HETEROATOM C REG OREGULAR PCOLY( 3- SUBSTI TUTEDTHI OPHENES) I N PHOTOVOLTAI C
CELLS RELATED APPLI CATIONS This application clainms priority to US

Provi sional application serial no. 60/612,641, filed Septenber 24, 2005 to
WIllians et al, which is hereby incorporated by reference inits entirety.
BACKGROUND While solar cell technology has steadily inproved, a substanti al
| eap is generally needed to achieve costs of, for exanple, $1 per watt and
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potential to achieve this goal. Polyners are needed with the unique ability
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descri bes photovoltaic systenms based on higher glass transition tenperature
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S nductor in

het er oat om substitution, such as a p-type sem'co
tailored to meet application requirements. Specifically, by tuning the band gap, energy

levels, and processability, polymers are needed which can be the key to unlocking
applications for solar cell technology.

A need exists for better photovoltaic devices which can be commercially processed
well, can be synthetically tailored, can be reasonably priced, and can provide good efficiency
and stability. In particular, polymer materials can provide good processability and synthetic
versatility. Also needed is better use of nanotechnology and nanomaterials to control the
polymer-based heterojunction.

US Patent Publication 2005/0022865 to Robeson et al. describes photovoltaic systems
based on higher glass transition temperature polymers.

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-



photovoltaic cells. One enbodi nent provides a photovoltaic device
conprising: a first electrode, a second el ectrode, an active |ayer disposed
between the first and second el ectrodes, wherein the active |ayer conprises
at | east one p-type conmponent and at | east one n-type conponent, wherein
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wherein theaFirktetie@eponent conprises at | east one pol ymer conprising
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the p-type conponent conprising: a first electrode, a second el ectrode, an
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and wherein £ tp?!ﬁ ¥ is a honopol ymer or a copol ynmer. 2 Anot her

enbodi nment pré%édi‘ﬁ%lé%trﬁﬁ&" ovol taic device conprising: a first 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 comprises at least one polymer comprising 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.

Another embodiment provides a photovoltaic device having low metal impurities in
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.



a second el ectrode, an active |ayer disposed between the first and second

el ectrodes, wherein the active |ayer conprises at |east one p-type
conponent and at | east one n-type conponent, wherein the p-type conponent
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maki ng phot OXQ}%@I %trg?’é" ces and nethods of using photovoltaic devices. One
of the basic novel 'features is that the p-type material has netallic

inmpurities atecdndeleetrodgyfficiently lowto allow for photovoltaic
applications. In, addition, the use of the _ heteroatom provides tunability to
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substitutedthiophene) in which the 3-substituent is an alkyl moiety with an oxygen

heteroatom substitution in the a-position of the 3-substituent. The copolymer can further
comprise a comonomer comprising an alkyl 3-substituent. The copolymer can further
comprise a comonomer comprising an alkyl 3-substituent present in about 5 to about 25 mole
percent.
The active layer further comprises a different polythiophene. The weight ratio of p-type to n-
type material can be about 1:1 to about 3:1, or alternatively, about 1.5:1 to about 2.5:1. The
active layer can comprise a polymer-fullerene heterojunction.

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 o and B positions of the
3-substituent indicated



Figure 3 illustrates poly(3-[0-oxaheptyl]thiophene), poly(3-substituted
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Figure 9 illustrates another embodiment wherein the p-type and n-type materials are blended.
Figure 10 illustrates cyclic voltammograms of P3HT-ran-PMEET/MEET on a glassy carbon
working electrode for a solution cast (CHCl3 0.3% w/w) thin film in 0.1 M BuyNPF¢/CH3;CN
at 20 mV/s scan rate.

Figure 11 illustrates current density vs voltage (J—V) characteristics of two polymer
photovoltaic cells with structure ITO/PEDOT:PSSA/active layer/LiF/Al. Active layer is made
with bulk heterojunction of two p-type semiconducting polymer and PCBM.

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



I ncorporated by reference, describing OLED devices. In the nonenclature
descri bed bel ow for substitution sites for a heteroatom the two systens
can be used equivalently: (1) a, 0, y, etc. is equivalent to (2) 1, 2, 3,
etc. PHOTOVOLTAI C CELLS AND CONJUGATED POLYMERS GENERALLY This invention
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whi ch canegesgnei@eﬁm,to as an exciton, in a p-type sem conductor which is
inintimte contact with an n-type sem conductor. Typically the )
seni conduct orThgasepherganis oz palywies materials ip photevoltaie eelischor the frespatiavemtioneen

two el ectrodes eraein _at lLeast. one el ectrode |s fficiently transparent
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radiation to electrical energy. Although the present invention is not limited by theory, this

can be accomplished through a charge separation event that occurs after absorption of a
photon which causes the creation of an excited state, which can be referred to as an exciton,
in a p-type semiconductor which is in intimate contact with an n-type semiconductor.
Typically the semiconductor domains are sandwiched in one or more active layers between
two electrodes, wherein at least one electrode is sufficiently transparent to allow for the
passage of the photon. As known in the art, the value of such a device is that it may be used
to directly convert solar radiation into usable energy without the generation of chemical
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.



5 The photovoltaic cells can conprise at |east four conponents, two of which
are electrodes. One conponent is a transparent first el ectrode such as
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electron affinity including, for example, carbon fullerenes, titanium dioxide, cadmium

selenium, and polymers and small molecules that are specifically designed to exhibit n-type
behavior.

Performance of photovoltaic cells can be determined by measurement of the
efficiency of conversion of light energy to electrochemical energy as measured by the
quantum efficiency (number of photons effectively used divided by the number of photons
absorbed) and by the peak output power generated by the cell (given by the product I,V
where I, is the current and Vp, is the voltage at peak power). For comparison, efficiencies of
crystalline silicon based devices range from 15% (commercial) to 35% (laboratory);
amorphous silicon solar cells are cheaper than crystalline but achieve 8-20% efficiency; dye-
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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POLYTHIOPHENE |

One skilled in the art can employ the below description about poly(thiophene) in the
practice of the present invention. As known in the art, poly(thiophene) has a conjugated =-
electron band structure that makes it a strong absorber of light in the visible spectrum and
hence a candidate p-type semiconductor for photovoltaic cells. Poly(thiophenes) can be
prepared by various chemical and electrochemical transformations of suitably substituted
thiophenes that result, primarily in the coupling of the thiophene rings at the 2- and 5-
positions of the monomer. The degree of other modes of coupling of these thiophene
moieties depends on the method employed and can afford polymers and/or oligomers of
varying regioregularity.

As known in the art, the absorbance characteristics of poly(thiophene) reflect the n-n*
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
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a p-type sem conductor for this L . .
device. It is known that the absorbance characteristics of thin films of regioregular

polythiophenes reflect the increased n-stacking which occurs in the solid state.

The amount of n-overlap and charge density in this n-system also determines the
energy of the n-n* transition for a conjugated polymer. In photovoltaic cell applications, this
absorption determines the amount and intensity of the solar spectrum that may be utilized by
the device. Consequently, the nature of the p-type semiconductor strongly impacts the

efficiency and performance of the photovoltaic cell.

POLYMER PURITY

To effectively use a conjugated polymer as a p-type semiconductor for this
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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in 2,5’-couplings, but also in 2,2’- and 5,5’-couplings. The presence of 2,2’-couplings or a
mixture of 2,5°-, 2,2°- and 5,5’-couplings can result in steric interactions between 3-
substituents on adjacent thiophene rings which can create tortional strain between the rings.
The rings then rotate out of a planar conformation to another, thermodynamically more
stable, conformation which minimizes the steric interactions from such couplings. This
results in reduction of p-orbital overlap between adjacent thiophene rings, and if severe
enough, the net conjugation length decreases and with it the conjugated band structure of the
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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regio-regularity of these materials is that they can self- assenble in the

sol i d sttethe mrms shserption For-these anaserials. r This absozptionivstasménas the amewntandd t o
intensity of the solar spectrum that may be utilized when a regioregular poly(3-substituted
thiophene) with alkyl, aryl, or alkyl/aryl substituents is used as a p-type semiconductor.
Other factors like work function, mobility, and processing techniques determine the
efficiency and performance of the photovoltaic cell. For these reasons, regio-regular poly(3-
hexyl thiophene) is most commonly used as a polymeric p-type semiconductor in polymer-
based photovoltaic cells.

Another benefit of the regio-regularity of these materials is that they can self-
assemble in the solid state and form well-ordered structures. These structures tend to
juxtapose thiophene rings systems through a n-stacking motif and allow inter-chain charge
transport through this bonding arrangement between separate polymers, enhancing the
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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S
t hi oal kylo- dr BAgSE 93t psandariereaiseseited dherein, which is her erence

in its entirety. In particular, section 4 describes “Chemical Synthesis of Heteroatomic
Functionalized Substituents on PTs: Recognition Sites for Self-Assembly and Chemical

Sensing.” Another reference which one skilled in the art can use is the Handbook of
Conducting Polymers, 2" Ed., 1998, Chapter 9, by McCullough et al., “Regioregular, Head-
to-Tail Coupled Poly(3-alkylthiophene) and its Derivatives,” pages 225-258, which is hereby
incorporated by reference in its entirety. In particular, section VI describes heteroatomic
substituents on HT PATs including ether groups and thioalkyl groups. This reference also
describes, in chapter 29, “Electroluminescence in Conjugated Polymers” at pages 823-846,
which is hereby incorporated by reference in its entirety, including the sections on
photoconductive polymers (pages 838-840).

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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i ncluding the sections on photoconductive polynmers (pages 838-840). In
addition, electrically conductive polyners are described in The Encycl opedi a
of Polyner Science and Engi neering, WIley, 1990, pages 298-300, including
polyacetylene poly(p phenyl ene), pol y(p-phenyl ene sul fide), polypyrrole

and pol Oﬁgﬂiﬂ‘
entirety. |s re er enceITFJTIBgVescrl sﬁ%ﬁgjril%lhﬁg and ““copo yrrerl zat%n of

pol ymer SUBSTATUTION BY @XYGEM! yrer formation. 11 HETEROATOVI SUBSTI TUTI ON | N
REG OREGULAR_PCOLYTHI OP Pﬁg éf - ALPHA SUBSTI TUTI OXYGEN Regi o- r egul ar
P a@qéf;:ﬂ#

pol y( 3- subst Regioggeular tityedithigphepes ‘éﬂﬂ}'

50 be ‘gﬁ%%aﬁ%%ﬁ‘?%"atﬁéeﬁ‘# ooa-éﬁﬂ? e Lol A URR palY Do
2- br Ombgweﬁll&@hqu&@b Pm§>maﬁho smhgﬁah &Qd—SJ—BBcbﬂyﬂiﬁ;bﬁéﬁk?Sl s of

a 2, 5-dibrono- | Koxyt hi ophene a nickel cross-couplin

react i oapd GRIMO(@ri mﬂtaﬂwsléﬂéﬁﬁﬁt%élbmmq—ﬁta&@b’ﬁ%pme filtoaveddiy< nieksl ude

ol y(3-sub d_t hi oph 1-
Vi) RO laR e bR RENBR:. Sheodis SRS BEIERAss ofmasertp el cnt vy
contain alybﬁﬁﬂfsﬁﬁ:{tﬁ%ﬁﬂheﬁe@ QAR loeméﬂ@ﬁ’:yl dhdA4! 7 1tHexa o)1 &Ebsuﬁiéﬁﬁe% &g i n the
a- p03|t|on The degree of regioregularity can be, for exanple, at |east

about 9@esfances, the 3-substitudénd mayI6ataima heterohtonsothertthan ogBn i hdditiomtoran of
Roo o 1 RTRSRatgR iy s R ARUEOE TR SegHR SR REBER AL Coa ey Tor EXFpPIe, 3jgpst
al kyl / ag, %féut 969b6¥ bttlla‘é‘s%ﬁoﬁ't@ﬁ"/?%r QLXIX&'F d?ztt%a/' e e RinPOFte o%gﬁ%:i?e

3-substi fuent dermntra ance performance

regi o- r equplings forithdsd nsatdridls eaﬁexdeed%%zphenes vm th al kyI aryl and
al kyl /aryl substituents with regard to processapi 1 Iﬁl’)ﬁ fect-free
1

el ectroni ¢ sfegiorrggular pelye3-substfuirdithiophense) witlh alky @Wlonl c

ey of PR 4B a8 Portiebldn B GRRHESH o AR 3 ub PRFRTRR B e ok '

substi t ghhadBed Serfdindfed ﬁa&ﬁeﬁrgﬁoﬁegﬂ&)pog(ﬁsh&tﬁ@t@@) HAiphases el Wyl h the

it- it * transition for he matert al his substitution red-shifts the

absor pt andhallsyléry] subsdmpets adth regard ﬁ@gnogessdghtyadefepioﬂ‘rge( e¢lecirenia $trugtuge) high

t hi oph th d | [aryl i tuent t f
Sol ar '+ SetiPh soefBeteht Light stesneBRcmBulis, Lftptived HE s FiPhoIBee B hbSor pt 1 on
of the RekyRBI solétley, But ey B%ﬂﬁﬁfé‘dﬂlﬂﬁtb@ﬂeﬁtk Hxwell, ThE efFBltF tHeaskygéd On

spectrum Therefore,
substitution is to decrease the energy of the band gap associated with the n- & * transition for

the material. This substitution red-shifts the absorption profile compared to a regio-regular
poly(3-substituted thiophenes) with alkyl, aryl, and alkyl/aryl substituents into a regime of
solar radiation possessing greater emission. This red-shifts the absorption of the polymer
toward the maximum photon flux of the solar radiation spectrum. Therefore, when
incorporated into photovoltaic devices, a higher efficiency may be observed. Furthermore,
the heteroatom functionality increases the solubility of this material in polar organic solvents
like tetrahydrofuran, dimethylformamide (DMF), 1-methoxy-2-propanol acetate (PMA), and
chloroform, and enhances the processing options for this material and allows the selective
dissolution of this layer in the presence of other device components.

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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can exc ec?gss%%n{f)ling reaction) methods. Specific examples of this class of materials include

poly(3-substitutedthiophenes) with 2,5-dioxahexyl and 2,5,8-trioxanonyl substituents. In

some instances, the 3-substitutent may contain a heteroatom other than oxygen in addition to
an oxygen atom in the B-position. The amount of regio-regular 2,5°-couplings for these
materials can exceed 95%.

Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and an oxygen atom in the B-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
coefficient, high electronic mobility, improved solid-state morphology, and increased
solubility, but they offer some other benefits as well. The effect of the oxygen substitution is
to decrease the size of the band gap associated with the - 7 * fransition 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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Regi o-regul ar pol y(3-substitutedthi ophenes) with al kyl, aryl, and al kyl/aryl
substituents and an oxygen atomin the (3-position of the 3-substituent
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wi th al ky ’rlag’ér% a {?;l{y [ary &'s%bggfél%ea%?{slyéoﬁd a heteroatomin the
a-position of the 3-substituent has al so been prepared by

HETEROATOM IN ALPHA POSITION
Regio-regular poly(3-substituted thiophenes) with alkyl, aryl, and alkyl/aryl

-

substituents and a heteroatom in the a-position of the 3-substituent has also been prepared by
the McCullough (nickel cross-coupling of 2-bromo-5-magnesiobromo-3-a.-
heteroalkylthiophene) and GRIM (Grignard metathesis of a 2,5-dibromo-3-o.-
heteroalkylthiophene followed by a nickel cross-coupling reaction) methods. The heteroatom
in the alpha position can be, for example, oxygen and sulfur. Specific examples of this class
of materials include poly(3-substituted thiophenes) with 1-thiaheptyl substituent. In some
instances, the 3-substitutent may contain a heteroatom addition to a hetero atom in the a-
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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sui tabl fiunﬁ titog%{léh @Bpﬁﬂﬁ %ﬂ B'm%e KiitabR%or their application as p-type

semiconductors for photovoltaic devices.

These materials can be made as oligomer chains such as (3-a-heteroalkylthiophene)y,,
(3- o -heteroarylthiophene) ,,, or (3- a-heteroalkyl/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.

HETEROATOM IN BETA POSITION

Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and a hetero atom in the f-position of the 3-substituent has also been prepared by
the McCullough (nickel cross-coupling of 2-bromo-5-(magnesiobromo)-3-(8-
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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mc ucfe C?lalt Clocahzauon or trapping, quenching of the exciton, reduction of charge
mobility, interfacial morphology effects such as phase separation, and oxidation or reduction
of the polymer into a truly conductive state which is not suitable for photovoltaic
applications. There are several nlaethods by which impurities may be removed from a
conjugated polymer. Most of these are facilitated by the ability to dissolve the polymer in
common organic and polar solvents. The solubility of these materials facilitates their
purification such that they can be made suitable for their application as p-type
semiconductors for photovoltaic devices.

These materials can be made as oligomer chains such as (3-p-heteroalkylthiophene),, (3- B -
heteroarylthiophene) », or (3-B-heteroalkyl/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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mcorporated by reference in its entirety including for all of its copolymer types.

In addition, a copolymer can be, for example, a random or well-defined copolymer a
regio-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 B-position of the 3-
substituent or a hetero atom in either the-a- 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 oxygen substitution in either the a- or f-position of
the 3-substituent or a hetero atom (such as “S,” with appropriate substitution to complete
valence requirements) in either the a- or p-position of the 3-substituent with a block
comprised of one or more functionalized thiophene derivatives, or as a regio-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 B-position of the 3-substituent or a hetero atom in
either the a- 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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whi ch can beAusevd RyeR@nhaves c6liBafor?or 1288 hitypsentiB¥hdiRtord¥nld odf ekl ER

in a number of different embodiments. It can comprise, for example: (i) two distinct,

adjacent, and separate layers of p- and n-type materials; (ii) a single mixed layer of p- and n-
type materials; (iii) a mixed but phase-separated layer of p- and n-type materials; (iv) a
combination in which one or both materials are organized into a discrete structural unit or
array; or (v) a combination in which one or both materials are bound to a non-active
organizing matrix such as a polymer or supramolecular scaffold.

In one embodiment, the p- and n-type semiconductor materials are bonded to each
other. The bonding can be ionic or covalent bonding. Coordinate bonding can be used. For
example, one material can have a nucleophilic group and the other material can have an
electrophilic group which can react with each other to form a covalent linkage. Covalent
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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An active |ayer can have a conbination of p- and n-type sem conductors and
can exist in a nunber of different enbodi nents. It can conprise, for

exanple: (i) two distinct, adjacent, and separate |ayers of p- and n-type
materials; (ii) a single mxed |ayer of p- and n- type materials; (iii) a

m xed byt phase-separated | ayer of p- and n-ty materials; (iv) a

combi nafy &Qam’ﬁﬁggﬁ%-%w pes SHQIEQ?WETJWSJ%@F%’%S@BP@%JS% SEPYt e
structu | array; or (v) a conbination in which one or both

mat er i afpgg}ég@]%gﬁénnc?'to a non-active organizing matrix such as a polyner or

supranol ecul ar scaffold. In one enbodi nent, the p- and n-type sem conduct or
materi a to each other. The bonding can be ionic or coval ent
bondi nggﬁég&f%gﬁﬁﬁi di ng can be used. For exanple, one naterial can have
a nucl eophil i cqlg{a#ﬁ m{p' d : ri ; Q@yﬁ% tr i.LLC group
whi ch can re‘é“c W ocg%gﬁtt ot g?ﬁ{?éug%irs%ﬂa{ﬁ ani\?/)gﬁlgm FA gﬁ%%\?ﬁ?@ﬁ &

bondi ngisradonthisativheflapetype imatérind comprising b vePicrgegular pob(Bspbstitutedact i ons of

am nes W.th al,deaydes, carboxylic aci df or esters. The actjive |layer can be

manuf actigRigne)in the3rsbstitutentis aaialigL, aryy oralkylaryd maistywith as pXye$n dr op

et ahi noouFRRAPn EERRR e ool onon g st ok & Bl hek i BRGTR

Of T - Set by BGositibR BHRI3-RIbREREHES well asRBpolFRERYFIRRE nfiddridl ) and 2h A.tHHECD! MENTS
A first enbodinment of this invention is a photovoltalic device wherein the

act i ve ‘mateeial stich as theofolowirtg: fillepdnedaged materiatn (sxch a$ theangtharxifaliprene

regi o-regul ar. po -su | tuted. thiophene).i I ch..th -suhstitutent is
an al ky?‘&"%‘f’ﬂ ,fe}@%r%aﬂw PéﬁM)’ Wﬁ%??gﬁﬂg?f’?&ﬂ}‘:&?&ﬂgﬂ ”&3@@%&@ coaled| t her
the a- % bh Ak | Q&;@; Lhid6i r the a-
or (3- p@gﬁ%@@g@;ﬁ@g@%ﬁ%%{ﬁg@% a('jé’%w’ lc&’r'ggﬁgopo yér%‘égggo tﬁ?gtgﬂﬁateri al's
and an otheygimilaripf@nctishingutype afadtirdalf ad medoped:silicohloe gemeantixas o Higued 2ri al s
(such as the nmethanofullerene c only referred to as PCBM, netal oxide
nanoparP‘iO(Yl@§a’(‘§EL‘Ha§%nqﬁe@%-‘%ﬁ@%gg‘g&“i, coated netal oxide nanoparticles
(such as Ti O3, : C . b . ot her
simlarly f %cstelgé(}% eﬁgﬁ @%‘8“&?@%&‘&?@% g%ﬁgoﬁﬁg%%%@ﬁ%%e}l%ﬂﬂger mani um

Fi gur e ihcoposatesiaaltiple adtive fdyestwisioh afe dohitbirtatibas ofprogeiniaterial compeissd st a

enbodi ment of this invention is a nodified photovoltaic¢ device that

i ncor pofegiegHar prly(Esubstitupedthiapans) iswhish thes-subsiitutent ismmsallerl, v ppe _
et ef | A oD 13REy Rithdn ok 'Ogukgtﬂi‘;ﬁ&{ inPinY e 302 Bl godtRl o Piiene) 1 n whieh

substituent or a hetero atom (such as “S,” with appropriate substitution to complete valence

requirements) in either the a- or B-position of the 3-substituent as well as copolymers of
these materials 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
TiOz, 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. Figure.8 provides an
illustration of this embodiment.

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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al kyl /aryl noiety with an oxygen substitution in either the a- or u-position
of the 3- substituent or a hetero atom (such as "S," with appropriate
substitution to conplete valence requirenents) in either the a- or
(3-position of the 3 substi t uent as wel | as copolyners of these materials

o de. niing peevo-reseies otk BGivkg SR i Heice g S SBEHBRER B RISL B ™
hanopar b Gik9Pa Pﬁisfetﬁmmﬁh%% %@éabsﬁhﬁoam&meme 01N P gp&r?ﬁﬁm&m Jmaterials

and other simrlarly Tunctionihg type of nmaterial doped silicon or
ger mani substiientoma hdteroatomsuch aa S, avitheappropriate slbpmuaontb d:gmplde dakncet e

I nt egral conponenI sych _as a spacer |ayer_ or electrode, Figure 8 provides an
11 ust r APAFRIngRIS) By SONER G dt-rhs A posiongttbe SRwstifueahes Wil asbolymesnot on i s a

aver s e pefls AR RatdP el [ ERbAER) & Ml R e
as the o #(Slutyhmloghaﬂld)@rpagr(mﬂ@ﬂ afythiphetle) or ARighd-repalzd polygopar t i cl es

(such as , coated neta OXIde nanoparticles (such as Ti 02,

ZnO, et @lkylthiophens or hmm%ar apdthiapheme) oz adegionegularinaly@r | y

functio mani um wherei n

t hese IW@%@% gai;.% gépgwg?gpg@\%%ghgféﬁhgse&@d’dnﬂ?@gral conponent
such as a spacpirthaubodifierttlof €His ¥entivics Wodifiddphotoltaic\deicoaer i al i s
conprised 19 of a regio- reglul ar pol y(3-substituted thiophene) in which the

3- subst iimegrRosetes single oamuiple aetve layass whickyare eony mmmmf priypeymateri

substitytian either 1h f. bstitu n or a
netor o S iatelelf bich s O RIRrE, s iab b Batiehy Ge il ats Bangphflles” ol ence
requi r eq@ichas Tid,, Zn0)efe. ) Ecutét metal btidPRmophidles (suchas 3104 tzm Euqnéareéh vel |
as copolyners of these materials in a blend or nmixture Wt

pol y( t hinapdtabes) CdSe mamals(@dwltbwlsmmlambtfamonmg %[Pe pf)nny(eaalanpd 11-Idpp¢d1ene) or

| y(3-alkyl/ hi | hi oph
P oo PR P EsoBBE RERRln ¥ P RSy B i O
al kyl / arc»sinbbﬁem Besheas-a ﬁawn@yeia opéleéﬁdae%nawefémlﬂierpatype afdrial ¥ confpsesli nent .

A fourth enbodinment of "this invention is nodified photovoltaic dévice that

i ncor porofia e@@“ﬁ@ﬂ%‘ poly(aﬂubstmtedthmphm) imwhich thwﬁfubmnaemm alkyl, ey, oof
-t teri dn, ty | t he foll [
basoh nalTp woitepiih anaehsststittion i Gther e tor SSpostian CLat) ot c )
coat ed @ﬁﬁﬁl@@%‘b@?&@ﬁoﬂ%ﬁgéﬁh% «& SUGth zﬂﬁ)r&rﬁrfg?e subSfituti6h fo domyi&te
e nateria Si m

nanot ubes ot het functioning type o rrat erial,

and n- degpirements) thosither the -z - ﬁdneffehens-mlﬂs&mehﬁasewsll &y eopeliinggesf or
separated by a discrete integral  conponent such as a spacer |ayer or

el ect r odkese matexials iniarmixtere or blepd withiather anherentlynopduciivg polymers such as
polypyrrole, poly(phenylenevinylene), PEDOT, and polyaniline. Figure 9 provides an
illustration of this embodiment.
A fifth embodiment of this invention is a modified photovoltaic device that

incorporates single or multiple active layers which are combinations of p-type materials 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 layer are adjacent or separated by a discrete integral
component such as a spacer layer or electrode and wherein the p-type material is comprised
of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an 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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of a regio-regul ar pol y(3-substitutedthiophene) in which the 3-substitutent
is an al kyl, aryl, or alkyl/aryl noiety with an oxygen substitution in
either the a- or (3-position of the 3- substituent or a hetero atom (such as
"S," with appropriate substitution to conplete valence requirenents) in

either the a- or .(3-pasition.of the 3:substituent as well copol yners of
These. b taint nd fead o Bipreth o 16 P E B neRePBrt R e et ve
pol yner segiiGhpitse. P&lui/é)ggfdi/li&bs aRPllstiahienyf BRembsdheas) . PEDOT, and _
polyaniline. Figure 9 provides an illustration of this enbodinent. A fifth

embodi ment  ofIntatsixth embediment, the4 position 6f thel thivplteoe tlng hw alde be sebstihued.
o Lype rhecperat the T Bostoh i atS e dubitlely B Rl Rie S BobRGRene
based r@i}iﬂﬁfg%s f HicA BRI nR et Orafe 3@ﬁwafzsussiﬂﬁéﬁ2m%?@i%@t c.),

coat ed tal nanoparticles (such as TiQ2, ZnQ, etc.), "carbon

nanot ubelifferentSmbstitnents andarmanymuméteical siibstibutionpattemc tHxamiphey of\gpeups fwhiakt er i al
epar at dAnDg e bR Al Bed Postimonas ALt Esnd Byl P or

el ectro WA h i i j LO-regul ar
pol y( 3- g’ﬁ(ﬁ)lg?jggut egﬁh?%%hgrﬁgyt’?sg@\l/%@g?% 6 ?gﬂslubsti ![Iut gﬁﬁlelaesﬂg:]&g‘lfyl , aryl,
or  al kysubstityéntswiésetilyed/heréin dor the 3 pesitionin¢luding ithose iwithcietéreatomse a- or
B TN o AL
or (3-pQsihd : - ﬁ#ﬁﬁg S : : ; 0 these

mat er i aﬁé&t&%ﬁgoglﬁ)g% %1% l%lg%tsu e WP {,IK o% egﬂu}e@@hﬁ%@%@){’%ﬁﬁlﬁ&gﬁ?al such as a-
sexi t hi cjubstitetentis ghiatkyR apylpor allegd/azyl thoiktyswittedn oxygeh stbstitutivnlindithenbe ad N a

si xth enbodi nent, the 4 go_siti on of the thi oghene ring can also be
subst i t urdbpositiimeofshh 3substituani ona hetere atom ¢syichias 1iS.& avithpanpropriate sibstitution

substituent as that at the 3 si t.i.on rovi ding a trical substitution
bat t er n.1o@Pmplete valencs redultemicnts) 1 FiLKT the, ol o7 BopQsiion Af the S SHRStEL 8 Welbft s and
an as i : i i . . i be used
S %Y opblfift B AbYCd b BB il RBF Rl b oo P pnd B8 PE LOBC
i ncl u](cji rt%ntmiih%ﬂqn_cﬂ'ﬁﬂtwﬂ)-typgrmwi_ial vgltl?]mbtalla:ndl 'f putitied iBBIbelonHw IQQQ@PI}HESIT_ i ncl ude
any of the supstituent escri erelin for, the osition,_Includin

those mmﬂremt&uifalﬂow&ef%amtésg RN PT TBerePaRis s belew ub50pRakot ovol t ai ¢
devi ce i ni ! j 1104:

ool y( 5. SABGPiRAy fbls O Bo niBiftbd BY K RFicfHs B 0 ahtifIRAE M Sampte, |
or al kylatemic absarptiony spcirbscepy ox plistoindudedtx-faytentission) ei t her the a- or

(i-position of the 3-substituent or a hetero atom (such as "S," with
appropriate substitution
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to conplete valence requirenents) in either the a- or (3-position of the
3-substituent as well as copolyners is achieved if the p-type material is
in a neutral or non-oxidized state and the contam nation of the p-type
material with netallic inpurities is bel ow about 1,000 ppm or nore
particul arlyg. L$3: nt.l out 150
bom et al i, W AR bR enoaliinfs el frkeREl by oREBINRAHC

i ncl udi tigs arf:or exarrpl e, atomc absorpti | on spectroscopy or phot oi nduced
X-ray em ssion. 21 In addition, the follow ng preferred enmbodi nents can be

practiced by Ibsaseef? regip-ragular palybi-substitutedthiopheae)in which the3-subgtitutgnt is

o 41 kyl ) ar y Eh SR ﬁ@#@%@*‘éﬁ%‘%@f PRIRRH GRS R bRl e P

3- subst i t uent3_gybstiubhtlay AP t?ﬂém&ﬂﬁémicwrcsmwefagﬁotavﬁwee«%é ai ¢ devi ce
2) The use of a regio-regu y(3-substitut edt hi ophene) in which the

3- subst i t erhei |use Oﬁmrqiqe;ﬂgulaapwy@-wbsuumthlapl}dnem \éluyh thet xsubstieng én

substitution in

seni conduct O,an@ ngo ylge 0918 om%g%&%%étg %‘;ﬂ %@@ Pﬁ?ganofthe
regi o-regul an. é?l‘BL'th(x P?tf??f'ﬁm)l ot &iﬁtﬂ?%ﬁﬁlgbﬁkg‘t"ﬁfﬁBh&tB@olfh.téHQﬁ%é tutent is

an al kyl, aryl, or a terocatomin elther the (X- or
R- posi ti on3)ofI‘hetdseoBa mghstelguhe pblyébsmspungdﬂaoplm):mmllmch the aubstitutent isof a

phot ovol tai c devi 4) Preferyed Enbodi ment #3 in which the heteroatgmis
"S'  5) EnboéP#H?Yi apyd, prallgrliasyl meistywtle 2 beternatom ip eithsr thepoar Bpasitionof n

\rmelgfg ﬁggurgﬁﬁ%%?ﬁl%@d eﬁf)&t O§ Ltﬁj ecfg #@%ﬁ‘?ﬂé‘g%% ongr}tcogpfﬁﬁ%&\}oﬂﬁlg e@?fﬁodl ment #7
such that herefened Endodinfent#d irneiichaRoheterestomis “§di ng a segnented bl ock

copol yner. _The copol yner, can _have non-thi ophene units or a non-thi ophene
bl ock. 9) BnFshadiments#3 mmhﬂhabe@mt%pﬁcﬂgyner is an alternating copol yner.

The copol yper. .Can no. uni t 0) Enbodi ment #7 such that the
al ternati n@eg&%qw\%énﬁ’ﬂﬁgﬁm&?g%g (ﬁor copol ymer can have

non- t hi ophPNEmbtdirtents #)]- 6Eﬁ'elﬁ)ﬂ1aﬁ’ﬁiétr§g1#8e§|ﬂaﬁj¢@'(31sh6§t1tﬁtb ehgji®s has a
non-t hi ophene bl ock and the non- thiophene block is built from CH2CH Ar,

where Ar = a®gpelyer.or functionalized aryl
8) Embodiment #7 such that the copolymer is a block copolymer including a segmented

block copolymer. The copolymer can have non-thiophene units or a non-thiophene
block.

9) Embodiment #7 such that the copolymer is an alternating copolymer. The copolymer
can have non-thiophene units.

10) Embodiment #7 such that the alternating copolymer is a random copolymer. The
copolymer can have non-thiophene units.

11) Embodiments #8-10 such that the copolymer has a non-thiophene block and 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



group. 12) Enbodi nents #8-10 such that the non-thiophene units are derived
froman isocyanates 13) Enbodi nents #8-10 such that the non-thiophene units
are derived froman ethylene oxides. 14) Enbodi nments #8-10 such that the
non-t hi ophene units are derived froma conjugated diene 15) Enbodi nents

#8- 10 h d d f 22 16
Embodi mont19) Batbogitert A0 oA Rork iSRS SEi B8 g md it Rom &
| act am 171)7)Emwdinw@#8 #8xddh thatahe hbiRihidRnd GRitd 4t ABaSroalsBloRd® deri ved

froma siloxane 18) Enbodinments #8-10 such that the non-thiophene units are
derived f riénEmixdifapats #RcOsuph thaCthe nog;thisphengiunits ars desived froocGHyGHIR t he
non-t hi ophene unlli (ﬁre derived from CH2ZCH2ZR where R = OH 20) Enbodi nents
#8-10 such t on-t hi ophene units are derived from CH2CH2ZR where R=H

21) Enbodi @Eh%oﬁﬁueh@s #stqb shidlpthat tHE noLfriépHe AP ifieart dbtivedrSm ¢S CHBR from
CH2CH2R whére R = 22) Enbodi nents #8-10 such that the non- th| ophene

units are dewihvmcRFr(H:h CHZCHZR where R = an al kyl group 23) Enbodi nents
#8- 10 suc at. the 0 ophene, unitg.are derived fr.om CH2 ere R =
£ty Enood® BBibobiniests -1 ik Bins Hon-RuSHHent BteATe il A OR ST ed 1 om
CH2CH2R V\,hewﬁellglg_qj; 25) Enbodi nents #8-10 such that the non-thiophene
units are derived froman ATRP nmacroinitiator 26) Enbodi ments #8-10 such
that the rﬂibEpﬂio;i'(r&rﬁmié&-ﬂO'suﬂlﬂﬂhﬂihop@mﬂéc)phcné tisitsare deveéd/fieoin GHAH,Rne or

nor e thi ophen rﬁ 27) Enbodi ments #8-10 such that the
non- pol y( 3- sHIsTE i hi ophene) units are derived fromone or nore

et S AR P10 Qo SR e B CHCHIR
where R = an alkyl group

23) Embodiments #8-10 such that the non-thiophene units are derived from CH,CH,R
where R=F

24) Embodiments #8-10 such that the non-thiophene units are derived from CH,CH;R
where R =Br

25) Embodiments #8-10 such that the non-thiophene units are derived from an ATRP
macroinitiator

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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units are derived fromone or nore functionalized oligothi ophenes which is
al so randomor well defined. 29) Enbodi nents #8-10 such that the

non-regi o-regul ar pol y(3-substitutedthi ophene) units are derived from one
or nore functionalized oligothiophenes which is also well defined. 30)

Enbodi nent 10,.such t n-regio-re ar,

pol y( 3- subzg)?% Wﬁ?tﬁﬁhgﬁ) Eﬁﬁ’f‘ﬂ’f ange lagsri g\&o fistinstopdiacsnt: Apd separate
functional i zqglepd by qp@;‘ﬁF%?até‘i’&!lsCh are randomy defined. 31) Enbodinents
#1-30 such thg% the actlv ayer Is a conbination of p- and n-type

seni conducB83yEmislideits Erltﬂmaunh thas the e ee leyertis a lsinglet mixed dayey of p-eandm-fype t wo

di stinct, adjacent,, and separate |ayers of p- and n-type nmaterials. 33)
Enbodi nent s #42 %alguch that the active layer is a single m'xed | ayer of p-
and n-typesg ?r%sadlﬁleﬁts )30F4HeR Mo Bdlagtiveliagdt i§ ¥ edixéd B hia¥ed 1h is a
m xed but se- separ at%gds | ayer aof p- an%}r% type matteﬁl Sa) n%e)cf) |frrents
#1- 30 such thatandhdypﬂ:mlamdsayer S a conbl nation in whi ch one or both

terial I Nt di t t 3
Enbod ment SARATRER tlkﬁxs%p éhalé 5643 Y811 P SOROER HIAGH OBk oGP one

or both mat ! P g matrix such as a
pol ymer or %%t?ﬂé%% ggourgar sca f )Enbm%lﬁ%ﬁ?shé%}n% such that the
active | ay86)Embodimefits & .30sichyha ﬂleractn'aesllayngs a caﬁ))fimhodmrwhich otié oBBothuch

that the active |, nuf act ut ed drop casti Enbodi nents #1-30
such thatthe ‘%@?‘i“%ﬁ%@%‘?‘ aﬁ‘ﬁﬂ&?‘é"&‘lﬁﬂ%’b“‘%& g }inéﬁﬁoér sputtering

40) Enbodi ne at the active layer is rranuf actured by dip
coating, . 41)%‘1%% él neaz'tégﬁg;{&?)o such that the active |ayer is manufactured
by printi n§7 Embodimests #1430) suhithad themotived gerds atantfasturediisy spin cdsting. t echni que

of 16t {1 ngOiElybohmEES ALFHO Sheh i a6Hve 1o ¢7ds BeneeRed B HopAAEIES o
transfer pg od?l@antjs:-@foﬂ Hﬁt‘ﬁlejacﬁ\ge BY&1s bAgkfabfie Py Vapor HapesttionhDr

manuf act ure spray app ca I ons.
sputtenng

40) Embodiments #1-30 such that the active layer is manufactured by dip coating,.

41) Embodiments #1-30 such that the active layer is manufactured by printing techniques
42) Embodiment #41 such that the printing technique is ink-jetting

43)Embodiment #41 such that the printing technique is off-setting

44) Embodiment #41 such that the printing technique is a transfer process

45) Embodiments #1-30 such that the active layer is manufactured by spray 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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46) Enbodi nents #1-45 such that the n-type material, which is responsible
for conduction of electrons out of the active layer, is a fullerene or
nodi fied fullerene based material such as the nethanoful | erene PCBM 47)
Enbodi ments #1-45 such that the n-type material are nmetal oxide

ti 48) E ' t. #47 h that .th tal i d ticl
e kB 48500 S et Aol PR e
nanoparti cl egefiingRPri sed of ZnQ,  50) Enbodi ments #47-49 such that the

metal oxide nanoparticles are coated with the p- type material. 51)
Enbodi nent 35)Embodiment$#1-84 wherain thetagpive lagiers afesddjacentonpri sed of carbon

nanot ubes odi #1-45 such.that the n-t material .is conprised
o CSe. e IR P hictin HECHR Y Pt e Mot 7K Fstrelarn el
material's 53)o/mEbingt SRIAlaS a%iaaéb?l%‘éﬁbrél?dfodb.he n-type material is conprised
of CdSe 24 54) Enbodi nents #1-45 such that the n-type material is conprised

of n- dopedSBiBmhodiments #1864 whereinthes®iivalayerd iareeseparated by disereteinontativeact i ve

| ayers are adjacent 56 nbodi nents #1-54 erein the active layers are

separ at ed by“ge@f’g“cor“& e&rﬁ“@@?’%ﬁ”&ﬁﬂﬂ?ﬁﬂé’ﬁmgﬁﬁ#'as a spacer |ayer or

el ectrode.5@%@@9@5@1\5;ﬁgr]%tﬁgp@{sgls[hgqéwﬁﬁ%qd%g | ayers are separated by
co

a discrete non-active integra nponent” such as a spacer |ayer or
el ect r ode. 5HEmbadimetitsth 63 wherdi thereare multiple activedayersi ngl e acti ve | ayer

59) Enbodi #1: 57 rein there are nultiple gctive |ayers 60),

embod et &) Entoginighuy B35 et s sohvae atsriaf s aPlend SEmitle mabdsils of
materials ¢ S eol M F: - [ H&)ﬁ:ﬂt ' kR, Whi ch
the 3-substi tggﬂti‘l %tﬁhggrégég?g%‘gaf{ﬁwa{?%?&@%&% 0@#‘%}?% nol eftﬁ%/?'\?\nﬂﬁag%ﬂtgsxygen
substi t ut i on ah alkgl,tabyy ort dikeylaarylatoipty-witlosd dxygen elibstibetiod-ia eithérithei@ndr Br a

hetero atomin either the a- or li-position of the 3- substituent, as well
as copol yner position pEthe 3rqubstituentor ahgtezmatomdn etherdhe o Ay Brnosifion of thead-i vat i ve

61) Enbodi t. #60 i n whi.ch the oth duct | I derivati '
o0y o opheathstEa S s s R e G
derivative i gegvddReY(3- al kyl t hi ophene) 63) Enbodi ment #60 in which the

conducting polyner derivative is a pol y§13-
61) Embodiment #60 in which the other conducting polymer derivative is poly(thiophene)

62) Embodiment #60 in which the conducting polymer derivative is a poly(3-
alkylthiophene)
63) Embodiment #60 in which the conducting polymer derivative is a poly(3-

arylthiophene)

64) Embodiment #60 in which the conducting polymer derivative is a poly(3-
alkyl/arylthiophene)

65) Embodiment #60 in which the conducting polymer derivative is a regio-regular
poly(3-élkylﬂ1iophene)

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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aryl t hi ophene) 64) Enbodi nent #60 in which the conducting polynmer derivative
Is a poly(3- alkyl/arylthi ophene) 65) Enbodi nent #60 in which the conducting
pol ymer derivative is a regio-regular poly(3-alkylthiophene) 66) Enbodi nent
#60 in which the conducting polymer derivative is a regio-regular

ot T vat tvo T FLBARRRE P60 in RO R OhaicRe By MY bt OB 9 P T
gt y y ). 68)

#60 in whi ch gdigphemydeteivinylenpp! yner derivative is a regio-regular
pol y(3-thien I?envi.nyl ene). 69) Enbodi nent #60 in which the_conducting
pol ymer der2)Embedimest #60 iagvhich thegenductisg pplymer derivapive is/a REDEHderivatye

Embodi t i n.Whi . ' . : | A ' . I
25 71) " Emo o PRS0 et B EbhdaRe pUT e ATt FpodeB® L' T ©
pol y( pheny gyEnbodilme it 4 1/%) wheteiadh eifitetil iy\bcbrﬁgiﬁe)_d%fﬁqegu%%ﬂ pol yner
derivative i's a PEDOT derivative 73) Enbodiment #60 in which the conducting
pol yner der i \eely(@esubstitutedthiqphang)lin mdchzhg 3 sHbudidntertis an alkyb arvlhenalkl/are

-t terial. | i sed | Oz I " .
Dol Y 3- subst {BEEBaYT BBAEHER SFet PRGBS ot PrROFiinR of te-drsulPient aryi
kvl ] | . B Pvipeliingd '
0. posi 11 on oSG0 Yol bl BOETHR PR T Ik B wellS O O
(3-position afopblymess sfithede hateridls irsa blehd opmixtogeorigine iesw aioldchias eveight pri al s in

a blend or mxture wih a | ow npl ecyl ar weight p- type material. Low

nol ecul ar wei Ypg M@HH ef,aowmd@;'ﬁaw%shta%m%g,%@ , apeuf2, 000 or less, @
particul arly, gjé}ﬁ . I , =T I | '

average nol erlelaﬁe r mcéu? agﬁ{’)f‘%}’%)l’ nﬁamgﬁkﬁe?%(ﬁ%&vﬁﬁﬂ%%&tﬁgh?%&eﬁo%%I ar
wei ght p-typemoletwlat weightt a- sexithi ophene 76) Enbodi ment #74 in which the

| ow nol ecul ar_wei ght p-type materials i s a thiqphene oligoper. 77)
Enbodi ment d21EM n&ﬁ%lﬁ Whigh %ﬁtlel‘waf%ﬁuaméwght@-we mafesid s or

non- oxi di zed s%&ﬂﬂi‘aphene
76) Embodiment #74 in which the low molecular weight p-type materials is a thiophene

oligomer.

77) Embodiments #1-76 in which the p-type material is in a neutral or non-oxidized state.

78) Embodiments #1-77 in which the contamination of the p-type material with metallic
impurities and other impurities is sufficiently low to allow for photovoltaic
applications including less than, for example, about 1,000 ppm, or more particularly,
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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78) Enbodi ments #1-77 in which the contam nation of the p-type material wth
metallic inpurities and other inpurities is sufficiently lowto allow for
phot ovol tai c applications including | ess than, for exanple, about 1,000 ppm
or nore particularly, |ess than about 500 ppm 79) Enbodi nents 41-78 in

whi ch the tegi o-r | ar pol y{ 3: substi.tut edt hi ophene) contains fluorine
substit fwl‘g}aﬂﬂ ?‘gllfh?t% CrASXICE COMBIPE: i ncl udi ng perfluorinated al kyl and
aryl  groupsg, fkdt epdtbld 0N, the 70 clains of provisional application serial
no. 60/612,641 can be 'practiced by one skilled in the art (e.g.,

" Provi si onal a$&condleleatrode,pr ovi si onal claim1): 26 Provisional 1. A

hot | taic devi | SiNng; ' t d I ode,
Bet ve | ayer SR BIRABPaE P wesnth Bt it SeondiRe et ViRBR BERIR 1 1 ho
active lagéyﬁime;ﬁ%@?éﬂ 138 ofié p-'ttﬁZééSnfﬁb‘ﬁeﬁ'ahH REleaRBRE R be Edtfipdtient, WhidteiNe

n-type conponent, wherein -t'ype conponent conprises at l[east one

pol ynmer theqrtype somgonend comprises latleagiony p8lymen bemptising dtgio-oggudangplyi(3+ whi ch t he
3-substituent |j n al kyl,. aryl r.al kyl/aryl noiety wi.th a  heteroatom
subst t SHOPBHsdaRbens) i which ieshsubientis ah by, BRUL o ey opiey Wit

Provi si pé‘c@lloa%m JiRHRIAGH Y Sfle? &-edf;ﬁgos?t? (5f4h9§-s{19§' pgherein the .
heteroatom s an oxygen or sulfur atom Provisiona . The photovoltaic
devi ce PasivichiaQ. The Ehotdﬁ@lt@é devidecacberidaigtatlo whieteirbthe dustegsutom dd &dxygen

Provi sional 4. The photovoltaic device according to 1, wherein the
het er oaPb¥lfuE atpmsy| fur  atom Provisional 5. The photovol tai ¢ device

accor di 1 ' . 0 ti [ [ ' R - | tion of
fhe 5. shiufiotht 3y TR AL MECHRECRERHET, Wt rerdeionh ifarliB®h ' 1
wher ei nafoie het eroat om substitution is in the 43-position of the
3-substituent. Provisional 7. The photovoltaic device according to 1,

wher ei nPravisional 4r dhe photoueltaic deyiepsecordingtn lopgeein the hnteroptomds asWiBEi t i on of

t he 3-sg¢8st ituent. Provisional 8. The photovoltaic device according to 1,
wher ei n*CH& het er oat om substitution is a sulfur atomin the J3- position of

t he 3- spRsidiénaeS! The photovoltaic device according to 1, wherein the heteroatom substitution is

in the a-position of the 3-substituent.
Provisional 6. The photovoltaic device according to 1, wherein the heteroatom substitution is
in the B-position of the 3-substituent.
Provisional 7. The photovoltaic device according to 1, wherein the heteroatom substitution is
an oxygen atom in 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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Provisional 9. The photovoltaic device according to 1, wherein the

regi o-regul ar pol y(3- substitutedthi ophene) is a honopol yner. Provisional

10. The photovoltaic device according to 1, wherein the polyner is a

honopol ynmer. Provisional 11. The photovoltai c device according to 1, wherein
the polyper,js ol r... Provjsiondl. 12. . The phot ovgl tai ¢ deyice,

hecor di tyovistonal g, ok siCKvottat deics arcording i L hecn s PV eR a0 Rliraane 13
The photg ggﬁghc devi ce according to 1, wherein the polynmer is an ABA bl ock
copol ymer. Provisional 14. The photovoltaic device according to 1, wherein

t he pol yRrevisionalal6. ABheiphotdvoltaivpeiicaaccordiig fr hwihereindhe palymehis aphadonvol t ai ¢
devi ce aCCOfding to 1, wherein the polyner is an alternating copolyner.
Provi si FPRPYEET. The photovol tai c device according to 1, wherein the pol ymer

| S 2 I ANSlaGaRaPOL VIR phofSvottaiti R0k adcbrail PRAGRAR HEhAyBEYisGoBOGRIEH NO L O
1, wherein the polyner Is a copolynmer conprising non- ophene units.

Provi si ccoalprikihg nbnethjpph¢meaalitsai ¢ devi ce according to 1, wherein the pol ymer

is a blaock , copol r gonprisjng non-thjiophepe units, Provisjonal .19. The
phot ovol HAVEIoBELE: o heigH rolgicrdSviee acgostia 1o ,ﬁ@hqa@m}beep@mbﬁ@ﬁﬁw&nd t he
p-type pgoﬁfgﬁ%igg}é?{a_m%%ng%gggd to each other. Provisional 20. The

phot ovol t al evi c ing to I, Wherein the n-type conponent and the
p-type dtopisional 19 rFhephoteodlthic desich acdonding to b, wimeeeid ithen-¢ygeaodipogent and

Provi siopal 21. The photovol tai c deyice according to 1, wherein the pol yner
conpr i s€8e Riype Q%RP&ﬁBtr?éeﬁﬂW%qﬂyﬁ?oéq‘F@P&ﬁﬂ?O@% The photovol taic device

accordi « 20, ' - 1 hi i . i
Funot | onapy Sisht 20 PSRRI R BRREEE o' lffercil MDA S BiibonH and

accor di nige payplconpvpent are boededas eadh cihdrafecaondinate boadipgi se ur et hane or urea
| i nkages. Provisional 24. The, phofovoltaic device according to 21, wherein

t he non-Rmvisionald . hhephotoveliaici dewics praprding toy L, whereinithe;polymer comprises non-
thiophene units.

Provisional 22. The photovoltaic device according to 21, wherein the non-thiophene units
comprise aryl or functionalized aryl groups.

Provisional 23. The photovoltaic device according to 21, wherein the non-thiophene units
comprise urethane or urea linkages.

Provisional 24. The photovoltaic device according to 21, wherein the non-thiophene units
comprise alkylene oxide units.

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, CHj3, 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 25. The photovol taic device according to 21, wherein the
non-t hi ophene units conprise ethylenically unsaturated units. Provisional
26. The phot ovol taic device according to 21, wherein the non-thiophene units
conprise units derived froma |actone or |actam Provisional 27, The

phot ovol_ t ai.c, devj.ce . acgording to 21, wherein the non-thiophene units
conpris rgY‘F’GRar#@' Ct ptqypgwgpgﬁgpcogggng- el %thmlxﬁmwsa%%m ng
to 21, | SNl ' ' R CHZR, wherein R
is d, gé?}r(?—l,s{l%',ﬁegq&%% ?ﬁgf&ﬂgg&ﬁm;ﬁ&&ﬁgﬁﬁgphﬁgp %e phot ovol t ai ¢ devi ce
accor di rRyotisiogdl, 33w Ehegihotdvbltaio devicé acphding touhiwlerein ¢he pdymercbniprises aom-ATRP
macroi nitiator, Proyisional 30. The photovoltaic devjce according to 1,
wher ei n HohggﬁBbWFX%Pge'&) y@;tg,ﬁgpved%qnéﬂnq:%pqeﬁgcugxﬂl OpPRRFCHY o ent

¢ hi ooh ! ; : gl - !
del/iocr:) eeﬁggggﬁﬁgj{o%?pﬂ&ﬁdﬁ g?i % @Eﬁe}é g%ﬁogdr%gg Jtleis’ a c%lggl? eyi@fm?ﬁ&%ﬁ%%ﬁépr—i ses
at | eastregioaeglinf poig@tsubstitatedthicphea®)dmithi ophene units in the pol yner chain.

28 Provisional 32. The photovoltajc device according to 1, wherejn the

pol yner Frevisiopaleds. nkhs_phenwpltaic depise pecording i bm@s@y%waxmeremmes B one
or nore hic ﬂg :ngé t X QM S| The photovol tai c device according
to 1, Wnr% g&g&? p yﬁﬁgﬁﬁéorrﬁ?@g@)r@%' pol y(3-substitutedthi ophene) units
deri ved Frowsioaale3 60 rThephotdveliaicideviet accdidihg toohelegein thd setive Riyey cemprive a 34.
The photovoltaic device according,to_ 1, wherein the polynmer conprises non-
r egi o- r §TIbinatien of pIyees and n-Hpe SERIFOBMAEGIE) units. Provisional 35. The

Fegi o daoEelE” RIS oRdc ke aeRiEs B L\l iAo OO R SRRl
phot ovoltivaidistihet; adjacat caddeparatedaykrs oftys aad n-typematetialée | ayer conprises a

conmbi nati on, of p-type and n-type sem conductors. Provisional 37. The
phot ovolHravisional 38 fayioktaictdgviee aggeeding tp 1.rvebesginitheadtiyg dayer eompriseead  t wo

di stinct | g 1 s of p- and n-type material s.

Pr ovi si OSMQQ’%&%%?I%E& %\?&)'!?t |e§n4§§?q§fe according to 1, wherein the active
| ayer campvisivasl 39. Hiefhotovaltxiedelioy eécotdingto BRehefeih YiRCadtie BlyePtdmprises a
Provi sional 39. The photovoltaic device according to 1, wherein the active

| ayer canie bukphese-sepacatedlayennfas and aiypeamatariplayer of p- and n-type _
TR ot |2l e 4, ol dBURk QiR S H1SWHEn AR e orbprisl 5" €1 "
combination in which one or both materials are organized into a discrete structural unit or

array.
Provisional 41. The photovoltaic device according to 1, wherein the active layer comprises a
combination in which one or both materials are bound to a non-active organizing matrix such
as a polymer or supramolecular scaffold.

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.
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conbi nation in which one or both materials are organized into a discrete
structural unit or array. Provisional 41. The photovoltaic device according
to 1, wherein the active |layer conprises a conbination in which one or both
materials are bound to a non-active organizing matrix such as a polyner or

supr anol.ecu] ar ffold. Provjsjonal 42, The photovg]taic devige according
to 1, V\h@P@%S’f?ﬂﬁf@aa R(i’é)t‘?"&&@'r" 4e¥1°e AEsAding £Q ] ‘I?hqsvn Rtpespaty ’aﬁ igjmgtal
casting,, ' fa'.iaﬁ%ﬁ r ing. Provisional 43. The
phot ovol tal C egiﬁ@gﬁg%{%o ﬂflﬁgﬁ ledr%eor(r%ir%hcg&%gt ive layer is

manuf actRroedionyl 48. i Thel pimtovlaﬂtmcldevmaabco&eﬂmg e, wiea¢iathe h-ayme waetige accor di ng

to 1, whereip the active Iayer ) nufactured by printing, wherein the

pri nt i ngFOMRPrisEs cqgked; rmetalp P‘?@P‘“&W ff-setting printi ng, or a transfer
Process. poLaYinsl &2 nephotd ﬁgﬁ'&%&f&%é&&ﬁ HEY \FherSin R ﬁa&eﬁ wherein the
active Iayer I'S manuf ctur by spray ap%l | Cat'l ons. o 1 Sl ona 46. The

phot ovoldompl'lsdsac/arbmmmbds ng to 1, wherein the n-type material is a
full ere;% t al_oxi_.de nanoparficles., 29 Provisjional 47, The photovoltaic
@U}S

devi ce Q. The phafrsio Hise goqopdia ding il .ovheseinjthe miype matgsialye
nanopar t‘Jt i 8% Ei%rubﬁ s %ﬂ‘fﬁgﬂéﬁw‘}fm oxi de or zinc oxide. Provisional 48. The

phot ovol ceraccor wherein the n-type material conprises

coat ed rxoeisiopxi Sl TiephosdvoltaicalevicPaeoording 6!, witkreihfibe pltyieviatetisli c devi ce
according to 1, wherein the n-type material conprises carbon nanotubes.

Provi si cemprses Cdde phot ovol tai ¢ device accord| ng to 1, \/\herel n the n-type

oot ovol V8 BCHR| 2% Tk sfbiate dbvi SRR K | Mnertp e SliRmaet Comy i ses

CdSe. Prmﬁsegﬁldoge’asﬂm&@m&qhﬁlal c device according to 1, wherein the

n-type material conprises ed silicon or germanium Provisional 53. The
phot ovol Rravisional 4% eﬂ@cnh@mﬂohglct vice aggeadiag to 1,wheseinitheadtivg éa)@rsaarre separ at ed
by a discre

ERE T CRTE TR e A A G
Provisional 54. The photovoltaic device according to 1, wherein the active layer is a single
layer.

Provisional 55. The photovoltaic device according to 1, wherein the active layer comprises
multiple active layers.

Provisional 56. The photovoltaic device according to 1, wherein the p-type component
further comprises a second conductive polymer.

Provisional 57. The photovoltaic device according to 56, wherein the second conductive
polymer is a poly(thiophene), wherein the poly(thiophene) comprises alkyl, aryl, or alkylaryl
substituents.

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 layer conprises nultiple active |ayers. Provisional 56. The

phot ovol tai ¢ device according to 1, wherein the p-type conponent further
conprises a second conductive polyner. Provisional 57. The photovoltaic
devi ce to 56, wherein the secpnd con uctiéé polynmer is a

ccordin
pol y(t h?@ﬁpﬁé@ﬂ# 82,k hotovaltaic,dewee aceongmete)l, BoeisH the -1k materigl further
al kyl ar ' [ . | S| 1131 [ cordi ng
fo So. PR RakE Belershh b ABber ol ST ARG O o5 IS0
pol y( 3- kskyl t hi ophene), a regio-regular poly(3- alkyl/arylthiophene), or a
regio-reguLaz@E%gy 3-aryl thi ophene). Provisional 59. The photovoltaic device

accor di REpvisgo ¢ Bhotoveltaicdavisecrceerdingdeily whessin thgprtype materiahfusther gul ar
| 3_ h 1 | . | n) ) . -. - : . d
F 8 )5/(6 , Eu 1 r)réélleﬁ %%@Bg ggu(l: 1 @ﬁ% % ? u@géj aalg?a PYE m?@%weé%tégkﬁ%ﬂg\éd@%rac cordi ng

pol y( 3- 13§, eaheréin Mhawhteria)is a Miiophene @ligbmérl. The photovol tai c devi ce according
to 56, wherein _ the second conductive polymer conprises a poly(pyrrole), a

pol y( ph8repisienal 6#nhe pegtovaltaizaievige accomdingito 1gwhesein the @-type matesigl isimai | i ne) .
30 Provisi.onal 62 _.Th tovol taic devi ding to 1, wherein th
rOV@é%??&Pgéaﬁgggg% ovoltal C aevi ce accoraing to ereln e

p-type onprises a p-type material having a nunber average

ol ecul RfowébisHl 65.0ThePRotbvdltad8evide ack&@ing tB19Whedeghk poBy(3-The phot ovol taic
device according to 1, wherein the -ttgépe material further conprises a

p-type suhsttutedthinphene)yisfurtherisubst e fposiighar wei ght of about 1,000 or

| ess, erei.n terial is a. thiophene oligomer. Provisional 64. The
phot ovo {oaﬁg%oqfigg.cga@&gp éie‘y]&ef? ¥P8in the p-type nmaterial is in a
neutral or ngfreeledtra@sl state. Provisional 65. The photovoltaic device

according to 1, wherein the poly(3- substitutedthiophene) is further
substituted asecond elecprods,ti on. Provisional 66. A photovoltaic device

conmprising: a first electrode, a secand electr . .
P 9 afactive ayer disposed between the ﬁrsgan second eléctrodes, 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 polymer comprising 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.
Provisional 67. A photovoltaic device having low metal impurities in 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 moijety with a heteroatom substitution in either the a- or f-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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an active |ayer disposed between the first and second el ectrodes, wherein
the active |ayer conprises at |east one p-type conponent and at | east one
n-type conponent, wherein the p-type conponent conprises at |east one

pol ymer conprising regio-regular poly(3- substitutedthi ophene) in which the
3-substi t uenty s a®ritidposéd Hetwed the kst andEecondRlediryded wherdin theh&ivaat om
substitution In either the a- or R-position of the 3-substituent, wherein
the heflayeoadmprises ableasd one pSype companeut andet dhast arieen-fypk gomponent,avliereinpol yner

or a copol r. Provisional 67 Awah tovoI‘taic devi ce havi ng. | ow net al
pur | ¢ RAREPYpe CAmPRRTY SRmPHResH least o HOMOPLIYRST of SoRAlEper {OmSgdeES- second
el ectr O(ilég}lxéaﬁ'g)oﬁf{?;isﬂl@sﬁ'u%&dﬁo%h&&? e dhRe tNERBubisfitheht 1s%h ﬂf}fi a%?EBPﬂkﬂV&?lt rodes,

wherein t ctive layer coOnprises at |east one p-type ‘conponent” and at

| east omeoietytwithea beterpatoensubstitutior imeithehthep:-toy epasitionoofiahe 3-cobstitient
essentially of at |east one pol yner consisting essentially of a

r egi o- r SYhstein theacyvelayencompnses %?@W@jaﬁeﬁ-Mi ch the 3-substituent is an

al kyl , ‘ol al 'J@w"%ey i t:h: 3. heteroatom substitution in either
the a- ?rw ?19%%s§|9t ﬂ%ﬂc{;‘?&%{% -su isé‘tplhglﬂgnt wherein the heteroatomis an 0O

or S atom andirstedeotiodet he pol yner is a honopol yner or a copol yner.
Provi si onal 68. A photovoltaic device conprising: a first electrode, a
second el ect Adgendzleciiadact i ve | ayer di sposed between the first and second

Component - andi S s UfRbed Gomedtl Bk cRAARY S 0Ra Bleci S, wRBERL KRG o

conpr i ségyedtohpriset ablegstioa & EdhipchentCeaidQlt JoaBY one QlyhE SoMPonedEiwherdig gul ar
pol y( 3-substitut edt hi opheﬁgﬁ?n WhII,Ch t he 3-substituent i g an al kyl, aryl,

or al kyIthep-{sipe campenent is past of palpmenblond eqmprising atileast pre komopolymerora- or

i {1 pl OB RoeStpritd RBlec{riRk pol SRR EhbR R e UBIARY, g &
First eliest IRGCaryR of ARGVEry: bRAéty 9 a Ffer8fbn\RbstAdEsn B ihesSHE 28t peen the
first and second el ectrodés, wherein the active |ayer conprises at |east

one p-t ppsitiowofithe Srsubstittient; whera the aetive-layep comprigasmauitiple\aictiveslayers.
Provisional 70. A photovoltaic device 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 is part of a polymer blend comprising (i) at least one first electronically
conductive polymer which is a homopolymer or copolymer comprising 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, 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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the p-type conponent is part of a polymer blend conprising at |east one
honmopol ymer or copol ynmer conprising regio-regul ar

pol y( 3-substitut edt hi ophene) in which the 3-substituent is an alkyl, aryl,
or alkyl/aryl nmoiety with a heteroatom substitution in either the a- or p-

posi tion_of sub erein the active |layer conprises nmultiple
active I%@@éRMWS @égﬁbepégo\ﬁ%“éﬁﬁgm ai c device conprising: a first
el ect r ode, Qﬁfnk elra?f :%%trﬂ?ﬁ Cfirst
and second elﬁfﬁﬁg[ngﬂsg\%ﬁér&g@ﬁd?ﬁde ac < f/é&dez%??% S a F%éaes one
p-type copaneirenit veltagea ok emnplemene oambvompmd e alkyl analvg witlionpe
conpone t&]él s part of a pol yner. bl end co risin | east one fi rst

n

el ect r onthedFteioators sehseitution. 4} JRRIPVERANE A ?'téeaét gé’nﬁbﬁ%%m%r orca fesast ke
S e O B EE O a+rae5&pﬁi5 Y SelproS P i L ABBERE bb phéfé(%%{]bf%’i‘ﬁast

uent 1S an or a eteroat om

subst i t u§%Qer dtleast Iowortalmastlﬂ% Msmpﬁnpm@em&ftmmrﬁcmhsimmmand (i)
at |east one second electronically conductive polymer different fromthe

first. PrhservediobaiNeastSYas onatdaet d0¢, onatdeastl?%e, fiim thickness for the
active layer is not particularly limted but can be, for exanple, about 25
nmto about 200 nm or about 50 nmto about 150 nm If two |ayer are used,
such as HETEROJUWNNGITOW exanpl e bel ow, the thickness of the two | ayers

conbi ned can be for exampl e, about 50 nmtao about 250 nm or about 100 rim
to about 200 Io@n nmmmmwwm c@meeammap@alw@w,as

describ l.reuit
vol t ageeﬁﬁg‘g&%@kad @gr %r@%gﬁrrlce Vhﬁ%’ ci Lﬁ%f'f?lg%é a%%%ﬁég%d aﬁgﬁ t hout
t he het egmapwg SPOBM.t 'llhé cesdbs forpiiging Fei be Odntillel @@pfovﬁkbm@besﬁﬂegr@@éﬂ 10%
or at least 15% can be observed. For exanple, inproved in open circuit

vol t age Mema%@@rved of at least 5% or at |least 10% or at |east 15%
Al so, inprovenent in short circuit current can be observed of at |east 5%
or at |least 10% or at |east 15% HETERQIUNCTION In an inportant

enbodi ment, the n-type nmateri al WORRDINGEXAMPBRSaterial such as, for
exanple, a fullerene or a fullerene-derivative. Fullerenes can be
derivatized wnaddiiogaperclimiting werkingexamplesire alpepiovidedsses for ni xi ng can be
controlled to provide the best degree of

" PREPARATION OF POLYMERS
Novel copolymers of alkyl/alkoxy-functionalized polythiophenes for PV applications. See
Figure 10.

Experimental

Materials.

All reactions were conducted under prepurified nitrogen, using either flame-dried or
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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phase separation. WORKING EXAMPLES In addition, non-limting working

exanpl es are al so provided. PREPARATI ON OF POLYMERS Novel copol yners of

al kyl / al koxy-functionalized pol yt hi ophenes for PV applications. See Figure
10. Experinental WMaterials. Al reactions were conducted under prepurified

nitroge usj i3 |ther flane-drie r_oven-dried gl re. ALl gl assyare
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Separations Module apparatus and a Waters 2487 Dual A Absorbance Detector where
chloroform was the eluent (flow rate 1.0 mL/min, 30 °C, A =254 nm and A = 350 nm) with a
series of three Styragel columns (10°, 10%, 100 A; Polymer Standard Services) and a guard
column. Calibration based on polystyrene standards purchased from Polymer Standard
Service was applied for determination of molecular weights and toluene was used as an
internal standard.

All UV-Vis-NIR spectra were recorded on either polymer solutions in 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,0) was added via a deoxygenated syringe,

and the reaction mixture was stirred for 1 hour at ambient temperature. The magnesium-
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Separ ati ons Mdul e apparatus and a Waters 2487 Dual ? Absorbance Detector
where chloroformwas the eluent (flowrate 1.0 nL/mn, 30 C, X = 254 nm and
R, =350 nmM with a series of three Styragel colums (105, 103, 100 A

Pol ymer Standard Services) and a guard columm. Calibration based on

polysty ene. st andar ds rchased fr.om,Rql e i ed
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in anhydrous chloroform unless stated otherwi se, or polyner thin filns

cast onthexylthiophene3r5d govie? mubbs §0d@qang @ ferkidrops) rinternahistandaydp mle s

Spect o BROUETR 873 Bl ot Beigh A B sfes HRY Ehapn Biloe e

procedurzey ﬁaﬁ:[oé)o(r ﬁU;tvlra‘% adaéd vig '&QR fg%ﬁ@de& Bﬁﬁ%eOf’ITI%'r&Gt{oﬁ InkiQttYe was stlrred
functionalize pol yt hi ophenes réht e Gignard Metathesis (GRIM nethod. In

a typi cdor bhOWranﬂmntctcmpetpwm sequentlyy, yhesepniant of theeSQrmd kthresenedk wourtdom

fl k fl d h
D 2%k bR Sespintsbaieadf dng A3 855 il & ﬁwysg%atgd ssginge, gt hich ot an
anhydr Oldﬁqﬂ-df"-‘_(’o(SlﬁLWathbEeﬁUﬁt' gﬂé:i‘lchﬁi b Sedtet lagd sﬁlfa_]eét@d % k¥écms rbﬁﬁlybi@“

hal i de (0.65 ieth ether (Et20) ‘was added via a
deoxygeﬂ&!nsewasfalllomgd by thcl dddltlm‘l DﬁNm(dpm)Cﬂn (ﬂtolﬂeg,\ﬂaﬂé mmol)yasch fusperbiondn2 at

mont ¢ or B By SHHENEE THF o ATIRR ! Bhaovere iyt SRl cat Uit b9 bl ot « om
flask waped mla%mfl m%&gwg 5 Ay, Fbﬁéaaﬁqldgwt% s”amwhlag gfssm%a lﬁlsiagi) (fzhhpp ne

(2.51 g, ane’ (3 to 5 ops) (Intern st andar

anhydr osebje¢ted (o?GCﬂMS arialystsy rThegmlymerBzahem Iwas ialowed tcaproa¢ddyfor ﬂrﬁgnnsﬁeman

hal i de (3. 85 7 £t 2 wa d v' a a deoxygenat syr' nge.

The. 1 calRdAEHPSIRGNSG apd dhea whs Bibiecied toTeRgh & s vgerad e To

Subsequ ﬁ@m% t t Bethats I S

introdu?gﬁlls%lboyEJ e gﬁgeﬁgcaﬂdeoxy@gﬁéﬁg sy??bo M%ﬁﬂ%‘ﬂg’g Jﬁ&iﬁal""a

al i quot p@ﬂﬁ&atldn) byv@sxhlak extraxtion wijthe metimdolyitekanea) and claorbfemb (E€HICY). tThea

GC- I\/ergﬁ#éfg . This vvas fol l oned by the addition of N (dppp)Cl2 (0.024 g,

0. 44 ?aﬁu%g’ﬁ% &ton in 2 nL of anhydrous THF. Ali quots (1 nL) were

taken at different tinme intervals and each was precipitated in nethanol (5

m.). For each aliquot, a sanple was prepared in Et20 (2 nL) and subjected

to GC-Ms anal yS| s. The polynerization was allowed to proceed for 15 m nutes

at roomte féﬁ quthen s S bjectedtorglux The pol yner was
P8

preci pitated drigurgyil p %‘é‘aﬁm‘l%@ i ¢ met hanol / wat er
m xture (500 nL), followed by sequentl al

Table 1: Molecular weight and structural composition data of random copolymers of
alkyl/alkoxy-functionalized polythiophenes. The value n refers to mole percent of the
alkoxy-substituted monomer, whereas the value m refers to mole percent of alkyl-substituted
monomer. Polymerization conditions can be varied so that m can be, for example, about S to
about 25 mole percent, or about 10 to about 20 mole percent, with the remaining being the

alkoxy-substituted comonomer..
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purification by Soxhlet extraction wth nethanol, hexanes, and chl orof orm
(CHC13). The CHC13 fraction was kept. Tables 1 and 2 and Figure 10 provide
characterization data. Table 1: Ml ecul ar wei ght and structural conposition
data of random copol ymers of al kyl/al koxy-functionalized pol yt hi ophenes.
The value n refers to nole percent of the al koxy-substituted nononer,
whereas the value mrefers to nole percent of alkyl-substituted nononer.
Pol yneri zation conditions can be varied so that mcan be, for exanple, about
5 to about 25 nole percent, or about 10 to about 20 nole percent, with the
remai ni ng being the al koxy-substituted conononer.. 35 Copol ynmer GPC H NWMR
Mo PDI n (%9 m(% P3HT-r-PVEEMI 42150 1.5 87 13 P3HT-r-PMEET 47540 1.5 90
10 Table 2: Optical and el ectrochem cal data of random copol yners of

al kyl / al koxy- fudncti polfythi bpol 'y N)gRaxanr) HOMO Solid
state' Sol utiond Eg %152e%5 F3HT- OGEF\/EENH’ 537 45@( a9

P3HT-r-PMEET 554 461 1.9 - 5.04 1 Fi e sppmcash(é@om @fopy of qrm 2Chor of orm
sol vent; 3HOMO Val ues cal cul ated by onset o JOXI atton usingicyclic
vol tamet ery (typiR3TvAMEEMDr |PHRIS e 4.8-5. B%V) PREBARATI|ON OF DEVI CE

The phot ovol taig I C e prle patterned indi umtiin oxide (I1TO
anode) gl ass sut}%‘ﬁ%{%’,\l{éﬁéo nm ﬁfﬁ‘&? aygr of 66 qg

pol y( 3, 4- et hyl enedi oXyt hi ophene) doped w th polystyrene sulfonic acid
(PEDQOT: PSSA, Baytron P VP Al 4083 grade, HC Stark); a 100 urn thin |ayer of
the regioregular polyner of the working exanple described above mixed with
met hanof ul | erence %5 6] (ghenyl C61-butyric acid nethyl ester (PCBM to form
a bl end;Tabi¢d 2: Li Opligal pantyelectioshomsigel. datee of aandam eeppolmes aefs abubalkony-es
were cl dontionalizel polythiophenes and  or gani ¢ sol vents (acetone and al cohol) in
an uItrasonl c bath and treated with ozone pI asma before the PEDOT: PSS wat er

4. e N W= 4

sol ution M coatedormr-the top—The nTwas—dried $-0or710 m ns
inair as CQEBM@' Bayer. The t’l'rmasmgk)s of PEDOT: PSS mﬁ%s

Solid state’ Solution®  Eg (eV) (eV)
P3HT-r-PMEEMT 537 448 1.9 -5.09
P3HT-r-PMEET 558 461 1.9 - 5.04

Films spin-cast from chloroform; 2Choroform solvent; HOMO values calculated by onset of
oxidation using cyclic voltametery (typical values for P3HT are 4.8-5.1eV)

PREPARATION OF DEVICE

The photovoltaic devices were prepared with patterned indium tin oxide (ITO, anode)
glass substrate; a 50 nm thin layer of poly(3,4-ethylenedioxythiophene) doped with
polystyrene sulfonic acid (PEDOT:PSSA, Baytron P VP AI 4083 grade, HC Stark); a 100 nm
thin layer of the regioregular polymer of the working example described above mixed with
methanofullerence [6,6]-phenyl C61-butyric acid methyl ester (PCBM) to form a blend; and
LiF/Al bilayer cathode. The patterned ITO glass substrates were cleaned with hot water and
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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controll ed at about 50 nm Tapping node atom c force m croscopy (TMAFM
Veeco Multi- node) height imge shows that PEDOT: PSS | ayer can planarize the
| TO anode. The 36 roughness of PEDOT: PSSA surface is snmaller than that of
the I TO surface, preventing local shorting currents and inproving device

reproduci bility. Showeight ratigq (P3HT- s PMEET: PCBM bl end was next
spi n- coZPUEAnEss of@ﬁb%{fP%ﬁé %%Sﬁ@éﬁ%%f%&% FB#E‘F%PE‘B’F’EFH&)‘HC ith no
damage rénedhd 7 ; A son thick film verified by AFM
hondt  SorEhpClindiithd inyfoiife dSUE GRS, | 1 oK gl ove box. TMAEM hei ght
and phase i mide:] welightitatid (PBHS-rign AMEEEP CBM bigihwas nexs spinatoateid ondop

ot DY RS AR oo o e SHEOERS AL

deposi t igpp 4108 nﬁﬂ)ﬁﬁéwmnfdvehﬁx@by AHMED Thefl HRPAIR] wadnealtlSit ROOCORy 213 tOp Of
devices“with a glass slide covering it. The encapsul ation was conpl eted by

shi ni ng mjyss ini glove box. t MAFM height drolphese miages indicatedrthis|bjendt dan mieropbase wer e
T Tty T A N N
with a 'é%éd?ﬁt@d’ ortth M M%qsye&!%gagﬁghad& sk HBAYS0 by ae@as@naaﬁrzob%?d on

Xe lanp wth output 1ntensi'ty o ut 80 mWtcnR. Under preparation and
t est i ng Addayeirt Thens, drofnef epuopxy| wasepus om thettbye ofdeviiden gvithea glaysl stide lcoverthg 2% hi gher

O B e S BT o e B ™™
pol y( 3- mg;ﬁbaggeﬁ l%os%eséﬁ‘lﬁ%_i n Figure 11. The P3HT/ PCBM system was

assunmed to oVi I ciency for conparison purposes. The
el ectroni ¢ afite photowaltaip cheracteristics of devides dinderavhtef lightexpospre (it Mass hf end

correl at ed L.th the quality of the filnp, depending,on e casting, e.g.,
sol vent §§°%%$dﬂt%%we@,m%sareda%mg@oﬁyﬁ@m%l}npgsg b adli%lgﬂ%%idbr OUFRaRgiet and
conditi . | | Al ort of
croct r ox el 380 Sol& AR SETOE KR A SahTBlensif T Bool80 Pl O
and p-type milmder singe préparhtien ael tstingoaditiofis, theasopohymiersref the lwurkivgl t ai ¢ cel | s
can be inproved b o] I, mai zi ng .t hese_ par er 3 T IS CLAIMED IS 1.
A phot o ssple showe &2@&% pewhg;cmtawgseﬁgﬁ,éé?/? Bl@é?r short circuit current

(Isc), consequently 18% higher efficiency than that of regioregular poly(3-hexylthiophene) as

shown in Figure 11. The P3HT/PCBM system was assumed to provide a 100% efficiency
for comparison purposes.

The electronic and optical properties of solid state film of p-/n-type blend correlated
with the quality of the films, depending on the casting, e.g., solvents, spin speed, and
environments, as well as post treatment conditions (e.g., annealing temperature and time).
Also, the transport of electrons and holes in bulk to electrodes is related to the ratio of n-type
and p-type materials. So the performance of these polymer photovoltaic cells can be

improved by optimaizing these parameters.
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a second el ectrode, an active |ayer disposed between the first and second
el ectrodes, wherein the active |ayer conprises at |east one p-type
conponent and at | east one n-type conponent, wherein the p-type conponent

conpri ses atwWiEQPUSTEAMMFD'E: conprising regio-regul ar
pol y( 3-substitutedthi ophene) in which the 3-substituent 1is an alkyl, aryl,

or alkyl/aryl noiety with a heteroatom substitution in either the a- or
(i-position ﬁf thlg g-sub]zt.i tuent. 2..The photovoltaic device according to 1,
wherein the het erd&PgiovoLaic Aevies CHRMISIRE 3. The phot ovol tai ¢ devi ce
according to 1, wWgfetlectkdie. heteroatom substitution is in the a-position of
the 3-substituent. 4. The photovoltaic device according to 1, wherein the
pol ymer is a bl ocksecowpelestraste, 5. The photovol tai ¢ device according to 1,
wherein the polyner i.s

d | 6. ,Th hot | tai,.c devi
according to 1, vﬁﬁ‘eﬁ”&‘?’ﬁ?%y%g&llﬁg‘?r%ﬂrég %gxﬂ:‘%rfgﬁﬁfé’fifﬁgqn%@i‘?f%\éagﬁ’ %‘%WHﬁYIt ﬁ?ophene
uni £5. 7. Thise BYNCQH AU LBlridet: sAEQL Y Borhonknt WRRKSLaA! diden- Bpbype

conponent and the p-type conponent are"covalently bonded to each other. 8.
The phot ovol ¢comneiaty wbereircthe petypecampahentdospeises atleaspohepadymes a  copol ymer
whi ch conprises at | east t di.fferent fhjophene.units tn,th ol ymer

chai n. 38" 0. RS IRIEE T B REPROTLEele R &8 PAIHEF B HERRE R of yrer 1 s
a copol ynerisuhiaid1, GAIP6r 3R5A/281 thieS witl@hétedoh®nealbsiitifieh iPdilet #Rd t hi ophene
units in the polyner” chain. 10. Thé photovoltaic device according to 1,
wher ei n t he @aingrpositvamfithedsubstibrenpol y( 3- subst i t ut edt hi ophene) units

derived fromone or nore thiophene units. 11. The photovol taic device
according to 1, wherein the polyner conprises non-regio-regular

pol y(3- substj t ut epidpiRRARNGI deRick Sccolding fo PIORQ¥ialthéh&erd@iohfR aGONPri sing:  a
first el ectrode,
oxygen atom.

3. The photovoltaic device according to 1, wherein the heteroatom

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

4, The photovoltaic device according to 1, wherein the polymer is a block

copolymer.

5. The photovoltaic device according to 1, wherein the polymer is a random

copolymer.

6. The photovoltaic device according to 1, wherein the polymer is a

copolymer comprising non-thiophene units.

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

the p-type component are covalently bonded to each other.
8. The photovoltaic device according to 1, wherein the polymer is a

copolymer which comprises at least two different thiophene units in the polymer

chain.

38



a second el ectrode, an active |ayer disposed between the first and second
el ectrodes, wherein the active |ayer conprises at |east one p-type
conponent and at | east one n-type conponent, wherein the p-type conponent

conpri ses at9l easThopiotpalpiedeviceaopirtmighg 1/ whérein'tR@pblger is a
pol y( 3-substitutedthi gphene) .in which the 3-substituent is an alkyl, aryl,
or al kyl / ar yfopebinearyvhigh epraprises av lsatt bwe diffszent fundtiopalized dhiophanepinids - or

(3-position Bglg ituent, wherein the heteroatomis an 0 or S atom
and wherein ?’hté ofynme ?b’lﬂﬁé a hormpol ymer or a copolyner. 13. A photovoltaic

device having |l ow netal inpurities in the p-type conponent conprising: a
first electrode, a second electrode, an active |ay g dlsposed bet ween the
first and seldnd Ehephqterpltaic dgvicearsprdingdo dcwherein the BOlYBKRERMBESES at | east

one p-type CHORHAIEE BB 41@61&#@0@1%%}1 éaeﬁorﬁ%mp%}et ‘éﬂ%%ﬁ‘ét ﬁﬁghe p-type

conmponent consi ssentla east one ynmer c

essentially of a regio- regular pol y( 3- substltutedthlophene) in which the
3- substltuent is an al ky a/lz or alkyl/aryl npiety with a heteroatom
substitutionlln eIh%hotvmta&z eyice@geqsduety dnwhereinfhe Bolémgwmm wher ei n

the heter oah&mégg)gpe%}lgrﬁ&gﬁ%g%bv uteadﬁgo E)elmtthe polymer is a hormpol ymer

or a copolyner talc device conprising: a first

el ectrode, a second el ectrode, an active |ayer disposed between the first
and second el ectrodes, wherein the active |ayer conprises at |east one
p-type conpohént érﬂﬁloﬁ%volt@ﬁéipvﬁﬁéofﬁplww conponent, wherein the p-type

conponent conpri sgﬁ s?tel ﬁg&t one copol ynmer conprising regio-regular poly
(3-substitutedthiop eneef ’whi ch the 3-substituent is an alkyl noiety with

an oxygen heter Oaigé’ébﬁﬂlb&btrédg,l on in the a-position of the 3-substituent.
15. The device accordin o claim 14, wherein the copolymer further
conprises a comnWWégwr dispesgd detwgeryhe iitsgwsqep@nfgﬂﬁctrodes 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 polymer
comprising 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.

13. A photovoltaic device having low metal impurities in 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 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.
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16. The device according to claim 14, wherein the copolyner further
conpri ses a conononer conprising an al kyl 3-substituent present in about 5
to about 25 nole percent. 17. The device according to claim 14, wherein the

active | ayeri4.urt RehotoveRat de@se sorfipridi@s:ent pol yt hi ophene. 18. The device
according to claim 14, wherein the weight ratio of p-type to n- type

materi al is aboutafirsteleetredsout 3: 1, and the active |ayer conprises a
pol ymer- fullerene hetﬁ?rl%gun tion. 19. The device according to claim 14,
wherein the wei gh? 55804 §°8¥°%5:t ype to n- type material is about 1.5:1 to

about 2.5:1. 40 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.

15.  The device according to claim 14, wherein the copolymer further

comprises a comonomer comprising an alkyl 3-substituent.

16.  The device according to claim 14, wherein the copolymer further
comprises a comonomer comprising an alkyl 3-substituent present in about 5 to

about 25 mole percent.

17.  The device according to claim 14, wherein the active layer further

comprises a different polythiophene.
18.  The device according to claim 14, 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.

19.  The device according to claim 14, 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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