Di ving Synt hesis of Conducting Pol ynmers I ncluding
Regi or egul ar Pol yners, Pol yt hi ophenes, and Bl ock
w@opel1y1mer s RELATED APPLI CATI ONS Thi s appl i cat P@IUS2006/011840

Lis/ 'Séml@hd:sﬁé INCRiudting PoBMhetsORRI @1@% RegidrepuRe Polymers,
lnolf?g / 667, 065 f| | ed Apgrl Ig)iﬁl 20051tl gl gugll’]i et Sime
al, which i s Relyhiopheges @m@ﬂaﬂldclax?dslﬁﬂghme inits
entirety. FEDERAL RI GHTS hIS wor k was carried out
with support fromthe Federal governnent grants NSF

CHE- 0107178 and NS 1 ver nment

reserves certain r|%$ﬁ%%cﬁéﬂﬁ on. BACKGROUND

Co nmfstap@ﬁaduoaemﬂl@ Pﬁ brigbsans sskoPisaR HpBitisnl satisl dddat
play a variety of desirable properties in a

60/&6%1066 KileghAprilg 200 it MeGuHoygh eéél o\ﬁhwbﬂs hegebygipgepporated by
ref&l%ﬁ%é %]qu&tlggt t he cont enporary resear ch. Since the

scozery of organic conducting polymers in
the late 1970s, vari o&@]mmALQHGHiTSS of these

mat eri al s have been expl ored d h i r, exceptional

el edtHOMORK SR PGB PEL ot pﬁu P‘é‘st e Fedogal governiment grants NSF
CH2 bl’éﬂ?@@tﬁ@ éﬁﬁ5641§ gﬁ’ﬁen‘i’ﬂ%e%s 5%1 %%ts in the

versatile an extenswe y stu conj ugat ed r

invepBoens due to their exceptlonal spectroscoplc and
el ectronic properties tforward synthesis
of PT derivatives geneﬂigggiggﬁggfﬁ and processabl e
pol m&&uwnhmem%m o QdVHEE oRhnie At Aathab@iRplag atviaABS .of
e batteries, 1 electrochrom c devices

rechar geab
deqlagmron@nmmonanuahipway bninwes &y s and afghe guept ehellerges of

thedl ogle o%arwl %earcg‘lr lféén%ftfjaég 6:?%26% bf &{L}gﬂné n{uﬁuc’ung golymers in

the%fe 19604 W@hbﬁt’ﬁ@p‘ﬁbﬂm@b ec ﬂre@@mmnalalha% bewal eﬁk@tdrwsdue to their
chem cal ynerization nmethods yield polymers wth

GXQF@FiPWJSﬂE‘&g@PJ@é‘@d@homélﬁl%?%‘éﬁ‘?sar| ty, 3 regi osel ective
Sy n?gﬁﬁlﬁlﬁ l‘PJne @’P'si ?mﬁ Aﬁ)é |t$ ’G% 81941@1*'@@ }no@f &}%lé %%t %ﬁt?nr?bvgly

contai'n usi vel ead-to-ta
stud'&ﬁLdohmgalted mpbm&e dys¢me tlule todheic amdpndma\l{ spdcesscptt and electronic

prohisy 456 PaTeRAS g Fndfoot & ST Settisy Speies solgheapd
prc‘ce%a@le%‘f’ynfl&ls Lty raida F‘Jf rac&@alraﬁﬁlﬂéatu%né R & N8chargeable

formation of defect- free ructural |y horfogéneous
batteFicRABEcirbchrogiedaviaes (E@Da).l ‘eltemicat andopticabsetsqrhotightiamitting

diddes &eéf)s)ag ad Held- efgec%ransw?ors (FETs).” While traditional approaches to
synthesize PTs derivatives via electrochemical or oxidative chemical polymerization
methods yield polymers with various degrees of regioregularity,’ regioselective synthesis
of poly(3-alkylthiophenes) (PATs) that contain almost exclusively head-to-tail (HT)
couplings result in improved electrical conductivities and a greater effective conjugation
length.

Synthesis of regioregular PATs, first discovered by McCullough et al 5% and
followed by others,'? results in the formation of defect-free, structurally homogeneous
HT-PATSs with greatly improved electronic and photonic properties over regiorandom
analogues.'"'? Environmental stability can be good. The main difficulty of the original
methods lies in the preparation of highly pure 2-bromo-3-alkyl-5-
bromomagnesiothiophene.8 This complication has been overcome with the discovery of
the Grignard Metathesis (GRIM) method which offers a quick and cost effective

technique for the large scale synthesis of high molecular weight, regioregular PATs.'>!*
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ages
example, it is important to have access to regioregular poly(3-alkylthiophenes) and other

polythiophenes, including soluble polythiophenes and block copolymers, with controlled
molecular weights because the conductivities and other important properties depend on
the conjugation length, i.e., on the number of the monomer units incorporated into the
polymer. This can result in the ability to tune the electrical conductivity, thereby

allowing for the design of materials which are tailor made for specific applications in
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Figure 7. Plot of the logarithm of the initial rate of polymerization vs. logarithm of
monomer concentration ; [Ni(I[)]¢=1.5x10" mol/L; 0 - 2 °C

Figure 8. Magnesium halogen exchange of H/Br terminated regioregular poly(3-
hexylthiophene).
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Figure 19. SEM image of PHT-b-PDDT film.

Figure 20. SEM image of PDDT-5-PT-5-PDDT film.

Figure 21. Mechanism for the nickel initiated cross-coupling trimer formation.

Figure 22. Model reactions showing that Ni(0) reacts preferably with the newly formed
brominated aryl dimer, resulting in nearly 100% formation of the trimer.

Figure 23. Mechanism for Nickel-Initiated Cross-Coupling Polymerization

Figure 24. Conversion (filled symbols) and logarithm of monomer and concentration
(open symbols) vs time plots for 2-bromo-3-hexylthiophene polymerization at different
concentration of Ni(dppp)Cl, initiator (23-25°C); [M], = 0.075 mol/L: (m,0)
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her S 90 itb iR SO T SPane™ e et 1y By incaglapedia of
Pogjn%‘i’ S%z@ﬁ!\@a;ﬁiE@meerM?l Wil 15! @9@' fes 384368 33c1Méling Bolyacetylene,

escri bes regi osel ec

polyéaphw&@eﬁmm(whwém é'pieb QMWH, ond poliythienhene which is

R B R b, L Ly
B&oyrHériZatidl of Holyneld fﬁdzlddmg}lﬁoﬁ{ ccf}iolyméﬂ&ﬁﬂﬁaﬁﬁiﬁ of
Conductl ng Pol yners, 2nd_ Ed. 1998, Chapter_ 9,

225 Pobyghiop na%retd@mﬁlbeé,l for exananle. i ‘R@@%ué b |Ghémp§m P% 92,

e e
199b|yacety|ene pol y(p- phenyl ene), poly(p-phenyl ene

sul fi pol ypyr.raol e, and pol yt hj ophene, i ch
her é?sfwm%oﬁee&ogfieaowr? diseftbsdtia, R SrrEplent TEaRig Tsf%*ﬁi%or

Seﬁﬁfoﬁﬂﬁ&&%” 8l i@t?&%‘? th&ﬁmB' OZ '@%ﬁ‘z%a?ﬂgseﬁ%?zo LYITBA | fR 5] £0D1,

of polyners; including copol ymer fofmation.
pagol 38 inclogingpegesa¥d-Hds Mmdhesl hereby inspepopited by refRenesiniits

J., Chem Rev. 1992, 92, 711; Schopf et al.
enB§INt hi ophenes: El ectrical Iy Conductive Pol ymers,

Spr ipag@heriZBesit bfbol_‘;ltﬁﬁ)f)hel%é IaMarBrdcﬁ cOFSTeRABE bBEStypéLof non-

described in, for exanp ani ¢ Transi stor

thisplene pabuesroats’ dewlbﬁéurz fet examp , Keokeraaetel., Biamee dpurnal,

5, 2001, 359 i ncl udi
V%%? %%?%%83%(} EOI s hereby |gig$porat Iegcb; o

r ef @ledkc@polynidrsarepehsrellykndved e aztaSee For@:ﬁ(ample Yang (Ed ),
pol yt hi ophenes and bl ock copolﬁners for_other pe

S
The ékemisoprad Aanparighned Mt iols JOP3 ages L 7-3%% ( %Polymers in
. Abscri¥Rll in, ¥6 exiftp
Naég&g@%% . Sglblg‘% %EGI ank %Jérg asfcg gehnér ally }1@6%&&
CopbBnard, Oveedsh ond é‘)(zamzil &m‘@znby Neshay, and dc@hrényisshdgmioiPress,
struct d Nht 317-32
1916\:12;)% HERBIS, AR eé&%%éf%‘%ﬁﬁ%@ ;(31&95% 5%—5@
trib& AGREhAStn 50 an& XA e muBliIsdk cha ter 7), which
CNerV|e$%gnd@%fP$Tc§ Survey,H%y hbsﬁg? and N& p )
car\Gahethe badds eﬁlslpclq@amlynmrtym amhegpreseht imvergion. d’ekhtmnaéblock
cofﬁ)l?mers 1n8u§m Q&Mﬁene are %@scnrbeé 211 or e%ar'%ple Francois et al., Synth.
Met. 1995, 69, 463-466, which is incorporated by reference in its entirety; Yang et al.,
Macromolecules 1993, 26, 1188-1190; Widawski et al., Nature (London), vol. 369, June
2, 1994, 387-389; Jenekhe et al., Science, 279, March 20, 1998, 1903-1907;, Wang et al.,
J. Am. Chem. Soc. 2000, 122, 6855-6861; Li et al., Macromolecules 1999, 32, 3034-3044;
Hempenius et al., J. Am. Chem. Soc. 1998, 120, 2798-2804.

These and other references cited in this application can be used in the practice of

the present invention.
In addition, the block copolymers can comprise the conductive block, having

coniugated structures which may or may not be doped, and the nonconductive block. The
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tribl ock copolyners (chapter 6), and - (AB)n-
mul ti bl ock copol ymers (chapter 7), which can formthe
wWh2®a07f0 bl ock copol yner types in the presentPCT/US2006/011840

ToOYedL OE] ekl dii | mmldl abAely of epahytiesclyhes lindlidifig condensation,
Iythlophenes e described in, for_exanple, Francois

adqifiofy|and rwrﬂpﬁne lymersgnclugng foreyampls, uighiaugs, pglyamides,
polyPEEH P feets Mnf1ToRE RS Srd e ol GRbIE oty B0 fls,
hemtoatomlpblynmra(, kiborchneg, ,acrwhites Bthacdlates, 21105‘;)9%;16,%13151&8 and the
Jepekhe.et al Science, rch 20, 19
lik¥. gfferargis and QEgpiG Polgmers opi R bgmscetre n%eonfgﬁbﬁe Paho.
685%F @3Rdd, thd bBEL Bépoly &S '2:5&{7’94: El%ﬂél&‘iswﬁl? Sther é’t?mponents including
3034- 3044;" Henpeni us et al Chem Soc. 1998,

1n01g@11c glAg8s Z@metamgeelhasobtmrha@iymm archirdiessinor gagtt pofymers and

| d h f th
orggPist PRt Bt Al e EaiiiERs ROneRiEs BHBERT B g siee two
pols@ioSRaB tyes) éiT demiRemeipye.&) é}?d‘lythlb@‘iﬁbﬁbgwﬁﬁ) ﬁlndﬁﬁlﬁlophene)

structures which nmay or may not be doped, and
The blrsssapelympecas kecused The AoRPEDikirieg REEIEDI ockc an

I nc g‘ﬁg %m@ﬁ%ﬁh& gﬁlﬂer §é’1ﬂ§éﬁ ? eg(laﬁl _% gg%glg}:é&%%%g%lyphenylene, a

condéensa
po]ytlﬁbpldalnl,ga Iﬁcﬂyarﬁm&lm belypyﬁehhmpoly}ﬂmnym dﬁ@lene In particular,

7 éﬁ%%rp%bﬂﬁ SR 61’3}9%5@ a n@ﬁéwa&mﬁé@rm substituted at
thes3 SeidE %t ’th%c‘4r %Asﬁicﬁis or lgfﬁﬁ hegg ¥$rﬁﬁ1@§n gﬁﬁp%e&e for example, a

anes, I ke. lnorganic an I ¢ polyners

pokyﬂnolﬁ@na S‘Eﬁh alsylt 4ryl, ntkoxy,cmylosy,i eﬂ@rgmijmthdrf orletérpatdmic
3 | ock copol yners can be bl ended with other

h? frent's i ncl udi ng i norganic gl asses and netals as

In p&tibulas ued J&lﬁu&ﬁi%@ﬁﬁeﬂ dag bl @' 188l ofe3A1a8 BBl thi BsHeMERIG more

and organic polymers, as well as other conductlng

patsishiarir the epudvsting polymsr eamie 2 gﬁ@@r@ﬂ@f poly(denlkylthiophene). The

t b 0
e ERIRERE Y P R spumflent dERERsh BSpisisPsapboouc s
Theé ep@du¢tiRg p6igthep earusesﬁregﬁ)regm@may(s mlﬁylﬁmo}@eﬁgﬁmtpartfdﬂl%r,

conductlnq pol ymer can be,

ey He il GHRID TS ot § BRER9Pe 96 AL emeHeR: 1 1 A cAB ons:
I
Ui oy et ng pBSKERAT X ErorRiy R MEREE SRote g random,

gradéent,foablazkaopblemea pol yt hi ophene, optionally
osi tion,

substi t ut ed at the 3-position, .at the 4-
bot fﬁl UCHRg RRYMSEC %blvay nuzher B\éeragedpglgﬁ%lﬁrp‘fv@lghbof about
1o@@b<y5meeso Bﬁ%ﬁ%&ﬁ@ﬁgﬁ hnol@éﬂdr'wéjg}h%ﬁbo&rﬁblmlbr less, or

her, podlyether, or Neteroatomc subsituents. .
alt(p'aatll\red:y; lagrumtteh ever@gﬁ:iugltecldgr weighhefaboui2%@000r less or altematlvely,

an@%ﬁbﬁ%{e u ar%lgo tvtf]%g thogglﬁguta@gqo@“ orégftfg,g#rta{lt%ynla 1vel¥ anum er
av&@ééﬁ%teahﬂay%igh@@h@aabs oder rgUNt of regioregularity
can be, for exanple, | east about 95% or at | east

abod Vaygty of[p{éy@gtiq@u@n irmeghq_f;ig lcgirbe caind put ia the present invention.

\r/vﬁg?:gil: 3 5 zﬂ?]g ﬁx(bgc;h%telﬁy gt%hg @ﬁ%p%%ﬁ%gﬁgéohgogﬁlgé a soluble
thiGpHene nﬁinbmf hawﬂg 8O- allajl @ﬁ%dﬂﬂfb&t with an amide base and a divalent metal
halide to form a modified thiophene monomer; and (ii) polymerizing the modified
monomer at a first molar concentration [M], in the presence of a transition metal complex
polymerization initiator at a second molar concentration [I] under conditions to form
regioregular poly(3-alkylthiophene), wherein at the start of polymerization the ratio of
first molar concentration for monomer: second molar concentration for initiator is about
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The conducting pol ynmer can be a copol yner incl uding,
for exanple, a random gradient, or bl ock copol yner.
wab@eaariduct i ng pol yner can have a nunber averBgEUS2006/011840

Lzmlmmmnmmmgmmwwmﬁanm@ 100Q da'leds£S®1 oPless) JOLINGIEEsS,

AT Ll e i
ch@l @ifending @l%)regforég%@a? pofl (3 %Mgﬁg%‘éﬁfg lv%% Adft 'a second

average nol ectl ar’ wei g 0 or ss or
thigphene mecmost {0 foammun"déblcakepp@gmnnl ecul ar wei ght of

abouyt 000 [ et p r| zatio .
ot tungtief amolimeRF Biasfethil toihie pEL RN Aslybls fhiophene
mcﬁ@meﬁnwmg 8 3-s0B&itesH edi R Hmids b@geraaafaqﬂvaq&{rmaalﬁaﬁde to form a
%ﬂ conbi ni ng a sol ubl e t hi ophene nononer having a
maglifzgddhiophenssnpreraerthagingts hsnbsiiiuget, bs)wlmmzangith@an@nﬁed

md{ﬁ%ﬁs@k yllﬁgquloizaig ﬁ&?«:{ ﬁh@h&[ﬂ:ﬂﬂo elg Hl m?E Os%,gge i) téar}sﬁlo&metgl complex

polyniemnatﬁﬂnnﬂmtdrait a@éboﬁlﬂ/]nmlair dohée@faﬁ@ﬂ (g an@ér cdnditions to form

transiti corrplex nmerization initiator at a
regirEBHEr PRIVIHOP 6‘%‘%%!%’&% P avbs[ﬂ enfy eisreir amqlmmzatlen is carried
ou{lﬁgi%}s%(g%@{oﬁ ‘rald)zé:g;\t§ |dg%%é/hfe£&gﬁl 0 o%) i rgigdn

sulsstamtiely pla:thcdnd ‘tfased mnﬂmrﬁafst and aecmd malhaconcearicatiohs. at | o n

o SRR, npss BRGPEEL S GpetiSy porBSung g pSigmertaing o first

thll()jﬁ‘l%ﬁe mOPoePby @%ﬁmd@ﬁet&th@ils h&?ﬁlen%tlo'i_’n(%o ot a h@ﬁ/ﬁuoﬂﬂene
esi

red, the met hod can furthef conprise chal

intergedint wegler hendiderisovlsgi pravidsdby i Bing priyitenizats i) cham h

o B0 B ISRk S0 80 a

bleREPPdlgmBA: (i) conbining a sol ubl e thiophene nononer
having a 3-substituent with an am de0 base and a
di vaberelymerigntionagande cemied subitaabRBid TP ebowtif0dpirs aliematively,

at E{ngp]f‘ﬁarto bgditAge@ 3-substituent, (ii) polynerizing the

ed nononer at a first rml ar concentration [MO
i n Theimtigsecmeonfpride tin ar@ntbmelnllmei)ﬁipouﬁcﬂmf £¥ansition metal

rizati n initiator econd. nol a
corg Lohpr > hq Inffdearcag F 8 MiSKGh Bl phpalladium compound.
Nlék%f(ll% ?ﬂeﬁés RAletREL PHRGHRBY i 1@%%5@:guem

wherein the polymerization s carri dut un
mctdﬂdi)dlplmaﬁnmhadﬂgepoovmﬂkx a degree of pol yneri zati on

h tantial l di ct.ed based
fi v Bre SRR S B s Fres e SaioBicaPenand the

ini@dIet 8 @A ofFHABENIENY confpodnd et A BnSEEHPMmbl 5‘&11 1ek) I another
pol ymerizing a first thi ophene nononer ]83 gnard

prenﬂ@éftﬁdteﬁépdgn@m therepndugting polymer @rameglop@guw nvpbplh\\epl@ne and the

der ond| Lon oVi for .livin
iSRS a5, TP BRI AT B el el mer
is a/pcﬂjfthﬂ»ﬁﬁeﬁel mmgf a mrﬁm@ﬂ&a%&mﬁlbbﬁlﬁﬁwﬁgﬁﬂﬂﬁiboh@ﬂﬁ 000" ERss and
AB bl ock copol ymer. The p meri zation can be carrled

the djtiatey ISa?@dEﬁnS@lmérleaMmps 1. pnrothern embpgimenr opmprises a

regioregular polythiophene substituted in the 3-position and having a number average
molecular weight of about 10,000 or less and the initiator is an organometallic nickel(IT)
compound.

The first molar concentration can be about 1 M or less, or alternatively, about 0.5
M or less, or alternatively, about 0.1 M or less.

Preferably, the polymerizing provides regioregular poly(3-alkylthiophene).
Preferably, the polymerizing provides regioregular poly(3-alkylthiophene), wherein the
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at about 10 to about 40C. The initiator can conprise
an organonetal lic conpound or a transition netal
w@eewpliex40 For exanple, the initiator can be a PCTK£1006/011840

B BB S B LRA wmmml&ﬁﬁpﬁmm cohbepilealidd 1s)ab6@MPMEKESss, and
can be used. The intiator, for exan‘pl e, can be a

wherietrkile (ifiatar isHauskelhD samplsen & refsrblve fhe nolyraenisieg e rgvide
dust |
regﬁ#@ﬁﬁ%ﬂﬁ%l i Ilg@th?o% h\kf@%g%ﬁg%e 10 1% ﬁbcﬂlt 86 lyérl'i%sg p@ﬁ%@m the

tor-rs

alk{T @o8p topriseetidd 12 eafbbasy .and lwhamxt ﬂlerﬁrSITrﬁif)l@.f ¢@dentration is about
enbodi nen onducting polyner, is a, regl or egul ar

O-SMWM%BW@%Q @epﬂléfmwmg %rprpgﬂdas wioregular
aﬂcgf?ﬁﬁ@ﬁgéﬂ%f hyHerEh ﬁ{erraﬁ'o RHRBHI S0 br 1e5d) Sviferid %Hetﬁlgﬁmolar
ol yner

s a pol ythi ophene having a number average
concehteandnas alyeit Gt Modr ledspantd vBlider€i0 Oheomitiatorss amickel{H) complex.

Presiiebl; HAE OB R e o 801 SPdgupaR ARty T b Rehgoout SUC,

wh&éﬁﬁﬂl'etu‘ﬁh@t@r isrh Hi0e:1@1 Q@ﬁipldxo BnERHerbAMhO Gk Biofip @bmprises 4 to
aver age nol ecul ar wei ght of about 10,000 or |ess and

18 parbonsi Ripferably,ithe st mobpanorasntiptioreis abewtd).{ M orlesmpBiiarein the
ratlg}g l{)(%ugﬁh%{f%lr ers R (é@-{]%éiﬁif}'golﬁ/}tl‘é?)ql1§; g N @Hlph%%h?ﬂohal%ﬁén

coﬁsﬁ)lfeﬁ I padferdbllyythe a&ftilﬂis aBoult SM 061 1b§§ ﬁrheﬂ%irﬁﬂhe fiaétlnyolat docentration
meri zi ng provides r.egioregul

is q@@u {-3-onloes:and vdisrram By, iniator & %wlyel(li)rr@rrﬁé@y r%ﬁfeﬂhhj; the ratio

era|0|saout erein
therinitiator gonniekél(I@)diphospiinatabngen l:anIexl wher,elrﬂhel alklyk gl@up

cor%%ﬁ%%t%é?%grr glgg agii gzh%ggrll hglgﬁo lng_z;( is cglrn%]:ieoru at e}/ temperature

ofgﬁtyﬁ@c’iﬂok&%ﬁm(fo@hene) wher ei n the ratio i s about

ess, wherein the alkyl group conprises 4 to
12 daobenspbadithenhigranethodeomprisng: mmlmnelczmg Sralledthiaphene
r.less.. Pref rab the

magwar BY Soeiad paamsTe Ryt aaiof ¥ i R eo R R By, in

the%@é’eﬁbé‘oit diorb@iontethlEc pOMHieriafioh i@ltiat @96 a s¥ddad @hdlart h e
first nmolar concentration is about 0.5 Mor | ess,

congeairation [{Hendencqnditians tp Soren iepiokegu{ar mp%&%ﬁqy(lathlophene) Wherem
R T A
polylﬁLethtﬁ&fwhﬁh aatﬂb@iﬁleﬂicfd)ba@?g@i i, tf)irﬁnﬂd\wz&mdlmolhﬂ‘l e )

a rou r ses to car ns t he
conqep @UC??@I Thisconderieloaracdty ql@lfh%%}%Sg@ ?fﬁfﬁ{ﬁb? agé%glkyl group
co?tplﬁﬁgﬁuntotl%ecafb%hé dr aﬁl I?PI?‘;{%%' 108:15 aF @Sﬁref g\’\fﬁ]% E}Sl}ﬁhenzmg

nitiator IS hosphl aI ogen cC
is dArdécemalat y tenigeeatn@tdf@aboe Oaﬁcbmabcﬁm 5Q°CbrPﬂe&dqu,va1ermor{M]o [1] is

RUSIERC R e R e
Prﬁ%ﬁg all 11¥1t1af0?% 4 RkQIDorPML. FRfelatly, tﬁ@ﬁ@lym\éﬁﬁhg bfovides

Irst nol ar Concent ration i s about
regidregwanpalp@-adlkylthiephene). Preferably, the polymenzmg prov1des regloregular

po&ki—%ﬁ&éﬁ%ﬁﬁé& ’o erclalﬁ %]eailnﬁf%q i %kel)(II)d\{%h s&llmohalogen complex,
wherein the ratio [M]o:[1] is about 80:1 or less, and wherein the first molar concentration
is about 0.5 M or less. Preferably, the polymerizing provides regioregular poly(3-
alkylthiophene), wherein the alkyl group comprises 4 to 12 carbons, wherein the
polymerizing is carried out at a temperature of about 10°C to about 40°C, and wherein the
initator is a nickel(Il) complex. Preferably, the polymerizing provides regioregular

nolvl3-alkvlthiophene), wherein the first molar concentration is about 0.1 M or less and
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conprises 4 to 12 carbons, and wherein the

polynmerizing is carried out at a tenperature of about
wa@enia77about 40C. Anot her enbodi nent is a nmetPOOUS2006/011840
ubmfﬁb TR0 [abouwm bizfang add telppliriieReaa et DY

nard, net at hesi s pol ynerization at a first nol ar
ter’élaﬁﬁ ‘l‘féibPB‘h Qt%abwtﬁﬁ& ‘presence of an

OF g MRS @be&lnﬂé% % lftﬁ@& &ﬂpﬁﬁh% ?tglgfneﬂhng fastﬁlﬁﬁﬂéile

nol ar concentration er- con

mqn@g‘l,eo bg §irl gnardopbip(hgsia phlyhtehizatiimenmeler couuticis NVIhdSlEprowde for
n ri zat.i on ed.out under .conditions wh
tivie e AR e A e mapotser 18 Qp aepaly ubIREd af the 3-
posifiBalithé 2Ghobiaiss or®att. NEhef ﬁdlﬁhe@%ﬁ b%%ﬁ&iﬁd:xf%ﬁ@d Preferably, the
concentrations. This can be followed by chain

corditiepsstomiprispBedlisyl Bigpheneg np@ngmmyat adfirsiupolen nqnqes@@mm [Mblo in the
preé?récf% r(])?)gantgﬁne@alﬁ éﬂ%ﬁ]:eﬁzl%eal i 11‘1‘it1‘éto g'tlz e%e%é%c? mg ar goncentratlon 1

unﬂﬁrmﬁdh&bﬂi tb ibf'm aégiweglﬁl@r lbcﬂy@bﬂldjrltlﬁ%ena ehefeabhtthe 5L of
is. ab or less. Preferably, the

popiesialie] e et fbsii 1307496 es Ricgrobigibe conditions
co@?ﬁ%eeﬁ QE{Y)}?PIOFEQE:QIH?MH%% a It B dl Jgﬁkéﬂtﬂa}mﬁ fﬁgﬂﬁ)ihe presence of

efera ynmeri zing provides re
a traobiyipB neetdd wbmiplexplobmedrizatome fréti add at a stsd:tmdpﬂd)lylﬂwnczmtﬁglon [1]

unfds @ op RS Eph SorRpaReR el kiR B steiry R potymerization
prcﬁz@&@@'a% 81yt drPlhi2h cM Qe bichictedt @a@&}‘&n 88" firsthnd second

and whéréin the first nolar concentration Is
m@@mnc@n@umw rPrefesably, Freedamditivny compsepaeyofie mickiel(Ef) initiator.

ovi. des reagi.orequl ar po 3: .al kyl t hi en rei
el oG Eamso BB HheTzaftus HorBdS Mg RS Fiptoraty,
thednyiRhb Zd)tﬂﬁnéeﬁanqﬁftfal SshcBttatdh off nicRGRRY 8 Rt v 3P RS
10C to about, 40C, and wherein the initator is a

Profprakly) theicpndisinps eomprieese phbnigkel{Ringistarnpelymiriging at about 0°C

to ?E}:]OQIY F 61%5 ah& 91}1 fi&d %hfi‘([eng' (¥r{ gf Iﬁlnlf(}{n%ru)f %Bgvﬁqe% orvfhﬁ%r %req‘erably,

rst ar concen

eaeﬂikbﬂ @eoupﬂtdm’pr[sh@ Bto [8 cddrbdnis Fhefgiabb theilim’lyﬂleﬁﬁn% pfaﬁndebe
pol yrmeri zi S . .carri out at a tenperature of_ about
regigyeRylar gl 1%@10%6% hé’rfe%ﬁ’gbbl ihearplymerizingproyisles regioregular

ngglgﬁe?@? | WifBesih e Wbnditiols CRDEH Lgﬁg 3¢ g‘ﬁfc(lfm(ll) initiator,

hesi s pol ynmeri zatio r condi tions
polyhiecizingrabebale 10%¢ td dboutd°Co hnydhaar nnztaﬂ canrentritérnen fimartvener of

t hi.qphene oner .ig optionally substituted at the 3-
sbay S RE o0 et i B! B heRpTonn & (H bF GHBPI T an e
chaigmoft 8AE68imeRY ﬁfa%@d%d/corﬁ}kﬁsﬁé’ npdﬂ/meﬁﬁng QMR tRiBphene
3-al kgjl/thl ophene nonomer at a first nol

mogemerhy Caitghand Ipmmeslmeleepz@mﬁg éomf a anlythlophene intermediate
r taI zatlo |nlt .ator .a

un R B bR aRet B 1¥ s Pmaichlifh Gna SheP e ERging te

1ntérﬁ®dmt@@§:th addipeh ¥f 8 setbli kHibh1RRAB ﬂﬂﬁ)bmeWﬁﬁfoﬁh%n@ﬁB bRk

start of 1]pol rrerlzatlontheratlog L@ i s about
coppdgnar. direfe the methpd proyides Hiarthes gHeinicstending ks ABeblock

¥ .
oo S ATl AR LPSGIL B s g o
thiopeat monomes XPrefdratiip rthe atettod finhdripad\ddesadhain @i the AB
blonf() lcggol}cfr?lgrc t%r}{)r at| %]3/{ c(lpolymer Preferably, the first thiophene monomer,

the second thiophene monomer, or both are substituted at the 3-position, the 4-position, or

both. Preferably, the method further comprises the steps of chain extension to form ABC
block copolymer. Preferably, the first thiophene monomer, the second thiophene

monomer, or both are substituted in the 3-position, the 4-position, or both. Preferably, the
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under conditions to formregioregul ar
pol y(3-al kyl t hi ophene), wherein the polynerization
w@e@vilaisso a degree of pol ynmeri zati on whi ch canP@BUS2006/011840

polRfpeiiskasicdras®thiomtibiiifialrmsdnoansd.: isitaon thola@iratio of about 140:1 or
concentrations. Preferably, the condjtiqns conprise
lesg,sRrefrab]y fhe Relymeripmg,is Fartipdput Vil s it 9/n0110ﬁé3r ‘initiator molar

rat@%béﬁt(g@)sl %g. 'zfrﬁfgpa%hygﬁg . o%,gg%zgf% mﬁae&&ttapampy&c to

reféera con rise an 1nit
aban 50%T) tand twhereim thendld bivek copolgineris alivbiore glul}is polythiophene block

Pr ef er abl h i.tions conprise us
coRgIEREh (TP CPE R BrOLORPABRIG F caloramighbobipghens block
co k. 50C and an initial concentration of nonomer of

about 1Mor less. Preferably, the alkyl group
co nﬁmp@@s emibodmEst isardooesitipn edmprsing: an A block copolymer,

d |
W A Plop i bieaBy A BB esRy and the BP9
regisroMilgeSoly @ MpaERY Ul refioteg(Rr ?biy‘ﬂhb}iheﬁé by, fordxargled) at least
t he conditions 00@ ise use of a nickel(Il) initiator,

0YurginEaetA Y dleasiiogt resmegléara%%rtlea@w%aﬁﬁowlam Prefgrably,

the"A Bfoglﬂn ?}oe alig odR ?%&I %ﬁmgﬂopé%é)ls fléﬁsglzl%t %‘%@he 3-position,

at tha dt-ﬂ'bemoﬁ['r&d&hthfemefersblg, tive tAhtsidclc amddor the Bdslock regioregular

oy iSRRG FS e v i OSSR S A RSBl the B block
reglcﬁ%gﬁlgﬁgdl%ﬁ) HQﬁj@lrs sﬁ%@l‘céd MBe ngogllﬁoﬁr PYdrelghifyOthe! A ¥ioBE and/or

at | chai n extenlngthelntermedlate
thevis bhachdcgwnegmlanpolaﬂmﬁlomjlﬂshbatmdl et tho depvsitionand thead-position.

Prdlciapieié A8 ook FBbstath P Ao ERET BT Ve At B dpou

251000 bl1s§)i PRy, TR ABEBloMhEHd YRR AR & pblydispefshts of aBBRIL 2.0 or
as the first thiophene nononer. Pr eferably, the nethod

less.uPreffseblyr o iAdbblogk aoprlanedid |arpg>13tdwe¥sgymf @btkut 1.5 or less.

T e T e

Prél'érab@rt theaX B bidek ebpdlyineslisablubleg “&etbﬁmthblm bldch eopolymer has a
-position, or both. Prefer abl,gfﬁ)p t he net hod f.urt her
nu@bﬂvp%vega@@ mqi@c@ferevb@glafof eheit #> 0P O dssprnd gV hessipneptB block

co@i}%‘ﬁgr l‘fa%%qi] fectrb@lgl 15 ot 1865, TPrERkabl o)h 'tlgegﬂ%'ﬂcgckeand/or the B

con t hi ophene nononer,
blegk bsgwlteguledpolytlmkmwﬁe peabdtitand at the S@qsmmlnt atdhe 4-position, or

both, il WRGEIT 0 AELbIOF FAROLBR it SeIbtey &St ginhe AECRlbok bpotymer

ha§£ m!uﬁﬁe?r avbFa ?E Bl uYar vidiht BOLYIHR D5 D00 9r le8s, Gl WiRELiPtHe AB
an initial nonomer>initiator nolar ratio of about

bl®l§ CQdeymleeh® a pylpdispeasityyof abpet lpdbyless.i zing is carri ed
out ,at .abou

O T HEF &bofSebg iR noa S sPPH g ShAr BioeR B cishier

wheRRPthee blockieA ﬁfgﬁﬁéghlartﬂ&)%fﬂﬁgpbét@@ﬁd@ﬁ’dm loydBRris | lal%o @ regioregular
regi oregul ar. poly thloghene bl ock copol yner. Anot her

polyfnerhenenbraferablyctiapoblock an/euhp B @P%Fegmegk@rmobéklophene is
sul’):s?l %%%5%3 :ﬂ&gl’tlg}ﬁ :}tt ttlﬂﬁ:e4 @b%{mn |6r bgtha lj’rgfgllaglff fi‘rblocf( and/or the

0CK s also a I oregu
B blOéWie@idi’W@;olﬁh@ph@@h@ﬁﬁﬁtﬂu@dd A che/3-Ponbe nEreﬁmblga éhe A
blofcﬁ ran%? the B blo%1t< régelc?retgular polythiophene is substituted at the 4-position.
Preferably, the A block and/or the B block regioregular polythiophene is substituted at the
3-position and the 4-position. Preferably, the AB block copolymer has a number average
molecular weight of about 25,000 or less. Preferably, the AB block copolymer has a

volvdispersity of about 1.5 or less. Preferably, the AB block copolymer is soluble.
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90% regi oregul ar, or at |east 95%regioregular, or at
| east 98% regioregular. Preferably, the A block and/or
wo b@eBokock regi oregul ar pol yt hi ophene i s subBCT/US1006011840

Preferabl mﬁr&b@bl@ﬁ@h}mmm‘ Isesoksbe whﬁteﬁmthgl(XB EIHch copolymer has a
t he B bl gc

e B P RE SR ahE 129, SE o5 Agarseein s AB block

coﬁolpﬁgfﬁdscarpolﬁiﬁj‘eesﬁ Miboties & kkock and/ or the B bl ock
regi or egul ar phene Is substituted at the

Pr@'felﬁbb’i: theo% bl ﬁ@népameﬁ bhohlereglcubgmkr igthimpherteds Butistionéd at the

s-SE0R B98) #oBOb OB ERE SR ] oBlai s soue
wmte@@ KieOp elopnebpdslgﬁleahéstmﬁﬁbeaueérag@mmlcﬁrapmfghm ¥t 25,000
of about 25,000 or less. Preferably, the AB b

or {esheng weberaiathe AB bloghiceprlyaiet basapcmbmer&tyoaf@bomtelsé or less.

Pr ef (el I
pol ydi g%é%& %}ﬁlo S%o u?&) fg%% £ ﬁﬂg& Pr efA’Br aB]IOCk c?%oéymer’
whaiiitheck biook i ayl‘%roregllz&qio%hhlephermpbvheheﬁghs o blbd:l@lsla[m a

erably, the AB. bl ock copoly
TGSI%‘%@Q )ééﬂcwﬂ Fﬁ‘g w%srem 5|%@Rcle{§ﬁéﬁwewﬁ%%ﬂaa polythlophene
nu i
I R0 T B4 Bhs80905 0 o anbin
dopiogy Hlosmgrogn by cottrelledue vary&oududtmiy froB[ nisellaaing yo the A

nd/,or, l oc ore ythio e
selglﬁglg#l}c Ve, 49 ﬁ.gky (Ecwg %Vﬁoé 1m8 ﬁ%v% g Ipfq\)o (yp tli']l Idesllred
dopia heveRnConthefi 6itiBs flagte Bak lloé s/ Bl Ve Bhidved S o debir&s,

wherein the AB bl ock copol yner has a nunber average

congycH¥itiengreglst tan 101S/eib san beachioedomhe emeuntanfdledkeopplymer
noxa anﬁ@tlf?ée gog%fp Xl%ﬂ? ﬁé‘?ygé tl %gmﬁnpc?fl r}/ogml %%g%ﬁg ?%Td c%?nponent can

be eaxigal todiclpoconan] AddubivdBkandgReVYERfitabld Wil £ich of Béhdictivity and
bl ock is a regiaqregul ar pol ythi ophene and the B bl ock
maﬁ%‘agp@ﬁe%le? EidoHeGAPRICHINY t hi ophene. Preferably, the
ﬁ}g Aadé.or the B bl ock regioregular polythiophene
|s sabstituted at the 3-position, at the 4-position,
or Bbe hppliéaﬂcﬁrfsrcﬁhhqsa nidterials dok aokpandﬂalﬂy litnéte®btl inclkide optical,

TR N E N TR —

OL/EE, PLEDY! Rhsd?®)| Ak t
4- p03| tion. SPr ef erl“télllks)tfaf}l,1 ﬁeﬁeéf&(;%%%&hgﬁ (}ﬁgfﬁ‘%shg%cﬁen df(SPlayS

Orgapgi lmh@gg;lpamtqdﬁlwmnwmm@nw optibal materias) danmiahle w1ndows
|on t he

d
RF[D IS hORIETR e’ SRk rinekEHE b Yogri Clian Gt 54
1998, 3a,bmt42%5anaQ9sca§s1¢1esﬁappﬁeafo% ok is h&%bfr\ﬁldalﬁzﬁi&ed by

copol ynmer has a Dol vdi soersity of about 1.5 or |ess.
refpergedn g |e9t1re§}h eSeapl, Shinag @*gquépglqt@mzttmg Devices, Springer-

Ve@ﬁ% li%bf $ %1 e’c{l%%%hg)aﬁs}lpﬁoﬁf a@AV%C E{o‘fé) Hﬁé&ﬁ la}}e§§/c2a$| bgg']abricated

rern copo
Mu]lm)llamtstractum icginbe ﬁfonabtedl hncﬂﬂm@ﬂﬁn @éwb&ﬁadeﬁ MthiAGhetah be
g @B bl ock copol yner has a pol ydi spersity of about .
prigted. BiitePuidg carporat Pyt Hrimbingopicaumen @rasiuctsiéan pe carried out,

Smgil %hsﬁt@&' dah %g WidcaR@! YA Rlafp Qﬁ[ﬁﬁ:a’u@ns? E*%Sctgﬁ%ﬁgrrl gsti fﬁ)h{‘lﬁlated

3- position, the 4-position,
to proveidABody] mhktmlqgrotqsamg ahg tiso filth fermatdoar Gilends wdthABher polymers

mcglfh%cgf}&?f%g% @Sbmye%ss cah l;]eupr}tggatreg V"?IE. 2 aenogv?rleen(l:grlp 510@? Iog the block
copolymers can be exploited in nanoscale fabrication.

The invention is further described with use of the following non-limiting working
examples including also a description of polymerization mechanism and examination

thereof with use of working examples.
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or | ess, and wherein the AB bl ock copol yner has a
pol ydi spersity of about 1.5 or |ess. Another
weredvodoTTemt i s a conposition conprising: an ABECDUSIING/011840

cop it e o ubEin A pbl htSorfofft ﬁér%@ b dviza
pol gjti%phene wher e nntéﬁ y%f,ﬁzock | Sﬁﬁi{p proceed via

c an@@r Qyvthamechanis] Yt hibpartisear, ferelpeicsiin hw@a & Bi-deli, J-slovu,

I
ilgalﬁin ﬁ%ﬁggi}f&ﬁﬂllﬁﬁg@%? Pm%? Q;% ecuﬂ;? SO(P{,]’ EHMERDE R ibe

1ncdma>lrzﬂgd bipegiersgeediarts leatmeqnimbidi@othé ﬁ g\ms,ythe exyshuiti antdl sgction,
frominsulating, to sem conductive, to fully

citattsmg L&qu@r@nce@cﬂgﬂﬁge TUPRESIRERIATY, BAlEL 1A eﬁm'tﬂ%?%‘PE?v ifeflosireds the

w5 SR O YA N 8
thedn@alapping bR Fegldte o £BOwWhE aa Rhiead gtbup Fhe anount  of

bl ock copol yner non-conductive component, and/or th
anohe Sbeing sial ciAaastol<relasipaper desrinss Ersmechanisa Q/féh"r pigkel

1m{)ﬁ|331; %Logs g lﬁlgé @{i%%i?‘{léﬁ/ fo@t’he ‘Fh%g)?\ék‘ﬁ%b %Lfl%?ﬂ $Y(|'3-

a11@Emphmp (see altglmmy%b rA quihfredS?acﬂibﬁ sctpple al? 11; @ivendiere
t hese materlasar not parti te
(Figwe 1) d dTensmprtat 2 SeflibEmes r%ylégpé%@éy WH@P&P@N@’M%CI R=
u@@&&ﬂ%@% o Rthing eYoHa08S fFBbion, RRBLOAEL ?g Eri pard.
sensors, “transi stors, field
Métathesis GRIN) (Figatre é) Tass refdtimn mmeeémwdhapmaiesate dcgaenof:
ghti.n ri nted el ectroni.c onlinear o
rogiRRLLEl 1SR A ST 0L roeigP Bl SOmE) G (19 of 85115 to
d
75 @@ T@% aer I?Ig gaggﬁfgf% %'ﬁ g %@hﬁoﬁgﬁfﬂﬁ(gghp)@lz mdﬁﬁ&ﬁ%at GRS somer

428 an ssi on of

(l)ap [ﬂcloqairatedh mtmkheqblymerhwhf}msomm ar )owasamc& atohgumeetf erence
inits entlret¥ See aj so, hi nar,

Li gHibe Eststepip tisspscheatsmgs Fherfgéc‘rtwn\?gﬂ e&gw %fé’ohmé’e%
chfSyHfiaerfilPRLBSOBREL e (LR NHABEHIH eoriing a bis-

ordaabnickeltcothpamati, wich dridergode mdueisvendumnatﬁn mesliihgren than

be printed. Patterni ed 0 Prlntl
BB AL BROHAEH o8 24 ifesg AR pTOB PPy ey S fo et Bobflthe} Had
N1 091 ansk ﬁpc%?ﬁedctﬁﬁ‘t the asfs@élﬁteﬁ%taﬁ(i‘s formBdasy r&BR lof GRtdo8RABnation of
e co ition is formulated to provide good golution

1, pbis@istenpiphasplittoipropdriel nivked(Ortat the thiopienn dingwi nh oot hieanded
Iymsrs i ncl udi.ng cenductive pol yners can. be 3335
fashiosh SRR oL MAO0ATT RO ARRIEEGyY BF Praviot|ygeRorted 2 The

T
ordambhiolélregnipomad. i Giawth gf Werdolyngereshaimpicesrs |b|yohsmdlnmgofa:lr@o
o O BT AR TSR e o
en@gﬂﬂiﬁe&?m Dhiflae i rle a).eflc&dr@m$ 16 Herbpfed mechanism only one

rization of Thiophenes can proceed via a
stru¢tara|h dgﬁeciv@he msldhamﬂ senpling) perpabmierchain is génsrated dwrangcthe
&FF {} 1 Liu, J.; lovu, M C; Laird, D. W,;
P“Wé’ é?\c"}ﬁ%eD Macr onol ecul es 2004, 37, 3526- 3528

WORKING EXAMPLE 1

First, a kinetic study of the Grignard metathesis method for the synthesis of
regioregular poly(3-hexylthiophene) is described. The experimental results can be used to
demonstrate the “living” nature of this polymerization.

In the case of Grignard metathesis method, poly(3-alkylthiophenes) with relatively

ular weight were formed almost immediately. This observation was in
14



i ncorporated by reference in its entirety including
the figures, the experinental section, citations to
wO0 edoenertees, and the supplenmentary material. PCT/US2006/011840

w@wmﬁdammﬂmm l‘gﬁnmwmﬁdpted tep @dolmlhl polymérizadon @ieShanism

Gignard, reagents ( m e end of polynerizatjon
prapgped: 18 gickel ??t%lﬁ%edéﬁ%“t?& FHF%@%P@@W& onpwpyld expect the

fas% fea{ ecuﬁme HRdRref Ind iErettd Mfe ﬁfol%lular weight toward the end

es paper describes the nechani sm
thenieadt®in. i ni ti at ed cross-coupl | ng pol ynerization for the

syn sis of i 0 ul ar 3- al kyl thi ophene) (see

Fi g&?g %?fﬁﬂwﬁ‘gﬂcf’w& %/?i]tl on scheme also is

gi V%@Vé}ﬁf SpbFiindhis Sveld perfdrRRl ABMAridUs Ni(dppp)Cl, concentrations with a
2, 5-di brorro 3-al kyl t hi ophene with 1 equiv of RMgd (R

constmt lydnpmee §)| cogcdntratiery n Bl gastinmaeaten en@s@@pfhwgtb the increase in the

Nl{(ﬁp&iﬁlé c%cent?zﬁ}orgle %Sesgl:?%%?l (‘}ﬁ ¥ o%:g 2 g’[lg 11n Fxg{??gawthmm

k1ri$ﬁl ﬁoﬁﬂs Whs bghRIVINBElP 161 4O Hieawhivegiond ’Ialedioﬁilﬁiebmlﬁyl iffthe
g %I ochem cal isoners (1) and (1') of 85:15to
semgo

hrrieckimgionmots Fepuidsingdicaterthe prepency @f tarmgrntion reactions, which

con(bg,QiBQ)to heég#%%ht?ﬁ&%o&#@ér C%an 36 B Feattdn | b%dsummgeé:omes

i'ncor pora I Somer
heﬁ&ﬂigeﬁams dhore ¢o th'EffemﬁatfoatofpbBImdr aggr’a gatmetxhb adtiwoenterd dre not
reaction_of 2 equiv Qf 2-brono-

acqentibledrbgbst iBRetEoRp Wmﬂwwéngum@ﬁémﬂwwm the
ser16 %ﬁﬂ%g klgetﬂz 65 atht Bgktdn RirP oL H30RBH 6K & hoft-BpRQALRE: “11v1ng or

dergoe reductive elimnation resulting in the
“qlﬁa:st-humlgo polymeaizatass dtirticecptpaizatiaf intthereaction conditions can

5.5 -di br anobi § hj tai.l -to-tail coupling) and
prwl%d}get%r @ngrg’ﬁ%‘o‘)%ﬁ? 3B associated pair is

f or mesle@BardwéigBUWstcoerkibs pf? PFidiRa)iaad tef GPC traces (Flgure 4)

1, 3- bi s(di phenyl phosphi no) pr opane nickel (O to

shewi ‘tltgolhm@serqfﬁ@olﬁwlwoghthwﬂbwe@wrnag«mqulrﬁupmrtﬁ 4 @uasi -“living”

Ch?lé%&(?\’?% c%n%mglgf :?.é%fge -18?1?1?6d s% cmﬁeél?r%ggécﬁ QHZz‘?alion The

maedildrivegight@f theepatiake lif @Iuneﬁm ef the enstrakiio gf ﬂloﬁ@ﬂver (D to
or ganoni ckel conmpound. Growm h of the polynmer ¢h
Nigdppnid2 wtlatﬁrs@mre A)- ffurthemers Braymber aé(eltag%wl%ﬁar aveight of

thetaébqghlrb] en %&yb ﬁ‘alel por at ed into polyner chain

oun In Figure 1). According to
t he proposed nechanl sa{arly one structural defect (one

tail-to-tail c@ﬂp#wg}—p%-#—ﬁel ymer chain is generated
during the propose drrn §'Yz ¢ cycle. WORKI NG EXAMPLE 1
Aclzlg{d%'iﬁ!’y % Iel?a%t@log Of H}ﬁ%@)b?na Faég%tn?i 1ht%§ rather than a

catdfYsl Gﬁd ﬁﬁmb%meeaee @aco rgteéﬁfwﬁ%er e &MFQ%&IJT@BI}%& 2,

sults can be useéed to e monstrate the "living” hature
F1gdreﬂ)1|s pol yneri zat i on.

Poly(3-hexylthiophenes) with relatively narrow polydispersities (PDI<1.5) were
obtained for the experiments performed at high concentrations of Ni(dppp)Cl, (Figure 3).
Influence of monomer concentration

To complement the previous experiments, another series of experiments were
conducted at a constant Ni(dppp)Cl, concentration, while varying the 2-bromo-5-
chloromagnesium-3-hexylthiophene (monomer) concentration. The polymerizations
were conducted at low temperatures (0 - 2° C) to slow the rate of reaction and conserve

the linearity of the semilogarithmic kinetic plots. The later allowed for a more accurate
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hi the case of Gignard netathesis nethod,

pol y(3-al kyl t hi ophenes) with relatively ular wei ght
wowere/16orred al nost i mredi atel y. Thi s obser vat PORUSZS6/011840
dothRERRt dadites intaivbiyndrbetigenes, alloreataphesistaped with the
" growt h pol ymerization nechani sm proposed for
incrgagkial the smoaPyeeePIceREdiopds showyino_Yi®e: i zat i on, where

one r

ana TR SIREE s RIS ol FAARES) ARG Shithe IO BAEGE
moldvalar @@tdhi oth convdrsien ard pdlyld-hekypth)ophert) waticeltivelyinarrow

Several. experiments were performed at vari ous
POW’@%%?@%ég‘SW?%t@ﬁge%th a constant nononer (1)
conaenfifAds o ﬁor?%@re%@tg(ﬁi %Iﬁgr Wik BSpéd¢d ﬁﬁ%ﬁ&o‘fﬁéﬁ Ryak RBtained

increase in the Ni( ) concentration as shown in
froffi theslep@ of theeldtiofdzer loggritbim afitee initinl kg af pelmmicozationatsi e

.ot b d only.upto ~,40 % ion. Th
loggifiny pHBS FPOTIER COUENHIREIANS Thrr ¢ Kinetic plots
EniQ+olp bifllysi8of rédifregi Ry PR3 HexyBhildpAGid)On reactions,

n ' € r
whi ch coul'd be due to the aggregation of polyner

chaiGrigna@ metathgss methodi fonthesmthesipelssose gyl épb’é%'n eous

due. to the f | O . DO 0 [ VE 1
a1 fiobfert e’ P el it Rbr BARE BIBRER, (- RIRREIE 1l
colifligEP MRBAEhin P nicRelttbigningted polyesaikythiophdneR(polymer 2, Figure 1)
semlogarithmc kinetic plots, the system can E)e
withepietdAChmIuIsspRIgp iR theAeanatiop.pf RBT (rme @39‘10-31’111% ng"
POl YWk k@b R thelTifL 506 B2 ik MR s ot PRolGaRhABCular
conditions tah provide a better Iving” GRIM
wejiit yepiore g bri woiy (3NiExgtthiophensk(rgRHT) s prosantadsindiigyt 8t The main
(Figure 3) and _the GPC traces, (Figure 4) show th
o GRRARRAE CHTE B PG SU0Vh LB RVBL TGRS .6 ppmof
B B L T B R oS eBE protons
onnind EGtitabonwibgtituentf(htand hpbytheread usita Furtietiore, the aphearance

o A RPN PRI Lt
ch?ﬁéi'cglmnvﬁf)nﬁlgﬁ RO LR AFiIDGe DB GHRs thY HVBEterminated

rmul a: Accordingly to the proposed nmechani sm
polinfed popipfslcRddo nsnagnesinmi halagenerehange reeetiarth@iguge 8) and quenched

il et Dt BPRmC h Bl i ST ERRRRAEP s forme.
CoReéueRiy) ere/di kil gpienes by Md Hetheleat brogdns as stofed down field with
pol ydi spersities (PDI<1.5) were obtained for th

thestwysegrowpsrhsanddt') ensemaiingtat Hiegame dreauency Figyrsd Ger))e. The

. Ni @] Fit ( . -
im SRS P e 1 AR o M b BRAP R B and mopHT-HH
terafidt&iEpols@elsese plesa@natini Tobld 5 Ty @itenoity ofthedh pdak ds doubled in

constant Ni (dppp)Q 2 concentration, while varying the
thepaliseunem{ the rnmireaiagrelstiveioghamen peskdBheharst ﬁﬂﬁgﬁ’é@t

me%l%r/lgl%nﬁrg otnis.o nl“he-gg %bPe%a}HE%E gnzd%aiteotﬂgt NMR analysis cannot distinguish
between the two different types of coupling (e.g., head-to-tail (HT) and tail-to-tail (TT)),

when 1r-PHT H/H terminated contains only one structural defect per polymer chain.
However, it allows a relatively accurate determination of molecular weight from the
integration of end-group resonances relative to the bulk polymer. For instance, DP, for
the aforementioned polymer equals to the ratio of b to h and results in 50 monomer units

corresponding to M, = §,300.
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were conducted at |ow tenperatures (0 - 2C) to slow

the rate of reaction and conserve the linearity of the
waewbliaygar it hm c ki netic plots. The | ater all oRedUSING6/611840

nore accurateirate. The reaction rates increased with

the increase jin the nong rrer concentration as shown in

Tableglyr Ehesintoggtion yRRes ﬁx@mg SONMHS) ssctspsof rEpefyide
| ecul i ght with
bR TPHT) B, BT S atll S0 &l T Pol at | vol y

narr ow pol yd| spersities (PDl<1.5) were synthesized. A
Va| ue of ~ 1 thn re r\flnn nrrlnr wit h raopect to
t he nononer vvaé’%’bt ai r’PeIéTf'Hélfﬁ t hEP@Toﬁ@Hof t he pl ot of
the | ogarithmgf—the rTial ratgqof pol'ymefization
vs. the | ogarithm of t e nononer| concentratjon (Figure
7). End group|énal ysi|€.02 regi or e@dar
pol y(3~hexyl t hi ppheng [ gnard net at hesi s pet hod for
the synthesis B regi (ﬂ'é%ul ar poj y(3- al kylthi ophenes)
results in the fTormation of reg| oregular polyners (-~
98% head-to-tail couplings). Quenching of nickel
term nated pol y(3-al kyl t hi ophene) (pol yner 2, Figure

ure results in the formation

Ch&%n %tB?S‘?'e&’W?fH{eg‘gabm"?ﬂE‘rer aﬁ%ﬁ’r‘f exanpl e, the full

Syaitiestd&1 potyBYRR H%bh@ﬁ@)@‘-gﬁy(@d@d&&&hﬁ%h@ﬂé)' ar wei ght
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pr eSepreEigus rﬁpprtgﬁwecbthatnhe aﬁd\uuﬁn aﬁgmqﬂsl%‘rg@r@ﬁa@eentsfto the

mclkelzte:o Lgfpofyzé %ﬁ(i/ﬂh%?)h?ﬁeﬁ \P&Pltg ¥ﬁoth§ Lo at1%)1[el Pr% Elﬁc{a-fue gﬁorgal

pol?,meﬁﬁ"’] CThe hRlivasoinesy portioh ef ﬂ&irbmbén@lmbﬁtagnmmfit- he
rst carbon substituent (h on the en? |ts
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second step of the reaction is preparation of 2-bromo-5-chloromagnesium-3-

dodecylthiophene using Grignard metathesis. This reaction generates a mixture of
regiochemical isomers with a typical distribution in the range of 75:25 to 85:15. The 5-
bromo-2-chloromagnesium-3-dodecylthiophene does not participate in the catalytic cycle

due to the sterically hindered 2-position.

The reaction was relatively fast and very efficient, reaching 90% conversion in

less than 3 hours, at room temperature. The molecular weight versus conversion plot
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a bathochromic shift as compared with the solution.

Conductivities of poly(3-alkylthiophene) block copolymers

The films of poly(3-hexylthiophene)-b-poly(3-dodecylthiophene) (PHT-5-PDDT) and
poly(3-dodecylthiophene)-b-polythiophene-b-poly(3-dodecylthiophene) (PDDT-b-PT-b-
PDDT) exhibited relatively good electrical conductivities. As illustrated in Figure 18, the

conductivity increased proportionally with doping times.
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wais peeperedfin BRIOT2 mL) and subjected to GC-MS analysis for the determination of
concentration of unreacted monomer. After filtration through PTFE filters (0.45 um), the
molecular weight of the pristine polymer samples was measured by GPC.
Chain Extension Experiment

A dry 250 mL three-neck round bottom flask (A) was charged with 2,5-dibromo-
3-hexvlthiophene (1.6g, 5 mmol), p-dimethoxybenzene (internal standard) (0.3g) and
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UV-Vis-NIR spectra were measured on polymer solutions in anhydrous chloroform or
polymer thin films cast onto 22 mm square cover glass using a UV-Vis-NIR
Spectrophotometer Varian Cary 5000. Electrical conductivity measurements were
performed by a standard spring-loaded pressure contact Signatone S-301-4 four point
probe, which was connected to a Hewlett-Packard 6632A System DC Power Supply, a
Hewlett Packard 3457 A multimeter (for voltage measurements), and a Keithley Model
196 System DMM (for current measurements). Thin polymer films cast onto glass were

chemically oxidized by exposure to iodine vapors for various periods of time. The films
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[1,3-bis(diphenylphosphino)-propane]dichloronickel (II) (Ni(dppp)C1,) via cannula. The
reaction was allowed to proceed for 12 h followed by quenching in water. The organic
layer was extracted with diethyl ether (Et,0) and subjected to GC-MS analysis to
determine product composition and distribution. The reaction schemes and obtained

results are provided in Figures 21 and 22.

WORKING EXAMPLE 3
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one portion and used as an internal standard. To this mixture Ni(dppp)Cl12 (29 mg, 0.053

mmol) was added in one portion, and the reaction mixture was stirred at RT. Aliquots (1

mL) were taken at different time intervals (e.g., 1, 3, 5, 8 min etc., and the final aliquot

was taken at 12 h), and each was precipitated in methanol (5 mL). For each aliquot a GC

sample was prepared in Et;0 (2 mL) and was subjected to analytical GC and subjected to

GC-MS analysis. After filtration, the molecular weight of the pristine polymer samples
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Ni(dppp)C12 was used which leads to higher molecular weights and broad PDIs as
illustrated in Figure 25 (e.g., [M]0:[Ni(dppp)CI2] = 136:1; Mw/Mn ranges from 1.2 to

1.6). When a lower ratio of monomer to initiator is employed, however, one finds a good
correlation between the theoretical and observed molecular weights, and narrow PDIs are
obtained (e.g., [M]0:[Ni(dppp)CI2] = 49:1; Mw/Mn ranges from about 1.2 to 1.3).
Figure 27 shows the plot of the logarithm of the initial rate of polymerization vs. the

23



nmol ) was added in one portion, and the reaction
m xture was stirred at RT. Aliquots ( 1 nL) were taken
wa@eooditbfrerent tinme intervals (e.g., 1, 3, 5, 8Pi/0S2006/011840

logiighm parkd Nitdppb) Glaboaishratidn fenentmkanreaif 2325P; [Me- 0.075

.....

cgﬁ,Ch was precipitated in nmethanol (5 nL). For each
guot a GC sanple was prepared in Et20 (2 nlL) and
was 15 bi &ehiqisdihrRn a6l tofhe Rﬂ‘l@w%’% éﬁ%‘;
anaIrIgls?g Aftg:rrﬁ) [tration, 0t he nol ec eg(%&\;\%eélsg@ ¥
motolrwrmnd by errepcﬁt rtbeir slatnptye S¥hie ﬂﬁmfafehday may be referred to in

th%%ra%;cg B Rt SR Prisinn i Bl et apierence

rggance detector with chloroformas the el uent
(flowrate 1.0 nm/mn, 35 C | =254 nm with a series
Reflerehcess St yragel columms (104, 500, 100 A; Pol yner
St andard Ser vi ces) Tol uene was used as an internal

1. sta gzm af‘dH‘&fi‘Jl %}‘Fg dzgc?ﬁlg%o%eppleﬁs &@aq}ekker New York,

sta S ‘was app rm'nati on of nol ecul ar

.3 @5@ SR R
fus@ rosslinked with 5%

3. pheRVA %tlﬁ %&é’gﬁ@ f 1Gneri Gpttuetive Malacuies apdstelymers. ed;
L/ i Wiley p@%é\feo‘mermlg% noted, the foll owi ng

4. condeubo s Wie Mechrmenn, fRor Kithmeetab Aavdiupsellotarn(92t b2, 89.

5. t enphe Baali; &1. 25 NoguerniAi Al Maehgpde, &. uk.e Lofigb, €. Electrochim. Acta
t en@o0Rt4d; 424%np, 10 C/ mn; final tenperature, 300 C

6. TO parhladlhE. Bl;ORASEG:.; cmjdat @ oI WayBABANSS M.; Reynolds, J. R.
sevgﬁlMgggpemogepg sg5were perfor med at constant nononer

7. Con%l&atli Wa&&d AV affablie N'ﬁ%%&%;ﬁ 1§é71 . eﬁekxglé? B.; Ries,

Re LRACP! 92{ c‘i‘ﬁén? -1%9 3151 ; gffgachi ng a ”DSt 90%”
; ‘;22 i 'f”‘gg ik d? Ay R Bor
9N 5 gy:aaqagn qgeﬁggrD L. J. Org. Chem.

sem Wi c k| net| c pI ots vvere obt ai ned up to 50%

10¢ on s T)I”A EV‘QD 3 nYoc=190%, 117, 23e

11nonMefadloughy, R sénwe a$t Fyaraan Mot Ewbpile sC\Mﬁ,nd@,rSOH, D.L;
howd\ristramiMatile, . é”y;tz‘heiffeﬁr BO8nt® 1dP8t er mi nat i on

12r eaMé@.ﬂbughva.c]D.; Williany) §. By riserainNadlerSipldyanneih, M.; Ewbank,
| ar ge Cs INHIRRL. SpulhadveRy99% AL E. of pol ymer speci es

13M xg@wel RNS URASEBAIAL SOMOIMYEENoWBIK! 1. A8S A%4:ak 8999, 11, 250.

14po ¥loeoRhe N 2. A #ERCTHANT OMARFuRheR TS, zafawomzecuzes

resp é{ﬁo@}h dpp p) A 2 contentrafion was obtal ned

f r o f' : ]&Iefc)zf fata{%/tz Cag CJt’ci,]S'g %fr)zlt tlzn? }?eﬁzc}zors ﬁl] éWlley—

m o

5‘%@’6’?1’0 ’% I a

160051 § IuB‘clt Fi @n%@rfd’r}o g}’ ng‘fc\rﬂgégg 9(‘F%Jd‘r e

1726) @Wﬂ/ﬂt PurecAidsehen 9. wei ght with

18<:on‘l>iﬁtg§hblﬁ Ape.6erdi Res- 49%216h0. support for the

19me c NegisbimBof Takabashi,ck pBabayiSt; |\é&nddomr bs &-;QlakadmgN. J. Am. Chem.
pol Yoerliolat109n28¥d.ng a chain process. The results

201 ndiyeatagndtblad. ; Yhasafidh« U] @fawse FQPireof pplh aCALRE 1198 KI5 7D €799,

21Pr ediatadr byriddne, mhaa&naﬁ@tb or.0W afRMOREA. U0 ONG&/RRR L Eé4. 1987,
whi g@orggns t hat nmol of Ni (dppp) C12

22.  Yamamoto, T.; WakabayashJ, S.; Osakada, K. J Organomet.Chem. 1992, 428,

223,

23, Parshall, G. W. J. Am. Chem. Soc. 1974, 96, 2360.

24, Morrell, D. G.; Kochi, J. K. J. Am. Chem. Soc. 1975, 97, 7262.

25. Tsou, T. T.; Kochi, J. K. J. Am. Chem. Soc. 1979, 101, 6319.

26. Smith, G.; Kochi, J. K. J. Organomet. Chem. 1980, 198, 199,

27. Sheina, E. E.; Liu, J; Iovu, M. C,; Laird, D. W.; McCullough, R. D.

Macromolecules 2004, 37, 3526.

24



initiates one polyner chain. In previous work,

relatively | ow concentrations of N (dppp)Cl2 was used
wahioehoi7eads t o hi gher nol ecul ar wei ghts and brOHUSTODY/611840
28as iYdkpsimatlerMipakBelguRe Vkotewy T. Mdd-OnoRbAldpPMMCIZ]1169.
29= 136trdes-By M Saang & ; McOmlldugh, RODIL 4@). M¥eeP084) 16)8017.
307 at icyrih, KIONPIMask®) Ji P L CALR S0 Trembsnmd, oavever
319ne d eRIE A Q%k@ qurﬁlfﬁ;s | 9RnPSbaaes: e, i eti cal
32and o Ve OB 'Té{; mns\w Y 8‘@%2
3300t éa”e }glgbt - i Q mea 83 8, 2290.
34p|o cg . % lrﬁf m
35pol Wpli‘&tlon i it ﬁce’d p}@l Sthe F. G A
conJéFﬁer@@qc@Ehefﬁﬁ 3d- of 23-25C w{lo = 0.075
36nol NMue, $hBepyeSeht lquﬁhsllbri) dMeacrometasukes 1996, R8, 933.
foll owi ng references which are incorporated by

reference in their entirety. Wile these references

may be referred to in the practice of the present

i nvention, no adm ssion is nade that any of these

references are prior art. References: 1. Skotheim T.,

Handbook of Conducting Polyners, ed.; Marcel Dekker:

New Yor k, 1986. 2. Skotheim T.; Reynolds, J.;

El senmbauer, R, Handbook of Conducting Pol yners. ed.;

Mar cel Dekker: New York, 1998. 3. Nalwa, H S.,

Handbook of Organic Conductive Ml ecul es and Pol yners
ed.; J.WIley &Sons: New York, 1996. 4. Heuer, H W;
Wehrmann, R ; Kirchneyer, S. Adv. Fund. Mater. 2002,

12, 89. 5. De Paoli, M A ; Nogueira, A F.; Mchado,

D. A ; Longo, C Electrochim Acta 2001, 46, 4243. 6.
Groenendaal, L. B.; Zotti, G ; Aubert, P. H;

Waybright, S. M; Reynolds, J. R Adv. Mter. 2003,

15, 855. 7. Gamer, F.; Yassar, A ; Hlaoui, R;

Horowtz, G ; Deloffre, F.; Servet, B.; R es, S ;

Al not, P. J. Am Chem Soc. 1993, 115, 8716. 8.

McCul | ough, R D.; Lowe, R S. J.Chem Soc, Chem
Commun. 1992, 70. 9. McCullough, R D.; Lowe, R S.;
Jayaraman, M ; Anderson, D. L. J. Og. Chem 1993, 58,
904. 10. Chen, T. A ; Wi, X.; R eke, R D

J. Am Chem Soc. 1995, 117, 233. 11. McCullough, R D.;

Lowe, R S.; Jayaraman, M ; Ewbank, P. C ; Anderson,

D. L.; TristramNagle, S. Synth. Met. 1993, 55, 1198.

25



12. MmcCullough, R D.; Wllians, S. P.;
Tristram Nagle, S.; Jayaraman, M ; BEwbank, P. C;
wokdba07740.. Synt h. Met. 1995, 67, 279. 13. LowePCRUSZ06/011840

T é@l@g{oﬁwglgm;ap&memg,afw@ideaugh R D. Adv. Mater. 1999,
. R S.; Ewbank, P. C; Liu, J.;
Zha| L.; l\/bCuI I ough R D l\/acrorml ecul es 2001, 34,
4324. 15. Diederich, F.; Stang, P. J., Metal-catalyzed
i.ng Reactions ed.; WIley- VCH Wrnheim
1. &P?Pﬁﬂ@ %ggg'm Tamao, K.; Sumtani, K ; Kunmada, M

. Am_Ch 1972, 94, 4374.
Ap ppom@ﬁ.gfg]m si)ggrge thg:zphe%glonqlger Imé(&}lgz%g KH%? ‘%&?Etuéﬂg LE an
amﬁ‘:ésbaselﬂﬁl?a dl%aenﬁﬁ&al Ha(ﬁde N?erﬁﬁl mo&ﬁed Tﬁbﬁ%@ %onoilher

S. D. ; Ckukad o,
So cpolmﬁizmg@@q mQ@@Ed nﬁﬂonivsanmmsbmom contmuﬁmro[M]‘B inthe
em . 1985, .57. 99. 21, nﬁ)zmé’i@f

preﬁence ﬁf 8 érﬁgSlan meEagﬁ%rHB% Lplm rggm Or it a jeco

T Gy St G5kl e i v

at the start % Bolyzsenzwaqrsﬂia ratio qﬁﬂA&st molameﬁnceﬁéaﬂon%%moanr second

mofsnfcbfuiciy gy dRUGGHubtly 250 9ER 1 1 el o

2. Khe ﬁﬂetlﬂm ac&ilﬁ[ﬁg t6a¢ whdi@itOthe 1zﬁib. is @BAA. 802160r 1688 t h, G;
Kochi, J Og t. 980,
3. §h@ m@od@w@dlngupd %Bgrg?n 6 aatloms 7é1 Orﬂ%%?g éggvv o

%ﬂeltlﬂ)ld% ox%m alr'l/glﬁ&%mh@%’c £ 2BOR%0: 13& less026. 28.

R ; Yokozawa, T.
5. ﬂ?he nmﬂuidexcudmdmgﬁﬁ Q4 furthigr capidsingéhain @ttémdmg tIELr¢g1Me,gular

pol?&%&ﬁi@a}op@,e} W&koa&t&gn I§E,a squgg \él‘goxlj\@:t ne gaonomer Ho o an AB
blodk GBSYEeE. - Chem Commun. 1972, 144. 31. Chen, T. A ;

R eke, R 'D. J Am Chem Soc. 1992, 114, 10087. 32.
6. The methlbd acord@gBpoilewheRin the alkyil gtoap crmppses 4 to 18 carbons.

gé%cr 0%0 cuI S 1@9@ X’&%ﬁ% i %4%t 51302% 0o 4\%@8‘1 M or less.

8. 3R thetldst ac&ﬁiﬂg toH, whfeitgmie firsé mol&ectohcerﬁratlon is about 0.5 M or
J. Organomst Chem 1990, 387, 113. 35 Browni ng, J.;

lesg&y een, M; Penfold, B. R; Spencer, . L. Stone"

» Gy ORI et g 100

les?.9, 933 In addition, 7 2 enbodinments are provided:

10. The method according to 1, wherein the initiator is a nickel (II) complex.

11. The method according to 10, wherein the initiator is a nickel(II)diphosphino halogen
complex.

12. The method according to 1, wherein the polymerizing is carried out at a tempera‘ture
of about 0°C to about 50°C.

13. The method according to 1, wherein the polymerizing provides regioregular poly(3-
alkylthiophene) which is at least 95% regioregular.

14. The method according to 1, further comprising chain extending the regioregular
poly(3-alkylthiophene) with addition of a second thiophene monomer to form an AB
block copolymer, wherein the ratio is about 100:1 or less, wherein the first molar
concentration is about 1 M or less, and wherein the initiator is a nickel(Il) complex.

15. The method according to 1, wherein the polymerizing provides regioregular poly(3-
alkvithionhene) which is at least 95% regioregular, wherein the ratio is about 50:1 or less,
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concentration [I] under conditions to form regioregular polythiophene having a 3-
substituent, wherein the polymerization is carried out under conditions which provides a
degree of polymerization which can be substantially predicted based on the first and
second molar concentrations.

22. The method according to 21, wherein the substituent is a heteroatom substituted
group or an alkyl group comprising 4 to 18 carbons.

23. The method according to 21, wherein the thiophene monomer also has a 4-
substituent.

24. The method according to 21, wherein the ratio [M]o:[I] is about 125:1 or less.

25. The method according to 21, wherein the first molar concentration is about 1 M or

less.
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fo‘%&@%éﬁe@ﬁ‘fl%_o,poﬁﬂéﬁei nthe initiator isa
32NITGK edtihdd) Rbsraaprbian Qbﬁipﬁﬁiﬁ? e cB¥in ewhlRisthé AB block

ratio [MO:[1] is about 80:1 or |less, and wherein the
copalymer with arthicbhienhepramoppmpswhish gptionallyns Bie semegs thedfirst

.The ccording to 21, wherein the polynerizing
thlBE%e\ﬂ e%%?‘lgg'i oregul ar pol y(3- al kyl t hi ophene) which is
33AThk eadiiod e bordag to3egedmprising i thenciaheexaéddihg e\ block

conprises 4 to 12 carbons, wherein the polynerizing is
copalymeete form an ABA ceppl¥bst ure of about 10C to about

4 | AL | ' GREBLBYA
3435 RIS RS 139, AL 0% 15 RoASh e PR
thipphenewndroinreg qriboth ate substigited aighé aupopitiby(tBe 4-position, or both.

al kyl t hi ophene) which.is at | east 95% regi.oreqgul ar,
s bbbt ering o,y Sithed ot o I ARt o g form
ABE blRRopOlgmbhe ratio [MO:[1] is about 50:1 or I|ess,
and the polynerizing is carried out at a tenperature

360fThamaaiihodi@condingtoddt wheein te firs thipplayg monomer, and the second

.C ri sing: pol ri.zing. a first..thi ophene nononer by
thigp R AP ORisT o Sups i e ip s S PRRiAON 0 f or m &
37P Ak tidtdh @aerdiny r3Tedhale e A bleerdbpdlpher ishairegioregular
rovide for living polynerization, chain extending the

polythiephrangibick oppelmeswihighdh aideash 93 %cisaigragwas e iherein the
rol AT 4 L0102 SR N s PR 0 o
lesAB bl ock copolynmer with a third thi ophene nononer
which optjonal ly is . the sang as _the first thiophen iy
38 e oS COTAE okl nBeRaL P AP BINgIS Cgied &Wﬁﬁammﬁal
MIE 4 ] i .ock copolyner to form
mcgn é%%ﬁ%%%ﬁ{ﬂ%#ﬁ?ﬁtﬁ%ﬁf%%ﬁ%ﬂﬁlﬁéﬁlgﬁé according to 31,
39wiheaenethadhaecoiding tot3i whbremethapalymerizingie camwied oyt at about 0°C to

oot GRBEAS RRGHTEs AR 00! o8l S ORI S Hoptpggone lo
copbIGRIei Ng to 31, further conprising steps of chain

extension to form ABC bl ock copolyner. 36. The net hod
40a ddemakithed acsorting tarids whareithibe AR block kermywasiis soagirtagular

po?ﬁlqiof)ﬂeene%?&c%nc%polymer.
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t hi ophene nononer, are substituted in the 3-position.

37. The nethod according to 31, wherein the AB bl ock
weowollyITed i s a regi oregul ar pol yt hi ophene bl oP&T/US2006/011840
41.CRRBHK Hﬁﬁqﬂﬁ&@#ﬁﬁﬁgat | east 95% regi oregul ar, and

mhe?g%n the polynerizing is carried out with a initia

monaréB bileskidopelymerovhgreinghe 4. tdeckdp s uegiaupgular pelythigphiene, and

.4 The t . ' : , Wherein the
the%ﬁ?@%ﬁa?s?n%%?@%%?#?éﬁ’g%éfheﬁth an initial
42, "DinOdBRRioditioh atcurdimgltad 1 fwahéreinahe Alidodk #@/orthoB bleks.
39. The net.hod according wherein_t

) to 31 he ..
regiosepias Dobithigrhiene insubsiuted At the 3-penitien. gethed-pasiian. spkoth.
.t I M1d ' r
43, Rl e T A Y S i it A aB IS
regcegulatipotythiopihe isvbstfuted dt ¢heABpbdibak copol yner is a

regi or equl ar pol vt hi bl ock I . a1 A
.o B B R Sheres Yir AHBRART s B RS i ¢
reglddeutarHoRkiopBerd i§ SsQfldd: We ABbYEGH.Ophene, and the B
bl ock i's "al so a regioregul ar pol yt hi ophene. 42. The

45.c Shpomnpdsiionaceardingrig 41 owhareindhe Adtlpck ans/ox the Bditock

and/ or t B bl ock _r.egj or | . ' '
reeftafinpi B Satr e USRS PR M RISl
46.bPhdcorfpositioRtrceaanRsb Uil pwhaekhe ABIbIbck ddpolyhéartas a nuhber

A bl ock and/or the B bl ock regioregul ar pol ythi ophene
avaragesnelseylerveahtaf abpy 25.00991essn. 44. The conposi tion

| Q. [ : I

R B R e e T S
pol{digpabity ofubodbl.5 Dhtess.onposi ti on according to 41

wherein the A blaock and/or the. B ck regqgiorequl ar
48.pbhg etmRASHERACP I dgiRfe Al Whergrthe el 5‘@8@%?}%35 pise
49.&%99561%&&%%/&&%0%@2%@ QIFRASH! {vRBreRF e AR Blck Copblymer is soluble,

ereint copol yner has a nunber average
whemletha AR bleek gbytolphierlips atnudthed aerage mekssulaniweigithed about 25,000

conmposi tion acc ing to.41, wherein,the.ABblo
or Eaparg mereiu 8t Bl cbmureer YRR R RO S GOt g orfss.
5048he JBpSRABCRLE IR 182G OtvlErREh the AdBloclael/ 6 the BrtdodB

bl ock copol yner is soluble. 49. The conpositiqn

regmgullem edythiopbéns iprsulz@,timmbatgh%%pﬁ@'tim b thsck pedpen. pripth, and
sS40 B et 5o s P AOLY Rk g er s o

numB&Saveti3s mleulir Wil ofBodilt 5000 op tdsy,rmad wirscimthe AB block
pol ydi spersity of ~about 1.5 or |ess. 50. The
copadypeshas ia@e! Fsify 198 2bt 433 il ei n the A bl ock
and k regioregul ar pol ythi ophene is
513%b§@%¥%¥§8%g&k@%gg3-position, at the 4-position, or
bot ln ABYdblock copolymer, wherein the A block is a regioregular polythiophene

and the B block is also a regioregular polythiophene.

52. The composition according to 51, wherein the A block and/or the B block
regioregular polythiophene is substituted at the 3-position, at the 4-position, or both.
53. The composition according to 51, wherein the A block and/or the B block
regioregular polythiophene is substituted at the 3-position.

54. The composition according to 51, wherein the A block and/or the B block
regioregular polythiophene is substituted at the 4-position.

55. The composition according to 51, wherein the A block and/or the B block
regioregular polythiophene is substituted at the 3-position and the 4-position.
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wherein the AB bl ock copol yner is soluble, wherein the

AB bl ock copol yner has a nunber average nol ecul ar
waowioght77ead about 25, 000 or | ess, and wherei n tPET/BR006/011840
$6 piTde kdopRmismetalifin e im0 vheieapiie AB Ylook cofidytherlhds aqfumber

l ess. 51. A conposition conprising: an ABA bl ock
avegagrongleevlar WRghEPFooHE2n0¥) 5dRssi s a regi or egul ar

S e S R R T e

pollispersity bhabolit bl5aeResand/ or the B bl ock regi oregul ar

t hi ophene is substjtuted.at t - i tion,. at
585 1Y tompBOpccaRE el Rt e AK PR fopala i Aptub
595%Fhe WhapS&ditiort AR ok BOH, FMEfR the e Blokk @6folymer is soluble,

regi oregul ar pol ythiophéene is substituted at the
wherepp ietAD h.locsd:opqlmmtgamtmbem averegomdlogglar weight of about 25,000

o Y25 Rt e A R RAb s R RSHONLES or s
60.TiT8e cORMPESiidi MroRREOIH INYhbRibthe AVbIBER bild/bhige B Blbeic k

and/ or the B block regioregul ar pol ythi ophene is
regionsslpt pRludiophendis subshied pighe Argsition, 2 tigpdpesitien, g both, and
R [ 0 . r e I
o PRS0 Bl G B o e o
numbendveige ddlea@rarl vt ght of dboukl2s,000 0 desh tandiwleedin tle AB Wlark

51, erein.the AB bl ock copolymer has a
COEéWé\ﬂ%@ﬁé'r&qll’ SR§F31fé{b’éﬁ§°1!Lt.15§) B“rPéFSess. 58. The

619%”&91%&5&%&%%&?09 to 51, wherein the AB bl ock
copol ynmer 1s solublfe. 59. The conposition according to

51, anid@ block kepodBnbt, wdierain el A heck isa mgiaregudar pelighiephene,

t he AB ck.cqpol yner has a.nunber average ecul-ar, .
gy e T PIRG e G S LR Rl e fabiBic s ateo
a redieRku e I‘P}ﬁ@heﬂés a pol ydi spersity of about 1.5 or

Ié)éess.%uGOi.g@l he conposition according to 51, wherein the
62 A AppdErcrprgpaed bhﬁleBn@h@d:RCqOébn&tOegul ar pol yt hi ophene

[ i e t - i 1A the 4-position,
63'0?‘@03?‘%% éﬁéar\%%gﬁg}eﬁﬁ?tﬁ%@%%oﬁlgg f(o %‘%pol ymer is
645 @l pdti@er pepiared by tHream&Bodhaokdiagpod ymer has a numnber

aver age nol ecul ar wei ght of about 25,000 or |ess, and
65 whelr@sistaricempa e dhscaapnsitippaccerdngdo #di ydi spersity of

o550 R L o SRR A SO 518051, 8P
67r egplmtegliatrdepizewbhipdping e contyes#ion acbadBghb dtkS1, sr 61.

al so a regioregu) ar pol yt hi ophene,, and_wherein the C
68 o Rsr SoPe T s A Oy S D e 15D, | A

69P A HEIB eBEAPRASRE: @é{m?ﬁﬁngﬁier&%p%@i@i% dbeding td 41,63, of61.
pol ymer prepared by the nethod according to 21.
70. A composition comprising:

a block copolymer comprising at least two different blocks, wherein at least two
of the blocks are regioregular polythiophene blocks.
71. The composition according to 70, wherein all of the blocks of the block copolymer
are regioregular polythiophene blocks.
72. The composition according to 70, wherein the block copolymer is an AB, an ABA, or
an ABC block copolymer.
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64. A polynmer prepared by the nmethod according to 31.

65. A transistor conprising the conposition according
W@ 2004/1477466. A |ight emtting di ode conprisi ngp€TES2006/011840

conposition according to 41, 51, or 61. 67. A
Vﬂ§60t0V0|talc devi ce conprising the conposition

Edpdi BD4A%: 51, or 61. 68. A sensor conprising

the conposition according to 41, 51, or 61. 69. A

field effect transistor conprising the conposition
1. acmethdd ogmpnisidg:, 51 or 61 70. A conposition

conprj si ng:; r|S| | eas
di fpwzwg@éﬁ e gt G s SR ation to
forglg S15@ihess! n@émf%@iai’é ﬁHd@P&ﬁ‘ﬂﬁquls Qfich ]i)rz%de To&tivin

oSition according to 70, wherein of the %ocks
polyfetihgidnl, ock copol ymer are regioregul ar pol ythi ophene
bl ocks. tlon ac or di

oo CRER BB BIrres 4l VAl S s Fond RSt pfyomer o

ﬁnﬁgﬁpABﬂﬁédM&mehﬁrCLAlNED IS: 1. A nethod conpri si ng:
ol ynmeri zi ng first thiophene nmononer by Gignard

¢ Hratfeos] @;cgrdm&f@ rclaiat i epanprisieofupther q@@lmwwwethé AB block
coppo'i‘ errT\ECéh gtt}?lrdj&g ﬁleﬁé) Hl‘éhéﬁa&%m‘éﬁ ﬁporpaﬁ?\fé ﬁil% 521191%: ag lch\é' fﬁ'gt

frer i zation, end er e
ﬂuqﬁﬁméhﬁmoﬁkra second t hi ophene nononer to form an AB

bl ock co yner. 2. .The nmethaod according to c¢claim
3. meﬁm%cmw@rd%ah ROBREEAG fiHEher R FeR g g the AB block

h whi ch
COM aI y | S@E@J@n%ﬂ;' ?ﬁeefnl(ar g?ngﬁcr)phelng nononer .
4, ﬂ“he ﬁte@tmbetcbmdhmto@ﬂaim@ vithereih gierfirst, thiophpre reomygmdrythe lsecond
.chai n extendin he A .an Al
hiGRRBF prspTen of Atk e FetsH i L S gorEon s HPe St Bo
5. RE nidiickt act:&‘ ?ﬂ% :t%%lﬁiop @ieer coMBriSIRE 9fRPs HARG@hsion to form

nonomner , are substituted at the 3-position,
A&Khbbdkpmgﬂwm@m or both. 5. The nethod according to

o 8ok o S SR I D3R

sedofd ElidpHiBné moMoaiee)| de butstifutddsih the13-ppéioe nononer, and
t he second thlophene nmononer, are substituted in the

7. Thpmsthadoscordingrieeclapy h Séhergin he AR &lack cepeliymer is a regioregular
rolf 5P e RS B bt L R B
polyagiieingds batied andwith argitinl héeomer:initiator molar ratio of about 140:1 or
less.

8. The method according to claim 1, wherein the polymerizing is carried out with an
initial monomer:initiator molar ratio of about 80:1 or less.

9. The method according to claim 1, wherein the polymerizing is carried out at about 0°C
to about 50°C, and wherein the AB block copolymer is a regioregular polythiophene
block copolymer.

10. The method according to claim 1, wherein the AB block copolymer is a regioregular

polythiophene block copolymer.
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polymerizing is carried out wwth a initial
nmononer:initiator nolar ratio of about 140:1 or |ess.
w@2006he7met hod according to claimi1, wherein tP€I/US2006/011840

mlp&ﬁpksﬂ@bmw@ommmﬁl ed out with an initial nonone

‘‘‘‘‘

|n|t|ator nol ar, rati o, of, about 80:1 or | ess

HolABhledkpalyms whatpimthe Afleskds 4 r@&%@%g&ﬁpﬁ@ﬂ@?ﬂ#@m and

about 50C, and wherein
thetl?ﬁtélgﬁg gfs@a&‘ég o%u%ﬁ@%ytﬂ Itléri)iggl or egul ar pol yt hi ophene
12. Urlwéonqmpmioyumcordm@ to Thien it whetemdbe Adilngk amsl/aithe Mblock

el F PO RERB B LR PE U SROAGDIRCITE ACBt P ot

13. Wi"ﬁé @nﬁbdsﬂr%n/éc&iraﬁllg tb $1afin'18 OlvREREthan me&m&u/@ﬂh@ Beblock
the B bl ock is also a regioregul ar polythiophene.

regtﬁeguTaIQOM]mppbmeu@ﬁubab‘@lmdoﬁtrﬂg@?t-DOfml@n m 11, wherein the

k d/ t b
14 R S R oo Ty PRGBS B e G
iR i§ QUmRA éd Mhed-pOgité t | 11,
reg\%\‘ﬁg?g?rnlbotbﬁgogﬂ-bl (;ik aniﬁji/torat he BO%I %IE:IE rgglco?“em

15.pBhg eampssiionacperdingde claimtld gwhereinibe 2 blgek andser gtﬁiB block
reg G IR bbfohe IRl & 3 Bolficrtand MEUMAGRE A,

16.sThs tdripdsittbnadccdrdingdo plmmtlllowheﬂafn thd A8 blonip ospdlymoer has a
according to claim, he, A bl ock and/or the

nupbe) ayelags BIGIESHEG elg tﬁév@t‘ﬁé@ﬂ@ﬁ’él&ﬁ% substituted at

171 e §o iddn%c&%gttti €1AmRAS whbiRlh th AB Floek CoPEIRREL KR
accor to claim-11, wheréin the AB bl ock copol ymer

polbrdtspasubuuitﬂ)pu’al/éroa@srml ecul ar wei ght of about 25 OOO
or,less. 17. The .co ccordi

13 il ERpoHEn s TSR o (e el B M sk ety s sptubte

19. a@ﬁ@ Eorﬁpio’énﬁfn dc88®inglt8-clalin€! 1 GMBRS fhi AB BloeR E:d[bdlﬁmélols soluble,
claim1 wherein the AB bl ock copol ymer is solu

whe@in thi é\&bl@pbgmqlmeralw@r@m@r feregeanpdeqular th‘i’frﬁbPH‘éZS 000

o 03, SREBL LB OB et B B O

20 aﬂ’ﬁélt:orﬁl&)s@cﬂﬁl &boﬂdﬁfgsto o%iﬂi Mheihetein thiee\ B]Bcb lamb’kr the B block
copol yner has_a pol dlsoer5|ty of | ess

regpqregutprep A ionBeRs léﬁu‘%FéIES?(Hi‘tﬁBe %@O@ﬁavarﬁt ihe ¥ Lo Rﬂ%ﬁl% Qr Pﬂfél and
I
wﬁe% ‘Ab‘* R 80%‘?%{‘1?‘8 Bfkid %‘i{lax%fr{ﬂ% %bfb@k ¥oi1 g,a

ute posf’tl on, 4- posi
numbelb.ﬁfhi‘a,ge arudeondee rvedi ght tolff @b A 2151000 for dﬁsg@lngl veherdin the AB block

soluble rein the bl.o copol yner has a nunber
copgl Sﬁﬁﬂog@lﬁpﬂmt@(éﬁfpﬁ?m&ff’c A8t 25, 000 or Iess, and
eéo%ﬂ?)sfﬂ'%ﬁ cgﬁ ggﬂgk copol ymer has a pol ydi spersity of

21. A conposition conprising:
an ABA block copolymer wherein the A block is a regioregular polythiophene

and the B block is also a regioregular polythiophene.
22. A composition comprising:

an ABC block copolymer, wherein the A block is a regioregular polythiophene,
wherein the B block is also a regioregular polythiophene, and wherein the C block is also
a regioregular polythiophene.
23. A composition comprising:

a block copolymer comprising at least two different blocks, wherein at least two
of the blocks are regioregular polythiophene blocks.
24. The composition according to claim 23, wherein all of the blocks of the block
copolymer are regioregular polythiophene blocks.
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an ABA bl ock copol ynmer, wherein the A block is a
regi oregul ar pol yt hi ophene and the B block is also a
WO e@ism'egml ar pol yt hi ophene. 22. A corrposi t i ONPCT/US2006/011840
risin o] yner e n.the A
s fon Ao BT SRt Oy hera o oS Rt fan 4B, an
block is also ar or egul ar pol yt hi ophene, and
AB%h@?'élﬁBQﬂ@O@?ﬂP@f)ﬂn?rs al so a regioregul ar
pol yt hi ophene. 23. A conposition conprising: a block
copol ynmer conprising at |east two different bl ocks,
wherein at |east two of the bl ocks are regioregul ar
pol yt hi ophene bl ocks. 24. The conposition according to
claim 23, wherein all of the blocks of the block
copol ymer are regioregul ar pol yt hi ophene bl ocks. 25.
The conpositio n ac cordin gto claim23, wherein the
bl ock copolynmer is an AB, an ABA, or an ABC bl ock
copol yner
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