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SUMMARY
Provided herein are developments in plastic electronics including, for example,
photovoltaic devices where components are made of organic and/or plastic materials
including inherently conductive polymers, other polymers, and small organic molecules. In
particular, use of regio-regular, or well-defined, inherently conducting polymers, more
specifically, regio-regular poly(3-substitutedthiophenes) in photovoltaic organic electronic

devices are provided. For example, described herein is the use of regioregular poly(3-
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the p-type component comprising:

a first electrode,

a second electrode,

an active layer disposed between the first and second electrodes, wherein the active
layer comprises at least one p-type component and at least one n-type component, wherein
the p-type component consists essentially of at least one polymer consisting essentially of a
regio-regular poly(3-substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or
alkyl/aryl moiety with a heteroatom substitution in either the o- or B-position of the 3-
substituent, wherein the heteroatom is an O or S atom, and wherein the polymer is a

homopolymer or a copolymer.
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poly(3-substituted thiophene) with a hetero
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Also provided are methods of making photovoltaic devices and methods of using
photovoltaic devices.

One of the basic and novel features is that the p-type material has metallic impurities
at a level sufficiently low to allow for photovoltaic applications. In addition, the use of the

heteroatom provides tunability to the photovoltaic device.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates regio-regular poly(3-substituted thiophene) with a, and [ positions of the
3-substituent indicated
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DETAILED DESCRIPTION

Priority US Provisional application serial no. 60/612,641, filed September 24, 2005,
to Williams et al, is hereby incorporated by reference in its entirety including claims and
figures.

Provisional application serial no. 60/661,934 filed March 16, 2005 (“Copolymers of
Soluble Poly(thiophenes) with Improved Electronic Performance”) is also incorporated by
reference herein in its entirety.

Copending application, serial number filed September 26, 2005 to Williams

et al. (“Heteroatomic Regioregular Poly(3-substitutedthiophenes) in electroluminescent
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waste products or a dependence on petroleum-or coal-based energy. This “clean” and
renewable energy can be used to charge batteries or operate electronic devices. It offers
advantages to any electrical application which is electrically driven by an electrical
distribution grid, either as a replacement for a battery or as means to restore the charge on a
battery which is then used to power a device. Finally, it can be used to supplement power
supply on the electrical distribution grid or to replace power supply from the electrical
distribution grid.
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sensitized solar cells achieve 5-10% efficiency and polymer based solar cells in general

currently achieve 4-6% efficiency.
A metric for economic efficiency of solar cells can be $/Watt, given by the cost per
unit area divided by the watt output per unit area. Current materials are too costly to result in

ubiquitous use of photovoltaic cells in our society, typically $4-6/Watt in an installed system
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As known in the art, the absorbance characteristics of poly(thiophene) reflect the w-m*
transition of the conjugated band structure. It is this absorption that generates the exciton that

eventually leads to power output in a suitably designed photovoltaic. The extent of this



positions of the nononmer. The degree of other nodes of
coupling of these thiophene noieties depends on the

woredokosh766rpl oyed and can afford pol ynmers and/ oPCT/US2005/034043
ol i goners of varying regioregularity As knomn in the

con b L RE LGRS SR 5 614 ey B A BRI o

the s31ifl Y@t r RlthduighitBe %ﬂéke‘ix’c ﬁ{%ﬁ!ﬁdﬂ is @Bt hilabd B?ﬂi%bﬂl &fis b9 be because
exciton that eventual y | eads to power out put in a

conjegatioaiom degiteming lﬁ)ﬂﬂﬁendﬂmlt tiporcT -athidalawedap. Hfa particular r1ng is

twisif b QAP O ancthoioh A B A P oryaen B prubhir s Los.

Somg iithér m/i‘éﬂﬂgqy bt dé@ﬁm@ﬁtﬁﬁs@ﬁﬂe th&4&HEd SMoviedlap BEt\A}ebﬁf'ﬂ{l&ﬁlene rings
by theory hi s g% because conjugati on from

Varlﬁslaﬁélqwsmeﬁéﬂilﬁsdlh ket betygesm tbemor bital overl ap | f

ul. rin tw sted out l.anarit
o B SH iRt ArD Bermla b BB A /b2 Semiconductor
in a pidtondltaiceis ialoldepéndadOiponthd@brpholdilyl oTghd Sol@kr in the solid state.
detrinental since the degree of overlap between

Elecirppig preneetiasiaiydengadens ypors theelectiss] ?@Déﬁtl‘tlh’eandi in@&pbain charge

trans%pﬂlbgt\%%hgﬁg{f%%‘l%ggﬁ}ny ﬁféath@l mof ngefrggtrgﬁs&aoﬂ%g E%g)ogfmer

a conj r-as’ a con
chaipbobatwedrt adjacens claliso Tiappor aMglapmmmBQmmraqhma@ b¥ckbbne
the polyner in the solid state. Electronic properties

confapmgatin R de e depenentroldhe charpe eAERHMEIY OR the ameynt of double-
Lr { I
bond Qe BB it AERRL R e R MR L i
eithet hatacking dfplanes pobydjcacegrient alled © -Siacliisn o bn &itém@laﬁl hopping
chain requires a plapar backbone conformati on due to

mechangsny EhWhigh SR oF RleciEontcgR el 91 hgPniiteRsh Pace preother matrix
to arBfIRY Bhaif the Mt@&mﬁ@ HeHrk Fhat REL &St NE rings. This

conduct i on nechani snT between chains requires either a

st Ehkref@ge,qfroqmlsms dlnat cpniyveordemgmeiviolymed dhathspin the solid state can
ackin or. an |nt$r chai n ha bw%gnechanlsn1|n

help i rgh O Bl IS HO B og i O Eeth 25 gcompgpent of a photovoltaic
devidd) 'TPHAMOSRARE tBE alohRhcdBakd erlsBe AR IBAING K irBaibR galaf s

in proximty to the one that it is |eaving. Therefore,
poly{hiaphesssasfledtdhe marsashdi nrstackiviewhivh coturpdh thesplid btatens i n

the solid state can Ipto i nprove,the performnmance, of
t h&he smpPuyaf &y ﬁﬂég chpggedenstih Bhibis m-system also determines the

ener%)ﬂ&t Y 95' ﬁ’a{r sﬁjt?c}ﬁ 1?)? %1 ﬁé)llri_] u#a&?ci;ﬁoq%ext hﬁtph%%%oﬁg 2 %Eff gppchcatlons this

racterls I CS regi-oregu

absofffioyitdeicppiiRg @t dbireaid fnbsity 6f R S6Hr spo%traﬁlkthﬁgnmmtlhzed by
occurs in the solid state. The anmount of p-overlap and

the defige-gEonreqyently, the nagire obthe sty persemisendustas sppely impests the
or a conjugated
efﬁc{%ﬂ% IS’&F %ﬁ&f ovo% ?gﬂﬂé{’%{ea? ce]:%llppl ications, this
absor ption det erm nes the anmount and intensity of the

rumthat may be utilized by the device.
POL%&@%&’E@%% the nature of the p-type sem conductor
St TQ REk 1\}6 tﬁs(iotnﬁ%at%ﬁfp'oﬁiln‘?é?‘éy a PN pP S Qb MRS £8 thishe

phot ovol t ai
application, it should be prepared by a method that allows the removal of organic and ionic

impurities from the polymeric matrix. The presence of impurities, notably metal ions, in this
material may have serious deleterious effects on the performance of resulting photovoltaic
cells. These effects include charge localization or trapping, quenching of generated excitons,

reduction of charge mobility, interfacial morphology effects such as phase separation, and
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polymer. The combination of these effects impairs the performance of photovoltaic cells

made from these regio-randomly coupled poly(3-substitutedthiophenes).
US Patent No. 4,711,742 to Jen et al. describes polythiophene polymers.

REGIO-REGULAR POLYMERS
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conductive properties when compared to regio-random polymers. Therefore, we recognize a

morphological benefit to these materials.
As is the case with the use poly(thiophene) as a p-type semiconductor in a

photovoltaic device, the presence of impurities, notably metal ions, in this regioregular
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B o
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In addition, electrically conductive polymers are described in The Encyclopedia of
Polymer Science and Engineering, Wiley, 1990, pages 298-300, including polyacetylene,
poly(p-phenylene), poly(p-phenylene sulfide), polypyrrole, and polythiophene, which is
hereby incorporated by reference in its entirety. This reference also describes blending and

copolymerization of polymers, including block copolymer formation.
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As is the case with the use of poly(thiophene) as a p-type semiconductor in a

photovoltaic device, the presence of impurities, notably metal ions, in this material may have
serious deleterious effects on the performance of resulting photovoltaic cells. These effects

include charge localization or trapping, quenching of the exciton, reduction of charge
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sol ar radi ati on possessing greater em ssion. This
red-shifts the absorption of the polyner toward the

woreoosioseTs@hot on flux of the solar radi ati on sSpRCT/US2005/034043
Therefore, when incorporated into photovoltaic

oLy G B LM B RGO FUMEE SRART oG, 47 pblggag or reduction
of tHehR1ynRdr ol thn¥ @bndudtive sRleSIHiAH isindt AHaBle fOf fRdbFoltaic
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applicapys, Therrearp syerd-mathgrdsriv| whicle rapusit{ePmmgy, beaanoved from a

confighied RpR. 405 YRR B LLACER R IR REGHRAR: dRbogymer in

comirdnorgaRYEind pdlirelvenss ame eolabily bEthestaratefals GRRMINARE tifeir
As is the case with the use of poly(thi ophene) as a
purificatipp sudeibptibay can by mpde witghlstion ek application asp-tynse
f i -1 otably netal ions, in this
Smnﬁ%%%%ﬂggﬁﬁﬁybgggg&éggﬁgﬁg del eterious effects on the )
pe Thegermatetal® tart besmbdd agoliyoates vhdihwsuch ael(3-alkodithiphene),, (3-

ef fects include rge localization or trapping, .
aryloySHerheng) o Pt ?%%ﬁg%a%@ew%w@a@fg ¢ ibYhish ndip gwgw%w of yapeat units
with! %204 -8 o X gﬂ%%%g Yo ShicBGE =S 15450 2R hiMRABS But for Ithese materials n

separ ati on, tiron or reduction the pol yner
most typmaly hasd yaleooithbout $@tostbatie? hivkdn issd aot pstyipe sdmhieonductor in a
h foHﬁghgtovoltaic applications. There are severa
Phot¥OFAHLSESP: whi ch i npurities may be renoved from a

conj ugat ed pol yner. Mst of these are facilitated by

the ability to dissolve the polyner in common organic

BETanBOSETIAN O3 X eENSUBHEIIOIION 1 ity of these materials

fagilitates thei,r purificati.on such that they. can be
rmdseloirBh s ROIF Pt Red ik AR b [ e SROVRS1
. . aSTp
subsBAFhEARE U bRYSenl A6m BH eePLAbdiBb1LofABY B GEBstitddR B85 also been prepared
mat eri al s can be nmade as ol i gomer chains such as

by tieaMaClalbouphi{nisktlemessrroupling off 3brswya- hrinegginesiehromo-balkoxythiophene)

- | /aryl oxyt hi oph 2nin ich.n i.s t nunber .
and GRIBL LB e PR SO s R o, Bl M picct
crosWob§dNing réackidnPabthadsl $PegiiRrexalples bOthid flascoMmpdtendldlnelude

nost typically has a value of about 50 to about 200

polyhaubstibuadtiziephengs)withe2 Sedioxebasil @nd 2.5 fririoxsnomd vubstisyeats. In

T T R p——

an oRYdevlatordliythe papéhitedik YiHednyduns o piot iégilas2 3Ndo@lingX Yt ehese
atomin the b-position of the 3-substituent has al so
matesisdsraprespredd3 by t he McCul | ough (ni ckel cross-coupling

Of R AR5 RANSRL ARG Rl WM AAPHST Bha GG M

subséitenti JnH @B xPoel A6 ih Hegppevigord 6ff theBadbiMtucht AbwkBdtrate the same
cross-coupling reaction) nethods. Specific exanples of

enhangedparfamenest asrpther regipgegular nodp 3-substituted) thiophenes with alkyl, aryl,

ot BESYT SR LSRR Rt o SRR i gntn
coeffcizth hightaldotiohicrBybilinimprovel futidestfia momplailbss, ahd8itreased

solul(a)i)l(ist/}% %rllt 'ihgy ggfgri éolrr?enotﬁlgr benefits as well. The effect of the oxygen substitution is
to decrease the size of the band gap associated with the - © * transition for the material. It
also modestly red-shifts the lambda max of the material, allowing for specific high-energy
absorption of solar radiation. Furthermore, the heteroatom functionality increases the

solubility of this material in polar organic solvents like tetrahydrofuran, dimethylformamide
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an oxygen atomin the b-position. The anount of

regio-regular 2,5 '-couplings for these materials can
we@emsh796% Regi o-regul ar PCT/US2005/034043

pol y(3-substitutedthi ophenes) with alkyl, aryl, and

al kyl /aryl substituents and an_oxygen ataom.n t he

(DMIB), porethoioh2-oronenel asetatrf®M4A); @pd chifrioar. itieh epfenessie
PS5 A A8 e 0 L o of s e
preseﬁbd‘&ﬂdtﬁér}devi&bbbmp&wsj to processability, defect-free
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its as The ef f ect t he ox
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inclugg,eharged chlzta“%‘il SLTIRRRSS ﬂwl%@ @Jﬁfl? ?’%?@ﬂ@ defluction.of sharee
mob1ﬁ , {lter A ?ﬁdrﬁﬁolog”s‘ B Gich @ pBade Gépdratiohi, Skt @4t or reduction
dorption of solar radiation. Furthernore, the

of thehmlgmamm frulyotondwetivietsiate whichds aet suiteble Srubitoveljaigs

oo B BAE TSP b BR o) U fmoved o

conjugafBRtgd®ier? MGD BRfhRbe 286 eaoalﬁtateaw%e N t6 dise6let diepolymer in
V%(Z‘Ill ch enhances t he processing options for

commen erganic and gokar pelignts. hEh%@l‘&ﬂlW\@ thgsg éltﬂtﬂt'cﬁtl%ﬁc%lﬁat%ﬂigu
purifj @5 sl el T R PR Pl iIE R it G EATRONGRE e A5

sem1&nid)ﬂ@©r§i©ﬁ¥yﬁ&6@kﬂtﬁi@devﬂd@sa phot ovol tai ¢ device, the
resence of inpurities, notably petal_ions, in

rraThﬁ’SE aaterials abe made;as @élgal@m‘e@@mstf%h &% &3&P§a%¥§]¥hﬁ%l’hene)n, (3-

e [ sul t a
p-oBrpU BT raa - Bron O PR IR B RIS iy fiEh i trbdeifber of repeat
umts%ﬁpé DA108 0P2- lb@ﬁd ex&d ﬁ&ﬁmefsﬁﬁl s dho=afl - 350k Bégher, but for these
lity, interfacial hol ogy effects such as phase

mategebarlaost@}'lﬁlcaéhdla@ﬁwéhle|0cf Ot SPégale}t@ﬂOof t he pol yner

into a truly conductive state which is not suitable

for photovoltaic applications. There are several
HETEFRICWISMIN WhiPEIA POBUFTION es may be renoved from a

{ ﬁﬁieégﬁéfxﬁgrpn%éy<aTs§§mN£f23ﬂﬁep%gﬁéﬁ@ﬁ{ A st ARG
subsﬁglgﬁlqo (i # élét% LI S thIFfP ?ﬂtuﬂpéﬂ the ¥- sﬁ{)sﬁftﬁb‘?ﬁ ﬁamgcﬁf)éegléﬁepared by

W' pur Ion such at they can

the NMBOE1cHeh (Fbk& cfRE-cbfisting GFRPbrofat §-BlagASsidbrintpS-o-
sem conductors for photovoltaic devices. These

hetervatkgtthmpbereh andhEREAIErignanl mefathesis ofiaLidsdibipmo-2t-

b- | kyl 1 h h 3- b- h
R T Dy T N
in th® %{}.ﬂﬂﬁéoﬁﬁoﬁ ERER, f&@xﬁﬁ&gl@ Bgycg%n\éﬁh welfaf Spedific @Rsnples 8bthis class

rs in whiéh n = gher, but for these
of mamm}sumlederpcﬂrp@tsub;tnu@d nhlyPMS)awlﬂalﬁﬂ@ahﬂptsd tselstitgmt.t B some

insta%ggsu %he%-gubsttlt%:clc;%t ma;f- %]c\)/lntlalj}ll a l'eﬁ?e'_1!'8‘21'[5))1(11B add1t1cg}|1 to a hetero atom in the o~

position. The amount of regio-regular 2,5’-couplings for these materials exceeds 95%.
Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and a hetero atom in the a-position of the 3-substituent demonstrate the same
enhanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,
and alkyl/aryl with regard to processability, defect-free electronic structure, high extinction
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el ectronic structure, "hi'gh extinctioncoefficient, high
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sero PSRt R R R BEy A Fhese e
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appligkss P Thye a@@ﬁd@ral aiettodgan Mdu@hﬂtplmmbﬂ Ay bd eatn«):\e’sl from a

conjughieRYIB IS OF e, 0SBt i thE i 0 S aHE ahe polymmer in
co Wﬂﬁ elndlli)%la!r gbik ety dred wlﬁ'lﬂh?)d(%ﬂméslaﬂaftéﬁd'f@fﬂcﬂﬁates their

oxy- - propano ate

puriftdation efcbrthat thdyi cin lemhatecaiablh forgheic emzhca@ommp tiws for
this materi al d.all ows the selective dissolution of

Seml?‘?ﬂdé‘qo&i/fgf ﬁ?f‘of’?r:l?l‘i)f@’é‘l?ﬁce of other device conponents.

”tl"hésetrﬁh‘%er?aqsc‘ Vel faden§ oligmef clRPsysubh h@@h&ﬂﬁfer@a?tkﬂﬂuophene)n,

ype sem conductor in a photovoltaic device, th
(3- o@h@feﬁm@ﬁﬂﬁépheﬁ@)}lt ot (3e ec-hem:ﬁbaihylyfaryhhmphene)}sln wihich usthe number
mat eri al may have serious del eteri I §g6 @g p
ofrep@qtmtwﬁb@ V@iuercégumrr?@ PORBRSY 81 ioh nce 1-450 gpigher, but for
these uen? %I% ' rﬁ&lf Lﬂﬂﬁ%acf ad% VLlRl%%lf‘gB&“tISQQO ot Q@@p' ng,

Xcrton uction of charge
nnblllty, i nterfacial norphol ogy effects such as phase

se aration n XI on or reduction of the polyner
§O§4ﬂ$§&gghggggﬁtt?state which is not suitable
Rh gig%g&lgll V\% &(% ﬁgm’ch&aﬂﬁdi‘ﬂénesj—%ﬂh%ﬂéﬂ Car§EYRd Akyl/aryl
1C |rrpur|t| es may be rerpved from a

substitughts@at adletwd» yionx in thdB4position bEthe Jasubstitucitilias alse dednyprepared by
the ability to dissolve the poly

the McCullough (nickel cross-coupling of 2-bromo- gnimagnesmbromo)ﬁ-(ﬁ-
heteroalkylthiophene)) and GRIM (Grignard metathesis of a 2,5-dibromo-3-(-(B-
heteroalkylthiophene) followed by a nickel cross-coupling reaction) methods. Specific

examples of this class of materials include poly(3-substitutedthiophenes) with 2-thiaoctyl
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common organi ¢ and pol ar solvents. The solubility of
these materials facilitates their purification such

WO b@b/08416¢/ can be nmade suitable for their appl PCHUBZING/034043
as p-type sem conductors for photovol taic devices.
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procminjg(t&s sndveridl ind eldews mptecoppeitumitichtoadelegtivelmdiskolvatids layer in the
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FgﬁgﬁSu%SP??ﬁted) ?ﬁ?%9ﬁmhgslb?th 4 yl, é??ﬁ?°3ﬁ?a
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serch SRR BT B Ser Dy e 8B FRELE LAM These et
inclUdRCRAGE Ret¥lizAE dr RGpFiag Qﬁleﬁéﬂﬂ%.%bf th ¥xcitol rddaesorodff darge
some ot her benefits as wel e effect of the

mobHisy.éntetfacinh mg@bplogmef@ﬁs sechtas phass Feparetien, lsas exigiaﬁon or reduction

ass C|at nsi hat
or e pBGHAITE afhby saflfetie Hase pRAANERH AR MTlly"
applithtiéns. TheALdre béx&éral @Lieﬂlichﬁ blpaﬂﬂclgﬁﬁp@ftfee ﬁﬁiydie\temseed from a
opportunities for the generatiaon

fi
e e oL LS oAty B G At v
com@%ﬁtoggaﬁ%[q%. potla{}esf)ﬂféﬁ &/ 8L 9T P}%f tﬁ@s%l thét¥érid1D IcARRES their

S naterla in polar organic
purifcitiva Biich ﬂhaikthey edrr ehpadeoduitnble famttieic hpplicafion ay pdypec h
enh nces th f.or processing this material and
Semigpi 8%&8#?& PYf®s to selectively dissolve this
ThedeB¥tErid1d %@&Wﬂgﬁésﬁm@ﬁfﬂ Oy sk uSI? 4t o8 gggeg@ﬁﬁﬁgopheﬁe)m 3-B
hetefbaiWheophene ) o8B -betelonlkgl/arylthiophene) , in which n is the number of repeat

units with a value of 2-10 or as polymers in which n = 11-350 or higher, but for these

materials n most typically has a value of about 50 to about 200.
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phot ovol tai ¢ device, the presence of inpurities,

notably nmetal ions, in this material nmay have serious
walelensirsous ef fects on the performance of resBCT/USLP05/034043

photovoltaic cells. These effects include charge
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or Ayl b= ol BiSRE s SR RS Bhe Ot Re LOBher Gy il GrrgmR
wheted R H1E 2518600CY 8y, FCOP, 1Gwhalladdthe, almhesoammhabirﬁuators
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go Iy éb(ﬁhﬁcbtb atcopollyedt barolpd) écﬁrﬁe)camp}e\j\hl raﬂdoh]khﬁl v/vell d?ﬁned copolymer a
reglwfaﬂlagﬁqglt:y%g@ﬁt%ﬁf&mqmn@ in PG e, rérsu{m%ufsgtr% an afkys a1, or

alkypmg,gﬁfo§e&5g%ﬁf tol;@ & sﬁsyt?taabﬁ e Ot BN geﬁso%ﬁfmm&

pOSI tuent or as

subsfitfeA P& A/iddro Qfon@ il EieHeP tHe@PWrB-position of the 3-substituent or as a
pol y(3-substitutedthi ophene) in which the

copcsymgmfta regicensgulaspelri(Gasubytitutedihjophene) iambyel @ﬁﬁrsuhﬁﬂtétew is an

s} s A o T S B s RS P o Rrpositon of
the ﬁkﬁﬂ%ﬁfuehtr@ ahet&tb aﬁ)"nP Ek%bﬁ b mmﬂﬂh@g%pﬁ%%hbitﬁ@tﬁﬁn Wc"oﬁlplete

| ocks conposed of polyners buil rom nononers such
valeaeB 1CHiECents)wh eitleerAbe - anf-pesition off the Grsubstinenti wighia dlogk

gezlgc’g' s océ%g%u%% 1onathz¥<i ﬁo%hgr)l(el e:rlv’a’uveoslj{)1!J & gree%io-regular poly(3-

substituted thiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with

an oxygen substitution in either the a- or f-position of the 3-substituent or a hetero atom in
either the o~ or B-position of the 3-substituent or as a copolymer of a regio-regular poly(3-

substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
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where R=H, alkyl, d, ,Br, F, OH Ilactam | actone,

si |l oxanes, ATRP macroinitiators. Copolyneric systens
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including for all of its copolynmer_types. In dition,.
oxygep wibpiiuiismin ither the o-fa5 B-RISHIM cgfzc[l?ea3 -ls%/tﬁsggwp'b?r e?lqetero afoth in
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. peither the a-,or b- i: ] f b @
thlopger{.?g brbwb’r?'g Itﬁeoj?-s bs?‘gig%«?rgt_lgr iérg %l}(glf byl Sr NSRS HdHEP Wi anPkygen
substRMioH BresubSthb bube gigvsiphefte 3-substitvefit driachetero atom in either the -

3-substitutent is an alkyl, aryl, or alkyl/aryl noiety
or B-pasitioract the §-gebstidudns of as e tapelynrersif eregiowegilar-pob(3-

oI o SR S L R it
oxygglféltﬁﬁféﬁgipg Srgéi’ﬂﬁ:mt &orl ngéadgﬁcg}%f th&8-sabstidlien 0P Bétbicom in

stituent w't ock conprised of one or
eithefhe &-for Befdsiival of 2ied3 -sibstipleenwith bidckaof vaslomoor veell-defined

regi o-regul ar pol y(3-. supstityted thi ophene). .in ich
polymerecompyispd of nst Q%rmone@%loaﬁwa,o?lgi’@wpgg?esé’%ﬁl} 755\\@1 random or
i ety With an oxygen substitution in either the a- or
“mugg%%gition of the 3-substituent or a hetero atomin )
ei Alphotoeleetriz-device bapbe & sétaf nuteridhethat eftastively werform ihegfynction

.a copolynmer of a.regqio-regul ar, pol y(3-
ot i SR e R RN R B BR b or s g lecodes
such%é@ie@ﬁcal Wk in fe i BF C@teth BRI REdks WipbtendAIoNNgR Ban be used to
substitution in either the a- or b-position of the
powes-os sharge bwelattrioal devivet ero atomin either the a- or
b-position of the 3-substituent as a copolynmer wth
random or wel | -defined copol yner conprised of one or
ACTIVEG. AYERPhene units. In addition, a copolynmer can be,
for exanple, a regio-regul ar poly(3-substituted .
t hAopRéveelpyersanhinia eqrabigatiorefin-wid ariyps semjfondugiprs and can exist
. _arwvl lecpl Kyl j i U ' i
ina fpltsr of it o, A Yortchiby B0, BEVGRTIZ BT hUQ MRt
adjacent)@h@&epaditoMmytrs ofipt bed n-ttyye rmatedals;iipo singleanixed laykeeof p- and n-

o oA ST B SRS 2k LR AL B, o
comé)’wlh WSt LS Sle 6%@?@{&%&&@&3@%&%& in@d Kﬁiséﬁféé&irtrdéﬂirﬁtlﬁﬁt or

an oxygen substitution in-either the a- )
array-op 0w at domtbimftioh e whichudistdr bothateriala atedicand tag oan-agtive
either the a- or h-position of t?e 3- ?stituent W th
OrgapiZuRdRatyK SPCRFFHR ﬂ%ﬁkﬁ’ﬁ sugraqlesy aﬁgfaﬁﬂi " conprised of
ONE) Gife dHRBRLHEMCTHE PO ahd F2FheNehiindhabnRarsialshireBorided to each
al so random or wel I defined. A photoelectric device

other dFhdleondingatan bk ionie or pevatent hendieg.f eqrrlipate,bosdingsambe peed. For

function of .light absorpt , eal I L
e Pl B RRBE E DEpBhP b v
elec@b k¢ %&@ﬁ? whikH cahhedct elitchach 6tkr pdomn aicovdlée linkage. dfovalent
current flow across a potential which can be used.to .
bonding methods are known in the art including, for example, reactions of amines with
aldehydes, carboxylic acids, or esters.
The active layer can be manufactured by known methods including, for example, spin

casting, drop casting, vapor deposition or sputtering, crystalline growth, patterned etching,
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power or charge an electrical device. ACTIVE LAYER An
active |ayer can have a conbination of p- and n-type
W@ esmeodsTdact ors and can exi st in a nunber of dPET/ERMNE/034043
enbodi nents. It can conprise, for exanple: (i) two
_ distinct, adjacent, and separate | ayers of 2k ?nd
dip comtingper byarréntingitechniques suehgs id-isttiney BH-selipg, tsies progegees, or by
erials; (iii) a mxed but phase-separated
Sp“”ﬁ?%ﬁ?ﬂﬁgg - and n-type materials; (iv) a conbination
in which one or both materials are organized into a
di screte structural unit or array; or (v) a
SIXE:MWDMNWSi n whi ch one or both materials are bound
L0y ?ir{{% fﬂ'le\ﬁ‘:t‘ of’{ éﬂtﬂ)ﬁ %ﬁb%v&%@d&ﬁc@vﬂ&l&%ﬁﬁé a@lve layer
suprano ecu ar sca e enbodi ment, the p-
isa cﬁmbiaaﬁom efra pemhmmena]rm)nmrlsmgsa IRE®- nsguidemlya @é}ghtuted

BT 1 T T AT
substﬁﬁ{l&{ fnae{lthg%e aye B}ﬁ@%ﬁbh%@ﬂﬁ' 3-bhsBhRHPoraibtdrb 8t Bféither the o-

erital can have ectrophilic group which can

or B-p&Edn M thd 38abhitednbes welb af copolgneas V)ﬁthesﬁ mlatenkhgmd an n-type
Coval ent bondi ng net hods_ are known %n art
matetigleschlpside feléﬁwegaﬁ%ﬂprene bassd maderaly uﬂhﬁl%%@% mfthagofullerene

comq%rﬁg DYE&Sa Cﬁrﬂ@% etdd dﬁ'@ na%'bgﬁﬁt:ﬁﬁ Sucl BETRSS 748, etc.), coated

rcan e manu ure met hods i nc udln
metaf @tldexﬁmpbﬂl.cles [isueh@a i @n();i e, calbcbn n@otubap,dEdSe materlals and

depgsition or sputterin st I|n romﬁ
othersanilain EMCHeRRE el pratstialian a-dhoef) iligPh A peiipantum. Figure 7

@ﬁ {E}hbbcﬁhfehﬂg, off settlng, transfer
pnwﬁ@%%@&@%@ém%ﬁHQ§ s%ray applications. SIX EVMBODI MENTS A

f i Astcandizndiodinent of thihinyentinnds aingotlified phosonslisicalevige ¢hat

1ncorgg¥a;t,%gmﬁgpféea;c‘gyet ggﬁtﬁ rvYLhéc\ﬁh@'e g&}‘l@tﬂa ons %ngrl 2 %{a'te(%{al &f)mgrlsed ofa
reglop&gl)(ﬁ?’{)@l?@i.tzdﬂsﬁﬁl%illtﬁﬂ%&ﬁgﬁiﬁﬁ))hlbmthw _astitient is an alkyl, aryl, or

utent is an alkyl, aryl, or alkyl/aryl noiety
alkylvurylrmamt}owy@ en osxgmtsubsiltlutmn ineithenthe p- phB-pasitign of the 3-
position of th

subs’réqupwé}r atheterg atogy {ssBc Q_i’t W H%Sf)rtoﬁrga% sﬁﬁs&@t qnatg ?)}ng[ete valence

requff@hentéﬁfx %ﬁﬁélj t)ié“é‘cr §r Q-fpo§1t18§ 8f IR t3edubdlittedd wail 83cbYPl§mers of
terrral such | ow ng: fullerene based

thesenmbteriblaland @aypmmawmls esucteasrthm tillowing:dnberenmbasad ynaterials, metal

. referred. to a oxi.d rticle
oy s itk T, 7o Sk e RO SR Bl o
TiOf FHON et@§ L5 nafBfdbe € 1CASE mAHDOMI GG sita RSy fiﬁ‘l&iomng type of
matefials and ot her Simlarl functioning type o

mateniat, @nd a+dopa¢h silinorlopgemaniucwherein thesedeyeruare adjagmt @r yeparated by

o B S Sl gl Y PGB R S Py s an
illusRRrPyRhis@ntbodRydge t hat

A third embodiment of this invention is a modified photovoltaic device that

incorporates single or multiple active layers which are combinations of p-type material and
n-type materials such as the following: fullerene based materials, metal oxide nanoparticles
(such as TiO,, ZnO, etc.), coated metal oxide nanoparticles (such as TiO,, ZnO, etc.), carbon
nanotubes, CdSe materials and other similarly functioning type of material, and n-doped
silicon or germanium wherein these layers are adjacent or separated by a discrete integral

component such as a spacer layer or electrode and wherein the p-type material is comprised
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i ncorporates multiple active |ayers which are
conbi nations of p-type material conprised of a
w0 e@o03¢76gul ar pol y(3-substitutedt hi ophene) i nP@iUSIV05/034043
the 3-substitutent is an alkyl, aryl, or alkyl/aryl
y with an oxggen substitution in either the a-
1

ofa ggﬁgrtggul%ﬁplas?-wbé Bitedshiophenie Shvhish the Havlsfigrentohin alky, aryl,
or AR R34 i A R ARSI Pl IS UL b G e

substtuB@Sor ailefer® htobh@udh S4H5t ivith @ppropriatesibstiastionatp ebypietsvalence
of these materials and n-type materials such as the

requifesh¢nisyiin githgrthe eir enB-positien ofide Sriukpiitucnimes yyellpgicgpolymers of

s SRR 4,665 CE MO e B 58T} R ene or
polyQaﬁ?ﬁlﬂbﬁﬁenepdﬁﬁ)ly@tzﬂk&lﬂirﬁlﬂﬁé}ﬁleﬁé)’tﬁra 18 bigiregiilhiypoly(3-
unctioning type of materi al n- doped silicon or

d
alkylgfuephene)LoR Wémegulﬁhp%(}@rybﬁigggﬁr@) 8t} Eegicregylar poly(3-
alkylZaggl%iglg}Fe%ePyFig'?J‘g'eSf]gl{cﬁfdgs Mfl@lg%%lron QRERLASHGR as a

certlayer trode. e 8 provides an
i | Afsintiasmbodiafent & thisdmrationgnhodified iphotdveldio dévienthatof
. this invention js a nodified photovoltaic deyice that
incoRpREHSFHET @%l_ngltwgq wetiye layigrs WhiFRa 2 compinatigpe pLp-fpecRaterial and n-
. - I - y .
type Hafer R at {lﬁrfglé%r% ?%]IE nBBh&U Lf?"ztcffi‘aﬁg, hsthl cﬂc?dednanopartlcles

materi als suc OW ng: | erene base
(suchrast Bi(, 2780, eted,aloated intkeal maxidepmnopartidss (ssciths FiL 74D, etc.), carbon

ZnG0, - ), t tal .oxi ti
nanofhep, Copfahifils 10 olfpr R IAER SO0 GRSe Rl s ipped
silic Qierd hiflnAkhteiniR&E 18R e b¥REn® br §ephiitdPby a @idékete integral
n- doped silicon or gerrmani um wherein these |ayers are

compaiienceih apn spaspulayeret dsetradelhatwherein the pgyed metstpbia epmprised

such as, a en l.ayer,.or, elect r.ode..and r . the
o SR PSPl PG R B i B . o
alky P Vi SteBrith lah bk §sbnl SubQRIEME cithetvBE 6 of Position of the 3-
3-Substitutent is an al kyl, aryl, or alkyl/aryl noiety
substifueit cxra hetergetons (sush as (1.7 vithianprspripiersubsiidution torcomplete valence

requ?érﬁgrﬁis)gig%ﬂggnf.th%ﬁ? H;’ Q"ﬁ%g an :ogﬂ)g%ts-{}%gtllq%f{}%ts %\rz??lt agtc%gé)lymers of

thesERMRLils &n ¥ R iSREE o BEM WRABHeS mhbRnlY thfductiPe pSlymefs such as
b-position of the 3-substituent as Wwell as copol yners

polypyrralbgedy(phenglénsiimyleneh PEDERG aod paiyrniline. RWigute Qprovides an
. ol y(thjophene) or a poly(3-al kylthiophene) or a
ﬂlusﬁ?ﬂ%‘(%]}éﬁﬁﬂ%ﬂﬁﬁfbﬂ’éne) or pol y(3-al kyl /aryl t hi ophene)

Or AHiffle&thBodif@iH G thiRehvhBon & Kbdified PhEIdIItAE dévice that

_regio-regqular Epl y(3-arylthi ophene) or a regio-regular
incoyporagssingle Rymuktini¢ adiive parsrreyhickpgppomtinasiony php-dypermaterials and

il lustratign | S . ' . fourt h i .
vy s B AR B e o Bl L O operticle
(such BETIMOZAOESc J) do@ted ridtalnadlidd phepatitley GutlRyeTIONWANOetc.), carbon

are conbinations of p-type material and niype,
nanofighesr ¢ $Yesmatgripls a8d piher sigtlagytustioning tareertangigrdd gand n-doped

aqe i . . i i i - ’t 1
L T
comporeBt such@s agpace} layenstuiectode atdivbereinGiSe-type mateaihkis anoiprised
ofa %ggg{;;gﬁiaﬁnp@@ -%/ugs%?u%etz ﬂ?i%l%%é 1¥1pv$1118}f1 th%—se{lols%%u’ten? Psdan alkyl, aryl, or

alkyl/aryl moiety with an oxygen substitution in either the a- or B-position of the 3-
substituent or a hetero atom (such as “S,” with appropriate substitution to complete valence

requirements) in either the o~ or B-position of the 3-substituent as well as copolymers of
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silicon or germani um wherein these |ayers are adjacent
or separated by a discrete integral conponent such as
W@ 2@pases6 | ayer or el ectrode and wherein the pPCYp82005/034043

material is conprised of a regio- regular

pol y(.3- sub utedthlo t he .
thesmaitejais ik DL o SRS %Pﬁ?ea (ng P YPR L) FushAséry

1M §tiasd dd WubPRiondrekit BRbodiiRnd- OF

Smﬂ%@%@?@?ioéﬁg?q?he 3- Shbstl%uent or aoﬁetgro atom _

( slichsiath engyodimenththa grositionaf ¢hesthivpheéneutingeantagso be substituted.

TR RN R O —
provﬁflné E' SARmERCAT dudkHtutibn ﬁatférfft OF thed arddl £8ibstdutibn @4 Brovide

In erently conductive polymers such as pol ypyrrole,
dlffepmt y@shgwytsgnd\an myyrgmgyncaéﬂb@tutl@hgatm yBErmplaeof groups which

9 I {
can 8§ 84502 sRGEHAER A0 obBE FRRRISE SRR T3
1nchﬁiil£§ 1@.&1@5’1 iyl deopyd eoutylaind the Gikp.0Od e sxanlgs Michide any of the
pl e active_ layers which are conbi nations of

subst;ttlteyﬁ@ élemtbéd heyein @ﬁ therd posifionyiclyding Wosg with heterqagoms.
f | |
L Ao bS8 SRR TR Al SR ol o prove

mateddal ctﬁnm?sad pﬁ atregIMSglﬂa&u;roﬁy(a-suHétmedth@leI&t) tn Whlcdnethdoan
nanot ubes, CdSe materials and other simlarl

 substifivit 5o alyT: 9y o6 plkybrel mejety %8 an Oéfﬁg)?éﬁsu?ﬁ%iué% inggither the o-

or B2 %e élgggf)ggll \gat'su gtatuglithogf 31 eg# g {sﬁ%h %p?c’ ﬁth%g}azi%)pnate gubstitution

to co‘hﬁiﬁ@t@ rvaieﬁ&’eefeqﬁﬁerﬁérﬁé)t ih Qﬁﬁeﬁﬁ@ oaNBES-BbsitibA 6f RtV fbstituent as well as
material 1s conprised a regio-regul ar

coquymga(s 3s sohipyed ifithe pttyipemph‘@nel) is ima nénitesh ot hen-oxidized state and the

Sti ent is or,. al. kyl./ aryl '
contgp g b 55 gehes el tithare ¥ unpiif i tia R pul 06T o, o
mor@pﬁﬁémlhﬂp As Bélow%oar S0P, o weié patic@afiglRIey ab&iN150 ppm.

(such as "S," appropriate substltutlon to

Met@lompumyéewﬁés @ﬁii’d@ meafurqdénﬂmogv}l methedstipdipe arpinclpding, for example,
t as copol yners
atonls PR ke8P oy MRS bR o Bbon” £ OB oy

| owM\p-type material such as a- seX|th|ophene Fi gure

9 provides an illustration of this enbodinent. In a

si xth enbodi nent, the 4 position of the thiophene ring

can al so be substituted. The substitution at the 4

position can provide the sane substituent as that at

the 3 position, providing a symetrical substitution

pattern. O the 3 and 4 substitution can provide

di fferent substituents and an asymetrica

substitution pattern. Exanples of groups which can be

used as a substituent at the 4 position include alkyl,

aryl, and al kyl aryl groups including nmethyl, ethyl,

propyl, butyl, and the |ike. Oher exanples include

any of the substituents described herein for the 3

position, including those with heteroatons. In this

i nventi on good performance of a photovoltaic device

containing a p-type material conprised of a

regi o-regul ar pol y(3-substitutedthi ophene) in which

the 3-
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substitutent is an alkyl, aryl, or alkyl/aryl noiety

Wi th an oxygen substitution in either the a- or
wh2wessd7seon of the 3-substituent or a hetero aPCHUSENDB4043

as "S," with appropriate substitution to conplete

valence. requirements) in either. the a- or b-posjition.. .

o I it dhodo o veM sl s ngaéméasm he peachibedlonpnn akifled in

the akff the p-type material is in a neutral or non-oxidized

state and the contamnination of the p-type materi al

Wi The neet &l segioimapulai poly@-dubstitutedthicrbent) in wWhiddh the Aysubstitutent is

nor e ticularl i.s hel ow about 500 m. Of re ..

patt FEesl 4pflyer afl/an] ey VUG rESR B igh if ie,p-position of the

| ey &liBsttdmht Rea B-Qgﬁé’ée cMukBPYEHRIROSS: %Hbt&mf'taﬁ:r device.

i ncl udsf ng, for eXanple, atom c absorption spectroscopy

2r Thioseoofrachagiecregulnagolp(3 swstintedthieuhding)iio mhi¢ththe 3-substitutent is

fol | ow referred enmhodi nents can b racti.ced .

onan Ay Aisth cmﬁf YA MROICty W) Q?%Y@?%Flsbéﬁll’él@%@ ﬁ@dﬁig%ﬁﬂon of the
po - 1 . .

S ShB R bt P B SRR E s Bt e sy

3)i The ase abaygeio-rsgiiat pdlyiSrmbstitntetdtiéophepe)sn which the 3tdubstitutent is

ot b el Bl oy BB B o ey iy -eiton of
ohk %8} eaforaliice! SR o

S o rPH IR 3Pl R SRREPRdch it 57 photoroltle e

Ay Pleferreddmibedims ot} intwihiclo theihetarbeton-iptsi t i on of the

- stjt .as. a. p-type sem caopduct or conponent of a
Séhgl%g\?eh‘%’?%g &bWPJ&BR?%g{éQﬁfﬂ@tOHgé f.ua r egi o[TP egul ar
Gg?EM{b%dﬁﬁ’é?ﬁ b hwvﬁféhfﬂh@ﬂé%&?@fbm # O gh the

substitutent is an alkyl, aryl, or alkyl/aryl noiety
R Embadinesny 6l -6 sesh that the rdpge-reghiar aoly&-swspiuwﬁhiophme) isa
the 3-substituent as a p-type sem conductor conponent
of C(%Poﬁ’ﬁ%frovol'tai c device. 4) Preferred Enbodi mnent #3

8) NEwboaindn 87 bedhehfahe BopolymeY is @ bldekRegblfriit inékding a segmented
whi ch the heteroatomjis O 6) Enbodipnent #3 in which

t hblogk cepdymenn The copelynsr can haviemesithisphenesmits o g @an-thiophene

t h@focfzhe regi o-regul ar pol y(3-substitutedthi ophene) is

a copolynmer. 8) Enbodi ment #7 such that the copol ymer

9)sS Embotidnt 6D padhyth@irthe oepolythérds an skgnstiigadpblyaeds. The copolymer
copol yner. The copol yner can have non-thi ophene units
or <& hayg nonithignkens Witsck. 9) Enmbodi nent #7 such t hat

12)2 g&f@dﬁ?ﬁ%ﬁ@ﬁ dush ffat Blet-GERAk %ﬁ%‘%ﬁ?ﬁgﬁ %%%d-giélen%ogglymer. The

ol ymer can have non-thiop I"ment
#7 copodymertan hhvenal-thiophahe mgitscopol yner is a random

lcl? qgnkgolﬂ{ﬁxglént-srgg- 16%%8'1 At the %ggolgr%\éf har;oanﬁc}nbtihlod%ﬂgr?eeblg& ztmsd the non-
thiophene block is built from CH,CH Ar, where Ar = any aryl or functionalized aryl
group.

12) Embodiments #8-10 such that the non-thiophene units are derived from an
isocyanates

13) Embodiments #8-10 such that the non-thiophene units are derived from an ethylene
oxides.

14) Embodiments #8-10 such that the non-thiophene units are derived from a conjugated
diene

15) Embodiments #8-10 such that the non-thiophene units are derived from a lactone
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11) Enbodi nents #8-10 such that the copol yner has a
non-t hi ophene bl ock and t he nont hi ophene bl ock is

wheio3d7som CH2CH Ar, where Ar = any aryl or PCT/US2005/034043
functionalized aryl group. 12) Enbodi ments #8-10 such
that the non-thiophene units are derived from an

16)ueheciuents #8300 meb i hertos-thiprhencdinits apadgrivesh rom a lactam
1A RSB LR o BB AR b o sloane

180 Rnibodimpdnes #8-U0 siich thateheinon-théabbienommiss are dgtinggait feain CH,CHR

di ene 15) FEnbodi ments #8-10 such that the
no‘ﬁhetfﬁﬁobﬁ ne units are derived froma | actonel6)

@Eﬂﬂé&lﬁl@hﬁ #8801 cR WE tﬁe%h—tfﬂ%éh&&ﬂirﬁ@ I QPNERRd Woht SH,CH,R
re

derived froma lactam 17) Enbodi nents #8-10 such
t hahere Re= Qbh- t hi ophene units are derived froma

il oxane 18) odj nent.s #8-10 such that the
B asAe s TIhes B L o DRp O AT e figps CRCHIR
Cwhek R Eppodi nents #8-10 such that the non-thi ophene
units are derived from CH2CH2ZR where R = OH 20)
2 Erfbobiodiments #88L0101ch that thetmon-thisphensrunitsiaspirsived dionm HCHR
are degijyﬁ?_{from CH2CH2R where R = H 21) Enbodi nents
#8746 Rich™hat the non-thi ophene units are derived

20y b &diiehii R gwitesirh fthat tHehidn2BjophedrodiinBid derti@d Hdns GEHCH,R
that the non-thi ophene units are derived from CH2CH2R

whehee R =analkyl g50pgr oup 23) Enbodi ments #8- 10 such

4R RIS ) ST 0 RS
nowhdérBiRoplene units are derived from CH2ZCH2R where R =

Br_25) Enbodj nents_#8-10 such, t hat the non-thigphe

26 HEmbodimentsarS: Vhench ORTHRIOPRERS B iafS rwﬁd%%jm CiLcrR
E L, el #8-10 such that the

ng;ﬁg%gﬁ???subst i tut edthi ophene) units are derived

25y Bbodiments #8st(esuchitiog Henentthiopbenexiits Brddeatived fitogn an ATRP

#8- 10 such that the non-pol y(3-substitutedthi ophene)
unPALO ey ved

26) Embodiments #8-10 such that the non-poly(3-substitutedthiophene) units are derived
from one or more thiophene units.

27) Embodiments #8-10 such that the non-poly(3-substitutedthiophene) units are derived
from one or more functionalized thiophene units.

28) Embodiments #8-10 such that the non-regio-regular poly(3-substitutedthiophene)
units are derived from one or more functionalized oligothiophenes which is also
random or well defined.

29) Embodiments #8-10 such that the non-regio-regular poly(3-substitutedthiophene)
units are derived from one or more functionalized oligothiophenes which is also well
defined.

30) Embodiments #8-10 such that the non-regio-regular poly(3-substitutedthiophene)
units are derived from one or more functionalized oligothiophenes which are
randomly defined.

31) Embodiments #1-30 such that the active layer is a combination of p- and n-type

semiconductors
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fromone or nore functionalized thiophene units. 28)

Enbodi nents #8-10 such that the non-regio-regul ar
wW@ig037subst i t ut edt hi ophene) units are deri veRCT/D8I005/034043

one or nore functionalized oligothi ophenes which is

al so_random or well defined. 29) Enbodjnents #8-10

32)Embpdiments il -0 suohdhitdbe agive Javer is two distinet, adjacent, and separate
poia¥é1§-on§p§ﬁ4 ﬁ_ﬁ:q%%ﬁgﬂqﬁgene) units are derived from
0 retu

ne- or i'onal I zed ol i got hi ophenes which is
33)) Embodimentief 1i-5@ such3Byt therkutivt feyet 5 a#8agle nixehlaydralf pt hed n-type

non-r e_gi o-regul ar pol y(3-substitutedthi ophene) units
ar BagElSved from one or nore functionalized

%k%%gﬁ%eh%?%§% nggﬂﬁ{fa&ﬁg ¥% LaHen et Pﬁ%é—sgparated layer of

at thé active |aye
c opandat-typa nodtenals and n-t ype seni conduct or s32)

T TR B a0 B By TR PR i yPore o both
N- IR FBEbigahBed 3 o BERE dRRIEalthit3Y afagh that the

active layer 1s a single mxed |ayer of p- and n-type

3omEmbpdinensy 1 -Borvasti theirthsackive dyes isoheanthinatidnean adti¢h/ene or both
layer is a {1 but phase- rat ed .| f n- d
e e e Py e AR S BRI ot nln B

achiprendlaydir dcaffaldconbi nati on in which one or both
materials are organized into a discrete structural

AnEmberimantsil -3¢ udthedhnesive layer sonaarting by spig casting.

o | | .
RiblSBanRHE 1130 AR AP 1R WThER ARG by B easting
3 Embadinsensof iy 8@ sudhrthattthe anivk éayet Brmacdidhaied b apor deposition or
Enbodi ments #1-30 such that the active layer is
mafRMEERRr ed by spin casting. 38) Enbodi ments #1-30

A@Z’Eﬁlbt)aﬂ géﬂﬁggggﬁeh%éﬁn@acmé le{siﬁgﬁfrtﬁﬁ{dfé @by A Pkbating,.

sting 3 di ments #1-30 at the attive
41aFmbodisnamaif-3¢ sunhatlatiihe acdive layde posartifanured by printing techniques

R R N At R

A3 E3PodMednt #ﬁlﬂ_&udhhcﬁat&gé bﬂlﬁiﬂg&;&ﬁﬁﬂciu% igBfiLbamgur ed by

b Embignane 4hiepchighy pReraeahmi1se 3y 8 BTN FORSs 141

4%5‘ Epnbtoal%tlen shﬁl -BY Isﬁ]éhl % & gc'%fx]/ie uy%r %ssmgrilfféc%&rtea 'b9 %pray applications.

46) Embodiments #1-45 such that the n-type material, which is responsible for conduction
of electrons out of the active layer, is a fullerene or modified fullerene based material
such as the methanofullerene PCBM

47)Embodiments #1-45 such that the n-type material are metal oxide nanoparticles

48) Embodiment #47 such that the metal oxide nanoparticles are comprised of TiO»,

49) Embodiment #47 such that the metal oxide nanoparticles are comprised of ZnO,

50) Embodiments #47-49 such that the metal oxide nanoparticles are coated with the p-
type material.

51) Embodiments #1-45 such that the n-type material is comprised of carbon nanotubes

52) Embodiments #1-45 such that the n-type material is comprised of CdSe materials and

other similarly functioning electron affinity materials

53) Embodiments #1-45 such that the n-type material is comprised of CdSe
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44) Enbodi ment #41 such that the printing technique is

a transfer process 45) Enbodi nents #1-30 such that the
wa@cewcwss7s@yer i s manufactured by spray appli caP€DnS2005/034043

46) Enbodi ments #1-45 such that the n-type materi al

whi ch i s responsi bl e for conduction. of electrons ouf ..
SeyErmbasizents Jh-Ao ek thaf Gie£-Pa¢ MateERbisgompEasd pRRydoped silicon or
f%kﬁﬁéfﬁ based material such as the nethanofull erene

P P‘SEwbodi ments #1-45 such that the n-type

SSERmbodiments & 1 rheit whereixitbeaatian dgyarstdare hdjgceng) Enbodi nent

soipiaRs BT e e b ETBRIRSH LRy Rlforpinteara
et noR¥ ki A8 ANORACL 1678 %r 8leBirsTPr | sed of ZnO, 50)
EnboJ%nents #47-ﬁg'suc that the netal oxide

SRerobeditnients ¢4 - dreharciatthelaciive fayetscarp sspgeateshby p digeretenon-active
Enbodi nents #1-45.such_t ha - material is
cdﬁ{?ﬁ’f@g‘&‘%‘?n@@&f‘%&ﬁs ﬁéﬁ%‘ieﬁéaé’épgrz%k%yr@gdi ments #1- 45

5§1ERbbdidtents #e- 35 WigeinTBére i dingls acvelayaed of CdSe

materials and other simlarly functioning el ectron
59yEmhodipentgtdr7avkersipytheggesonritiplesactive Jayesuch t hat t he

6Q&ﬁ%§§d1&%&1§[¢% 249 \%v ergﬁq?egl %— ﬁge Iﬁgtegﬁﬁg éﬁenﬁg ﬂﬁ;{fﬁg@%i?materials

suc e n- e‘material 1's conprise
N- &eRe i d tegiorregilagpslyediubstitutedihidphene) imavitich the-35shibstitutent is
wherein the active |ayers are adjacent 56), Enbqdi nents
# 1areaikyihanybion abiganyt miojesy MithapoxFE@ SBsinteR i gtheythe o- or B-

di screte Jdntegral. copponent such.a e o) _
ol BRI R 5 RERT Rot o B R PR PP e

| ay®E$uditCasSRRRARE PRI yMYeroFlihe e hhterisle BndeidiNg doRd®gingpolymer
conmponent  such as a spacer |ayer or electrode. 58)

Enfstyiaitent s #1- 55 wherein there is a single active

S Rou PP B S MBI B B B b
GIRERbbent460 alveliich te oohdidting pofynmaderivathe isopply(3 ng

a regi o-regul ar pol y(3-substitutedthi ophene) in which
t halkplithjophebp) utent is an al kyl, aryl, or alkyl/aryl

. y ' - ; : , ; - Cor
ALt B AR e,
ei agthiophshent- or b-position of the 3- substituent, as

o Fmreial ol e Adia AR BEaDp T IEAT TR T AEaU

ol ) C o e bodt ment  #60 | whi ch the

65)Bohbodinreyt $60 yorwwhick ére cpathictimgipolymgysiesiyaive is a regio-regular
poly(3-élky1thiophene)

66) Embodiment #60 in which the conducting polymer derivative is a regio-regular
poly(3-arylthiophene)

67) Embodiment #60 in which the conducting polymer derivative is a regio-regular
poly(3-alkyl/arylthiophene).

68) Embodiment #60 in which the conducting polymer derivative is a regio-regular
poly(3-thienylenvinylene).

69) Embodiment #60 in which the conducting polymer derivative is a regio-random
poly(3- thienylenvinylene).

70) Embodiment #60 in which the conducting polymer derivative is a poly(pyrrole)
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al kyl t hi ophene) 63) Enbodi nent #60 in which the
conducti ng pol yner derivative is a poly(3-

wa@eyboli7ophene) 64) Enbodi nent #60 i n whi ch t hBCT/US2005/034043
conducting pol ymer derivative is a pol y(3-
aIkyI/aryIthlophene) 65) nbodlnF #60Q in which the
Teiabedimegt 19 bymﬂnclu@@.% yofiag pe'yEer AR HVERA ar
p ne) 66) Enbodi ment #60 in which the
cgﬁﬁﬁ@P ﬁg&%gpb%agﬁderlvatlve is a regio-regul ar

TRPEmbSdiateyt #60 inpttdciethe (&wdtﬁltnhg) polyerer deddativa issnPERQThéerivative
cond |ng r, derivative is ar -requl ar

7R pbatimeny Fotinyriich Gprseniicine a5 e R o pnitine

dsﬁ, gi HEEtNES bBptiseddf -regul

%@g@gmyggu bﬁSDEE%gﬁg&%nV|ﬁ ene)pl 69) a regio-regular
En;iuﬂwmbsm#ﬁdtm@mm)an whih the Achy stimtgntp@aynﬁcryl aryl, or alkyl/aryl
der|vat|vg is a re o random

t HPEIFRl ¥H A PEFRR DSy gr R e iRt S 66 Braesiian of tierssubstituent
C ORGPy ffer fRId-\R ¥ Rirlch G (ROS MBI 80 as

ucting pol ymer
deddpeBiniere of thes ipatesiglp hemylead ov nigtheeneith 7 Wyw Erdbadiarsveight p-

PR Tl a7 TSR T 18R PO DR HAT0 G fess, or
Eg{@ﬂ%%amgﬂ& ¥B&t IQWO' of adsk V@hér&n@nﬁ@élﬂéﬁﬂéléhﬂ@hu&ﬂér average

iI‘ments #1-59 wherein the p-type materi al
compkmshdme@ha reglo regul ar

8 Pkbadimieat et i Ensh R oieoda s A-Re matsriel et

W {RiBfdpR¥EdIen substitution in either the a- or

b-p05|t|on of the 3-substituent or a hetero atomin _.

76) Embpdintest #74 mrwhich thsi lowanolesulateeightqutype imatesipds igg thiophene
wel | as copol ymers of these materials in a blend or
m9<lf g with a | ow nol ecul ar wei ght ptype material.

TP PBBY @t 1 -T@indhbick &8 P8 [pe ngiterét &fﬁma&leuﬁblcnﬂnoﬁ dXized state.
or less, or nore particular about 000 or

TehBmbpaineatsstlal Ain whirk e Gogtatingion Qf\ﬂéf‘r ﬁ'@é’erfﬁqlté%%h"&l?h metallic

we VA ar
it g SRRt ot s
Enﬁ}qﬂicaﬁ@‘ﬂs i#oldding lesh ttmh, folh exdrmple nabloec 1,080 ppwej ghhore particularly,
p-type materials is a th| ophene
less than about 500 ppm.

79) Embodiments #1-78 in which the regio-regular poly(3-substitutedthiophene) contains
fluorine substituted alkyl and aryl functionality including perfluorinated alkyl and aryl
groups.

In addition, the 70 claims of provisional application serial no. 60/612,641 can be

practiced by one skilled in the art (e.g., “Provisional 1” below is provisional claim 1):
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ol igonmer. 77) Enbodi nents #1-76 in which the p-type
material is in a neutral or non-oxidized state. 78)
weedveidament s #1- 77 in which the contam nati on PET/URM05/034043
p-type material with netallic inpurities and other
impurities is sufficiently lowto allow for
Provigiegglol oh PPt Valiae devdes eamaPriSig: udi ng | ess than, for

exaan ut 1,000 ppm or nore particularly, |ess
t han Jé@%‘[f?&%oo ppm 79) Enbodi nents #1-78 in which the

r egseoeniceglattaddepol y( 3- substi t ut edt hi ophene) cont ai ns
fluori.ne, substituted al kyl nd aryl functiqgnality. .
i ) agHve &Yﬁ’éﬁ%ﬁmfs&s betaieen s f%ﬁ a@ﬁﬁcwle‘%ﬁo %Fp&hefeﬂfl the acive

bkl Hp8 Y bR Bhe ARRIE @RPoRtt, wherei
layergg?l?jglﬁ&nr%.l éaigg?% 2, gfg%gﬁﬁegg practi cede by oene s?l?i [ e‘élV s

the pitypet ¢renpomeny @ngprises Arleast sicprdymer caveprising rsgiorsgilet polu(3-
s OB ahun RO, oS B iy s
heter@$tbinVsaibsRYB5n Hi SRESHE ol et B%@itfo:ﬂ%fftﬁer SbutRffhesecond

el ectrodes, wherein the active |ayer conprises at
Provisizast 2.0fee phdtyypitacalepivaentording tal, Weersin tbebeteronippris an oxygen
onponent, wherein the p-type conponent conprises at
Orsu&@ra Mone pol ymer conprising regi o-regul ar pol y(3-

Provaidpat 3.t TG RIMARNRY ick RcoMidiah té MewRersihiAé héts@aton B aAlbxygen
al kyl, aryl, or alkyl/aryl norety with a heteroatom

atomsubstitution in either the a- or b-position of the

3: ' . Provjsi . ' '
e e B Rt e L7 BB AIBL bkl
atomsSul fur atom Provisional 3. The photovol taic device

accordi ngq/to 1, wherein the heteroatomis gn oxygen_ . . .
Provigiapal 5. PFes/Pratevpliaicalevic acemiding o I+ whereirdhs eleraionh gHbsgtution is
. to 1,.wherei . eroatomis a sul fur atom
mthffDPLERﬂtsgﬁogr?gl%h%'%h%telH%#Ot ovol tai ¢ device according to 1,

ProvistRbE6 NThAghdietRiaitadedte SUbs tling Wb 1 OWhér8ini the héteroatom substitution is
~ _a-position of the 3-substituent. Provisional 6. The
in thpRgrositiohodihe Hewbstwertecor ding to 1, wherein the

e R e—
an 0:8/gER AN the olposear Tithe 3-bebshfleat. 0at om substitution is

an oxygen atomin the a-position of the 3-substituent. =
Provisional 8. The photovoltaic device according to 1, wherein the heteroatom substitution is

a sulfur atom in the B-position of the 3-substituent.

Provisional 9. The photovoltaic device according to 1, wherein the regio-regular poly(3-
substitutedthiophene) is a homopolymer.

Provisional 10. The photovoltaic device according to 1, wherein the polymer is a
homopolymer.

Provisional 11. The photovoltaic device according to 1, wherein the polymer is a copolymer.
Provisional 12. The photovoltaic device according to 1, wherein the polymer is a block
copolymer.

Provisional 13. The photovoltaic device according to 1, wherein the polymer is an ABA
block copolymer.

Provisional 14. The photovoltaic device according to 1, wherein the polymer is an AB block

copolymer.
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Provi sional 8. The photovoltaic device according to 1,
wherein the heteroatom substitution is a sulfur atom
WO R00bl086786 posi ti on of the 3-substituent. Provi BEDO81009034043
The photovoltaic device according to 1, wherein the
regi o-requl ar pol y(3- substltutedthlophene IS a
Provisionalpdi. yFsrphotrvelinisidswige aqqrdingito bHpesus thapdyeyis ap alternating
copoﬁﬁ%prdlng to 1, wherein the polyner is a honopol yner.
i sional 11. The phot ovol tai c device according to
Provibionstey. €Tt phoeovoithicrievict acardiogal Y, nehiereiRitioe/palymanis ak2ndom
The phot ovol tai ¢ device according to 1, wherein the
COPOb@KWner is a block copolyner Provi sional 13. The

Provi@i&?lalol\bol Fidl gho g&ékﬁf)él Cop y%g) i wl’ﬁé?&h%hé"pél?ﬁirdr i.s a _Igﬁgolymer

nMer 1s an Provi si oha
comp@fsﬁtgﬁml-thmphembauntse accordl ng to 1, wherein the

n b] ock, co i S | .15. Th

prov okl 5 ARk e BRRUE o LB IR hher Thbonk
copo@ﬁde‘f@@ﬁl }iSin ﬂoﬁ%&%ﬁﬁh@k'uﬁﬁs copol ymer. Provisional 16.
Povo taic device according to 1, wherein the

Prov;smlnyhiéz} The photeeliein dsvise lagereding B bywhdreinghe n-fypedemponent and

otovoltalc deV| rdi wherein the
the pg HREPqnEn LATE GR%H W‘g’cb g?ﬁp{ggefl 138&13% t hi ophene units.
Provﬁ[dﬂ‘dl 0, o1 phbfovoltaR d%k}ﬁk Quérdiak €o Uewhdareinabe pitgpe@niponent and

1, wherein the polymer is a block copol mer conprising
the prippe edmpgrisahare bandes to rea@wtb(ﬁrdﬁ%woorémamm@%%t ovol taic

Provghoalafﬁe a‘gtﬁf é}'gog@\%ltta% cflewc\é’%ce,cgo%lﬂ F \pltiefr&ﬁghg RREEIm a%rll]ses non-

onent are co to e
thiophbMeiinitsPr ovi si onal 20. The phot ovoI tai c device

according to 1, wherein the n-type conponent an
Provigiqngh?.c ol R agPBE ach Whren By %On-%lophene units

COHII% agil%iltf&lcﬁgﬁ%ggtggr}}ig%@ onal 21. The photovoltaic

€ accor erein the pol yner conprises
Provistonhh2 3 phlesnghatovdligic devipeias¢ardiag t@ 21, Wiereiphlot namthierhene units
devi ce accordi to 21, wherein the non-thi ophene

comgﬂﬁetuget{gwrllgga ®or functionalized aryl groups.
Provgﬁd?l\él A OTRY pldovolfate RIVREQYQIriRlGo A€W K eidROASH-Hophene units

ereln t he non-thi ophene tnits conprise urethane
comyurise atlgderlei axikdegasts.

Provisional 25. The photovoltaic device according to 21, wherein the non-thiophene units
comprise ethylenically unsaturated units.

Provisional 26. The photovoltaic device according to 21, wherein the non-thiophene units
comprise units derived from a lactone or lactam.

Provisional 27. The photovoltaic device according to 21, wherein the non-thiophene units
comprise siloxane units.

Provisional 28. The photovoltaic device according to 21, wherein the non-thiophene units
are derived from CH,CH,R, wherein R is Cl, OH, H, CH3, alkyl, F, or Br.

Provisional 29. The photovoltaic device according to 21, wherein the non-thiophene units are
derived from an ATRP macroinitiator.

Provisional 30. The photovoltaic device according to 1, wherein the polymer is a copolymer
which comprises at least two different thiophene units in the polymer chain.

Provisional 31. The photovoltaic device according to 1, wherein the polymer is a copolymer

which comprises at least two different functionalized thiophene units in the polymer chain.
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Provi sional 24. The photovol taic device according to

21, wherein the non-thiophene units conprise al kyl ene
wo@zi0de3arné t s. Provi sional 25. The phot ovol t ai cPCEUSIE5/034043

according to 21, wherein the non-thiophene units

conprise ethylenically unsaturated units._ Provisiona

Provizgmalidib Bhephisievoligicdeyisgiageording bo &i whereia tha n-typrapateral is metal

..t he non-1hi nj i se-units. derived froma
oxidg iollcls? - SRBANSe Ulbhan SRIRI G5 S0CL CV01 1o
Provik@iaL48. aTleoptditadliaie Ricewherding té hewhereaintthe ofjyermaterial

units conpri Ise Sil oxane, hmi ts. Provisional 28. The
compsiss eRAigd el epdde BanoRatislsdi ng to 21, wherein the
Proviital §9. PRFIRINIGE RERUFHIRE o 1 ShGHRAE Ry Reg R
complises pdrbdoonaiohdies. devi ce according to 21, wherein the

non-t pi ophene units are derived from an. ATRP .
Prov i THeGHovash B R Tes AErordBe B U Pt material
mnnﬂﬁ%bE%nﬁ@quQ%&ﬁkbﬁd&mehefe'n the polymer is a

copol ymer whi ch conprises at |east two different )
Provistnnephk nEhapliatevaltaict dericgaegardingdt &i wherpinghe sitppraatgmial

The ﬁEStOVO|taiC devi ce according to 1 wherein the
COMPYLI®Y P s a copol yner which conprises at |east two
ProvilidraB5 2 NThd ptivgédvolar) devR acbir@ipbene, whérti thenithige material

pol ymer chai n. Provi sional 47. The photovoltaic device
compyised puloped sibcan ongesmanin: he n-type naterial is metal

X] ri
ProviOrP b, T PG TIER RO S g v SPhE O RER Mo are
sepafi€eidiytd digert idtegioh spaeemortdietrods Jayer. mat eri al conpri ses

coated netal, oxi de, nanoparti ¢| es. Prg%jsi nal,4%. The .
Provisienabyb| {46 Bhotexaligic devissragpargingde 1, Whtreindnn a¢the laver jgsingle

terial conprises carbon nanotubes. Provisional 50.
he photovol taic device according to 1, wherein the
Provisidnap£5.nEhephabyaianpddviesiceordingup 1) wharkinstheractiredaystr spmprises

Provi sional 51. The photovoltaic device according to
multiple gHve YIS he n-type material conprises CdSe.

Providish4l §6.0TRd piAevolAR RRQ¢drtiRgGo deWher8inAhe PLishhé1ebrhsonent

1, wherein ?he n-type material conprises n-doped
furthet canoprises p sepomdwanduetivepelymer.onal 53. The photovoltaic

devi accordi.n 0 .wherei.n t ' r .
proSE 57 SRR it RGP0 S S0hIE b Bt
polyhiY Ba poRj(@bshieasy whefbin fHegoblitiphehd)aotptieys alRyl, aryl, or alkylaryl

]J?gggé ing to 1, wherein the active layer is a single
suosta .

laye

Provisional 58. The photovoltaic device according to 56, wherein the second conductive
polymer is a regio-regular poly(3-alkylthiophene), a regio-regular poly(3-
alkyl/arylthiophene), or a regio-regular poly(3-arylthiophene).

Provisional 59. The photovoltaic device according to 56, wherein the second conductive
polymer is a regio-regular poly(3-thienylenvinylene).

Provisional 60. The photovoltaic device according to 56, wherein the second conductive
polymer is a region-random poly(3-thienylenvinylene).

Provisional 61. The photovoltaic device according to 56, wherein the second conductive
polymer comprises a poly(pyrrole), a poly(phenylene vinylene), PEDOT or a PEDOT

derivative, or a poly(aniline).
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| ayer. Provisional 55. The photovoltaic device

according to 1, wherein the active |ayer conprises
wOodobiopd766 act i ve | ayers. Provi sional 56. The PCT/US2005/034043

phot ovol tai ¢ device according to 1, wherein the p-type

conponent further conprises a second conductive )
Provigionaledr Thepholospliafevce acrpuding o lovdierain theditypg gaterial further

according to 56, rej IRV
comrPSS3 S A B B SRR SRR IRSRIBEN LA ko 80 o
less. conprises al kyl, aryl, or alkylaryl substituents.

Provisional 58. The photovoltaic device according.to
Provigignal (e rldie photegokiaie éﬁﬁ%%‘f&ﬂﬁ% el fféeﬁ% fhe;ptyge Material further

.eqi O- . ((3- i i O~
o SRR Tk ot Seghcyr o oo o
less, wﬁéryﬁl&hflﬁmtdriabisrahhimpheneRﬂigm'rrs’r.onaI 59. The
ProviBBR. ORAE IR ORI ROF<PEIRE Fof R ey e material is ina
neutrﬁQJr%()ﬁ:oP(MiféalysgﬁQVi nyl ene). Provisional 60. The

P e

hot ovol tai c device according to 56, wherein the
Provisienalrif. cihecphotovekiaip dbvineaccording toehiviierein thearaly(3-
ol y(3-thi enylenvi nyl ene).. .Provi sional 61. The
Subs’[&\ﬁtﬁg %?&y'ﬁétg?%sé%ﬁt&t&%)fl&tﬁﬁ ﬁ%osétg),n' wherein the
ProviSBRANGS. O PRMETdIME: B TImpERMR: | ses a pol y(pyrrole), a
pol y(phenyl ene vinyl ene), PE or a PEDOT derivati ve,
ora farspelegitagdi | i ne) . 30Provi sional 62. The photovoltaic
devi ce cording to 1, wherein the p-type materi al
fLﬁ’%eﬁ%l}f%Sﬁ{? Fses a p-type material having a nunber
avergee IRbedithosed bevebi theffirsdmdtsedond@lecandése sderein the active

Provi sional 63. The photovol tajc device accordi ng to .
layer pomprigqsedt keastnep-typp somaersof and #tlpashene wERS comPeNept, wherein

- v ]
the pige AR oAy fesFoft eI MR poly O
substéufeliiniyphens inhihinbntke 3-sBbsitiait Gnad alkyl, aryher phgl/aybimoity with a

device according to 1, wherein th ﬂP-t e.material .i%
heterpgfoms SHEHHGI 1y heThB Rr 8T BEWSWioR s Hepr YU EgHahgsn the

T o) v ' ' F ' i
e84 b6, U5YHREHEREALINY L0 FbEAALE & pomer
Providionhhg7. 4A phstovoltic d&ricyhaimglaky 166tal itnpnivies rothe artype component

devi ce conprising: a first el ectrode,
comprising:

a first electrode,

a second electrode,

an active layer disposed between the first and second electrodes, wherein the active
layer comprises at least one p-type component and at least one n-type component, wherein
the p-type component consists essentially of at least one polymer consisting essentially of a
regio-regular poly(3-substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or
alkyl/aryl moiety with a heteroatom substitution in either the a- or B-position of the 3-
substituent, wherein the heteroatom is an O or S atom, and wherein the polymer is a
homopolymer or a copolymer.
Provisional 68. A photovoltaic device comprising:

a first electrode,

a second electrode,
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a second el ectrode, an active |ayer disposed between
the first and second el ectrodes, wherein the active
WO 290e/030661pr i ses at | east one p-type conmponent PERUSZANS/034043
| east one n-type conponent, wherein the p-type
conponent conprises at |east one polynmer conprising
Provistegal3Z- e e photeisltpic3levisa begarding éeit Hivkgspiariky polymgneqpprises non-
he. 3- i tuent is .ap al . yl
poly(d ugg’[i/ta%gﬁépgl “He tué]%tgg?a%’rﬁ%sf{r(u 2P P?éﬁlgﬁeo%o%é | éré:lﬁ{st he a-

Provigion@t 33STHd stivt@oltaitaledics dbsirding el , whdteinahéipslpmer comprises non-
heterpoatgmis an O or S atom and wherein th

» pol r .
polyBssubstiBiedhinnhens) umits derivsddremenc opmgis Singiene igésl thigphene units.
i i . il .

ProvBRBEHR B ARIGE (e At B FF) Sy BRL Yl Borhies non-
regiosregalarpalyGesubstiimteddtioplehemmilsayer di sposed between the

first_and second_e| ectrodes, wherein the active |ayer .
Prov@&%i?% eEheatht%%tﬁl"d%@wﬁ-aF%@nSé offRsTEInFPgPalymeE capprises non-

: 0 = SRR ; i the p-type conponent
reglog%ﬁgllgrs{)%lpg’ssent i Eabﬁ%o%ﬁf%g){lﬁ%ngést oge )r;gl ymelrrrp
Provisiomsl 34.i Tige plesevvitail deyicefaceordingito 1y wherkianthe active layer comprises a
ol y(3-substitutedt hi ophene) in which the

Com'fgn%t{i%‘sf{fispf‘é{%f‘nﬁy %'%%R‘? S&Pﬁ%‘iﬂna“ P¥t, or alkyl/aryl noiety

Provi¥idnil 37.MEAEHIRASWRaRURSIce labddr@git 1 SWh&ein thé &ctive 18fer comprises
b-position of the 3- substituent, wherein the

two distinst,cdjasemt, endhyep@aterlagrs phpn angdrvitywp araéaritls he pol yner

is a ol r 19 c r..  BProvisi . .
el OETTRR R Bl RuREIPLHTRR T PN PEhe B fafrgompriss
singls afiRewlagbrsttp- adé n-tpdFnaeiislsonal 32. The phot ovol taic

devi ce according to 1, wherein the polymer conprises

ProvisinnebBS:( The phievalinin dsyicsizsptidmg o dnvherepehe geiyerlpysicomprises a
; | ' ISt | 33. Th
i 15 PR P G BRREO S Ml v Al 02, Tne

Provizidnaia0. Therplidtswdtaivadepivencc@dimghs i wherenltthe agherajer comprises a

units derived froqm.one or, nore functjonaljze )
combipatiaTEhich P@%Qrowlb pleriglsgre eupant mﬁ%f‘ﬁ%’?‘% Sthyctural unit or
arrayd€Vi ce according to 1, wherein the polyner conprises

nonregi o- regul ar pol y(3-substitutedthi ophene) units. _
ProvRianal 41.0b¢ pl3Bovdltae geviseaeodirtmigdo dewhereindbe aetilierigyer gomprises a

1, wherein the | yer copprises ,nonregi 0-. requl.ar .
combyjypiRmnteh RS MR TESHRETS BAED AsPHyEy S ignsie matrix such
as aJ&lﬁmﬁhé’ﬁ&lﬁ?&rﬁcﬁé&lﬁ%&éﬂ&dﬁccmd' ng to | Swherein the

activ

e layer conprises a _ i ) _
Provisional 42. The photovoltaic device according to 1, wherein the active layer is

manufactured by spin casting, drop casting, vapor deposition, sputtering, or dip coating.
Provisional 43. The photovoltaic device according to 1, wherein the active layer is
manufactured by printing.

Provisional 44. The photovoltaic device according to 1, wherein the active layer is
manufactured by printing, wherein the printing is an ink jét printing, an off-setting printing,
or a transfer process.

Provisional 45. The photovoltaic device according to 1, wherein the active layer is
manufactured by spray applications.

Provisional 46. The photovoltaic device according to 1, wherein the n-type material is a

fullerene, or metal oxide nanoparticles.

29



conmbi nation of p-type and n-type sem conductors.
Provi sional 37. The photovol taic device according to

wa 2006086766 N t he active |ayer conprises two di SPCTTE2005/034043
adj acent, and separate |ayers of p- and n-type

gg Clg %%?JSEWGE rd%ﬂ) %nggg‘%,%e%tgtﬁee Egsg ?IIE) @%tc 8%@ l%ltF gti ?c;dﬁgfvl\’vligeggln éhe active

layessdongiridesrhodedht bay gy copapodeist and tay legst Bk @ttypé Somponent, wherein
Provi si onal 39. The ghot ovol tai c device according to )
the priypgaemBeRent pRMpATes gblepsiypae homapelymes orcapekarer lsamprising regio-

) . f - '
e BT SHARYGAhAE) Bl e D SBURENRA S B, o v
moiety withevieitdrodthe sabstituon mysttheCheBr b BSoditionHPibB-khstitudnt,

whi ch one or both materials are organized into a
wherginsthe aetévedayqcompaises mpltipleractive lyerspr ovi si onal 4 1.

Provg%fr}aP@th L t¥ofiafl @il &E cg‘rﬁgﬁ%i?%:ng to 1, wherein the

ve 'l ayer conprises a c ation in which one or
boa firsteleetrodd,s are bound to a non-active organi zi ng
matri x such as a polynmer or supranol ecul ar scaffold.
Pr%WCQPéﬁ%Ftrﬁ‘%’ The photovol taic device according to

1, aﬂ‘ﬁ@fv@ilé&ve} afsg@s%w DeBvdeANRY fils aﬂ@é&{)ﬁ&él%ﬂeg’%{v&?ﬁg the active

casting, drop Casting, vapor deposition, sputteri
layemgongfirjsecatdedshgne putypei oinmpoatnt48d aflleastpheohaypd tanmonent, wherein

o S SRS A RS e T
copoHrRIpkiBinG rgﬁﬁiﬁ@ﬂ%‘fpﬁﬂ’ﬂg1sﬁ95tft&eé{hidﬁi@ﬁe§ iR whith REBisHBstituent

["ayer i s manufactured by printing, wherein the
is anputkyhtarylg oi slkghiaryikojett wish ahefermtom substitutmatin ieither the o- or B-

AT RS N TN

Provistdtl 70.S AphOvaRAIE (8 FicOYoripidYg.appl i cations.
Provi sional 46. The photovoltaic device according to

1, afirsdelsciodene n-type material is a fullerene, or
noparticles. 29an active |ayer disposed

met al oxide n
be?‘a%:gﬂa(?%gtr?ﬁ?erst and second el ectrodes, wherein the

acdn agive 4R dizpseedibetfeef thd RR6indREoRT SIYRRICHWRMAER the active
and at | east one n-type conmponent, wherein the p-type _
layercompsisentt leashpig Bégegompenent apdat lseshoponyiyies casrponent, wherein

the pgtg‘pcg %%HE%@@?%??&?%O ag%éé%&%g:éﬁ) puising (%) f?(te least one first electronically

condBetbuelmlyrherentich & e&hbrgéﬂ@j'm er_atfrwbp019meﬁbhd§ubﬁgﬁﬁgfegtmfegﬁmr poly(3-
with a heteroatqom substitution in either the a- or )

subsisddiophsaokin ViHeh Bie et et an ks aivh arelislanl wsicty with a

heteroR%f! subSTREibS ﬁf’ei{H& {He%l-%r %%(js}ﬂ%nl Ridiic) §-Substituent, and (ii) at least one

second electronically conductive polymer different from the first.

FILM THICKNESS

In a photovoltaic device, film thickness for the active layer is not particularly limited
but can be, for example, about 25 nm to about 200 nm, or about 50 nm to about 150 nm. If
two layer are used, such as in the working example below, the thickness of the two layers
combined can be, for example, about 50 nm to about 250 nm, or about 100 nm to about 200

nm.
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Provi sional 69. A photovoltaic device conprising: a
first electrode, a second el ectrode, an active |ayer
waele@posads bet ween the first and second el ectr OPEBUS2005/034043
wherein the active |ayer conprises at |east one p-type
onent and at | east one n-aéme conponent, wherein

. PER§8 NEEOE BRSOHeWOLIAIGDEVIE 3 pol yner bl end
o o,
OBt bQigs 2 driiibed SRECHBIRARUTEF Bl SRS M formanca for

openl dircwltiveladeh @03 esathisit) peufoninance can bakkmbaredity in aliyl analog without
al kyl /aryl nmojety with a hetero tom5§ubst|tut E@&l ntl ¢ 15%
the heferasom silstifutiogy AfL IpREQYFeH obat lpast S%- ST deast Lep or at least 15%
W B4 L RG AGHIpYE IcHegit PoikddeRhE b8Bbdeyfed of at least
can ayés'?ﬂg.gd'P?%w SI ?Kegl“h%%%ﬁg o%rlgvol talc glt‘Jleevi ce © of atfeas
5%, opatpedss10%g, orant ldasts15%.] Addo; onerovemend dw sltbredisuiitropent can be
active | ayer di sposed petween first and second
obseged of @ %%&Wéﬁﬁieﬁs%ﬂﬂé”gﬁ?ﬁ%@%Eg%’er conpri ses at
| east one p-type conponent and at | east one n-type
conponent, wherein the p-type conponent is part of a

HETERGMBYCBIOMd conprising (i) at |east one first

rolfopurgheERn g EBBH i % B HAEal s ® aBgnpmmpteria suchas
for eR@hple3a fillRk iok dfellirbhoMdiBAtYe. | Pulldidnel crhBe derivatized with organic
3-substituent is an alkyl, aryl, or alkyl/aryl noi %ty
group €.5., R R e Tba praerssapfarmigingsian bp cantrallsd tp peovide e best degree of
b-posi.tion of the 3-substituent, and (ii) at |east one
phasggg%an#ogr ectronically conductive polyner different
fromthe first. FILM TH CKNESS I n a photovoltaic

device, filmthickness for cli | ayer is not
particularly limt ed“@@éwgﬁgexanpl e, about 25
ru : 200.. : 150 nm
f ﬂ% %‘,\%&@g Won %gﬁtlﬂggggﬁrslggiﬁ%ﬁapl@arg Asb PrRRQd

er are u s I n the working exanple
bel ow, the thickness of the two |ayers conbi ned can

' f t 50 nmto about 250 nm or about
PRE%&%’:?{QI\E@B@M m PERPORMANCE OF PHOTOVOLTAI C

Noval-:c\%Ggm%omw&y%&ﬁﬁﬁﬁi&%lﬁﬂi@pﬁé@b e Qﬁ}lﬁio@tions. See

provi de 1 nproved peiformance for ‘open circuit voltage.

Figuroit0.exanpl e, performance can be conpared to an al kyl

anal og without the heteroatom substitution. An

i mprovenent of at |east 5% or at |east 10% or at
lr‘?ﬁéﬁtalls% can be observed. For exanple, inproved in

%pen Circuit voltage can be observed of at |east 5%

Mhategibls| east 10% or at | east 15% Al so, inprovenment in

short circuit current can be . . . . .
All reactions were conducte unger prepurified nitrogen, using either flame-dried or

Exp

oven-dried glassware. All glassware was assembled while hot and cooled under nitrogen.
Ice/water, dry ice/acetone were used for 0° and -78°C baths, respectively. Commercial
chemicals, 3-bromothiophene, [1,3-bis(diphenylphosphino) propane]dichloronickel(II)
(Ni(dppp)Cly), were purchased from Aldrich Chemical Co., Inc. and used without further

purification. N-Bromosuccinimide (NBS) was recrystallized from water. Prior to use,

tetrahydrofuran (THF) was dried over and distilled from sodium benzophenone ketyl.

Measurements.
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observed of at |least 5% or at |east 10% or at | east
15% HETERQIUNCTION I n an inportant enbodi nent, the

Wm2a0¢08676@t eri al conpri ses a nanonaterial suchPeBEUS1005/034043
exanple, a fullerene or a fullerene-derivative.
. Fulsl erenes can be derivatized wth organic qgroups .
H amsl §C, NMEBKpecasvese geensdesson grBrvkes A@ar@an‘\ﬁéé%edﬁto?faml%at 300.13

t.0 [oO\'A best ' .
v B0 R R LR B AR RSNl g 50013 i
in lfpl\béﬁar}cllzgsmalrne“aj) %@e?fdiwétde.d. ARRERBRAF¢ RN @breP@LMERS deuterated
chlorgire (TSRO et qoipiMEI0 U0I0h SHES i ighigtessgce unless noted
otherbE;\%"%g:TﬂEeé}B&hn 'K%gﬁd-?d-t%ﬂgﬂubn%% aat oRanied By QAR Bation of the

prepurified nitrogen, ing either flane-drie

smalDpeaRy B¢ar J10 giiin ghiag sheSao and Mgliasslyeis endvthe reslsendal 8¢ ppm using

e e lpadsios S MRS L0920 e SV By )6, ekt

. Vel y: i al; - 3 :
i S?lﬁaggﬁ’ ISL ( ?IIF’J %W%‘?ﬁﬁ’{”ﬁ g’;ﬁ@%@rr gga%;?&ypg@MP blyRiee Kaizmany, H.,

Mehrig MoRothi, 8k &ds; Sprifigdr Sepppinciatid, StaleSeieporsclidLed, #08m
Mé i%%ﬁt%%e rﬁ?&ﬂ%gﬁﬁé&%&?%ggﬁdgégﬁﬁggg%@7% Lﬁ(tl-lﬁé workstation.

The GECENGIA! WdsZL HelIRIPIMRERY fusél kifita t&Hil&e, column cross-linked with 5%
tetrahydrofuran (THF) was dried over and distilled

phenfinmathysdloxaneh dfckiophwavihe ceaieyigas (ems e bindess pthgppise noted, the

oo S e AR T U g5 s i
a-mio I SNEH PYXc a8 rBMGkr 00. 13

temp%hf’n 1$§%ﬁf%@¥76 " 136) sbg{g??%ﬁh%%rer O v
G eBérmmeation eChrematogeaphiyn (GBU) graseedverh| weofdsd no GbAWVaters 2690

Sepa?zgfozg lel}\,glggltﬂg (r:]z;)pg)tggait%ioglgca Oa'o %g%@%@ 7 ;HEP &i.r%g{)r%gl%me Detector where
head-t 0- L ali ' er g b - :
L R e

serieSF hrad Styvhgdl iconmalsyd 03 1@Ad1athA; Pebiker rfeardagl Servjmes) and a guard

usi ng._ t he met hod, of El b .
colump; %@Hpraﬁpn yoased\op| ]@}1?5%&33%@?2{1@%{@5 glfngh%llsq;ssf %k())?ry lﬁ)rl}’fmer\;' Standard
Servgga&/lﬁ g{)]%l%‘dpfofr MNermiPon Bf BbREGEL Wefel AREHSILER Fhas used as an
nj uga ofyners; Kuzmany, H, Mehring, M, Roth,
interbal,stdodard, Springer Series in Solid State Sciences
1987, 76, 400. GC/ M5 was

AR DYVt o agesh owRaT 5978 RS, NS weliionfn anhydrous

chloroform, unless stated otherwise, or polymer thin films cast onto 22 mm square cover
glass using a Perkin-Elmer Lambda 900 UV/Vis NIR spectrometer and are reported in terms

of wavelength (nm). Optical spectroscopy was performed at ambient atmospheric conditions.

General procedure for preparation of random copolymers of alkyl/alkoxy functionalized
polythiophenes by the Grignard Metathesis (GRIM) method.

In a typical polymerization experiment, a dry 50-mL three-neck round bottom flask was
flushed with N, and charged with 2,5-dibromo-3-(2,5,8-trioxanonyl)thiophene (0.486 g, 1.3
mmol) and anhydrous THF (13 mL) via syringe. A 2M solution of an alkyl magnesium
halide (0.65 mL, 1.3 mmol) in diethyl ether (Et;O) was added via a deoxygenated syringe,

and the reaction mixture was stirred for 1 hour at ambient temperature. The magnesium-
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The GC columm was a Hewl ett-Packard fused silica
capillary colum cross-1linked with 5% phenyl net hyl

W@ R006x03G786¢ Hel i um was the carrier gas ( 1 nl/ nP@l/US2005/034043
Unl ess otherwi se noted, the follow ng conditions were

used for all GO/ M5 anal yses: |nj tenperature, 250
bromipe:exphange arreaqt@np\@awam@mé?reg @Ycihet(gﬁ%\gé A0BYEISy a‘%%?tﬁ% y 250-mL
S, dd e r fh 1GelanleCHIRAY! Qfth 2,5-dibromo-3-
three-ge R, Pyt Bt R b foshef T, 16 fan SHBREH! B0, 2.5-dibromo
hexyl@6Shefie arsat igprvs7 vhaul)e dapEanat @s tardd deopsht(erterna@ld giandard), and

ey GR (15 91wl wined e ob ASLR TR hile .05 m.
7.7 m{:nlog]g@n %g?)‘%i%gld%éggiaﬁgﬁggh%@ Syritigl! AR re£cPoH Misture was stirred

t andard Servi ces) and a
for 1 foar at andiientriemPahiuie. Subsaquibratiye dheoerntest wi the dhal three-neck round

oo L B L BT S RRIREL . G pin

aliqu{ﬁO%B?Hﬁ,&‘Wa% 4REHo@S qidhchéd Qithalvatst, andaublectelilto a GC-MS analysis.
- Vi | R spectra were recorded on either polyner

This wa$ fullowved tiyntha adition o€ NiEPpPISH 0024 | Oedsmatol) g suspension in 2

therw s r ol ' i Nt h
. of YA S5TP” LTI ) Qe ARER Ane R andcact vas
preciplMidd B MbtRaf €S NMBbeeachntigastea samsle twed prapateerinmty6¥ (2 mL) and
“Wwavel ength (nnm . tical spect rosc%i% vvgs gerfa?c‘)f{g)eq at. "
subjegietite MC-MSerabyrs. i Ehepplymerighion veasfelogied 1o 8108 Il g minutes a
preparatl of i . IOt kOpcipitated after 16
roomfleiPiaBirt Pisdhel SHEBTIGARPIVRLS. FheToorti§Prkcipitated after
hourdVBY obiang st (HERlablineietiadol/ watenntiytpiec €100poLy,nfotlowed ibynsequential
_experiment, a dry 50-ni thrﬁe-g ck rounddbgftqufléﬁ&bl) The
purifigadior; pyistaxlylehiexiagipnapHh crethagol fgxppes, and chloroform 3
P oYSn | -3 (2,5,8-trioxanonyl)thi ophene (0.486 g,
CHC%.%C%W and anhydrous THF (13 nlL) via syringe. A 2M
solution of an al kyl nagnesium halide (0.65 L, 1.3
mol ) in diethyl ether (Et20 was added via a
deoxygenated syringe, and the reaction mxture was
stsdieds L1 2 dndPigtredto REVIdE Bharh@iBRARidh deR, The
magnesi unbr om ne exchange reacti on was nonitored by
the GC-MsS anal ysis. Another dry 250-nL three-neck

ol o IS S
i j t of t
alkylmgﬁ%ﬁgﬁezcg%&m@heﬁdsn tTae Ralue sitrefeekatodnole aetent of the

m.) via syringe. A 2M solutiopn of an .

alkom-ﬁa;hstiw@mnwrhwhﬁr)@@ thg valye m?eff?.s 1o %% pergenh Oﬂftlgﬁysugstlmted

was ed Vi j j
monfige. 8o ETUHERAR R SaBk 101 m CHE L IRELAMe, sbou 10
abouSEH SRAKIBRLEN, ortdbeuiciinbebbutd0 mole poent, withrtbereneiking being the

round bottom fl ask was introduced to the 250-nL via a
alkoxpespbpiiaried cananpmelge, at whi ch point an aliquot (0.5

m.) was taken out, quenched with water, and subjected

to a GC-Ms analysis. This was followed by the addition

of N (dppp)d 2 (0.024 g, 0.44 mmol) as a suspension in

2
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mL of anhydrous THF. Aliquots ( 1 nL) were taken at
different tinme intervals and each was precipitated in
woreahasobe (5 nl). For each aliquot, a sanpl e WAST/US2005/034043
prepared in Et20 (2 nlL) and subjected to GC- M5
anal ysis. The polynerization was all owed to proceed
for 15 mnutes at roomtenperature, and then was
subjected to reflux. The polymer was precipitated
after 16 hours by pouring it into acidic
nmet hanol /water m xture (500 nmL), followed by
sequential purification by Soxhlet extraction with
nmet hanol , hexanes, and chloroform (CHO 3). The CHC

fractu on aplres d 2 and Fllm@mo
provid c@%@&@ﬁz tli on dg} a. Tablle 1: ecul ar
wei gh and structural] copposi tpgn dangwy rangem
copol yrmers of al kyl/al koxy‘Tunctl onal1zed

pol yt hPifer®dEEMIE vial 42150 r eflebs |t 08%ol e pdBcent [of

the a ut ed regg the vgl ue m
refer F%il" '@Lerfrcen g?g‘g(ﬁn;yl Qh hst ??ut ed n@noner.
Pol ynerization conditions can be varied so that m can
be, for exanple, about 5 to about 25 nole percent, or

about 10 to about 20 nol e percent, wth the remaining
ei ng the al koxy-sub tltu

ed. co
Tablgyk| SAIPUaRg 268 o ETERRERI b i BROP B AORTLGRS) Jhelealkoxy-
functisinatizedpolpthicprenainct | onal i zed pol yt hi ophenes 1 X Fil ns
spl n-cast from chlorof orm Choroform sol vent; HOVO

ﬁé’i’??&‘;@? ulrafed by onset,of mgati on usi ng| cy@O™MO’
g typi cal val uesm?xo HT are 4.8-5.1¢eV)
I-’HI:I-’/—\H/—\II ON (F F&6ta :j[éne Pho&gK Aioh?l chejge%\@es wer V)

ared with pa er ne ndi umtln oxi anaded9
PQPEJSJISPMHEﬂﬂ"at ¢ DF0 nmthin | 498r of

PBRITVA-BMEEEE hy | (=ne055:3<yt hi ophene)’.Gtﬂoped wi 1%h - 5.04
polystyrene suifoni ¢ aci d ( PEDOT: PSSA Baytron P VP Al
4083 gr ade, HCStarQ a 100 nmth | ayer of the

IFilntsepimp ey fibar chiobfor; *Cliorofeensolvent gH plucgiealelpted iy onset of

xR B Lo Kk PP L P CREEAN e A b1 enc:

and Li F/ Al bilayer cathode. The patterned |ITO gl ass
substrates were cleaned with hot water and organic
sol vents (acetone and al cohol) in an ultrasonic bath

nd t ' zone plasma before the PEDOT: PSS
PRE@/&%M@#@?‘%{’RA@ spin coated on the top. The film

Waghé ph&evaitaicl diiieds ferd Prepardd wiith paiternad indbae imendded 5§, anode)

Bayer. The thickness of PEDOT; PSS f. | i GSB %Jo ﬁl
glassaqubsigeira Honmhinttayssoh Bolycets e@b’%ﬁw@oﬁr‘ﬂl@@ PR FE8 Yﬁ

TNAF
poly “@gﬁ?%@g:}’ﬁg b"fofgéna“ 2@85%5‘??%8 4222%%%%@ Stark); a 100 nm

thin Tayef GUHE F@S&e@ﬁlaﬂ&ﬂﬁeﬂﬁ&l@e working exangpls dwchbq:d aloan mixed with
that of the [ TO su rev nt| | oc
et hteson o Rsoul st BT AP o BB 8 a i and

LiF/Al bilayer cathode. The patterned ITO glass substrates were cleaned with hot water and

1%

organic solvents (acetone and alcohol) in an ultrasonic bath and treated with ozone plasma
before the PEDOT:PSS water solution was spin coated on the top. The film was dried at
170°C for 10 mins in air as recommended by Bayer. The thickness of PEDOT:PSS film was
controlled at about 50 nm. Tapping mode atomic force microscopy (TMAFM, Veeco Multi-
mode) height image shows that PEDOT:PSS layer can planarize the ITO anode. The
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The 2:1 weight ratio (P3HT-r"-PMEET: PCBM bl end was
next spin-coated on top of the PEDOT: PSSA filmfrom

w@ hdoe0ad766 m sol uti on with no danage to PEDOT: PESEUS1005034043
to give an 100 nmthick film verified by AFM Then

the fil mwas anneal ed at 100C for 2.5 mins in glo
roughusss o NEPOIHI Sy sutdarg ipsmalier ithrnghas of e 141 surfach @feventmg local

bl end ¢ ro bi cont i nuous bul k
Sh %r?&rd]l %ﬁr&w@%&?ﬁ%ﬁ I%Hﬁ%t)@ﬁ:}g | ayer was thermally
E‘V?BH@Z Qtv&dgm%@ (F3e1Bedn-PRIBEY @CBM bisndwaa r&hﬁQﬁMVcoated on top
foll owed by de 03|t|on of a,.200 nm Al

of thg%%ﬁ)ChT BB fam feeys ehlojeiorm selubion yife noggmaee ﬁ@@éf :PSSA film to
give ‘é%tl B? ﬁ{ngtgﬁgsﬁl V%WFW iThen the %lﬁ%&%ﬂhﬁ%d ?ﬁd@aé for 2.5

|n|ng ht on the devices
minsih Igﬂ,tivesboxFlIMAFM hdigiet adé‘phmsmmgasandlea;teé this blepd can fiiveophase
phot ovoI tajc ch teristi cs VI ces th
sepaflgpo BRBUUPE PR PRt gnctios. ReonBF 17 LT Ry pipes thermally
evapBRASHERS e S0 %yéﬁﬁ&@h%%ﬂh&ﬁ@ﬂm f@ll@wéﬁﬁ')}t JIE;%){m%ﬂ @02 200 nm

source neter and’Oriel “300W Sol ar Si nul at or” based
Al layer. [Thema didphofepbyvas peteonsthe yopodf dabises wib arglyss slide covermg it.

Under .sanme pre n _.and ing c i t.lon
The BB Brook e b PR PG 1o e an B e e o Eputes.
FinaBPaRe Gdvicddiviery Riste@dR alrVOC) 15% hi gher short circuit
current (I sc), consequent lcé 18% hi gher efficiency than

t h&he pliotpreajiats @gmcsnﬂsp@s g Bvisexynden Whifn dishy exposur ddir Mass 1.5

h SHT/
Glotgf el o Fsamres pice aaeyot siipbipul & SN ob Souscs meter and
OrleIEMIIW ISQr Sirdidto? Bhécdadn X¢ DG Witk sutpit 1$1€l=lnlslﬂy sf #omt 80 liW/cm?.

IJp/ntyeblend correlated_ wth the qua of the
iger sgmigdnenariiosmng festing sendigonsethg. cop@&m&%ﬂféhe wprking
exani;ﬁg gﬁjqwe%”l‘éﬁﬂiéh&%ﬁ&mh% it @81‘(%’@ I_?g o étl 5‘? Zhgﬁ%%??ﬁngﬂ%ult current

I Ons . anne a I Ng
(Isc)Mb@sequishtty U S%HﬁglmﬂeﬁMer&IyeMrrthmsofaegioﬂeghhs poly(Bhérylthimphene) as

el ect.rode rel the ratio of n-type and :
shovgy plied o r1a BB CEN sysdem Srataruegto pBSIE H Hhefticiency
ells can be inproved by optimaizing
for B ?é‘gy‘% A R P T phot ovol t ai ¢
deiF he electoorpe hsd q@mahpropcmbs of sadidrstatiefilng o pdrtype blend correlated
ect rode actjve l.ayer .dis osed between t he
with o e E BB rBEd S iR s o VBl epeed Hha

envifkFRAtsS 8Swall ad fES ErthﬁﬁnPcdn\dﬁ%n@ 1B, Oﬁhﬁ{ébhﬁ@fénﬁﬁerdt&%%hd time).
one n-fype conponent, wherein the p-type conmponent

Also; thepranspst eff el¢aizons amhbolps)m)/b’pék tctqjq:pqug$ xsgelated to the ratio of n-type
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het eroat om substitution in either the a- or b-position
of the 3-substituent. 2. The photovoltaic device
waewo/nsi7ng to 1, wherein the heteroatomi s an BPXI/YSI005/034043
atom 3. The photovoltaic device according to 1,
wherein the heteroatom substitution is in the
WHAT g3 SLAINERASt he 3-substituent. 4. The photovol taic
devi ce according to 1, wherein the polynmer is a block
1. copgihpteoltaib devihe cphptisingl t ai ¢ devi ce according to 1,
wherein the. polynmer is a random copol yner. 6. The
ph%ﬁﬁ@Sk?g?%gdevice according to 1, wherein the
PO} ¥dWhd kfecRodeOPo!l ymer conpri sing non-thi ophene units.
7. The photovoltaic device according to 1, wherein the

n- a1y pwive dayeo dispesed igtwasn the fisspandossapahelegirages whereip the active
v U GRLPAEE (Hah fo TEpR QYHRE i

the pAfyfe tOE &Iehy&ﬁn}mw aniesdt oas polared eshpisieafdgictdzalar poby(3-
coordingte bondi ng.. 9. The phaotovol tai c_device

substmldpﬂ@n@binwhimﬁw&-wbsﬁ@ew$ gialkyl, a1y e afeilippd moiety with 2
i ises .at | £ f ¥ i
heteilofth S RGRE T aitler R (or ErfstguiaiGE b sRBRERE 1N

according to 1, wherein the polyner is a copol yner
whi ch conprises at least two different functionalized
2.t hiTbphketevalisia devige acperdgg i dehensin the heteropfqm is an oxygen atom.
phot ovol tai c device according to 1, wherein the
pol ymer conprises non-pol y(3- substitutedthi ophene)
3. uniThs phl@ovoledt devive aberdarg tods evheiRiroihb @aterasorh Substifution is in the
The pﬁotovoltaic devi ce according to 1, wherein the
a-pogisiopad thech aghstiBest. non- r egi or egul ar
pol y(3-substitutedthi ophene) units. 13. A photovoltaic
devi ce conprising: a first electrode, a second
4. el eaé phstevolaic dsiidevazchmdirgytodi sheearihbeblyeen i¢ blobk cepolymer.
and second el ectrodes, wherein the active |ayer
conprises at | east one p-type conponent and at | east
on - : in :
5. Conny PhABRIR AR oot 8 1) D {0 R IPPRRbm copolymer.
regi o-regul ar pol y(3- substitutedthi ophene) in which
the, 3-substituent is an.al kyl, aryl , or. alkyl/aryl
6. ot phoiPYeHtalc fidtic BaooiAEsans MRETHH B PRSI FoRahumer
- D5 i d e 3-substituent, wherein the
Cmnﬁ%?g$g§§gﬁ$@§nggn%§or S atom and wherein the polymer
is a honopol ynmer or a copolyner. 14. A photovoltaic
l,ow e '

7. Sgﬁ%‘g ﬁgat$¥%lgag%g?v§fehad:?:glldirilg%ulr, i\7vt11ie1“ee‘1$'n e nt-tr}]/ge Qérhggneent and the p-type

component are covalently bonded to each other.

8. The photovoltaic device according to 1, wherein the n-type component and the p-type

component are bonded to each other via coordinate bonding.

9. The photovoltaic device according to 1, wherein the polymer is a copolymer which

comprises at least two different thiophene units in the polymer chain.

10.  The photovoltaic device according to 1, wherein the polymer is a copolymer which

comprises at least two different functionalized thiophene units in the polymer chain.
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a first electrode, a second el ectrode, an active |ayer
di sposed between the first and second el ectrodes,
wWoL@emB4156 he active |ayer conprises at | east OPET/PS109pe34043
conmponent and at | east one n-type conponent, wherein
the p-type conponent consists essentially of at |east
one polyner consisting essentially of a regio-regular
11. poTM{)@h&W&EJ d’év?éétdabf} %Qg)l WherdH 06 PBl%er comprises non-poly(3-
3-substituent 1s an , aryl, or a ary nolety
subsmutddﬂaopimne)matscderise(bﬁomtmm |oom01r¢1t1m111ha¢ unite a- or
b-position of the 3- substituent, wherein the
heteroatomis an Oor S atom and wherein the polymer
12. ! STRe B&R’Qﬂﬂ{aﬂ'&’erw&rac@or@ﬁig% ¥ R herefthe PoRBRE @Mlﬁbh?és%on-reglo-
device conprising: a first el ectrode, a second
regulal pelyf oeubstitntedthipphene hymits. di sposed between the fir st
and second el ectrodes, wherein the active |ayer
conprises at |east one p-type conponent and at |east
13. 0NA phototReaic PR edipriviigr ei N the p-type conponent
conprises at |east one copol ymer conprising
r e@ilisst elegtipds: poly (3- substitutedt hi ophene) in which
th ent is an alkyl noiety with an oxygen
he g%@%?gﬁ%g%%%tltutlon in the a-position of the
3- anlbaivietlayn dispdsed bevecetiale fist amtsecdidigletteodes,avinerdin the active

wherein the copol ynmer further é nPrlses a conononer
layer-GomRIISes Aigleash OBF RYYPCHOBI9BERt A 3t least Pne prgpgepRQuent, wherein

the pa%ﬁ)-p Egﬂnggngg‘? 8§)Ihn€frl1 % 405 1PteaMORE ?bl@fn{ek’ @ofﬁgﬁﬁh%' PEfo-fd bl b1y (3-

mer conprising an
subsﬂﬂmdn]ﬂbphamehm welniels €ret3-substituenitis 5n alikyh laqd; or2&kylald moiety with a

T Yy e e T
hetel\%ﬁjco\fﬁ i) RE B g\gltoéfﬁtana%ege?ﬂ 3)0%81 idh ﬂgmBg g{n@k Bt é-é%l?olymer

erern ratio o t'ype to n-t mat er |
|s about 1:1 to about 3:1, and the active Iayer

14, ot oo RL BRI e DEViBE A Fmea iR ot Arece-Sibe s IS

com 1Sl{;g%_type to n-type nateri aI is about 1.5:1 to about
. 5:

a first electrode,

a second electrode,

an active layer disposed between the first and second electrodes, wherein the active
layer comprises at least one p-type component and at least one n-type component, wherein
the p-type component consists essentially of at least one polymer consisting essentially of a
regio-regular poly(3-substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or
alkyl/aryl moiety with a heteroatom substitution in either the - or $-position of the 3-
substituent, wherein the heteroatom is an O or S atom, and wherein the polymer is a

homopolymer or a copolymer.
15. A photovoltaic device comprising:

a first electrode,

a second electrode,
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an active layer disposed between the first and second electrodes, wherein the active
layer comprises at least one p-type component and at least one n-type component, wherein
the p-type component comprises at least one copolymer comprising regio-regular poly(3-
substitutedthiophene) in which the 3-substituent is an alkyl moiety with an oxygen

heteroatom substitution in the a-position of the 3-substituent.

16. The device according to claim 15, wherein the copolymer further comprises a

comonomer comprising an alkyl 3-substituent.

17. The device according to claim 15, wherein the copolymer further comprises a

comonomer comprising an alkyl 3-substituent present in about 5 to about 25 mole percent.

18. The device according to claim 15, wherein the active layer further comprises a different

polythiophene.

19. The device according to claim 15, wherein the weight ratio of p-type to n-type material is

about 1:1 to about 3:1, and the active layer comprises a polymer-fullerene heterojunction.

20. The device according to claim 15, wherein the weight ratio of p-type to n-type material is

about 1.5:1 to about 2.5:1.
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