28 SEP2005 -1 Pol yt hi ophenes 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)gEp s
process, and to the use of these polythi ophenes. Organic, conductive

pol ymers have becone increasingly w despread in industry. Ar- eas of
“application are, for exanple, the throygh-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). Particul ar

inportanceggsi.beﬁn achi eved by pol y-3, 4-al kyl enedi oxyt hi ophenes, which are
di stinguis sta- bility and electrical conductivity. EP 440 957 A2

descri bes wat er-sol ubl e or wat er-di spersibl e pol yal kyl enedi oxy- 15
t hi ophenes. These are synthesized directly in the presence of polyanions in

the aque olihe pineseon Teletesgoi@oprecss éqxatlmtprepmamreoépp]yﬂyephmes whieh preoduct i on
of conductive  or antistatic coatings. For ppl i cations, however, there

is a need FYRbIEAT\AIspsIsERle éh@myémsmrd%éﬁfégr-mt% Se‘a/ﬁ"%etop?%ﬁt@%"?sn t he
form of anhyd n%%ebﬁfthlscﬁ?%ce\é@ ﬁﬁ 1E RSO bf E@L%&?ﬁ% coa%l spersions, for

exanpl e foP rng Cines I ngs or for | mprovi ng
the wetting behaV| our. After rem)val of the water from the solutions
described in EP 440 957 A2, the solids obtained are insoluble in water and
or gani ¢ solOrgantie, cOBRUQ® p@lbmmhmmmb@sin@m@ilpglbp\dd@prﬁd ipfindustry. Ar-

3, 4- pol yal kyl enedi.ox thIO henes 25 a tlon cO di.ng
nononers wtHh? o%ph)' gr %"%‘Pﬁ%ﬂ@ fhi?/‘l'g!‘n g ﬂf‘iﬁ"%ﬁ’éﬁ{i %?)i% éfﬂd in
this way ar 'ﬂhE%ﬂlﬁﬁdﬁﬁ%H hét ﬁ@'fﬁm@ ﬁplmrg@m o7 @b ¥feBfrSde i 440
957 A2 teaééhgs that] he pre]pgra |ogg{§ wat er reso | ubl e orﬁwat er - dfrspeer sible
10 solid- e]ectrolyte capacitors (EP 340512 A2). Particular importance has been
achieved by poly-3,4-alkylenedioxythiophenes, which are distinguished by high sta-

bility and electrical conductivity.

EP 440957 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 camried 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



pol yal kyl enedi oxyt hi ophenes can in principle also be carried out in the
presénce of 30 protic solvents, such as nethanol, ethanol, isopropanol and
ot her water-m scible or- ganic solvents, such as, for exanple, acgtg)SEP 2005
However, only small anobunts of 2 8 SEP 2005 -2 organic solvents cdn

adm xed here, and consequently anhydrous or | owwater- content solutions or
di spersi ons cannot be obtained in thisoway. Polyal kyl enedi oxyt hi ophenes are
preferably prepared by oxidative polynerization. 5 Known oxidants are
transition netals, salt-1like conpounds and ot her oxidants. Pref erence is
given here to the use of transjtiqon netals and salt-|i ke oxidants, in

parti cul arOT2amiga80iveRts ¢an by admixs iNgrs. AdoSUIEFRUSNEN Ana¥drops o Jawhwateer e have

b l-COntai ni ng: qxi dants, such 10
ron( 1) e Softfbng A5 R B e A T or Gani ¢ sol vents,

such as, for exanple, chloroform acetonitrile and nmethanol, this is
afflicted with difficulties and disadvantages. The pol ythi ophenes prepared
in this waBolyaliyleoedioxythiophengsirare prefgratilysprepatedity exidatiwoipolymegizatiomr e onl y
di spersiblg in solyents with the aid of further | Spersi on assistants (see
PR o T okt St A ato] et sSisikg compovn ST S SxidaerBrer. L1 g
Cryst. 327 99),: - ioh ina198h&kaie i : 'h?%'!‘ of the
oxi dant s c%lr%&%nl?igl%é%regefrlgz}rel%a-{éfogtrtr{a? }E}gbbggéci% ?%n S%FEF% g%l?h%gtlhepél ?%ul ty and
have an aslksli artalior @ammaoniurh perogodikilpyates. t he conductive or antistatic

coatings, such as, for exanple, their ageing resistance. 20 Salt-1ike
oxi dants, such as peroxodi sul phate or perborates, and other salt-like com

poun o0 X G01 LA R e o L R A 08 e St |1

pr ese_nce O_ _ _ _ !‘I se
reacye on t hdesn(TNEAlts fBEthe PBRimepiRatién 6BthidphEndUh orghnidd] V£ s P4, ot

sol vents. The reaction solutions ob-
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-



tainable in this way contain |arge amounts of nononers and virtually no 25
pol yt hi ophenes and therefore cannot be used. Surprisingly, it has now been
found that pol ythi ophenes of high quality which are readily sol ubl 8§EP20
di spersi bl e in anhydrous or | ow water-content solvents can be pre-‘éa d Q?
these are prepared in anhydrous or |ow water-content solvents and phase 30
transfer catal ysts are added during the reaction- The preparation process
has the ad- vantage that it is possiblLg_to prepare sol vent-containing
anhydrous or lowwater 2 8 SEP 2005 -3 content pol yt hi ophene di spersions or
solutions which have only low netal and salt contents after work-up. The
pol yt hi ophenes pr red by .the process accordi to the invention are

stabl e on %?'B?%fd@ﬁ ‘°£ﬂ‘é’l9l digpersy 'ésp‘é"riqi‘bthor&rwglﬁﬁ "'Br‘?"g)'nlf’“éf’?t Lﬁ“%a‘-‘@ﬁe f or

t he product.i f Cit j ' f b -' Wth
the Sane croneh@arEORgiel B BoLRIONRIEL RiepaRit g pretedadbRib Yo Uent' on
sur pri si nginvefliidd are atgoih swedgelag af Jodid) Pispyrsionaphehtidnpndpae editdble fsrcor dance
with the state of the art. The pol ythi ophenes according to the invention

di ssol ve sHsraradecsies|of condyctvd ercantistatin tpysrssef high ewalittyen in hi gh
concepntrations, wthout precipitations, swel 10 ling or other undesired
effects, such as, for exanple, an increase in the viscosity, occurring.
This was syyif il fehedMmitdl B6BPESAG], 8hd BolyIHIEPHRAES Akofdihg t@thel iRvéMinart
since the per- son skilled in the art had to assunme that the pol ynerization
reacti on ofurpdeimglycdifferl Sgnificaplydnen pohthiopbenes peaparddsn ascordandeevitideet i cal

oxi dant shoul d ad tQ products hav- i knQqwn properties, and the addition
of phase-t Ft_éF?s‘?fJéﬁe E‘étﬁ]%&oﬁ)gﬁ@ﬁé‘meﬂ a?f’é’F@%% to BWdPg%{g’é’“t OV SBPREREQUSe duri ng
the pol ymeg] ¢itdf8 and RYEYaler, dvdh $n hightncliifatiohtS Swithout 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
‘a)  one or more thiophenes of the general formula (I)
25
2 R
R\R1/
0" o

(1)
8

S



The pol yt hi ophenes according to the invention dissolve spontaneously in

wat e and organic solvents. 20 The invention therefore relates to a process
for the preparation of polythiophenes in which one or nore thi ogrhiegfps ﬁf
the general formula (1) 252 R RRi O1%O (1) 2 8 SEP 2005 - Wl h
R is an unsubstituted or substituted al kyl ene or al kenyl ene radi cal having
froml to 10 carbon atons, and R and R2, independently of one another, are
hydrogen, a linear or branched al kyl “Aadi cal havi ng from1l1l to 18 carbon
atons, OH, O CH2-CH2-CH2-SO3H 5 or O al kyl having 1-18 carbon atons, b) at
| east one conpound contai ni ng one or nore sul phonic acid groups, c¢) at

| east one oxi dajif whith R islapasisubstituted as suistiied alkyleneadryBkenyisnd raditali f
desired one or nore catalysts, 10 are reacted in at |east one anhydrous or

| ow- wat er - cont ehavisgfromnk toak0 ashqrestamsrand of from O to 150C, and the
product i's S“bsﬁqéjn%*,%&‘é%%&%u?pdf one another, are hydrogen, a linear or branched

alkyl radical having from 1 to 18 carbon atoms, OH, O-CH;-CH,-CH,-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 150°C, 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 (IT) or (1)

R R’ RY R®
e =
Oz ;O (i or Oz ;O (i
S S

25

where



The invention also relates to the pol ythi ophenes which can be prepared by
this proc- 15 ess. Finally, the invention relates to the use of the

pol yt hi ophenes prepared in accordance wth the invention, for exﬁdbﬁ@’mﬁ
the formof solids, dispersions or solutions, for the production of
conductive and/or antistatic coatings and noul di ngs. 20 The process
according to the invention is preferably carried out using thiophenes of
the general forrmula (I1) or (I1l1) RB RS- Rs Rs O OR ~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 al kyl group having from1l to 20 carbon atons, a

hydr oxymet gy IRQROURS 101 4 dERE Qc@%ﬂ,%ﬁ%hd&tw iR nofid?: 2 hm\sfgﬂgaﬂ‘omm 1 to

20 carbon at'onms which 1s unsubstitut or substituted by sul nic acid

groups. 5 The té&i alphlegresp aayihg¥eth il no 2hearhoncatass,acloyairohiyngethyl dgrbep,icivent i on
are particularly Rreferably t hi ophenes of the general formula (1V) 10 where
an alkoxymethyl group (R-O-CH,-) 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)
R°
0] O
>\——;</ \ (V)
S

10
where
R’ is hydrogen or an alkyl radical having from 1 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 [-CH,-O-(CH,),-
SOsH] 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 1 to 20

carbon atoms, for example dodecylbenzenesulphonic acid, alkylsulphonic acids hav-



RO is hydrogen or an al kyl radical having froml to 20 carbon atons. 15 Very
particularly suitable thiophenes which nmay be nentioned are the foll ow ng:
3, 4- met hyl enedi oxyt hi ophene, 3, 4- et hyl enedi oxyt hi ophene, 3, 4- 28 SEP 2005

pr opyl enedi oxyt hi ophene, thi ophenes carrying hydroxyl or al koxy groups, as
de- scribed, for exanple, in US-A-5,111,327, and thiophenes carrying

[-CH2-O (CH2) n- SC8H] groups. 20 Suitabte conpounds containing one or nore
sul phoni ¢ acid groups are conpounds which carry at |east one sul phonic acid
| inked to an aliphatic, cycloaliphatic or aro- matic carbon atom These are

pref or abl yoPOlofe il @NATLEAC s, (8 TP R ARLBYENERULAN A fACT 5 and

pol yvi nyl s onic aci ving'a nolecular weig m 2000 to

2, 000, 000,phphRf adiabHpwevamibf0aIsb pdafiBle) QP detitdd)aBess! phadditionddy WSe
benzenesul phoni c acids, which may carry alkyl radicals having froml to 20
carbon at eempofinds wRighhey do (HE:§OpENHaTou (ighampluriccacid meinkesters).phoni ¢ aci ds
hav 2 8 SEP 2005 -6 ing from1l to 20 carbon atons, for exanple

met hanesul phoni ¢ acid and | auryl sul - phonic acid. However, it is also

possisbl e, prifered in?rﬂmst ite ﬁﬁﬁ-li‘% Aflhisi BRAaY]yYSePox SINTRHARLS féﬁh%&gn)gi@r ry an

[-O-SO2-0OH) group (1.e. sulphuric acid nonoeSteers). 5 Preferre dants are
sal t- i ke abkalidarta, angr eferoabiny peernxadizdlphatep hat epercdrbonatesarsptie asadlkalii net al
and anmoni um]peroxodi sul phate, and percarbonates, such as al kali netal

per car bondbdal pss¢arbeRabhenes are prepared in accordance with the invention
in the presence of a 10 phase-transfer catal yst. Phase-transfer catal ysts

I ncrease the solubility of the oxidants in the solvent. Exanples of suitable

phase- t r arpdl@hiophédsYfé prepafedeint stesrdemsEp@ithdBe 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 -CH,- and -O- 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(IIl)
25 or other transition-metal compounds, such as, for example, manganese salts. Exam-
ples which may be mentioned are iron(Ill) chloride, iron(Ill) sulphate, iron(I)

toluenesulphonate, manganese dioxide and manganese(Il) 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.



whi ch conpl ex al kali metal ions or are ionic conmpounds containing | ong-chain
-al kyl radicals which have a counterion which is soluble in the Oﬂéﬁ 6 and
thus increase the solubility of the oxidants. Preferred phase-g$ @5
catal ysts are conpounds contain 15 ing -CH2- and -0- structural units, for
exanpl e crown ethers, such as, for exanple, 12-crown-4 or 18-crown-6,

benzo- or di benzo-18-crown-6, or polyefhers prepared from ethylene oxide.
Preference is |ikew se given to quaternary anmonium salts, particularly
preferably quaternary anmoni um salts containing al kyl radicals or ary-

| al kyl radicals having from4 to 20 carbon atons, such as, for exanple,
butyl -, decyl-, 20 lauryl- or benzyltrimnmethylamoniumsalts, and

cor r esponduigblhathydfyug or domrwfierdvnsent Isblvérsiar€éh paneipler orgarie sohteatsyst s
whi ch increase the rate of Polynerlzatlon are added in the process
accor di ng these aee, ifm@mmm a qeiaalﬁpf%wemphw@en@ é@@@@lynmawlebuﬁaow( 111) 25

or other tra SI 0 unds for an se salts.
Bam o echontieh o BNk Mool BT 5 o R Iene e Hel I PR T o

sul phat e, Hl%lﬁh’i‘(ﬂdﬂhc}]o el KRS Udulh QR AE SR ex AR P&aﬂ&‘i&)edéroﬁfdt%n@né*nlonnated _
manganese(lT)salts he process according to the invention is carried out in
an anhydr cysiranarthamss fuatexrmpOmetbplesa tchioideechlorofiorim, dbirachiambmetitage.adie t hose

whi ch contain up to 5% vvei ht of water. These solyents rably
Cont i n_1 CUHORBANS o iy NG ATOEIE oW B BICH5 O £ SPI HE iy i ous

or |ow V\’at:{é{]e&o@ﬁﬁ)ﬁ%beﬁﬁlfn\éed?téc}ﬂ’(gr%bé&eﬂ 'digip,ﬁ’t'n % ﬁg%gﬁ%ﬁg&pgﬁdgﬁéargoJ ese are,

for exanpl al c exanpl e net , butanol ,
pent anol osuchiagjHer e:edm[ﬂb,qieatanetﬂcy(hme:egﬂayle,oiy;:loﬁémnh;ahd oetageé,yetidrs, such et hyI ene
gl ycol or 5 higher honol ogues, ketones, such as, for exanple, acetone or

but atbne, #hferexampig tetrﬂtw%éa%ﬁgthyk giher mathyl deitbuny) eghes hylens aby-
chl orof or ol trgMcﬁC&J ﬁfn?ml% fugher 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 O 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 150°C, preferably from 15 to 70°C, particularly

30 preferably from 20 to 40°C, and subsequently working up the reaction product.



chl oroet hane or trichl oroethane, aromatic conpounds, such as, forz@%ﬁ?@%?’
-toluene, xylene, chlorobenzene or dichlorobenzene, aliphatic or

cycl oal i phati c hydrocarbons, such as, for exanple, pentane, - hexane,

hept ane, cycl ohexane and octane, ethers, such 10 as, for exanple,
tetrahydrofuran, diethyl ether, nmethyl tert-butyl ether, ethylene gly- col
nmono- or dinmethyl ether or higher honpkogues thereof, am des, such as, for
exanpl e, di met hyl f ormam de, di nethyl acetam de or N-nethyl pyrrolidone, and
es- ters, such as, for exanple, ethyl or butyl acetate. 15 The anhydrous or

| ow- wat er - content solvents are preferably | ower alcohols having froml1l to 8
carbon at ohie WoFksPR Pasfeirblyeconsisty of thenteminval gt igngntsmainiag 3p dhaAeactioput a- nol

d/ . di A ion i | i ed
oui by Dokl 1 SRR AR AL ReLR PSICYERL0 chplAlhing e
plurality gints dincidteeeemeved fythe daeiiddsolutich ditinphe wafiikiupal ent s,

preferably fromO0.2 to 10 nol e equi val ents, particularly prefer- ably from
0.5 to 5 nol e equival ents, of sul phonic acid groups of the conpound con-

taining s hgnic acid groups, from0.9 t0.5.0 | e equi val ents, preferably
from3 0" RSB “etiub ity 91 o aSmpls, St o gpaniin ol fherieation ot o 5.0
nol e equi vgk:ent : t i , € APNE e E QU1 of,,gXi i's
capabl e of ﬂ]'ltngﬁ’l g’eﬁ lt%%g’ hn\gflg?sﬁ%?mdeldg@tﬁ or?g, ﬁa]?r m%ﬁ?ﬁlﬁwlﬁnﬁo}f@

pr ef er abl ypirificatidn tstepS whidtYare afsugdlandeard kaosh e theaparsor sidtled bagedaroint he

oxidant, fromO to 10 nol % of catal yst, based on thiophene, and solvent in
such an anB¥@RY cassithavwsyer, 4 is ddpisable addiinn phieremeng saléyy wathithe aidefgeno. 001

to 0.1:1, 0 t.p; r : 70C,
par i cul ar P aGFE PR kRuPto, e BB SRUB I Ag o ol p e O e BRI Up e
reactdon pseedtice rerdovhl SERNE XoPexdinpld &vithahK aidf poretdeableymebahéd. s of the
renoval of ions remaining in the reaction

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 appliéation 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



m xture, i.e. preferably desalination. However, possible undesired secondary
conpo- nents can also be renoved fromthe reaction solution durinﬁ t he
work-up. 5 Possible work-up steps are, for exanple, filtratidB OFP 2003
decantation of the reaction so- lution, precipitation, washing and drying of
t he pol yt hi ophene and further purification steps which are usual and are
known to the person skilled in the art. In many cases, however, it is

advi sabl e additionally to renmove salts9wth the aid of ion exchanger resins
known to the person skilled in the art or other special nethods for 10

sel ective renoval of ions, for exanple with the aid of ion- selective

~menbranes. phg, ﬁ{%tcgﬁ 89% §ed35§ﬁ’cﬂ6$ﬂ ﬁ%(ceé&% b dsShrayifie) ggéx{lﬁl% Ian 15 The

invention are s € on as a Hlspers

pol yt hi ophiggesffes E}ﬁhdh #) @ui‘t@mtcb@tmg“dﬁ?lidaﬁﬁn SRNapphicEROrollS afldl BRE/AFIEONS OF
solu- tions for the preparation of electrically conductive or antistatic
coatings. Suitable areas of application are the finishing of plastic filns
for the packagi ng of electronic conponents and for clean-room packagi ng,
antistatic finishing of cathode ray tubes, antistatic finishing of

phot ographic filns, as transparent el ectrodes, for exanple for 20 touch
screens and organic or inorganic electrolum nescent displays, for the
produc- tion of capacitors, batteries, circuit boards or w ndow panes which
can be coloured electrically. Before production of the coatings, it is
possi bl e to add binders and/or crosslinking 25 agents, such as

pol yur et hanes or pol yuret hane di spersions, polyolefin dispersions,
epoxysi | anes, such as 3-gl yci doxypropyltrial koxysilane, to the pol ythi ophene
di sper- sions according to the invention. Furthernore, silane hydrol ysates,
for exanple 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 Exanpl es Exagqjg & ]
(Preparation of an ethanolic polystyrenesul phonic acid sol ution) 4 % H$ of
an aqueous solution of a polystyrenesul phonic acid having a nol ecul ar

wei ght (Mwn) of about 70,000 were evaporated to dryness and di ssolved in 1000
m of ethanol. The solids content of-tde solution was found to be 10. 4% by
wei ght. Exanple 2 (Preparation of a polythi ophene according to the invention
in the formof 10 a solution) 133 m of ethanol, 14.77 g (0.0256 nol) of
iron(l11) Folue esul phonate, 1399.76 g of the polystyrenesul phonic acid

sol ution f3 nple 1, 3.7 g (0.014 nol) of 18- crown-6, 74.66 g (0.2765
nol ) of potassium peroxodi sul phate and 27.97 g 15 (0.1967 nol) of

3, 4- et hyl enedi oxyt hi ophene were conbined in a reactor and ho- nogeni zed for
1 m nute uExamgple kreparationl dfyanattanbho pelystyspesidphonid hdid sellitionlaz  from 1KA) .
A finely divided suspension was fornmed. The suspension was subse- quently
stirred at roomtenperature for 24 hours. The reactor contents becane a

dar k-< bl ue uy | . 0, | : v | was
found to- oA, Aot Bdd NGRS s MhibiPEncsEiBoREREA AvBIH Blclecifer
(Purifi cat weipgho{Mw) p6lapblti TWHITN@eRCHO@p6Hated th@ridess any didkolosd inf NGOG iUt i on
fromExanple 2 was filtered, 455 m of cation exchanger (Lewatit(r) S 25

100, a st r ofethanchchihgiselidbepnssrd ioh theesolutiontveasipurd ohepHbd%tby Weightos based on

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(Ill) 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 2797 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-Turrax®

from IKA). 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® 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® 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



crosslinked polystyrene, commercial product from Bayer AG Leverkgﬁeﬂﬁ,ﬁﬂd
.525'm of anion exchanger (Lewatit(r) MP 62, a basic ion exchange
containing terti- _ary am no groups based on crosslinked pol ystyrene,
commerci al product from Bayer AG Leverkusen) were added, and the m xture
was stirred for 1 hour and filtered. A 30 dark-bl ue, clear sol ution was
obtained. A sanple of this solution was diluted wth ethanol to a solids
content of 0.4% by weight, and a coatildg with a thickness of 60 2 8 SEP 2005
pm was applied fromthe dilute solution to a plastic film (polyethyl ene
terephthalate) wth the aid of a hand coater and dried at 80C for 15
mnutes. THe wabiap ﬂﬂih‘%lsﬁorﬁfthé BRute dbDAtiER & k/gﬂas%%]xﬂt@éﬂtyct%§ﬁn8'ﬂéreﬂﬂ?ﬁa]ﬁﬂé?f ace

resi stance of the applied | ayer was m square in accordance with IEC

st andard 9@tH Viekid8D3 hrad toaa)andrdn@STaMSWCEfoQSS’mliiutasrp”l‘m thickRessi dfithat i on and

ol yt EI ?Bm@%étogﬁm S8R 23D s S durIGeR B3 <1 of P @dzé?q:ﬁyag? o or
Soi ut i o W hmEReTh sBlori il RAR 1 S RRRESS (PP Fer a)fol;l Afiet g ornene

m nutses. As5dark-blue pre- cipitate was obtai ned, fromwhich the clear
supernatant |iquid was decanted. The residue was washed twice with 100 n
of toluene each tine, dried and povvdered 15 giving 97 g of dark-bl ue/ bl ack

wd | 8 t ) f.th th di
o the 1 nuakBngs F-ERAGR T s8laufn 37 b pRBBonlrolf BEonbind BOBEIRrom ©
Exanpl e 4 gygpe stirred in 90 ml of ethanol for 30 m nutes. A dar k- bl ue

cl ear solution was obtained. The solution was filtered through a 0.2 m
filter. No filtration residue was obtai ned. The particle size distribu-

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 um 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



tion of the solution was nmeasured by means of |ight scattering |2rgsggp
ul tracentrifuge. The nean particle size was about 30 nm (d50). coati ng
with a thickness of approximtely 240 nm was produced fromthe solution as
described in Exanple 3. The surface resistance of the applied | ayer was 6.7
Mohm square in accordance with | EC standard 93 (VDE 0303 Part 30) or ASTM D
257. 30 2 8 SEP 2005 -12 Exanple 6 (Prgparation of a solution of the

pol yt hi ophene according to the inventith™ in water) 10 g of the

pol yt hi ophene powder from Exanple 4 were stirred in 90 m of water for 5 30
m nutes. A dark-blue clear solution was obtained. The solution was filtered
t hrough a ExampRky6 |Prepardtionrof aNolutidai of tiee pelgthidphanasctordihe te tinntiofi ze
distribution of the solution was neasured by neans of |ight scattering in
an ul tracdftWileilge. The mean particle size was about 30 nm (d50). 10 A
coating with a thickness of approximtely 240 nm was produced fromthe
solution as described in Exanple 3. The surface resistance of the applied

| ayer was 1(pgdf 1§tﬁwg0&1el povAtes HroRaBS SmpleldwbizGritled 1680 dni%t \(/z}(QEfdP303 Part
30) or ASTM "D 25 arative Exanple 1 (Repetition of Exanple

wi t hdut ph&enmnaasﬂedarkdllm gkl soBaiond was obtatnandol'l,“helﬂolﬂﬁorg W, ﬂR&GdrmI ) of

ol utf on 1 ERHERRE O Gty HogBoigus i3 Sune Theo Tt Stacbyiuton of the ¢
per oxodi S%o@m&newamez&r&w nle@nd 8B I ghRdchttingSim? arPBfﬂ%l:&ﬂﬁﬂng?"rEé‘ hpRfene

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 cthaino], 14.77 g (0.0256 mol) of iron(Ill) 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® 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.



20 were conbined in a reactor and honogenized for 1 mnute using a
comiercially available disperser (Utra- Turrax(r) fromIKA). 254 SE‘LZUQS

di vi ded suspension was forned. The suspensi on was subsequently at
roomtenperature for 24 hours. The reactor contents did not change col our
during the reaction time. After a reaction tinme of one week, the contents
were slightly greenish. The reaction_?gqversion was 25 found to be 2.5% by
anal ysi s by gas chromat ography. Conparative Exanple 1 shows that wi thout
addi ti on of phase-transfer catal ysts, an adequate reaction rate is not
achieved and virtually no pol ythi ophene i s obtained. 28 SEP2005 - 13
Conpar at | Genipamative Exampbp2 (Repettiondf Exampled i waterhat er) 724 g of water,
14.77 g (0.0256 nol) of iron(lll) toluenesul phonate, 808.75 g of a

pol ystyrenesul phonic acid solution in water (Mwv about 70,000 g/nol, 18%

strength Y, 7 r 66 ¢
(0. 2765 m??b ?F%g%s‘.“wgr@%?%%@ gﬁ@ﬂ@?&ﬂ%ﬁ?@%&f(%f g °¥4‘1) of
3, 4- et hyl epagdtwemEMpmmeaedwemonammmerabautrﬁaoo@rg/mmdmmaeagthzed for 1
mnute using a commercially available disperser (Utra-Turraz fromlKA). A

mi | ky di spergight inatarh3ikdl (WAl mobed dfecrawnt), té-66l QA76afmel ohppasr ni nut es.

The di

omper ot urtin BroSaa R REeaRT A1 47 201088 pRL R IBRER BB RE S s gel
parti cl es combiderii@deacldt@ndHomRehizéd R IWRIfatd DGR ulzbmé}cxawaomableThe
conparati ve exanpl e shows_that the sane reaction in water | eads

pol yt hi o- dixperser (tretTugiiak P frosn BX4his mlésmtdngpersmrswasjfnﬂnedywlﬁcmmqam 2

| yt hi 15 t t tive Exa
(pr upar at FUFF STOG HOTy L 0 AHBRE o "4 RIEPEAITH ¥ BUSERRONY ST DI ¢ 2 of

EP 440957 fgpehitetat Rom tehipedhirt fét 24niks. $0higHR v &YusBhdpension 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(Ill) 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 IKA). 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® 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® MP 62, a basic ion exchanger containing terti-



20 1588.13 g of water, 15.08 g of a 1 per cent strength by wei ght aqueous
iron(l11) sul- phate solution, 359.79 g of a polystyrene sul phoni c BgiSgpP 2005
solution in water (Mwv about 70,000 g/nol, 5.5%strength by weight in water)
and 8.02 g (0.056 nol) of 3,4- ethyl enedi oxyt hi ophene were introduced into a
reactor at roomtenperature and ho- nogeni zed for 15 mnutes using a
comercially avail abl e di sperser (UtrpgJurrax 25 from 1KA). A m | ky
suspensi on was formed. 19.24 g (0.081 nol) of sodium peroxo- disul phate were
added. After 10 m nutes, the solution becanme a bl ue colour The di s- persion

was subse uentL¥ stirrsd and honfﬂg(% ed at roomte re for_24 hours.

A dar k- bl AWPRYRRAUPS DL ST HIKTHRO WL E NGy (RUCTE “5 fpm:Bayesn
exchanger AGL§wotichéen) vs%ré—ggde@to'shﬁQ@SlluﬁoﬁchﬁH the Hx"‘xtﬁx‘&ctiﬁ@gﬁfre& a0t gpni ng

sul phonat e gf oups based 30 on crosslinked polystyrene, commercial product

f r om BayermiiatesL #hie idousehingen avas s6bsequantlyffilisred nffakmoghgerd givefitadri Asr) M
62, a basic ion exchanger containing terti 2 8 SEP 2005 -14 ary am no groups

based on cHesembednincExasamle 3, r €aRling WA rthickness ercﬁP@fo"F%W’hBa% Mm A@3s

Leverkusen U irred for 30
i nutes. - wedid BIHRdhe 3ohdleh. e blybike, FARAIE B TheTbolRT Bty s
filter. Asps5desthis§ede lmadi&ﬁmib@wﬁh mccs@aaidbﬂmwvmlamt)b PakrBey or AISTM
approximately 240 nmwas 5 produced fromthe solution. The surface

resi stanceD@7t he applied |ayer was 2.5 Mhnisquare in accordance with | EC
standard 93 (VDE 0303 Part 30) or ASTM D 257. 10 m of the solution were
dried and powdered. .The resultant powder was not soluble 10 in either water

or et hanol 10 FHiPef e EBRkiShH Wefe BEIRAEpSHEREd. TR re AMAROHSW AP W4 HoP BAIEPIE
sol utions can be pre- pared in accordance with the prior art, but they

di ffHr in mdither Wateyorf ethanol.he pol yt hi o-

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.



phenes according to the invention. 2 6 SEP 2005 - 15 Patent Cains 1)
Process for the preparation of polythi ophenes characterized in that28@f¢a)2005
one or nore thiophenes of the general formula (1) (1) in which R is an
“unsubstituted or substituted al kyl ene or al kenylene 10 radical having from
1 to 10 carbon atons, and R and R2, independently of one another, are
hydrogen, a linear or branched al kyl -rladi cal having from1 to 20 carbon
~atons, OH, O CH2- CH2- CH2- SGBH or O0-al kyl having 1-18 carbon atonms, b) at

| east one conpound cont ai ni ng one or nore sul phonic acid groups, 15 c) at

| east one o Eaifll at | east one phase-transfer catalyst, and e) if
desired one-or nore catal ysts, are reacted in at | east one anhydrous or

| ow- wat er -content solvent at tem 20 peratures of fromO to 150C, and the
product is subsequently worked up, wherein |ow water-content solvents are

t hose whi chi)contBiogess forithe sorppiatign o pelyhionheneschatartepized ishataccor ding to
Claiml1l, characterized in that the thiophene of the for- mula (1) is a

t hi ophene of the general fornmula (Il1) or (111) 2 6 SEP 2005 -16 RR4 R5) (R

6 5 a) one or more thiophenes of the general formula (I)

2 R
R\R1/
Q" o

/ \

S

(1)

in which R! is an unsubstituted or substituted alkylene or alkenylene
10 radical having from 1 to 10 carbon atoms, and

R and R?, independently of one another, are hydrogen, a linear or

branched alkyl radical having from 1 to 20 carbon atoms, OH,

‘O-CH,-CH,-CH;,-SO3H or O-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 150°C, 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 (1)



or 5 where RR, R R5, R R and R8 are hydrogen atons, al kyl groups having
from1l to 20 carbon atons, a hydroxynethyl group, or al koxymnethyl groups
having from1 to 20 carbon atons which are unsubstituted or substitu%&? By
sul phoni ¢ acid groups. 10 3) Process according to Claim1 or 2 SEP 2005
characterized in that the thi ophene of the formula (I) is a thiophene of
the formula (1V) 15 where RO is hydraggn or an al kyl radical having from1l
to 20 carbon atoms. 4) Process according to Claiml, 2 or 3, characterized
in that the conpound containing one or nore sul phonic acid groups is at

| east one conpound se 2 8 SEF, 2005 -17 5) 5 6) 10 7) 15 8) 209) lected from

pol ystyrenesul phoni c | ds d al kyl benzenesul phoni ¢ acids having an al kyl
group containing 1-2§2 géons. Process according to Clains 1 to 4,
characterized in that e oxidant is at |east one conpound selected from
the group consisting of\a i um per 8Rodi sul -orphat e, sodi um per oxodi sul phat e
and pot assi um peroxodi s at e.
S
RY R°
Q o (1
5 where R3, R?, R®, RS, R” and R® 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)

Z—g )

15 where R’ 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 1s at least one compound se-



Process according to Cains 1 to 5, characterized in that the phase-transfer
catdlyst is at | east one conpound selected fromthe group consisQi ng§m5
crown ethers and quaternary ammni um salts, where the ammonium salts carry
at | east one hydrocarbon radical having at |east 4 carbon atons. Process
according to Clains 1 to 6, characterized in that the solvents are |ower

al cohol s having from1 to 8 carbon at-dvs, preferably nethanol, etha- nol,
propanol , isopropanol, butanol and pentanol. Pol ythi ophenes in the form of
solids, dispersions or solutions, which can be prepared in accordance with

Lo s SSRHET 0, PSR, gl b

on o
having an alkyl group containing 1-20 carbon atoms.

5) Process according to Claims 1 to 4, characterized in that the oxidant is at least
5 one compound selected from the group consisting of ammonium peroxodisul-

phate, sodium peroxodisulphate and potassium peroxodisulphate.

6) 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
10 ethers and quatemary ammonium salts, where the ammonium salts carry at

least one hydrocarbon radical having at least 4 carbon atoms.

7 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-

15 nol, propanol, isopropanol, butanol and pentanol.

8) Polythiophenes in the form of solids, dispersions or solutions, which can be

prepared in accordance with Claims 1-7.

20 9) Use of the polythiophenes according to Claim 8 for the production of con-

ductive and antistatic coatings.



