5) 5 6) 10 7) 15 8) 209) lected from
polystyrenesulphonic acids and alkylbenzenesulphonic acids  having an alkyl
group containing 1-20 carbon atoms. Process according to Claims 1 to 4,
characterized in that the oxidant is at least  one compound selected from
the group consisting of ammonium peroxodisul- phate, sodium peroxodisulphate
and potassium peroxodisulphate. 



Process according to Claims 1 to 5, characterized in that the phase-transfer
catalyst is at least one compound selected from the group consisting of
crown  ethers and quaternary ammonium salts, where the ammonium salts carry
at  least one hydrocarbon radical having at least 4 carbon atoms. Process
according to Claims 1 to 6, characterized in that the solvents are  lower
alcohols having from 1 to 8 carbon atoms, preferably methanol, etha- nol,
propanol, isopropanol, butanol and pentanol. Polythiophenes in the form of
solids, dispersions or solutions, which can be  prepared in accordance with
Claims 1-7. ductive and antistatic coatings. Use of the polythiophenes
according to Claim 8 for the production of con 


