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TI TLE OF THE | NVENTI ON:  SUBSTI TUTED THI ENOTHI OPHENE
MONOVERS AND CONDUCTI NG PCLYMERS BACKGROUND OF THE

I NVENTI ON [ 0001] Electrically conducting polyners have
devel oped into a material of choice for a variety of
organi ¢ optoel ectronics applications. Such
applications for optoelectronics include polyneric
light emtting diodes (thin filmdisplays), solid
state lighting, organic 5 photovolatics, advanced
menory devi ces, orgafjrceioetrdeshi/esiridnansi stors,

ul tracapacitors and el ectrolum nescent devices.
[0002] One of thefudRTUPE El\@ﬁ-ﬂbPHENéy
conducting pommeﬁ%we wnggﬁsmdméﬁg

di scovery of conductivity |n such ymer created
substantial interest in other types of electrically
conducting polymers. Recently, conjugated

gglr ?/5/21?: Sggeﬂgsé %éﬁpmgﬂwlfm%ave ect rically
IO?ﬁQ? U@%bﬂgat BYPJ MR6E4H %rﬁeisﬁé]w GEvelb Jéhﬁt%ga &%ﬁﬁ%ﬁh‘o&e fora

e ca ns an
va@et’y\nﬁrwgmbptpeleatnmcs am:pieamnSt Hesich @peu:ap@nsyi@e pptoglgatronics

oS54 ol s kAT A 40857 ol SBR . cranic
photavolgice, a‘ctyanmbmemorsade.«m%oggaoic fiojst eftsicttsansigtors, ultracapacitors

an%pe?éétfo"lﬁd'@ﬁ&en}é Ji0403] Representative articl gs and

UStT at I Ng 't hi ophene nononers and

OB 045 Gl SHTERcff HalityB g Btonc and
the disgsvety of mn;@ptm@sn sasti p@mnedcrpeﬂe;l pubstantial interest in other types
of %l&ﬂlc%@&&&ﬂh%@al REE. M tly,‘ﬁoﬂ?ﬁb?foég iy@%‘ﬁhééﬁ%} &nd

connect S suita for .
subeﬁwtﬁdrtmgphmesderwatnz&s hﬂvart@entdamwed to hamecgicifieally conducting

i A ¥+'§% rtﬁeg%?gigfﬁrber@%dthgt t‘ﬁgg E:Qr?h& cH8YE Hfins and doped with

ncl udi ng ransi s &ot ovoltalc, and
cosmwabm\anderstyp@@r $heedapedpolyanars agn ta.ftomtnélunmynd their

e@@fﬂq F’ﬁ’?’?ﬁ (s b %arsg@i@g'tﬁ wfeﬁdiﬁgqrgé}n@é&es suitable for use in

a ysnetodiaiptediectipninapplications{ 000$] US 6 585, 914 di scl oses
f1 uorocarbon-functionalized and/or heterocyclic 25
[0083]i fRepsesantativetaniiclemhantbpatentgdiustigting thiophene monomers and

eléf/&rfﬂaﬂﬁ mﬁﬁd{%ﬁ@@ﬁé%hé%h&ﬂhﬁ\g%e efr%r rlklé‘tnfegﬂ%rg& are as

e as n-type m conduct or hese

follgmisy (t hi ophenes) al so can be used

[0004] US 6,645,401 discloses conjugated polymers of dithiencthiophene (DTT) with
vinylene or acetylene connecting groups as suitable for producing semiconductors or
charge transport materials useful in electrooptical and electronic devices including field
effect transistors, photovoltaic, and sensor devices. Polymers containing DTT formed by

electrochemical polymerization were known but had limitations_in terms of solubility and’

photovoltaic properties.

[0005] US 6,585,914 discloses fluorocarbon-functionalized and/or heterocyclic
modified poly(thiophenes) such as q, w-diperfluorohekyisexithiophene for use in forming
films which behave as n-type semiconductor. These poly(thiophehés) aiso can be used
to form thin film transistors with FET mobility. '
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to formthin filmtransistors with FET nmobility. -1

[ 0006] US 6,676,857 discloses pol yners havi ng

pol yneri zed units of 3-substituted-4- fluorothiophene
as liquid crystal materials for use in sem conductors,
charge transport materials, electrooptical field
effect transistors, photovoltaic and sensor devices.

[Dﬁﬁﬁ] USS, 876087, cﬁgﬁoé#sgﬁlbﬁrﬁ§ hBﬂh%F@ﬁﬁ'ne@iﬁed units of 3-substituted-4-

G‘Q E M%hene and i shenzo i ophene and their
thiep I erystal maieriale femﬁege SeMigeogusters, charge transport
ridRb B4tk 28I6ctrdopticd ABIdrdMeBt ﬂr&erlst&%meévothOé?%] seHSor devices.

6, 709, 808 di scl oses image form ng nmaterials

[oguRr FUE3t595937@|cﬁ’éad§e§%|yher§BﬂlS’éH‘zb[b\Itﬁ r@ﬁbb{é@ﬁ& based

rrol e-containjng t hene rs and aniline
bb%ﬁﬂéﬁﬁ]tmap'mwtbew e F@@@@]COU}M@@ZF/&WQ@ qharge temeport materials
iflbieelrosAicalnyRe! ymers and copol yners conprised of
repeating units of thieno[3,4-b]thiophene for use in

[@dﬁt WSVO?%OEQ&HG!&@B irRdlge for@ﬁu@%ﬁtﬁﬁé@h gao@é’tlr{g%lfﬁﬁﬁcally

3, 4- et hyl endi oxyt hi ophene, “di t
CRRGHCHYS) PBWH@%bGS@ﬁ!dJmn@wrpl@ecorfmmg}hlmr@rmlﬁm@s and aniline
cSMRIMRPHS SyrAd A, El ectronic Properties of Poly(2
phenyl-thi eno[ 3, 4- 15 Db]thiophene): A new Low Band Gap
[dtwsy MRIS2008RT0 1 dBisAL- dléc%’s%s hbfopd eré%é@ copBifiéBmprised of

var i ous thienothi xhene rrers I'ncl u

reRsRling upitiphihiepp[d @E@omens]fvﬂm@pn @le@)roaﬁbre applications.
Clégf: frrlélr'ég%ﬁ[/ﬂve foringa Nétﬁ gfe; EihyFelFlHBRPtﬁlb‘ﬁ}leﬁé dHRRPHERE, Mrrole,
b&ﬂ 'QP'E%@;/FU‘F Fheéﬁé[ 3, 4- b] t h| ophene): a New Sol ubl e

nd Ga Conducting Polyner, Synthetic Metals 84
IQL%WB he adictes Svathests feqfqna@roeemyﬁ@f Pely(2phenyl-thienof3,4-

bﬂﬁ?bﬁﬁéﬁe')“:@ﬁé\ﬁ'll@ﬁl BdHEi'G‘ mer, Chem. Mater, 1999 11, 1957-1958
2- decgl-thleno 3, |ophene and process for
d'ﬁ? Yatiou thienpihip smmmpmzfmwﬁw[m

hey Bed bBN@D&éd?Ptrﬁéﬂof’é E%]—H%;%%Péé’

aving a C' secondary or 257tertiary alky group an

[muﬁomdu aHicRy aaﬁ'%t}’ ﬂ-ﬂf}é’ﬁ - i @n@)@ b WG Bé)@bleclrbmﬂéand Gap
[»

ts oly
CRndypting Fobar: rmétéizs.e% BeTico 44t Up iepst vecus eymeric

thidn@ﬂﬁéhﬂei‘negmcﬁﬁir@' ;fol Qrdeeﬂ-tﬁi%ﬁbrsmméﬂ{e%e) bfd Qreﬁd»d‘e%é for

el ectr ectronlc devi ces, polynmeric 1ight

{6 rene
PTERZTRY 1§ V(%%s (PLED) el ectrol um nescent devi ces,
BRIEF SUMMARY OF THE INVENTION

[0012] The invention relates thienothiophene monomers having a C;.5 secondary or
tertiary alkyl group and to conducting polymers formed by the polymerization of such
monomers (polymerized units). Such polymers may find application as hole injection

‘materials, charge transport materials, or as semiconductors, in optical, electrooptical or

electronic devices, polymeric light emitting diodes (PLED), electroluminescent devices,
organic field effect transistors (FET or OFET), flat panel display applications (i.e. LCD's),
radio frequency identification (RFID) tags, ultracapacitors, organic photovoltaics (OPV’s),
sensors, in small molecule or polymer based memory devices, and in electrolytic
capacitors and as hydrogen storage materetal.
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organic field effect transistors (FET or OFET), flat
panel display applications (i.e. LCDs), 30 radio
frequency identification (RFID) tags, ultracapacitors,
organi ¢ photovoltaics (OPV's), sensors, in snal
nolecul e or pol yner based nenory devices, and in

el ectrolytic capacitors and as hydrogen. storage

[mamr Hcvhntagés hﬁ@lﬁ’d aa‘?ﬁbﬂ%ﬁtu%m@&héfmbnbme?&ﬂmcﬁyﬁﬁnéfsl b@ed upon

da
Cor SpERERRY o taTUeyy BEvi R F TR ERPBRBRTRS Eiscacvanegs provided

b?@&ﬁﬁkﬂ%m@h@h‘\bﬂﬁﬂ\d Bolyrhersamay mblmaemywmé@ ifBdvide range of
i ncl ude: useful ness in de range of

G@PE%{IEE %EP@H%BB% l%\gttcp)@qﬁtg, eMdrRnMeRtad ﬁ@“'tyeﬁﬂﬂsp@ﬁmers and
plyatiaird iHaVing MG FRsAME RGPSt ctttpiad PRIYITRIrorkifaYd E&%@‘) fhan

positive highest occupled nmol ecul ar orbitals
9451%!%9{%@ PRIESY, 4- b] t hi ophene). DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0014] This invention
relates to conpositions of matter based upon C3.8

secondary or _10 tertiary alkyl substituted
Chi enol 3, 4- b] PRT A BESGEETIAN PF HoF IMGENTIQNO15] |

has been found that C3.8 secondary and tertiary alkyl
[} PThiREAEEREbN ﬁ'élﬁfé’s t6 BbRAPSsitioribi onafer BRESS uptw }i.'esecondary or

el ectri cal I conduct i n%pfropertl es maki ng them we
tegtiary atvl ?rtths itterhthjenp(3 4oltaiephenssaand theirpelymesst i ons.

I S%Eropyl and tert-butyl functionality may be favored
[0035RL+ [téomsibeey founs theioGa) secendanyang dartiany aliybgieypg pendant from

thmﬂﬁéﬁ're)‘teg bffblnig@s ¥ledlrikilly SohabttridBreferties makxng them well suited
t hi enot hi ophenes 'can be forned prior to or aft

fo5 A AP P! §P’"EQG’EG'§.‘8€6WF9“QHS ieaproRy gnd tﬁ—'rbbnrtwrfamtpyahty may be

faprel fus@isRamyt i ons of matter are represented by the
conpounds having the formula A A R S XS X 20

[00h6) eDBiV=AivesS oPtheat.QEdabndat of Rirfidr hkxpédbﬁﬁuteﬂrtﬁle%tﬁ%henes
X' a{e Iade endentlrasel ected from

PO Grigk tor aitg nefdhe seqppdary %%;tran&ﬁpctlonahty Such
comiftdsitions OMhRitter e r'eﬁre@énl@d by the compounds having the formula A:

A

R
S

4
X S\ X

where R is Cag secondar_y or tertiary aikyl, and X and X' are independently selected from
the group consisting of H, halogen atoms, MgCl, MgBr, Mgl, Sn(R'); (where R’ is Cy.6
alkyl or -OC,4 alkyl) boronic acid, boronic ester, -CH=CHR" (where R" is H or C1.

- alkyl), ~OC1.¢ alkyl, ~COOC .q-alkyl, ~S-COR™, ~COR™ (where R™Is H, or Cy. alkyl),

-C=CH, and polymerizable aromatic groups.. Examples of secondary and tertiary alkyl
groups include isopropyl, terf-butyl, isopentyl, tert-pentyl, 2-ethylhexyl, and the like.
Examples of halogen atoms include F, Cl, Br, |, and the like. Examples of polymerizable
aromatic groups include phenyl, naphthalene, pyrrole, dithiophene, thienothiophene,
thiophene, and the like.



al kyl or -OCl.6 al kyl) boronic acid, boronic ester, -
CH=CHR' (where R' is Hor Cl.6 alkyl),
. -CC, 4al kyi,--C00C . e al kyl,-SS-COR , COR (where
i R'"askiorC, .,;alkyl), 25 -C=CH, and pol yneri zabl e
.- aromatic groups.. Exanples of secondary and tertiary
al kyl groups include isopropyl, tert-butyl, '
0etfe anlplferretcbrnoncpmensybr prﬁdmmg/hdmapdlymmndtmpblyhmrs are those

RSN, 3 Rn BT AR BN Bl & bt . o oups

i ncl ude phenyl napht hal ene, rrol e, dithiophene,
thienothiophene t hi ophene, d the like. -3 [0017]
Preferred nononers for produci gg honopol yners and
copolynmers are those where X énd X' are H and

represented by the formula BBy, R S S 5 and Ris

i sopropyl, tert-butyl, tert-penfyl, isopentyl, or

2-et hyi hexyt, preferably ter tyI . [0018]

El ectrically conducting oligomrs and pol yners _
' ri sed of polynerized units of nononmers B are

5 aaﬁcrléip ﬁé$°ﬂ§@méd?fﬁwtw Hertpavyhisopanith or arefhyifgayk peaterabiytgrt-butyl.
the.forrula Cj) C R S\ SY n 10 where n-is an
[PQ82 g dFlectrically congucting eligasners @ad-polyarets ZompriskdZ)f patyenerized units
. o] PERSRRETD o5 et asfret In e on YHRLS e Elhud¥ the formuie ©
: ) thensel ves to the production @f nenory and field

effect transistor devices. PoFymers having from1l to
50,000 units, often from20 tp 10,000 units are quite

useful" in preparing filns-as/ hole injection materials

in various electrooptical aplycations. 15 [0019]

Preferred honopol yners are rnegresented by the fornul a

DD D R s Y*

10 where n is an integer, Y is -CZ'=CZ%- or -C=C-, and Z' and Z° are independently H, F, cl
or CN. Oligomers often have from about 2 to 10 units and these products lend
themselves to the production of memory and field effect transistor devices. Polymers
having from 11 to 50,000 units, often from 20 to 10,000 units are quite useful in
preparing films as hole injection materials in various electrooptical applications.

15 [0019] Preferred homopolymers are represented by the formula D:

D

R
87Ny .
A\
8 'n
where n is an integer as represented above and R is isopropyl, fert-butyl, terf-pentyl,
isopentyl, or 2-ethylhexyl. Of particular interest are the monomer, 2-fert-butyl-thieno[3,4-

20  blthiophene, and oligomers and polymers comprised of polymerized units of 2-fert-butyl-
thieno[3,4-b1thiophene.
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S Snwhere nis an integer as represented above and R

is isopropyl, tent-butyl, tent-pentyl, isopentyl, or

2-ethyi hexyl. O ‘particular interest are the nononer,
2-tent-butyl -thieno[3,4- 20 b]thiophene, and oligoners

and polyners conprised of polynerized units of 2-tert

butyl - thieno[ 3, 4-b]thi ophene. -4 [0020] Synthesis of

[DOZﬂjr tS}lmjlhgdls bfn'i mslﬁﬂyMthbhbm@p]ﬂﬁqmenﬁepfor exaﬂpileecarcweffected by

eff the 2 step process. Br Br ( Br 1
PP Et 2NH 5 Br 1. n-BuLi; 2. &g
&ﬁﬁg R h3; Et2NH S S BuLi; 2. S

} 83 H20 S [ 0021] Many of the derivatives, of the

respective nononers where X,and X are othe 10 than
H are fornmed post for f- the nononmeps. |In post
reacti on one orBryot hBr hydr ogen at onEr nay,

e repl aced
with other functi | JrdsilgdBPhald t er naftgel y, some. of
the derivatives be |ni [ &g, by
converting thiophéenhe toﬁ%@ger?vatlveéand t hen
undergoing the 2 step reaction procedure where X and
X are conpatible with the chemstries gutlined in

steps 1-2 above. 15 [0022)Pol yneri zat i
secondary and tent-al kyl

pol ynmeri zation nmeth ehBuLit 18, MONO
2-tert-butyl-thien 3) -b1g‘t‘h'|‘0‘p‘h‘6'n'5' fot/ eanple, a
pol yani on and an oxPdant P react ed i NS he presence
of vvater under reactl on conditions sufficient to form

[Qﬂm( %)r@rqf imﬁﬁi%\fﬁtwse‘?fd[\% reppeptive ropnREMRIP Witye Kiang! X' are other
map.l N 8BRS fofAbd aastaem%tfaﬁ%s the hBﬁorﬁS:%U 'ut. EB& rBf6t ng'@l‘:oth

be pol yneri zed and ed in a sin The

hygGreger alomsyBry Ba .r@qia%m:bwmtbahﬁ:nc@r@bgr@nm oh\ aWeim gome of
e Efves may be formed, ab initio, by converting thiophene to the derivative and
then undergoing the 2 step reaction procedure where X and X’ are compatible with the

chemistries outlined in steps 1-2 above,

[0022] Polymerization of the secondary and fert-alkyl-thieno[3,4-blthiophene
monomers can be effected utilizing an aqueous phase polymerization method wherein
the monomer 2-fert-butyl-thienc[3,4-b]thiophene, for example, a polyanion and an
oxidant are reacted in the presence of water under reaction conditions sufficient to form
the homopolymer, e.g., poly(2-tert-butyi-thieno[3,4-blthiophene}. By this polymerization
process, the resulting polymer may be polymerized and doped in a single step. '

[0023] The amount of polyanion and oxidant to be employed in the aqueous
polymerization method may broadly vary and can be determined for any given
polymerization without undue experimentation. For example the weight ratio of 2-

~secondary or tertiary-alkyl-thieno[3 a-plthiophene monomer to & desired polyanion

typically ranges from 0.001 to 50, preferably 0.05 to 2.0. The mole ratio of 2-secondary
or tertiary-alkyl-thieno[3,4-b]thiophene monomer to a desired oxidant typically ranges
from 0.01 to 10 preferably 0.1 to 2.5. For example, when ferric sulfate is used as the
oxidant, the amount used ranges from 0.1 to 5 of 2-secondary or tertiary-alkyl-thienc[3,4-

-blthiophene. The nature of the oxidant may be varied in order to address variants in the
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pol ymeri zati on nmethod may broadly vary and can’ be

determ ned for any given polynerization wthout undue
experimentation. For exanple the weight ratio of 2-
secondary or tertiarY n -a tkYtthierfpl3, 4=b7~

t hrop-fl enenononerl o a-desired pof Yani oh 25 typically
ranges from0.001 to 50, preferably 0.05 to 2.0. The
lonizatiorgpatential ofthe editiwedemynomers. Varlous Fe(ll)/Fe(llI) couplets are known

AR e Pl OBy A P grind, hl LB BR SR THe BB, S Fects
Eﬂ’gﬁg%}gbl:e(pﬂeﬂ)a t B widaker Mamanm’etqﬂged;ﬁg bhsdd touplets may be

crogﬁlagée%f lf%’;{:lfjaﬁgq qx@agpsoqre@eg g%ﬁ&&aﬁeg coup ets sHoulg be considered. |
DR, S et ] bOP e SaadEe St o Ffeigtes and
ifon (tlbeaﬁéoﬂvdrgamahblgﬁ aﬂdﬁr}ﬁggd(ir?b a6ifis bb}&amgﬁd drg@:ﬂc residues are
arj ous e coup] ets
FPFRTER PEER P (¥ et coRRin PXAGIeR B0 eite RRpigenic ecids
a'r:e?reek?é(lmealts gfam,cgg alkg} ﬂllfonlE%@ﬂd% sudhesi( rﬁathghgc}r dodecane sulfonic
e s are require
B BIRRAS g aetbORA e Sith asr2-Siy bagiteronilis Aed. alpbatic
p@ﬁ%&fbaf&oxbms@adg; Quph 8s mfmbmdcst;d)@cu@ aﬁa béﬂlﬁ@ﬂmc@nmc acid;

4]. Strong oxi.dants are '
aﬁs&raﬁw@*wﬁqw@ﬁ F%c%'gﬁ as Pé?'ﬁ@(%% a&waaﬂq ogtionally Gy.c-alkyl-
sBBétﬁ@teafsult‘drﬁl@ﬂtblés uth as dadzd Bl ScidP-fbludhRibAt Adid and

c reS| es ar referred because the
%‘Pﬁﬂ oﬁgﬁ?fgﬁwe’tal"m lgs Qfdronsals "{#WQ@E; Fex(SO4)s,
Fa(mdxi Ja aﬂ:ﬂ Eei(BﬁOﬁ&((DiHe} ofidhnits iﬁb‘luc@]Hz'@ Rldwyo,, %rhrﬁémmﬁ persulfate,

aci ds, such as et hane or dodecane SUIfOﬂI c acid

PaesSHn ﬁ%memg@@t%eﬁoaeﬁwﬂe yprobrrates l?é’l‘{‘ea§’f and oxygen.
h by d, .al i phat
IGi28] " SRERE PEB RPN ingfid@an dnih o5 boly sarboraie agid puch s
pglgaci'ylét)nabmﬁowmﬁtgmkﬁémdh , Nedidh®; polyhai§ib AkidC and poiymenc sulfonic
l,car X Cl ds uc a al |
afft$ YRR S pobisBineiuoie hekfat S Sl TR polycarboxylic

and pblya:ﬂfohbrmajr tiebibe capblymeks gnhrgﬂe esrb&uj/lfccemdwm balfonic
acCl

| b WLt f
i Wi B Fandiecs. g P Go et O ENIRRS. The EESHE Walaht of the
aﬁéﬁéWﬁl)g’Ethe@delml il pfeﬁaabnch u&é&aheél&om@@)d@soo 000,

copper

o BE RO T 2068 B hopratod Herem AtR A00 025
[Uﬁgﬁ/ a%g&%hy %nch% F &é Hangstﬁ nlI S an?ia@I -gatplyzed polymerizations

apdbsonbed incthy :dfpen ﬂfﬁrﬁturd\lgtd:rfd’t(dn)ﬁ ,caf &hwsinﬁ;?hamgcvndhe ABtre the X
n C a (0] rene
a@cﬁ*yﬁphtcgﬁt%d gn:jcpol{jl;l/l ?lyl Sgw f o?n g a%:llsdy The
d, | f d
BB 8BRS pr o G s, Tk P stz or

bm;unuranmnatzhbmmren@gnmwa arﬁeléar@aemwb@begs whéreln 2-fert-butyl-

) ,_th_l_gn f e-il%]thlo&-nenréqs %8 menzg\g ln an elgctrochemtca! cell using a three electrode

configuration. A suitable three electrode configuration comprises a button working
electrc_»dé selected from the group consisting of platinum, gold and vitreous carbon button
working electrodes, a platinum fiag counter electrode and an Ag/Ag+ non-aqueous
reference electrode. Suitable electrolytes are selected from the group consisting of
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aci ds supplying the polyanions is preferably in the |
range from 1, 000 to 500,000, preferably from 2000 to i
500, 000 and nost: preferably about 200, 000. [0026] '
Monormers of the forrmula A lend thensel ves to

met al - cat al yzed pol yneri zations as described in the

open literature. Conditions can vary dependi ng on the

tetethuhdarmineniim gérchlochtalasetonitrilé, Uil triflaf) cdtorkriteémd d

t%E%rt\y?’sé@e”ﬁ%{ob%%E%f%%ﬁﬂ%{?%feﬁé’%ﬁ*ﬁﬁ%z’ nene) i ﬁ?i{ ves
IQEREE 1T B4 v opRRAR <5 iy AUl Sinsiipctlehoiiophene

oligamérsamagrtynedre endy bisddpdavitthdonestlopal 5-afhe n- type dopants post
uLtabl e thr es.HeI ectrode

clonfi.urati . A suj : . ,
PR TR 91 dhe FsRAFMedBonPTRIE: dhe FBPIE REP08ES iPisally inyalves
trégingastt ©flther M sehficcdiiaatdr ARt iabwitnan okidRinatdriedciPadhnt in a

A T OSSO ot o B o Sorsponding

colritefshsdEtved FroiEhe Rpplicd di?‘dehtbd Dopiy mathols comprise for example
el ectrol ytes are selected fromthe grouLE"econy sting of

eXRPSYIrg 10 7 doRing YRRATRISAITIERRATCIr 8F 8regused PrFSHTa, plectrochemical

dbpib§ irlasblition é’érﬂéiﬁﬁ?%ﬁahi, |b€i_n?iﬁ§ tHeLAdRALINYdoRTEEP Rith e
hexaf | uor ophos e/acetonitrile. [Q028] Filns of the '

semicgnductoy, gl'eyglgg tbteépgmiy diifuged, andien-irizntantion of the dopant into

thelYeptiedritiven eidterig@! | goners and pol yners nay be doped
wi th conventional p- and n- type dopants post 5

[aoaby rrebh?@&tive lplolryfnqrfeemm@ﬁm?g hMtés muta&safa) ?ﬁn Efa fﬁl)rﬁféﬂi\ﬁ&
0CeSS |1 Ca . nNvol ve reat nen 0] |1 m

cQURRHoR BB AN Rettnic PP FRIOGER BIOME, 9itd: e i th IR 1Br and
IFAUewls ddiisfe.d., SRIQX AERAShFRIBF, 0BECRSBClg| BErgbhd 80, Mrbiokic acids,

centers,.in the materi al, '{Mﬁwdé'gs g%rres ondi n%
OrgBUI Ao AETIEP AGISS: ¢ SRy b SP AR FERe Agd CISOsH,
tmtlmdaempmmtmd&pé.gsﬁmg! pe(@p,%mﬁ ) Fe(HCALOM,SO5)s, TiCls,

n .t he ric_or. a educed pressure, . )

2 Bty e Mol CTa 588 Mae oG JuF el Gl Wb mraimihrein L s o
ladibRAGIY, and( BN hidr) ©.¢100RNBr I #cwcla ,tscwiz}, ]!‘ldaﬁ‘{}lo.{, BF,
Bélg\?:: Iﬁlgﬁdg{g%l:g; ﬁrgg_;’e %‘I?&f.h g@i\gg{q gﬁqﬁ g?igng pﬂ\l@ﬁoﬂg %gﬁon?g gcids, such
ass@i-S0Td Wi O, @ well aé O,[MAyBe usanducti ve pol yneric

films having hol es (p-dope can be forned via’

[0080]v eCbhdutive polsimgamimmsﬁérhﬁlbyih@ eledfiond a8 eafibrsaisGiM-doped
e i il i b e Ha il G . U
Na ) REGnd [@s)ditilifie @@iHH Metals e.g., Ca, Sr, and Ba,,

D

[0031] The Csg secondary or tertiary alkyl substituted thieno[3,4-b]fhiophenes. such as
2-tert-butyl-thieno[3,4-blthiophene and derivatives can be copolymerized with other
polymerizable monomers capable of forming electrically conductive polymers. Such

~_monomers include benzo- and bisbenzothiophenes, thienothiophenes, thiophenes, .

dithienothiophenes, pyridyithiophenes, substituted thiophenes, substituted thieno[3,4-
blthiophenes, dithieno[3,4-b:3',4-dlthiophene, pyrroleé, bithiophenes, substituted
pyrroles, phenylene, substituted phenylenes, naphthalene, substituted naphthalenes,
biphenyl and terphenyl and their substituted versions, phenylene vinylene and
substituted phenylene vinylene. Other monomers are described in U.S. Pat. No.

g,
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organic acids, or amno acids, e.g., HF, HC, HNG3,
H2SO4, HCI 04, FSBH and Cl SBH, transition netal
conmpounds, e.g., Fed 3, Fe(QOCl)3, Fe(C M) 3,

Fe(4- CH3C8H4SMB) 3, T'i-Cl4, ZrCl4, H T4 , NoF5,

NbCl'5,7 TaCts, ME5, MC15, W5, WCO'S, UFsand
LnX3wherein Ln is a l|anthanoid and X is an anion,
4059,430Cland B8, Pat. Nol 4,910,680 add suSO42hombPs are GhdddporatdBby
rfze B12F122", PFe, AsF6 , SbF6, Fed 4, Fe(CN) 3', and
%ﬁf §" of various sul fonic aci ds, such as aryl-SO3 .

, wel L, 03, b d. 0030 ,

(8., A0 PractialG elio e AnaPolmia T s stcantiay, g tatiery akyl
suMﬂMtedghias?[Bm-bgﬁdhmmt es.rgmb% ﬁ_eei-tl@rtfjtju%ieﬁﬁ[ﬁ,nlﬂgthiopthelne and

nventi o n- an ich inc al kali .metal s
op VRS, FRive SR ARyl Whopl Siatfors Gvl el brepviene 1.5
g:ycgl, butaae 1|»'§4i{-glyadﬂdlg18tﬂetthyltﬁﬁréél{aﬁﬁél sngi&)l,@l?ct%ﬁﬂgﬁtﬁpylyn@barbonate

riiary a S j.tute i enol 3, 4- i ophenes, .
ab el aboBrridte At boling Hroench 550 Bs e dls HeTaRRS 1 improve
coeduciieity ofethe fiams freparpidioticse @ibpbi‘sﬁdhsptdtﬁér common additives for
téglgh%%nghcil ;@agb}gﬁr’r“%@o '\{er @S 'Nfﬂc agr%%ﬁ aomf %yr%{] %u&l s‘!e)rghrgbg ?}Lés)é include
agu_irtd(iﬁc_lamé) ﬂ’:f@thbi!i@@b, mctdm[tsf,laﬁa bbﬁmiwh 06 fillers E?@?Qfﬁﬁﬁculate

i thieno enes ri i 0 es, supsti ed .
oS NaL RBL ELR by tarodn BRSE Bng Pegks] Nopasheiige filers such
aﬁ :tetldl.‘q]!rﬁiﬁa,[\ﬁollﬁsibn&' %’ f?ﬁad%lhg,t'ﬂ@ﬂﬁﬁls. ;ﬂyrhéﬁtb%fﬁld the like can also be
. bi t hi ophenes, substituted .pyrraqles, enyl ene
NGO B TGOl S esiaroneriRt RuLAnoRiged mopbiug, surtace
harapbid) sLdaescolotar@eYike.and ter phenyl- and their
substituted versions, phenyl ene vinylene and

[008BT t Tha feidwinteandngiles aremrbeaed todliltiatd RiHRUE ePbdtiRnents and
descri bed i,n U. 3 and U.S. Pat.

cqigparnsops §ng pee aﬁamgﬁ%ﬁd %ﬁsﬁ%} é’eg??gbé ﬂfg‘HP Byenieny by

reference. [0032] In processing oligonmers and pol yners
of C secondary or tertiary alkyl substituted

t hi eno[ 3, 4- b] t hi ophenes, such as .

2-tent - butyl -t hi eno[ 3, 4- b] ﬁ?@@ﬁéne and 5 derivati ves,

j ti such e | ene C i et hyl ene gl ycol
R THF Sopplind 2 st RiaEiengtaitlriorhafe Riprdbeed e wo step
priveedhirbyrt thermanneddesgribedr bi t ol , gl ycerol, propyl ene
carbonate and ot her appropriate high boiling organics
can be added to di spersionsStep inprove conductivity
of the fil nBrgpaegtioned 3thromotd:(3:3 dithetiybat-0yvayl)-Bidbghene
comon additives for tailoring electrically

[0035)d uAti-iter pahg-bettsmed,thize-restkbd flask was emdppetivittng reflux

i ude .1 ntioxi,dapts, UV stabiljzers, . \
odrdfpder, &iehenta <Akl gt Hoiaatip’. it plafE o nirogen s iniet
Theeflaskondsathen charged with 60 g diethylamine (which had previously been dried
over powdered KOH and filtered), 86.76 g (0.40 mol.} 3,4-dibromothiophene, 500 mg (
0.7 mmol) of dichlorobis(triphenyiphosphine)palladium(li}, 200 mg ( 0.76 mmol)

~ triphenyiphosphine, 150 mg (1.37 mmol) of copper(l)iodide, and 25.0 g (0.304 mol.) 3,3-

dimethyl-1-butyne. The stirred mixture was heated to reflux for 7 hrs. The initial
temperature was ca. 65 °C. After 6.0 hrs, the temperature was ca. 70 °C.

[0036] The reaction mixture was cooled to room temperature, and the diethylamine
was removed by evaporation on a roto-evaporator. A 600 mL portion of mixed hexanes

-8-
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16

copper, silver, nickel, alum num carbon black and the
l'i ke. Non-conductive fillers such as talc, mca,

wol | astonite, silica, clay, T102, dyes, pignents and
the like can also be incorporated to pronote speC|f|c
properties such as increased nodul us, surface

har dness, surface color and the like. 15 [0033] The

whas laddad ttgtl’ﬁ)f&ﬁﬁhﬁ%@dt&:t pf @atitat] ato@gl\dnimﬁtt § ot &ctivated®asbon (Darco

180T e ACYEENER SUFR 1R die B NiStastfTeich 1 o dpsitoa gel

cdlomnc onpethestaie Q@Véntb?#ﬁs}é’emh/@@ ftb the @bluhb@ piaesvapbration on a roto-

eg%%g%ob @%y@?%%g%dmaamp ?eid%r S JI'he res:duthqu was
fractivhampdidtiled, tAroligh e 485/ém bﬂbucﬁnljéd‘:bﬁedtd&ﬂuﬁﬂh %@ked wuth Efass helices,

&&g [iter round-botto , three- neckeg
Bbuitn 83 ST B UreaRed - Soysaiotiahons (BBARE Q.48 mm Hg) and

38,07 rg&ra-br@ﬁﬁ) 4&1(3 Mrﬁ@tﬁg’lbtﬂ]t-qryr@tl)%ﬁbﬁéﬁé(b‘é‘ soqm/br%ﬁh Hg) were
flask was then charged wt

SEBiRch A Wes 3 ARVARORIES YAIa BReRrery Sedmeln dpuirher
powdered KOH and filtered), 96.76 g (0.40 nol.)
3, 4- di br onot hi ophene, 500 mgtg®e7 mmol ) of

di chl or obi s(t Prpapationi eSEALUBIARNOEM-BIKiSpher?00 My
P(éga?éimmml) tri phen)l;l phosphlu‘r?é 15 m?l 3e7 mml) of

| d
1oRRE AL o PG tarnod ireeretie iafknen ecdipRbchith 8 geglym port, s
vemm‘d \kéht.faDmaﬁnétfcﬁstlrr'éh €a thétrhobribtes Chrkﬁif? BRdgeh ga%ﬂetc The oven

o SlePties Bael 5 o eTRES i SO S g eher, anc 46 6

(Ol 1DBRR6RBWrémo g, s-larméihﬁibmchwqtﬁuomer mv 88olidY to ~74°Cina

evapor ation on a roto-evapor at or ort i on of
HORAPSRIETRES, BOrRL. GLA SIATHBEVL i hesaRA RS BHeRAGEra
oxrat —
mrna&%towana raémsg w%{d%r%iggegrﬁfsmg%p'r pg dﬁg; fbﬁ %ﬁﬁbd to ~10

°G overé&rhayrs, Iﬁ@llsl!@ld by cp@ﬂn@tcm-aq ®© agmhlchdmhwﬁﬁ4 g'r(ﬁe204 mol) of sulfur

B, S 48RS I, A1 04 e

25

30

wéacbdedm%wb Aftér A lor.at 76O °C?medjd>aten|ts ofthél fldsicwere transferred to
o LAR0A bl i s i o B LA A0 B,
re&n?mi&@ tige Qfarlwlly w&ﬁ?)ChcﬂpeéuQ bRésyRdrh tifPERBepidue vidfiF 2 minutes.
Af%r setting a't_pgom Pemperature for 16 h under nitrogen, the aqueous phase was
extracted 4 times, each time with a volume of ether. The combined ether phases were
dried over 50 g of magnesium sulfate, filtered and the ether removed by rotary _
evaporation in a 55 °C bath. The concentrate was cooled to 0 °C before being exposed
to air, and Kugelrohr distilled at 70 °C and 0.12 torr, and thereafter handled under
nitrogen. Distillate (27.0g) was 98.9% 2-fert-butyithieno[3,4-b]thiophene (71% yield).

~The Kugelrohr distilled product was recrystallized from heptane at—1610-20°C, — —

producing 23.1 g, purity 99.4%, of 2-ferf-butylthieno[3,4-blthiophene (61% yield).
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34.07 g of

3- br ono- 4- (3, 3-di net hyl - but - 1- ynyl ) - t hi ophene (bp:
60C/ 0.75 nm Hg) were isolated, which was a 46%

i sol ated yield based on 3, 3-dinethyl-1 -butyne. Step 2
10 Preparation of 2-tert-butylthieno[3, 4-b]thiophene
Preparation: ) [0037] A 1L round-bott oned,

t hree- necked fl ask was equ@@ﬁ-@w\gth a sept um port, a

val ved ven neti.c stirrer me and
tey i t 1 ogd G CPrparisoy pRsWeGR iidhald ”@@“@ﬂé aad
chgr ged a? ro'gm t erferutH- Q"WQW\“&%%'@P?GB di et hyl

A eRRo s ioRBert siepiavam e el teing anorel LIGQ g 50 makg

and el doidat ISDECVéf AD0-400ng/ a%;e teﬁemmﬁuen Sgla&]mlopﬁﬁ’ib oRfthe other
exane was e over

e et SarprsIBgY IRr o Ser bRy LENaLS & BiBiophenecdisplayed in

tomﬁ?,rt@am I2Ar D SEEGH IO /I%léhd &demed] L@Sb%%ﬁ@Om /K
f ol ovvedbby coollngto-mgI t which tinme 6.54 %g

(0.204 mol) of sulfur was rapidly added and the
tenperature rose to -5 C. After 1 h at -5 Cthe .

reaction 20 was cooled to Eﬁg)mgegAfter 1 hr at -60 C
the contents of the f]lask were transferred

separ at oﬁhef"ﬂ?fﬂ Eolvmeiization ghs-tast- '?W'ﬂ@'e“@@ﬁbkh'?@%et h
198381 o oy bE R A ownrer B g, Hehs BabiEnd iriiardle 0178

2megnlme§ werdHisebiveeintd Ml olh- m&m: hﬁm :@bw?@g &tguuarﬁwas fittered
r eous extract ed
trypiin Ol e 1oro S oo LRBS S ropaie e S Gt Rmon e
diesdlesd infsa:?e[%{ Wngarib'ﬁ afid thédretﬁulﬂﬁg Mummgasgﬁweé tH#8lugh a 0.45 pm
| ere a . renove

fifRY BRHESNJlons e SamBIngt ehorty hetars Aobrioalie ihatots slass
sdbstltﬁtel@ (pfcalealsei 26 oimmsado rpre fo?l1rno1|mt%hﬂﬂ Tﬂeg@ét o &fhon(lll) tris-p-

| STI r.r an erea er

lé't?"af‘?d@ 'adva?n(t:?g%@%ecwgq i Apeg notcoysiglize. \ffter sgating, the films
w@retdﬂeti-ebidtbdkbb I(mﬁ’firﬁ 140BC) I @edreetidn/flinfacs! Afér cooling down to

Ku et 024 gldlzt ﬁmﬁ%p\yg#édgpverm {ynegwnth;n-butqq% ang deionized
w@tb@fh)@xtmt #6h(fl) SaltsPormddyat Polyiérizefion. The thickness of the films was

égt S t%ﬁé}%—%éé] W%ﬁﬁ'ﬁ%’{& Io hen&g&ﬁ%ﬁ? gfltﬁela pe?sulti}lg films varied
béthreem o[18: 1 '*'3$fch1 HRNZB7*1@7&E/cm. The Vis-NIR spectrum displays the low -
baﬁ %?&Taggrtﬁy%]t% P%B%@ H@Mﬁb@ﬂ%&@ %S%[?&ﬁéﬂﬂhef'@kt i ng

an oral LD50 of 50 ng/kg

Example 4
Electrochemical Polymerization of 2-fert-butyl-thieno[3,4-b]thiophene

[0040] Films of poly(2-tert-butyl-thieno[3,4-blthiophene) were generated through CV

_ {cyclic voltammetry) growth. Films were grown in a standard three-clectrode cell

equipped with a Pt-flag (1cm?) counter electrode, a non-aqueous Ag/Ag* reference
electrode, and a Pt button working electrode. The electrolyte was 0.1M BuyNPF; in
MeCN. 2-tert-butylthieno[3,4-b]thiophene) was 0.01M: The experiment was carried out
under a blanket of nitrogen. In general, films were grown by cycling from the 1.2V to -
0.8V 10 times. The CV experiment was initiated from the open circuit potential.

-10 -
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e (0.858V - 1.18Y), pdy&:dac;d—ihlennﬁ&h]thinphenem_au_andpaly@:phahyl-

5 and a dermal LD50 of 200-400ny/ kg.

2-tert-butyl-thieno[3, 4-b]thiophene on the other hand
showed surprisingly lower toxicity.

2-tent-butyl -thieno[ 3, 4-b]thi ophene displayed in

toxicity testing an oral LD50 of >500ng/kg and a

dermal LD50 of >400ng/ kg. Exanple 3 10 Chem cal
meahmmae rappéredt fremtthd atiyént réspensé Michedsptim reyMwﬂlﬂervais ata

et b Bt ISR et 56 o) were”

dlssolved in 6 nL of n-butanol and the resulting

solution was filtered thr 45 pmfilter.
lron(111) tris-p-tol uenesul(gpj(gﬂﬁe (2.3 g, 3.387 mol)

“was dissol ved | n Evaftatioh PrefileibaPoEleatrddé be resul ting

sol ution was fil Petg2tdhbatyigthiehof3,4-b]tmopHenel i | ter .
Bot h sol uti ons were conbi ned shortly before
[0 - Filantsi af golytR: tarbimitgl-thiensfs, 4-B]tfb6ﬁﬂemb¢§er(dr¥ﬂed<aalde}écnbed under

SRl £ prFleuthod BYRY, Pl sttt B e e gerte o a resn

nMDawsé'ebtelme@te&aﬂumylﬁmg 0iteBuMNRR lin Me@N. ﬂUze $thedard three-
olechil oS e i R P Bt el g5 2 pAaueous Agiag:

referepee atentrede lradfa Piriaution working b%dtrﬁ@a/ es&red Wil po z-ﬁrt-butyl-

ol 05 Rnd PBA  Bohod 5ed beb e
nitrofem. ThesCV ghas atarteneat theopen difit potdpyialgcahhihg positive. The

PR ks st i V30 51 B v et HiecHioMO gl wes

detparuined frodi thp loayst df Iﬂm bxidatidnaot drogealteﬁmmylah@ﬁo[ei@b]thlophene) in

< ERSPARA S 1 b R S B0 SR i ot e

orset of thelmxidaktion bn@mﬂ Ghsét b thbireqUetioe of paN2Qbrtbutyivehieiol3,4-

AR ey )

growm h. _Filns weregrown_ina standard three-el ectrode

Exnslrimenda] iHQMEdangd BandGéap datadar ity (2+t@if-batylithieno[3, 4»-b}th|ophene)
el ectrode, a non-aqueous Ag/ Ag* reference 30 -
electrode, _and a Pt button worspadmehtactrode. The|
el ect r ol \HEMG@VY. 1 M BudNPF6 -i4091 MeCN. _
2-tert - hBandtGae@y)3, 4b] t hi ophem) was 0. 01 M Thq
experiment was carried out under a blanket of
nitrogen. In general, filnms were grown by cycling from

[oou:zlt 1TEB/teH€butyI @uBéfltl;h@d &mmmobrlt‘n@'le@\ér@tﬁﬁf b&ﬁﬁ\%até@&hgomers and
nitia circul

F‘ é’Pﬁ‘ShPfﬂagmag Famesredste hsin hdiredany deryl Red paerybanalogs.
Thermbmer 2-fori-B @i thienbl, £bMAbSheMe displayed significantly more favorable

v

toxicity properties compared to thieno[3,4-blthiophene. Poly(2-tert-butyl-thieno[3,4-

blthiophene)’s band gap (0.7 eV) is also lower compared to poly(thieno[3,4-blthiophene)

thieno[3,4¥b]thiophene) (0.85 V). Furthermore, the more positive HOMO level relative
to poly(thieno[3,4-blthiophene) is a beneficial parameter for some optoeiéctronic
applications. The monofner 2-tert-butyl-thienof3,4-bjthiophene is readily soluble in a
wide variety of solvents allowing for a wide variety of processing conditions as compared
to 2-phenyl-thieno[3,4-bthiophene is only sparingly soluble.

-11-



| ower redox potential upon repetitive scans. Exanple 5
5 Evaluation Profile on Pt El ectrode of
Poly(2-tert-butyl-th ieno[3,4-b]th iophene) [0041]
Films of poly(2-tert-butyl-thieno[3, 4-b]thiophene)
generated as descri bed under Exanple 4 were eval uated
by CV. The freshly grown filmwas transferred to a

[ohaﬁhn iR tﬁét%e%r%ré%‘f&be% ha&r 8 Qﬁéé‘gh&mﬁLMrF phenyl-

he st andard ree ectro

th@@et%éﬂhwhweaam quY(agernguwmemmb@hmhem)ra@cﬁéwowa in the
ﬁ%bl@&él?&)é%lf\gé? viddda S%ﬁ‘?er%ﬁfé}ﬁeﬁg &nd Bglgm"ér&f this invention.

but't on wor ki ng ectro covere
]iY('?hé ﬁ(t&ﬂt@rﬁtﬁgs tfbehmeg&ﬁ{eﬁ v@lfrpﬂe?é?'éﬁ’&l ‘1‘3'])%]1 cF‘L‘!Hr‘:émbodlments but

ut| i zed he experinment was carried out
otmrmmd'mntsmr% PRRATANt tpipersons vh skil incthe @d, aml arehigclygeghwithin the
&ﬁbégyﬂk(mgﬁgntlal scanni ng positive. The potenti al

w ndow was scanned fromO0.6V to -1.85V five tinmes. The

HOVO val ue was 15 determ ned fromthe onset of the

oxi dati on of poly(2-tent-butyl-thieno[3, 4-Db]thiophene)
“in a cyclic voltanmetry experinent. The band gap was

determ ned fromdifference of the onset of the

oxi dation and the onset of the reduction of

pol y(2-tent-butyl-thieno[3,4- b]thiophene) in a cyclic

vol tametry experinment. Experinental HOMO and Band Gap

data for poly(2-tent-butyl-thieno[3, 4-b]thiophene):

20 :::[:Experinmental - HOMO (eV) - 4.91 Band Gap (eV)

-0.70 [0042] The tert-butyl substituted

t hi enot hi ophenes and their conjugated oligonmers and

pol ymers show better properties conpared to their

hydr ogen, decyl and phenyl anal ogs. The nononer

2-tart-butyl-thieno[ 3, 4-b]thi ophene di spl ayed

significantly nore favorable 25 toxicity properties

conpared to thieno(3, 4-b]thiophene.

Pol y(2-tert-butyl-thieno[3,4- b]thiophene)'s band gap

(0.7 eV) is also |lower conpared to

pol y(thi eno[ 3, 4-b] t hi ophene) ---40,.85 eV -_ 1.1leV),

paly(2_decyl -thl eno[ 3, 4- h] t hi ophene i

2-aV), -and. pnly(2 phenyl-- -- --

t hi eno[ 3, 4- b] t hi ophene) (0.85 eV). Furthernore, the

nore positive HOMO | evel relative to

pol y(thi eno[ 3, 4-b] t hi ophene) is a beneficial paraneter

for sone optoel ectronic

-12 -



30 applications. The nononer
2-tert-butyl-thieno[ 3, 4-b]thiophene Is readily sol uble
ina wde variety of solvents allowng for a w de

vari ety of processing congﬁgﬁgs as conpared to

2- phenyl -t hi eno[ 3, 4- b]th| Is only sparingly

sol ubl e. -11 [0043%1‘§| is e ected that onedo mP of

t he benefilci alAhHPI§ P?'|Yé§’“g \RE PElmes cpmBHSA Of PO ymerized

t hi ek 3f theltohiboRRé RsiRestiMted by the formula:
poly(2-tert-butyl-thieno[3,4-Db]thiophene) as shown in
the exanples above will be provided by the other
nononers and polynmers of this inRention. [0044] The

i nvention has been described witlh reference to

particul ar enbodi ments, but 5 hér enbodi ments are
apparent to persons of skill in e art, and are

i ncluded within the scope of u% d’rrs 'S -12

CLAIMS 1. An electrically condutti ng pol ymer

conprised of polynerized units of the compound
represented by the fornul a: tA where R -
conpthese & eamprisgs ot At QF@rm@Fb%fe%&qe&d 'R &g 911QUP GPBRIRHING of
Con%&ﬂrbﬂﬂ’ et bu Z}ﬁ%’r’t BBy, 1sbB€ﬁtbeldﬁd/ b-etﬁyﬂféxypﬂné ¥h integer, Y is

i Sopi\%zczmor 656, angl ) Zéﬁge Izéegg'@epmﬁg%ﬂ&@m’f‘w F, Cl

sel egtgd fromH F, G or CN 2. The polymer of Caim
1 wherein nis an integer from2 to 50,000 units. 3.

The polyner of daim1l wherein Yis -CH=CR'- and R' is
H 4. The polyner of daiml wherein Yis -CC. 5 A

t hi enot hi ophene conposition conprisingg R X SY
2. The polymer of Claim 1 wherein n is an integer from 2 to

50,000 units.
3. The polymer of Claim 1 wherein Y is —CH=CR"-and R”is H.

4, The polymer of Claim 1 wherein Y is —C=C-.

5. A thienothiophene composition comprising:

R
SN

/
X S\Y

where R comprises at least one member selected from the group consisting of
isopropyl, tert-butyl, terf-pentyl, isopentyl, and 2-ethylhexyl, Y comprises at
least one of -CZ'=CZ?- or -C=C-, and Z' and Z? are independently selected
from H, F, Cl or CN, X comprises at least one member selected from the group

13



A where R conprises at |east one nmenber selected from
the group consisting of isopropyl, tent butyl,
tert-pentyl, isopentyl, and 2-ethyl hexyl, Y conprises

at |east one of -CZ =CZ2- or -C=C-, and Z' and Z2 are

i ndependently selected fromH F, O or CN X

conprises at_ | east one nenber sel ect ed fromthe Rp

13 <8RsiFtig AGHoMalqgen AtegenMafhMoBndigl, Sl ( is Ci
Sn( RikyBok WE!LalkYl) bSrdnic_&id, aﬁdfdrhc @éter Q§Q$Cﬂﬁ¢)(bvhere R’ |s H or

bor oni'c aci d bor oni c_ester, - S R' is
CL. &1alal)) -OCacalkYla&QGPC1e ébﬂClS@% k’yTCO whpe F B3 H or
- CORY,, dlRghyeIc=C¥, arkiSoymetzablE ardmaiderbips. - C=CH, and

pol ymer i zabl e aromatic groups. 6. The th| enot hi ophene
conposition of Caim5 wherein X conprises at | east

one nenber sel ected fromthe group consi sting of

Sn(R)3 (where R is al kyl or -QOCl.6 al ky

_CHECHR' G(Merﬂwewthaegouhmhem gPrapasjtion, of @@J’% %| whgrein X

- Caagﬁlp@isé’é Ky ieasr §necﬁqgmber s%ed fn(oYﬁ‘ﬁfeegBup doﬁsnkhng%f Sn(R")a

C .6 and merizabl e aromatic
o oUNBSTOR 9.6 e FBHA 61Ok PRI SHE. DUIGTREY 1 H or Cra alkyD,
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where R comprises C,.3 secondary or tertiary alkyl, n is an integer, Y comprises

at least one member selected from the group consisting of -CZ'=CZ?* or —=C-,
and Z' and Z? are independently selected from H, F, Cl or CN-.
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