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A needn e%’usts to provide better materials and processes for organic photovoltaic (OPV)

devices. This is driven in part by ongoing high fuel prices and unstable fuel supply. OPV
devices can provide improvements over older silicon devices. See for example Perlin, John “The
Silicon Solar Cell Turns 50” NREL 2004, see also, Dennler et al., “Flexible Conjugated
Polymer-Based Plastic Solar Cells: From Basics to Applications,” Proceedings of the IEEE, vol.
93, no. §, August 2005, 1429-1439. Global climate change is also a motivating factor. While it
is known that conducting polymers, or conjugated polymers, including for example
polythiophenes can be combined with C60 fullerene to provide useful active materials in OPV
devices, a need yet remains to improve device efficiency and other important PV parameters. In
particular, regioregular polythiophenes are of particular importance because of their nanoscale

morphology which can be applied to novel morphologies for solar cell applications.
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[6,6] fullerene bonding site wherein both carbon
atons of the [6,6] bonding site are coval ently bonded
to a group R Anot her enbodi nent provides a
conmposition conprising a mxture conprising: (i) at
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R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or
heterocyclic first ring, wherein the first ring directly bonds to the fullerene.

Another embodiment provides a composition comprising a mixture comprising: (i) at
least one p-type material, (ii) at least one n-type material, wherein the n-type material comprises
at least one fullerene derivative comprising at least one [6,6] fullerene bonding site wherein both
carbon atoms of the [6,6] bonding site are covalently bonded to a group R.

Another embodiment provides a composition comprising a mixture comprising: (i) at
least one p-type material, (ii) at least one n-type material, wherein the n-type material comprises
a fullerene derivative comprising at least one fullerene covalently bonded by [4+2] cycloaddition

to at least one derivative moiety.
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n-type material, wherein the n-type materi al

conprises a ful I erene derivative represented by:

F*-(Rn and solvates, salts, and m xtures thereof,
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R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or
heterocyclic first ring, wherein the first ring directly bonds to the fullerene.

Another embodiment comprises a method of making a composition comprising a mixture
comprising: (i) providing at least one p-type material, (i) providing at least one n-type material,

wherein the n-type material comprises a fullerene derivative represented by:

F*-(R)n

and solvates, salts, and mixtures thereof,
wherein n is at least one,

F* comprises a fullerene having a surface which comprises six-membered and five-
membered rings; and

R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or

heterocyclic first ring, wherein the first ring directly bonds to the fullerene.
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Figure 4 provides photovoltaic data for devices comprising indene derivatives compared to a

control.

DETAILED DESCRIPTION
INTRODUCTION & DEFINITIONS
“Optionally substituted” groups refers to functional groups that may be substituted or
unsubstituted by additional functional groups. When a group is unsubstituted by an additional
group is may be referred to as a group name, for example alkyl or aryl. When a group is
substituted with additional functional groups it may more generically be referred to as substituted

alkyl or substituted aryl.



that the point of attachnent is not at an aromatic

carbon atom "Aryl" refers to an aromatic carbocyclic
w@easpioBifrom 6 to 20 carbon atons havi ng a sPODUS2007/010533

ring (e.g., phenyl) or nmultiple condensed rings
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pyridyl or furyl) or multiple condensed rings (e.qg.,
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Heterocycllc roups can be for exa r|d . Or
provided thafihe poingp 4*@@&%6%18 ak 0y JrQIPYT EAT ng%ﬁonlp;l’rrﬁf%rrsé aryls include

tetrahydropyrrole, pyran, and the like. The term
phen)ﬂ,etwhﬁxyycahdd:hdlﬁkﬂ.udes het eroaryl groups where

"heteroaryl™ refers to an aromatic group of from1l to

20HetB Skl @fds todshtdrated, dnsarirRed) dk Be@roaedmhaticagoly Raving a single
t he group conS|st|ng of oxygen, nitrogen, sulfur,
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selectg%]l Q%)fn tél f8§$j§ oH&éq%;glg -?#@)t[-glng - ?S’glon tﬁ‘gﬂg%ﬁg c ES&\ heterocyclic

froml to 15 carbon atons, or froml to 10, or from1l
groups gam havsra singlpring(®83 prady) o fgyhor sudieple senrpnsed rings (e.g., indolizinyl

PCT/ US2007/ 010533 atoms. This termis exenplified by
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n-butyl, t- butyl, n-pentyl, ethylhexyl, dodecyl,
heterda$¢Ha prdwded tAathé P6int bK&Rtachment is through an atom of the aromatic heteroaryl
group. Heterocyclic groups can be for example, pyridine, or thiophene, or furan or
tetrahydrofuran, pyrrole, tetrahydropyrrole, pyran, and the like. The term heterocyclic includes
heteroaryl groups where "heteroaryl” refers to an aromatic group of from 1 to 20 carbon atoms
and 1 to 4 heteroatoms selected from the group consisting of oxygen, nitrogen, sulfur, --S(O)--,
and --S(O),;-- within the ring. Heteroaryls include pyridyl, pyrrolyl, indolyl, thiophenyl, and
furyl.

"Alkyl" refers to straight chain and branched alkyl groups having from 1 to 20 carbon

atoms, or from 1 to 15 carbon atoms, or from 1 to 10, or from 1 to 5, or from 1 to 3 carbon



"Substituted alkyl" refers to an al kyl group having
froml to 3, and preferably | to 2, substituents
waedsoisdl f rom t he group consi sting of al koxy, PCT/US2007/010533
substituted al koxy, acyl, acylamno, acyloxy, am no,
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estersatyqdalkﬁmubgltmdIcyylloalka deterparyl] wstltetedlbem@sybmg@xychc and
PCT/ US2007/ 010533 "Substituted al kenyl" refers to
substidltéRetbrogyeleps having from 1 to 3 substituents, and
"Alkoxy" refers to the group "alkyl-O-" which includes, by way of example, methoxy,
ethoxy, n-propyloxy, iso-propyloxy, n-butyloxy, ¢-butyloxy, n-pentyloxy, 1-ethylhex-1-yloxy,
dodecyloxy, isopentyloxy, and the like.
"Substituted alkoxy" refers to the group "substituted alkyl-O-."
"Alkenyl" refers to alkenyl group preferably having from 2 to 6 carbon atoms and more

preferably 2 to 4 carbon atoms and having at least 1 and preferably from 1-2 sites of alkenyl

unsaturation. Such groups are exemplified by vinyl, allyl, but-3-en-1-yl, and the like.



preferably 1 to 2 substituents, selected fromthe
group consisting of al koxy, substituted al koxy, acyl,
waceysandsap, acyl oxy, am no, substituted am no, PCT/US2007/010533
am noacyl, aryl, substituted aryl, aryl oxy,
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r , .
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refers to the group "al kyl-O" which includes, by way
substitdted ryaipdlleyl, heteroanyy, subsitited j}lctem-apylp}memcydlispaml’ smpstituted
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cO -, subst ituted al kyl - C(O)
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Cé substituted aryl-C(O -, heteroaryl-C(O)-
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ethox?)%‘-b%b%%’ iso- ﬁfo?bxy,m&%%ﬁg)x r&@cabu’f@(ﬁefz ﬁt%)k{ and the like.
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heteroaryl, substituted heteroaryl, heterocyclic,
substxfgfr}rsrfydamlqd -C(e) € apdy(0)< sabstitmbbal- e:eoh Rtér@ax}y@loceyi tubstituted
heteroaryl-C(O), heterocyclic-C(O)-, and substituted heterocyclic-C(O)- wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic are as defined herein.

"Acylamino" refers to the group -C(O)NRR where each R is independently selected from

the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,

substituted heteroaryl, heterocyclic, substituted heterocyclic and where each R is joined to form



WD 2008/ 018931 PCT/ US2007/ 010533 together with the
nitrogen atoma heterocyclic or substituted
whedaosnosoycl i c ring wherein al kyl, substit ut edret/kgto07/010533
al kenyl , substituted al kenyl, al kynyl, substituted
togetladr knithythe nityoglen atony b hetesiehdlid drisubstitatgd hetetrdeytlic g wherein alkyl,
substituted aryl, heteroaryl, substituted heteroaryl,
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referably having from2 to 6 carbon atons and nore
wherfpn atkyt, spbsfityted alksl, @b\qebﬂnswbwdaqilaewbwﬂwmtsubwed alkynyl,
and preferably from1-2 sites of al kynyl

cycloalkgh subséitutedcycldalind aryl swdtialted/aryl, heterfaeyl ssubstitatddyheydroaryl,
groups having from1l to 3 substituents, and

heterdtygfi€ambdubstituted h%tewéa@tle hieMR s fin&Ph@Gihed from the
group consi sting of al koxy, substituted al koxy, acyl,
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amn aryI
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t gSubstingedalyn WRrdRers wh alkenyt greupd Havingrfeon nde P subitinidnys, and

preferably 1 to 2 substituents, selected from the group consisting of alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl esters, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted
heterocyclic.

“Amino” refers to the group —NH,.

“Substituted amino” refers to the group -NR'R” where R’ and R" are independently

selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
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heterocyclic where R is hydrogen or alkyl and wherein
-NRCé@)sybstltgtségthenﬂt éﬂRﬁ((R),alkynal R@KO)syhsjg@trcd atkaayl,
al kenyl , al kynyl, substituted al kynyl, cycloal kyl,

-NRCgQjusyli tNJRé(:D)sybﬂtiaaéd(yﬂyl, -NRY(O)lsatdrsdriyt, uNRdZ(GDsylbstituted heteroaryl, -
heteroaryl, substituted heteroaryl, heterocyclic and

NRC%&EI‘OEWI%CI ﬁ@lﬂ@@ﬁ%ﬂsﬁnﬁé@hé@rogﬁﬁﬂc W@{éré‘ﬁrl?hiﬂro%en or alkyl and
boxyl " refers or salts therof Car boxyl

where%‘é%lg;]é sulgs Rﬁ&f ali(gldglg &)a‘ &%Q&t&eg( @ie??ﬁ ’ah(gfh&l, substituted alkynyl,
substlt ted aryl erein |, suybstifut
cycloadl%il %u%s d cyilpaliyberyy %H\Méiﬂmteé’riiﬁ ¥troad T ubitiitd heteroaryl,
herein. " q/cl oal koxy" refers to -0-cycloal kyl groups.
heterocgelbsarndi sybstituteg detsedoyolig/areas flefinedihgrein- subst i t ut ed
cycl oal kyl groups.
“Carboxyl” refers to -COOH or salts therof.

“Carboxyl esters” refers to the groups —C(0)0-alkyl, -C(O)O-substituted alkyl, —
C(0O)Oaryl, and -C(O)O-substituted aryl wherein alkyl, substituted alkyl, aryl and substituted
aryl are as defined herein.

"Cycloalkoxy" refers to -O-cycloalkyl groups.

"Substituted cycloalkoxy" refers to -O-substituted cycloalkyl groups.

"Halo" or "halogen" refers to fluoro, chloro, bromo and iodo.

"Heteroaryloxy" refers to the group -O-heteroaryl and "substituted heteroaryloxy" refers

to the group -O-substituted heteroaryl.



"Hal 0" or "hal ogen" refers to fluoro, chloro, brono
and i odo. "Heteroaryloxy" refers to the group

wo Geoseisspar yl and "substituted heteroaryl oxy"PeEUS2087/010533
to the group -0-substituted heteroaryl. 9 WO
200Rt0382B1oBCTIEA0AHE SbOp 30-hetdrigdyelioayd  ybstityted heterocyclyloxy"
refers to the group -0-heterocyclic and "substituted

referasttﬁéQ&MﬁL®1s95§hmteaﬁfa%fo%fv&19c.the group -0-substituted
het erocyc I C ers to the group -SH

"T | oy "al i oether" or "thioal koxy" refers
tﬁpho g#%ﬁf)o {hg "Wthh "Substituted thioal kyl" or
subst ut eq‘ al kyl th| get her” or "substituted
t nilBioa @qu@%soethe e éhigalkomy refess todthe gioupdSaik .
" Thi ocycl oaI kyl" refers to the groups -S-cycl oal kyl
an'§ubsiited iticalied" Dhi‘smbytﬁhwdIaIdWIt'hioet}Ef"émS“Stletitlkted thicalkoxy” refers
-S-substituted cycloal kyl. "Thioaryl" refers to the

to theQrO{P- s.&@ﬁmhedadmlyl"subst ituted thioaryl"™ refers to the
group -S- substituted aryl. "Thioheteroaryl" refers to

th I "
thﬁ‘gﬁ%?%‘?%‘g@ e B o S HERIA A Swbitted thigeycloaliy
roar "ThIO tero lic" refers to the group

refers tgt'i‘Fe?@P%é%‘éVt?senﬁ cye ituted thioheterocyclic
refers to the group -S-substituted -heterocycl iC.
" Shiogrylaregerd & theemovpr -Srarsl andisebsyitused trigavil’ eefarsdo the group -S-
i norganic counter ions well known in the art and

substituted exd®, by way of exanple only, sodium potassium
cal ci um rmgnesi um ammoni um tetraal kyl ammoni um and

t h?h]oihkﬁro dr b8 1o mée%r!?@d -%Cb'ét@roaﬁ@ Eﬁdﬁi'éﬂ%stﬁut*éafi}:hiﬁheteroaryl" refers
functional i ty, salts of organic or inorganic acids,

to the #8\5}) @smg&?e%n'le?errbg?l

"Thioheterocyclic" refers to the group -S-heterocyclic and "substituted thioheterocyclic"
refers to the group -S-substituted heterocyclic.

“Salts” are derived from a variety of organic and inorganic counter ions well
known in the art and include, by way of example only, sodium, potassium, calcium,
magnesium, ammonium, tetraalkylammonium, and the like; and when the molecule
contains a basic functionality, salts of organic or inorganic acids, such as hydrochloride,
hydrobromide, tartrate, mesylate, acetate, maleate, oxalate and the like.

“Solvate” refers to those forms of the compounds which form, in the solid or
liquid state, a complex by coordination with solvent-molecules. Hydrates are a specific

form of solvates in which the coordination takes place with water.
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hydr obrom de, tartrate, nmesylate, acetate, nul eate,

oxal ate and the |ike. "Solvate" refers to those forns
wobkooslesssonpounds which form in the solid or pCT/A820d7/010533

state, a conplex by coordination with

solovafigateapobhés refeédé 961@*&1%@@1‘%@%&%&& sd‘rn%é’ﬁn?{]gated

sol vates in V\,hl ch the coordi nation takes place w

8/ 018931 PCT/ US2007/ 010533
unsakﬁ%ogﬁbngatggg%%?gner refers to polymers conprising at

Ie st .some, conj ugat sat ur.ation |n t he backbon
%qlﬁmpgsﬂ%‘r%g‘%sﬁgﬂﬁey?’h 553 ROl Mg OmATging a thiophene in the
ynmers conpr.i sing thlophene in the backbone
backbone |1rardwd1§g p@lwsltlmf@phéi@@vatws theseafyand qopelyests anghigrpolymers thereof.
copolynmers and terpolynmers thereof. "Regioregul ar

poRepivreyulee pelythioplksns” tefedad polthigptene hivng highheals of
| evel s of regioregularity including for exanple at

rego#e%@l%htygigc@udﬁ{g fet edaipit atqga@t 89% Qlt atll%%O‘b%S(ﬁQ é%ah?%%, or at least

| éast ~ 98% or at |east 99% It is understoo
0 ytuted groups defi ned above, polyners arrived
8%, H‘t I%ysl?gbf/l ning substituents with further subst ituents
the el ves sybstjtuted aryl . havin
sﬁb'étuun ‘EIP'QGS émgvn mtl%edagrewqus@abowp@wm arrived at
itself substituted with a substituted aryl group,
by de@ning)substisuents with flesticbe dulistituentsabd thsimselviee (eeg. nsubktitugadcanyl
cases, the nmaxi mrum nunber of such substituents is

having hrsabstitﬂ'tbdb.r)il gréup sSasubdtttient atichok itkélesuatti@ed with a
definitions is constrained by a limtation that, for

substi%?ﬁ(&'gltyf gr b@tE ur@éﬁ’ded 9685{91%96 h ﬁereer &t Oa ases, thﬁ

stitute Itute
maxigpi o) ot %%Béab%gﬁ%isi{s Slagetfﬁ%é%{%sgg B el 50
substitution patterns (e.qg. substituted with 5

definifipppissoprtenined byra lamﬁgﬂe)%@ayq, forgexemp easybstitutesl asylgspyps;ase
or acetylenic unsaturation). Such inpermssible
limted toossubstirnied aryddsubstituged aryl)-substituted aryl.

Similarly, it is understood that the above definitions are not intended to include
impermissible substitution patterns (e.g., methyl substituted with 5 fluoro groups or a hydroxyl
group alpha to ethenylic or acetylenic unsaturation). Such impermissible substitution patterns
are well known to the skilled artisan.

Other terms used herein are defined as follows, unless the context makes clear otherwise.

All references cited herein are incorporated by reference in their entirety.

Solar cells are described in for example Hoppe and Sariciftci, J. Mater. Res., Vol. 19, No.

7, July 2004, 1924-1945, which is hereby incorporated by reference including the figures..
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are well known to the skilled artisan. G her terns

used herein are defined as foll ows, unless the context
worrbos®1s98ear ot herwi se. All references cited Per/®sm07/010533

are incorporated by reference in their entirety. Sol ar

C i pisre Al RuRES sbRR EomPohGits SXAETIVEntIAMAPSHIANKLIL. See also for example
Sariciftci, J. Mater. Res., Vol. 19, No. , July

J 7
Dennfe Bl R iie fnublle Bolyiel HaE0Y PO SR s Basics to
PCT/ US2007/ 01053 Fi: Ll
Appl@gﬁgﬁeﬁf":‘?e ng?% %&m@%ﬁ@ﬁiﬁ%ﬁ :kgtgw?q? 23&”3439-§63?,avcluding

exanpl e Dennler et al., "Flexible Conjugated
Figurgod gmif - Baseds #chitcturesSor the sGhir cell car usedsincluding inverted solar
Applications,” Proceedings of the | EEE, vol. 93, no.

cells. Simpd@ncéleRRS inchiti29hd 43e 1dyRe | andinbde, aFdathedeand aaibsthute to support
Various architectures for the solar cell can be used,

the lal‘%?% A 'IHX&&ESH', als'rﬁall@fnjec?ighll r LAHPRY 5@ ,tan | 58BP fore conditioning
IMiclude the active layer; an anode, a cat’hode, and a
subst r at S rt the |arger ructure.. In..
layerS gite ‘G- 5 e ReTieE e SRy arP N s i wglidinge BREbulk
or nore conditioning |ayers can be used. The active
heterojug@ioncan conprise a P/ N conposite including a P/ N
bul k heterojunction. The follow ng references

déRerfollewplgotfercnkésadescritrt hotavottaiz mihtelals arebdevidssPat ent
Publ i cati on 2006/ 0076050 to WIllians et al.,

" higd phteAt IIBlieatRRB0V6RBIEEI0 to Williams et al., “Heteroatomic Regioregular
Pol y( 3- Substi t ut edt hi ophenes) for Photovoltaic Cells,"

Poly(?legfugétﬁtﬁ%ﬁlhﬁ%eﬁ%ul) 2(8’ %}({}{E?{gigkell's nf(?fe&&B@E%qngh igssh.ereng

rence exanpl'es an raw n
. Pat e Publ i cati on, 2006/ 0237695, (Pl extrani cs),
incorp gAY TEIRLenE nsBiOiE WOTkBiE ST AMBAERNG ' | mpr oved
El ectroni c Performance, " which is hereby incorporated
byUS Patertr Rubticationc3006/024 765 (RlexgroaicahpCerolmmarsef Seiubles .
US Patent No. 7,147,936 to Louwet et al.
Poly(thiophenes) with Improved Electronic Performance,” which is hereby incorporated by
reference including working examples and drawings.
US Patent No. 7,147,936 to Louwet et al.
In addition, US Patent Publication 2006/0175582 “Hole Injection/Transport Layer

Compositions and Devices” describes hole injection layer technology, (Plextronics) which is

hereby incorporated by reference including working examples and drawings.
DEVICE ELEMENTS OTHER THAN THE ACTIVE LAYER

Electrodes, including anodes and cathodes, are known in the art for photovoltaic devices.

See, for example, Hoppe et al. article cited above. Known electrode materials can be used.

12



In addition, US Patent Publication 2006/ 0175582 "Hol e

I njection/ Transport Layer Conpositions and Devices"
waleasnisss hol e injection |ayer technol ogy, PCT/US2007/010533

(PI extronics) which is hereby incorporated by

Transp@efl @naectivRxidbs 6n BOLLddN Transpateh@Scantié aped fétsa particular
| CE ELEMENTS OTHER THAN THE ACTI.VE LAYER

appllcj’_; 181?. g&ge?((% J‘?ﬂﬁgﬂ{oﬁg Cc Qéjﬁlﬁ fn Bﬂdgogsﬁdlx%rl?d%gﬁ%ed ona

ovo al Cc v ces
exa e, Ho cle cited above. Known
SubStf@Feeg)‘-‘lLbéta@ée |réﬂ1 OEQ?\’“B ‘used. 12 WD 2008/ 018931
PCT/ US2007/ 010533 Transparent conductive oxi des can
béf desized, Imieinisstioe ard/ hela transporidaysre eart bsy usgd p AntHid ger can be for

application. For exanple, the anode can be indiumtin
exampl¢iPBDOT RSB udikngwh Tl wpp Geb efdr exangple, Hidpspereatie article cited above.

Substrates can be rigid or flexible. If desired, hole

i njection and hole transport |ayers can be used. An

H L | ayer can be for exan‘pl e PEDOT: PSS as known in

Hoppe et al. article cited
ACTN@&/%% %?Q(?é W@TYPE MATERI AL The active Iayer
can conprise at |east one type material, anpd_t
f Uihe aptévsdaye ey Spmpaseat Wgwerfaf)@'e.%t%méaaﬁldﬁhe &glsaemeﬁienvatwe n-
conbi nation with various p-type materials. The
type matenals agrebobsed omeombimbtich withtvariafs p-type inmerals. ohhe alvantage of some
that the substituents used to derivatize the fullerene

embo@itien®Lofahe ifentiasie ¢hd the fubstitaémshstidas detiMizt eecfullerene can be
the calcul ated electron affinity. The goal in these

choseﬁ%%@%ﬂ% ga\a}gﬁlﬁte g @%?g% Jta!}:%tﬂécf él%ﬁ?ﬁ ‘?}f.w?%ngoal in these

emboé%ﬁe@?s&%ﬂ%{lg)ﬁ tg\;rl\r{ha:#ﬁw{eh'éel chgn%b(get It\g;e,%?thgiﬁg\qgclar ] é)? he n-type with the
mat eri al can be ap organic material including

HOMEhleyelof the priviner while stg?mﬁmhmg @bg@rcafwggnqutlcpm vitha the active

material are known in the art. For exanple, the p-type
layer.mat eri al can

The p-type material can be an organic material including a polymeric material, although
other types of p-type material are known in the art. For example, the p-type material can
comprise a conjugated polymer or a conducting polymer, comprising a polymer backbone having
a series of conjugated double bonds. It can be a homopolymer or a copolymer including a block
copolymer or a random copolymer, or a terpolymer. Examples include polythiophene,
polypyrrole, polyaniline, polyfluorene, polyphenylene, polyphenylene vinylene, and derivatives,
copolymers, and mixtures thereof. The p-type material can comprise a conjugated polymer
soluble or dispersible in organic solvent or water. Conjugated polymers are described in for

example T. A. Skotheim, Handbook of Conducting Polymers, 3" Ed. (two vol), 2007; Meijer et
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conprise a conjugated polynmer or a conducting polyner,
conprising a polyner backbone having a series of
wa@oogogased doubl e bonds. It can be a honopol yPeT/USI008010533
copol yrmer including a block copolynmer or a random
al., MaRPRIY S®Ence Uhd EngBlePrhg, FRI(2005¥ A0 Sndi Kied, e Appl. Chem., 74, 11,
pol yt hi ophene, pol ypyrrole, polyaniline,
f r ' , i ..
2031884, 2083, e p. HRE UREHERR cal BHELY 1ERB el DOV IBRE ofsimiler
The p:-type material can conpris copj.ugat.e | ymer . .
polyrist yict 1B Aapatcdingtans  bagR i oul G LEHERGh Gesivatied side
Conj ugat ed pol ynmers are described in for exanple T. o
groupa to Biler theiproparkiesdd dlakpdymen nforeiampleal pphghioph@ can be derivatized
(two vol), 2007; Meijer et 13 WD 2008/018931
with dG1/side2G0upsanelndidg nedthyl, dhayiehéall sdoBedyeuid thatike.
Engi neering, 32 (2001), 1-40; and Kim Pure Appl.
o SO G Rol LR Alch Bmpris, for
| yners. whi ch. have (of0) n _pol ackbone but are .. .
examfiR, § BB RipAor o coR e Ry SR BB <BRETE pREr SR g% Combination
t he pr%perties of the polymer. For exanple, a
of a fisg tyRapisoRIMgated spempent gad pyeond dype oficopugpted segnent. For example,
groups including nethyl, ethyl, hexyl, dodecyl, and
these téreb¢ idpeeser®ad by Aikbeli ABAtordd systerss whprein ferexampte, one block such
bl ock copol yners which conprise, for exanple, a
as A 8@rdhjughicd Bloek aa@ ahstat eckodudh A9 B-i§ @ hogabigdgdred WIFEK or an
segnents, or a conbination of a first type of
. J t . iU ) .
insul SRR O SHERIRTY, AL BRI LIPS Sl aheBn ganjugated o
: r ABA or BAB syste wherein,, for, ex l.e, one Dbl ock
insula{yg 00k o B gor X GenR gt B POlo T R B Rseaf glomer block, or a
.such as B is, an_non-conj ugated bl ock or an insulatin
hybrigy prgapic-inpreanic pohane bjockdnelpdipg Senexamalepdditionrpohaner block or
conj ugated. The non-conjugated or insulating block
condemsatidnepof ynerehtackpneludingdogeraimplpthesmeplastic dypes ofipolymers, polyolefins,
i norgani ¢ polyner block, or a hybrid
polysir@8 potydstedd, PET, end e Yike! BdkWopblyilerird dedcpibe® 2 fa ekample, US
addi ti on polynmer block or condensation polyner block

Patent R§! 6{?2%‘,971 R'MEEATRIR et MBI LAtk PubhEatidh NG HoBERE$8867 to

pol yo I ns,
McCullough et al. published December 14, 2006, each incorporated herein by reference in its

entirety.

In particular, polythiophenes and derivatives thereof are known in the art. They
can be homopolymers or copolymers, including block copolymers. They can be soluble or
dispersible. They can be regioregular. In particular, optionally substituted-alkoxy- and
optionally substituted alkyl-substituted polythiophenes can be used. In particular, regioregular

polythiophenes can be used as described in for example US Patent No. 6,602,974 and 6,166,172
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pol ysi | anes, polyesters, PET, and the |ike. Bl ock
copol yners are described in, for exanple, US Patent
WO008H196L2, 974 to McCul | ough et al., and US PapPenus2007/010533
Publ i cati on No. 2006/ 0278867 to MCullough et al.
to MdQublouglhetchl Dacweth as MeCulldOghy R. EacTristragoNagleas e WVillléanss, 8. P.; Lowe,
by reference inits entirety. In particular,

efma e tfApe
R.D. Fﬁg)l AP PERmALHeMES b 3093 Q3 5L LA f?ifcluﬂf Wl)}nﬁ‘ers and block

art. They can be honopol yners or
e A St e %?m%' 81 Safplgatiot-and
optional ly substituted-al koxy- and_ . opti onal I
alkoxweb&twted ealymeksjandsq%gkymem el bsgispd mcgr}siwm@ éalwxuléhlophene)

used. In particular, regioregular polythi ophenes can
Otherlexampbed cars bel Enmdiib&i$ Paterft NoseXaphB &2 wd a7 tddochem et al. US
6, 602,974 and 6, 166,172 14 WD 2008/018931

PatenPRdé. m%’o%@m 1t B3Nk debétibeaictidd layerds wel | as
I\/bCuIIough R D.; Tristram Nagle, S.; WI l'iams, S.

Sty e AET e e FIER 5306 o i

copol yners. See also Plextronics (Pittsburgh, PA)
proceﬁ%’?ﬁmrci al products. Sol uble al kyl- and
al koxy-substituted polymers and copol ymers can be used
i deddifgnmabeysanlespiiretype matasialieand)pol ytionbence gampy foand dmWO
be found in US Patent Nos. 5,294,372 and 5, 401,537 to
2007/80t1OnGatdiaha etldh) whiadhedescries pobdrsh 880 modormeR33idhidiBare, for
further describe active |layers. Soluble materials or

exam Iéub@m%&%r&/%p&%&tm@mns AdidiRs UhAWHith isfh%r P%&%rﬁd}ated by
acilitate processing. Additional exanples of p-type

referegg{ﬁm/1&?@&%9?@%{&%%%5%@@ nes) C\?Aql (t:)ﬁ ]:jgg(r:"rjl Ib(re]sV\‘F!J)oI ynmers

havi ng nononers which are, for exanple, substituted
cycl opent adi t hi ophene noi eties, and which is hereby

I ncor por at ed bg reference in its entirety including
ACTIVG hAlYER N-TYPE MATERIAL

The active layer can comprise an n-type material comprising at least one fullerene
structure. Fullerenes are known in the art. Fullerenes can be described as spheroidal carbon
compounds. For example, the fullerene surface can present [6,6] bonding and {6,5] bonding as
known in the art. The fullerene can have a surface comprising six-membered and five-
membered rings. Fullerenes can be for example C60, C70, or C84, and additional carbon atoms
can be added via derivative groups. See for example Hirsch, A.; Brettreich, M., Fullerenes:
Chemistry and Reactions, Wiley-VCH Verlag, Weinheim, 2005, which is hereby incorporated by
reference including teachings for fullerene nomenclature and synthesis, derivatization, reduction

reactions (Chapter 2), nucleophilic additions (Chapter 3), cycloadditions (Chapter 4),
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ACTI VE LAYER N- TYPE MATERI AL The active |layer can
conprise an n-type material conprising at |east one

wo péoseiBe  structure. Full erenes are known i np¢hesant/010533
Ful | erenes can be descri bed as spheroi dal carbon

hydro%?%%'?@?gptgfg)bon ic ng&dalﬁélﬂetghg#tleﬁ@h g'gns?t%r]; ﬁgﬁ}]gﬁplex formation
(ChegfS D atigertend e ope v il Er?é@lq%‘.@ﬁ@t?f  FdbEaon rpapter 9,

~be for exanple C60, C70, or CB84, and additional carbon
regioghesnistry (hapiss 18} ¢histey modifegatiom {Cheptesrld ) hsterafullerenes (Chapter 12),
exanple Hirsch, A ; Brettreich, M, Fullerenes:
and h@Eﬂﬁﬂlel‘qnea(‘@la‘ﬁmdB). 0 Methd@sldeyerﬂﬁ&l hefein e, beised) foesyithesize
2005, which is hereby incorporated by reference

fullerhﬁg:aémaﬂgestﬁagaam§ for fullerene nonencl ature and
synthesis, derivatization, reduction reactions

( @%Q}t%ala{ I)tl&% g&%&ﬁ%?g%ﬁ %rr?;gr%'gtav\%n %td&gh /n%%gg gT@ri’al, wherein the n-

PCT/ US2007/ 010533 hy r ogenat (Cha er 5), .radical

type maigriah opprisehateast org d ertvlaa%@il flpferﬁn?r@tgule@aﬁﬂ%‘;@twe The derivative
formation (Chapter 7), oxidation and reactions with

compehmrd candphfior exangitth apaéducs) Théeiog édeatvatized(fGHepnet “Rijlerene
regi ochem stry (Chapter 10), cluster nodification

derivititaas @sedlherein@hde@bed intretiagedbGav & bkdbr exaniifle fullerenes
hi gher full erenes (Chapter 13). Methods descri bed

I
compiSHE: fo @S‘Q‘ﬁinﬁf’ﬁ%dt‘&"i”‘% ﬁ%%‘%’?.‘éé?gr“'ﬁ?"a‘éf from one to ten, or
r;£an conpris ast one
from gAY L, P AEBRS § Tt EFRanC RS ited LBl s%@tdoesﬂsnﬂy bonded to
derlvatlzed fullerene or fullerene derivative.
for exagpl G anens twe SAPSDRI tbaﬁplmémfleirca&@areﬁmoaﬁ*fiSadEhrc@emﬁéed fullerene
terns "derivatized fullerene," "fullerene derivative"
can carmpusealfublerene o valentlydwnded:bly [411’(2@ cy¢laadyletad tp abtedstome degvative
for exanple fullerenes conprising, froml to 84, or 1
moiefyoR70, or | to 60, from1l to 20, from1l to 18, from
one to ten, or fromone to six, or fromone to five,
or fromone to three substituents each covalently
bonded t o,

16



for exanple, one or two carbons in the spheroida
carbon conpounds. The derivatized fullerene can
waoompni®el a ful | erene coval ently bonded by [ 4+P¢T/US2007/010533

cycloaddition to at | east one derivative noiety, R

165100 AkBRBbe Rt ATRA0F4 RUAG3Red B uct ures  for

the n-type material can be represented by: F*-(R)n

and sol vates, salts, and m xtures thereof, wherein n

is at least one; F is a spheroidal fullerene having a
F*-(ur face whi ch conprises six-nmenbered and five-

menbered rings; and R conprises at |east one

optionally substituted, unsaturated or saturated,

C [ . t clic first ring, wherein the

and S?ﬁ’r%%? %ﬁ%&ﬁgﬁlé%'?ﬁ}ﬁ%rg%s to the fullerene. Formula

1) represents an enbodi nrent wherein C60 is bonded to
whergink groups, and the bonding is generically

represented. (1) ~Rn 17 WO 2008/ 018931

P@TsEskas Ne;10533 The first ring can be substituted.

The first ring can be not substituted. The first ring

cdhis axpheroidah fidletonathadingiangrfaddwhikh kinpfisdagixcmembered and five-

saturated ring. The first ring can be a carbocyclic

meml'Sér&Qrings@%né irst ring can be a heterocyclic ring.

R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or
heterocyclic first ring, wherein the first ring directly bonds to the fullerene.

Formula (I) represents an embodiment wherein C60 is bonded to n R groups, and the

bonding is generically represented.

(I
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The first ring can be an optionally substituted
four-nmenbered, five-nenbered, or six- nenbered ring.

wo 2oosam9Bn particul ar be an optionally substitEPtEUS2007/010533
five-nmenbered ring. The R group can further conprise a

S R i st'ripdcantbe Gbdtiute® NUREfifsOriRE cAiB@RbtWubditht@ Thé Hfst ring can
ring. The second ring can be optronally substituted.

| . r . .

bean TSR 118 3 URTRLE S T5Y byt B e o carvocylc
) Lrectly bonds to the Eul.l erene. For exanple, the R
nng. 3{}'8%“ @B P5rdstargcyclioiBgt o the full erene by a [ 4+2]

cycl oaddition. The R group can be covalently bonded to

t Héve firsfiringreandelap optienally subwsitated dourrmernberad, fiverroembiérad, or six-

two coval ent bonds, including by two carbon- carbon
memb@@éditng. Theaiirgpati¢ulardse daephionglBosubstituted fivelhénbdied ring.

surface by a covalent bond to one atomin the R

OO gAbb BAA AP ombr® RGP ARichS: BARRE S bORAPwith the fis

covalent b otw atons In

ring. 1 S ifns o g Sy GBrised T g P 65 e Byample an ar

be separated by fromeach other by I to 3 other atons
group; whichés faseg touthe finsheng gr oup can be coval ently bonded
to the fullerene by two carbon- carbon bonds at a
f UMhediratmeng direSily posdstto dire fullbrené.uF breexample; dre R grupicae covalently
only carbon. The fullerene can conprise at | east one

bond €ethie\falldréi: ) PpR-2peylediditont MhefRIEloap @AEbO ESalkd®lyBonded to the
For exanple, fullerenes can be derivatized with

fullergrlgegﬁypé%v{'{vb@goﬁg\ﬁt%ﬁgg, %U?\?dif?%tv% Eqal ' bo (ﬁ! ﬁl@ﬁlidﬂm% by two carbon-

'ectron w thdraw ng groups and el ettron
rel easi roups are,kn 1N e art .and can be
carbop SR | b8 eEhBeran B B tontlfulEren® Sty & yslny hopd to one
March, 2001. 18 WD 2008/018931 PCT/ US2007/ 010533 The
atom & tetRr grqupd Atematively tha R grpupan e bandedthdee tillexcae syrfacg by
the fullerene cage or via nethano-bridges simlar to
covalertdboR@BM teforatkrhsimethe R group. The two atoms in the R group bonded to the
fullerene can be adjacent to each other, or can be separated by from each other by 1 to 3 other
atoms in the R group. The R group can be covalently bonded to the fullerene by two carbon-
carbon bonds at a fullerene [6,6] position.
The fullerene can comprise only carbon. The fullerene can comprise at least one
derivative group bonded to the fullerene besides R.
For example, fullerenes can be derivatized with electron withdrawing groups or electron

releasing groups. Electron withdrawing groups and electron releasing groups are known in the

art and can be found in Advanced Organic Chemistry, 5th Ed, by Smith, March, 2001.
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The el ectron donating group can be attached directly
to the fullerene cage or via nethano-bridges simlar

WO e008l0e89PCBM structure. Ful |l erenes can be deripet/ugmd7/010533
to inprove their absorption in the visible range,

I efRtelattroh WithdRiWwiREBMupldaR be vrsthed Aty 0hd fulleRPe cage or via
vi si bl e range may |ncrease or i mprove the photocurrent

) rising the derivatized
xndh@%ﬂ@gﬁ%ﬁéﬂﬁ@%hﬁﬁ%P%%ﬁd% ' F* is selected from C60,
CrzQ and C8 and conbi nations, th
o AT ﬁowtwg EXQR:E4n #ﬁaebﬁddﬁrteﬁﬁm 'ih§ tulfsens qage agvia
aryl and optionally substituted heteroaryl. In one

methanetyttiges similartq the PEIBM structireom opt i onal |y substi t ut ed
i ndene, optionally substituted naphthyl, optionally
S Hadikrehed @@l belueriyhtizedpd impralvé Yheirtdbsdrptioi Bﬂthby'isjitdé Panige, relative to
optionally substituted quinolinyl, optionally

C60- F@'@M ' Eﬁfr@@d‘-‘a‘ﬁ%r@h@%ﬂ the §16b10 Pl é@% |1Mcr§é§é%‘i‘ lih#098 the photocurrent

cyc opent ne emnbodi nent Is"selected from

th h I [,
of a phfidFBac BFRE ar*m%%%dyr% @'fe?ﬁarirgqﬁ' 22n' BZ an
integer._ In one_enbod n
f g ﬁ’ﬂ‘F e‘PBOdIV’@m &7 1§ %‘?ﬁt?d ﬁf%m&ﬁo 6317 0 ﬁ% Fﬁgﬂ ‘%"6‘ °991b"tﬁt‘0“5 thereof.

from1l to 10. In one embodinent nis from1l to 6. In
orle oneambadiment, Rnisiseleéted frofin ¢psiodally subshiteandrplindeptionally
is 1. In one enbodinent nis 2. In one enbodinent nis
substiuted Retéfd@ry@mbodi ment, the first ring is optionally
substituted with at | east one substituent selected

f R Bhe Q{ﬁb&f Em‘éﬁt RALSLISLiLA ﬁogf oﬂ??ég.ﬁ W‘é’u ﬁﬁﬁ’éd' indéne! Sftidnany

acyloxy, substitute

SubStlilfL{ﬁi H@ﬂthlﬁly;@zltop? Ip{%@séﬁu%en?lu 0 St ﬂ:ﬁghl%?cﬂ%ggimyl optionally

am no, am noacyl, aryl, substltuted aryI ar

l o
substigytpd aningkind, eptipnaliy su gtum czfe@éapmmpptwnallyysubstB{tuted cyclopentyl.
PCT/ US2007/ 010533
In one embodiment R is selected from indene, naphthyl, phenyl, pyridinyl, quinolinyl,

cyclohexyl and cyclopentyl.

The value n can be an integer. In one embodiment, n can be from 1 to 84, or from 1 to
70, or from 1 to 60, or from 1 to 30, or from 1 to 10. In one embodiment n is from 1 to 6. In one
embodiment n is from 1 to 3.

In one embodiment nis 1. In one embodiment n is 2. In one embodiment n is 3.

In one embodiment, the first ring is optionally substituted with at least one substituent
selected from the group consisting of hydroxy, acyl, acylamino, acyloxy, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,

amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy,
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cycl oal koxy, substituted cycl oal koxy, carboxyl,
carboxyl esters, cyano, thiol, thioal kyl, substituted
wo biosalidegl , thioaryl, substituted thioaryl, PCT/US2007/010533
t hi ohet eroaryl, substituted thioheteroaryl,
cycloblkbog \sabstishitkd tyclsalkexy, tarbexylf durbuxyt Egeds kaslano, thiol, thioalkyl,
t hi oheterocyclic, substituted thioheterocyclic,

subst&ytea bafig1; thioPail §ubefiRtbdifo lthweteﬂg}ﬁ subkfitufed thioheteroaryl,

heteroaryl’, substituted heteroaryl, tetocyclic,

bst it ut ed t roc oar | ox e .
thiocflk i Fe PRIl orielroge SiteirEn HliphetérSSyetic,
het er ocycl yl ox or conbination thereof. In one
cycl%‘ﬂfﬁbéﬁlbﬁéﬂttedqcy%oaikﬁﬁwmniltgo,.hﬁ@écméy 1, sybstitueedcetrsennivk heteppeyclic,
is 2 and Ris indene. In one enbodiment nis 3 and R
substitgted heteroeyclicnhetamaryitrod substituted hederdayiuk yRhéterocyalglory, or
In one enbodinent nis 5 and Ris indene. |In one

substxﬁﬂ‘@@ﬁéteﬁeyclylob& &t cBffbiAtios therétgne. 1 n one embodi ment,
can be covalently bonded to the fullerene by [4+2]

CX& g:g #1%& n ?sl ES{J’QH 1%?&% qﬁll b%gﬁoélﬁwﬁ CF 02 'imd R is indene. In

cyc actions In

r i ons rea tlons are ge
one cwﬁs@mnhnfﬁga@rgls e 15198 FRBIARE A SL R Indes. In one
wth a diene to produce a six nenbered ring. See for.
embodimanpnés Adud Rde indeng aln anecmbedinpeny n iR aud Ropindene.
Mechani sms, and Structure, 2nd Ed., J. March, 1977,
i o bnel 'embodihmpt, & cande cadalkeiditi borided tthie lf@lmerelw 0fd+2] cycloaddition,
mul tiple bonds (e.g., Chapter 15). See also, Belik et

altem@ﬁvely CneAY [4@F@cldaﬁ¥iuct E‘ﬁeact@ﬂg hncl@cﬁﬁg’swé? c cload?iﬁlcﬁQeactlons and

S oW ng reaction of d O- quil nOdI net han
f
oA e %%h@aﬁg??%g? ?@@8#@. e T R

et Tetra n Lette 285- 288, 19 )
dleneé%sroésgewﬁéw P DRRs, SR¢ 107 s idinesd Prignie Chgnist,
forma C69 conpound conprising the fullerene and the
Reactipas; Machanismsownd §tyuctmiee2’¢ Felh,dalviarah, 4977, irshuding chapgass on addition to
result in reaction at the [6,6] fullerene doubl e bonds

carbon&aiben nildple bondd (eckoulhaptdd A8Y¥ISSee dl3e; Beliklét ili, othgew. Chem. Int. Ed.
reactions are described in detail in Chapter 4, pages

Engl. 1@43 1331, .80 Gﬁoﬁiﬁg&@ﬁbtxon%‘?%@r\ﬁﬂpi‘cg %Xcﬁulnd:dillnleﬁn%ﬁ@@o?npound to

Chemistry and Reactli ons,
form a C68 compound comprising the fullerene and the derivative moiety); and Puplovskis et al.,

Tetrahedron Letters, 38, 2, 285-288, 1997, 285-288 (showing reaction of C60 with C9 indene to
form a C69 compound comprising the fullerene and the derivative moiety). The cycloaddition
reaction can result in reaction at the [6,6] fullerene double bonds rather than [6,5] double bonds.
Cycloaddition reactions are described in detail in Chapter 4, pages 101-183, of the Hirsch,

Brettreich text, Fullerenes, Chemistry and Reactions, 2005.
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WD 2008/ 018931 PCT/ US2007/ 010533 One exanple of a
fullerene derivative is an i ndene derivative. In

wadeshisal | ndene itself can be derivatized. FPCT/E8ENP010533
can be derivatized by nmethods described in for exanple
Bedridex@npleadf. a fuhegawderdngive id 4 indérk debvative. [h283ditioBAndene itself
No. 1, pages 78-80, which is hereby incorporated by

can b QESVADEE- Fg Ll’-:'r&e%ﬂ% dARSARIZ8 85 ntditlldsideitrived @A ﬁﬁfeprle Belik et

poor supera ene whi ch can add radicals such

o ARG T BB Ena o83 Rl SRBECARE I papipbvapgpronated o

reactive dienes_that can foarm[4 + 2] cycl oadducts
refereage n This paParslesqribss additien tor lectron noqp ineradkenerhqoQ whiethern add
provi des good selectivity and stability. The fullerene
radicalasuchasprqurodimethenst It cavwbelpreparad iiv sittnaringginie g difgrentdunctional
form bi s-adducts or at |east three derivative

groupdhe fordtverRredcivé Blefits thhScap Foe {6+ 2T BRIGdIUES el dri91Th the least
can be added to the fullerene by [4+2] cycl oaddition.

reactlgg B*eﬁﬁ seThRGhéthof gro@ldes gg&%él&t&ﬁ? gﬁﬁfst%bl ,BQ rmul a 3,

erene conpoun
| et In addition, two f IIerenes can

ggblgﬁeﬁqw FanHREIPIISS atiiest i AeryAAVE MAFes oo famphis-adducts or a
Schene 2 of Belik et al. Wile the various enbodi nments

least thres desivativawnpistieh R, th fasmytrisiaddyats. KEhese suhstitusats cambe added to the
derivati zati on may disrupt the conjugation of the

fullerénd byefde2d cyadgmiditidns rRop ek amgple,Belikonjali ghdw om Sclesdhieel; tfsrmula 3, a
the ionization potential and electron affinity of the

fullergﬁé' toriduh8 dofnplibiRg ewE derlvﬂati‘@@ @ncﬁmé@d A Eitior, Ao ﬁméréﬂ’es can be’
ayer can conprisé at |east one polythi ophéne and

vV e tron
covalyiiF et g sl S S PR B A B RE
t sent.| clal d inventions can be nmad
o35l B repds b e R pars i imad B5inepre b oelipsddhat the
O her anode materials can include for exanpl e netals
derivatizetiommay Aisrupt dhdrennjwgation obthe fullérang eager Disriptingsthe eenjugation
and ot her transparent conducting oxi des. The 21
effects the ionization potential and electron affinity of the derivatized fullerene.

In one embodiment, the active layer can comprise at least one polythiophene and at least

one fullerene derivative comprising an electron withdrawing group.

DEVICE FABRICATION
Devices using the presently claimed inventions can be made using for example ITO as an
anode material on a substrate. Other anode materials can include for example metals, such as

Au, carbon nanotubes, single or multiwalled, and other transparent conducting oxides. The
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WO 2008/ 018931 PCT/ US2007/ 010533 resistivity of the
anode can be nai ntai ned bel ow for exanple 15 f2/sq or
wo ews/ 01231 or | ess, 50 or |ess, or 100 or | essPCDUSRAOD010533
or less, or 250 or |less. The substrate can be for
resistevigyngfitkee glods san bé amintaised YabdwEor exampdd 1 0R4qes less, 25 or less, 50 or
t hernopl astics, PET, PEN and the like), netals (A,
less, OV Q0AMless G0 dr Pésk Sor 2508k #ss. OTh@lﬁﬂ)strﬁtE'ch be ﬁﬁ@ﬁm?fé%lass plastics

sem conductors, such as Si. The ITO on the substra

(PTFE olpsq oxg‘{‘fés&gg"‘#@%‘ﬁg’gs ?;ﬁglg;‘f’:EﬂJ%ﬁi th%ﬁw%ptnggaﬁg Fx Ag), metal foils,

metals%‘ %Lélg{])p(ln%ygﬁﬁpglsg%qq%% ucggréggg ap, hdﬂ%@f"?éé’ﬁrtg substrate can be
casting, dip coating, vapor depositing, or any other

cleankdhowing thshuigiies knownan tgiart fiher telldevice tayebdepositioax Amxipsional hole
PEDOT, PEDOT/ PSS or TBD, or NPB, or Plexcore HL

injectid Ryér (BMLYE&an beRiddtd bsing for eRévhple Bhih dabiing meS Rtting, dtkor blading,
H L | ayer can be for exanple fromabout 10 nmto about

spray%qghr{kmdlpt Jb'aﬁﬁ%n\%goxf Jeg%@{?g,fb%hf Fm%rt hwn @%o@{l}bﬁ%&% The HIL

100 n nm- Th

B R A, U RE

active |ayer can be fornul ated froma m xt ure of
Pittshyrghy B&)and p-type materials. The n- and p-type

materials can be mxed in a ratio of for exanple from

alithetthickdess of the [ playsrwen bt for exbmpte fron mboytd€)nnib tosabadut 300 nm

on a weight, or fromabout 1.1 to about 3.0 (p-type)

thxckt& 4R 30 ndn ONEUEMREH0 A tof100 MR RGUI00hnd tdd Z00BRAUThE fifm then can be
(p-type) to about | (n-type). The amount of each type

optxoﬁél}%giﬂ{e%/dn%al% at 11080286 o€ ffg)l’ef T St douk Vt‘.}bn%)ﬂ&lﬁﬁm% inert
onent's can e vari ed particu
plication. The n- and p-type rrat erials can be m xed
atm0§]ﬁle§f. solvent or in a solvent blend at for exanple
fromabout 0.01 to about 0.1 % vol une solids. The )
solhgeagtive layer ¢an bedprmyated fiogemmixturg ofimtyae apdipdyne matgrials. The n-
can include, for exanple, hal ogenated benzenes, al kyl
and pktype eratesialshrah bgemaédoh a ratd loé fre,examglet flom pban@sl to 4.0 (p-type) to
derivatives, and the Iike. Mre specifically, solvent
aboutClR{h-tiPe ) Kise®¥RAMe:ht, or from about 1.1 to about 3.0 (p-type) to about 1 (n-type) or

—+!
-

from about 1.1 to about 1.5 (p-type) to about 1 (n-type). The amount of each type of material or
the ratio between the two types of components can be varied for the particular application.

The n- and p-type materials can be mixed in a solvent or in a solvent blend at for example
from about 0.01 to about 0.1% volume solids. The solvents useful for the presently claimed
inventions can include, for example, halogenated benzenes, alkyl benzenes, halogenated

methane, and thiophenes derivatives, and the like. More specifically, solvent can be for example
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22 WD 2008/ 018931 PCT/ US2007/ 010533 chol obenzene,
di chl or obenzene, xyl enes, toluene, chloroform

w@20m80I8o8t hi ophene, 3- propylthi phene, 3-hexyl pdi/phB0®910533
and m xtures thereof. At |east two solvents can be

cholo‘Béﬁﬂme achblotddchy, )d%e%é* ltol88he/ @RorcTith %eﬁ@ﬁh%ﬁhé&eﬂ
descri bed in co-pending US patent “application

propyi@m plvhtglpg g’» hexfyhtﬁlgg&e&r/qg(i}énxtfﬂpers él%gétu g%{ l%gsé It\%é)é&%rgtﬁ can be used.
whi ch is_ her ncorporated by reference in it
erfartiyasly “lsﬁg‘? Sekventsystams can e used ag deseriged, HS‘FQ‘E?P%‘}E US patent
spin casting, ink jetting, doctor blading, spray
applicatishientitledd{ ol vamé Syystegm fora@onjughtedBolyiners,” seriabmy _ot her filed
known deposition nmethod, on top of the HL film The

on Mhy b/12009, folSHeiraRt aPN@hic 18158?&@' iBBorpbratddrbyerefidice imRohtirety.
40 to about 250 C, or fromabout 150 to 180 C, for

abﬁfét cthe E‘réaﬂ bQQhé}b%gpg d)gk tégﬂfi&sh@%w Cg&ﬁ{&gdo&@{ lading, spray

a cat ode ayer nera

castl%g&g@zgé%exagr}pa&{.ps r?ét%?la{% o%gp ﬁlilﬂat I qr;)gglfgpg Irr]lgetl(l)ord on top of the HIL
t hermal | y evaporated onto the active |ayer throug

film. Shedbwisiish opha1 s saeabg] 2 dpossampbatont 4 ECabost SHDGypr from abou
Al layer. In sone enbodi nents and optional interlayer

150 tord§0 PE, fonabaud 0 niiattovee hodrtie aadiartvambsphere. and t he
cat hode, and/or between the HTL and the active |ayer.

T'Né(t ' .ﬁéa@ﬁdd%){@)‘er eabdsddel%o th%’ﬁ'fémék egefnéﬁl'[z Qs goe éx%mple thermal
about 100 nm ‘or from about The

evap B &1 bEMRLor B8 m%wprmeexmpe' £ 98 Qla%,gl ¥mafly evaporated

n Oor an extraction materi al” suc

y . hoc [ [l er or fullerene
onto 5@@%@?%& oyslg A SB@%@% Eollawedb3rdsppaiemeta At 300 nm Al layer.
full erene derivatives di scussed herein. The devices
c dn spwe embadiemnisrnd) aptieral uisterlayes myhesnedudest besween the active layer
sealed wth a curable glue, or in other epoxy or
and thpd @slidde, amiAdri beg8een@hey HTL qpldabsastive hayer g dhisihitetlagad caa bk for
may al so be used. In addition, the active |ayer can

exampRSh 9% AHH hBRA2D0 hAYbLRbANHbBut Nl H A NBidkOTHRXARRAFer can

comprise an electron conditioning, a hole blocking, or an extraction material such as LiF, BCP,
bathocuprine, fullerenes or fullerene derivatives, such as C60 and other fullerenes and fullerene
derivatives discussed herein.

The devices can be then encapsulated using a glass cover slip sealed with a curable glue,
or in other epoxy or plastic coatings. Cavity glass with a getter/dessicant may also be used.

In addition, the active layer can comprise additional ingredients including for example
surfactants, dispersants, and oxygen and water scavengers.

The active layer can comprise multiple layers or be multi-layered.
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surfactants, dispersants, and oxygen and water
scavengers. The active |ayer can conprise nmultiple
wo 29081088981 be multi-layered. 23 WD 2008/ 01893RCT/US2007/010533
PCT/ US2007/ 010533 The active | ayer conposition can
CqERlatR 1@ C&‘@Bﬁtlbﬂ c&ﬁ“@orﬁ}%s@a%lxﬁlré HA the fodf ¥Rlm.
LAYER I\/ER he active |ayer can be a p-n
conposite and for exanple can form a heterojunction
i ncl udi ng a bul k heterojunction. See for exanple
i scussion of nanoscal e phase separation in bul k
ACTW@ EA&%MQ%P@OLQ%MI er et al., "Flexible
Conj ugat ed Pol yrer - Based Pl astic Solar Cells: From
Bddie @stitedlaygrmlan batipemsomipdiite @pe dorreysmpte dah domnEEBeteroglinction
93, no. 8, August 2005, 1429-1439. Conditions and
includig 8 buRk Hetéidjunéifons Hee %ﬁiaﬁ@l@d@dﬂsﬂ@n bPhardesle f)lhdsgbeparatlon in

formati on, l'ow roughness (e.g., 1 nmRMS), and

o B on LR A PRSI L B oo
epar at do I

From HERGH FeAPRFRRIY” ARReRaEs o &8 (ERE P Lk dor ) A g{ﬁ@%, 1429-1439,
surface roughness and phase behavior. _In general,

Conditieas andsmpterialsean deselpeted terpsovide fereasiod dbmdormationalovwtpuehness (e.g.,
donor and acceptor are wuniformy and continuously

1 nm &MS); atodidiecteienotisesvablzl pivase kepaeationohMaCieriRidscaiRbBbilteved. The
Known sol ar cell paraneters can be neasured including

presexﬁt%v&fﬁéméh@ha’%cph%@béeﬁﬂi%)ed%%alﬁm 4 3ChleT d‘bbhﬂ 5 foaSU h as

and power conversion efficiency (% PCE
n e
meas aré Bg ?ﬁ’ cﬁfQE@ Anré aég can gE e}dﬁ‘rag%{agéregﬁﬁg% rgﬂgﬁl%gsean hase behavior.
np) h 2%
In geqﬂrﬁi %tgag@ sép&&ﬁ({ (%zygelngqn tn%? &*éggbl%tégm %tgthggbnob@ndaqccgprtor are
__least about 4% or at |east about 4.5% or at |east
unifomlyand Sominuovnsly distditured indhoagtivedady, or at | east about

6.0% or at |east about 7.0% or at |east about 8.0%
or at | east about

DEVICE PERFORMANCE

Known solar cell parameters can be measured including for example Jsc¢ (mA/cm?) and
Voc (V) and fill factor (FF) and power conversion efficiency (%, PCE) by methods known in the
art. See for example Hoppe article cited above and references cited therein.

For example, the efficiency can be at least about 2%, or at least about 3%, or at least
about 3.5%, or at least about 4%, or at least about 4.5%, or at least about 5.0%, or at least about
5.5%, or at least about 6.0%, or at least about 7.0%, or at least about 8.0%, or at least about

9.0%, or at least about 10.0% at 1 sun (AM1.5G, 100 mW/cm?). An efficiency range can be for
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9.0% or at |east about 10.0%at | sun (AM.5G 100
nMVcn2). An efficiency range can be for 24 WO
wQoe@s/h8031 PCT/ US2007/ 010533 exanpl e about PE&162007/010533
about 15% or about 2% to about 10% or about 2%to
examplecbout’2% td hleme 1 5% b sbomn29ete abaut 11086,\02 abdut@ds ty/abIBEL%. These

The fill factor, for exanple, can be at |east about
efﬁmgm@& caH'be%nh&ﬁ%NmUt 0.63, or at |east about 0.67,
| east about 0.7, at |east about O. 75 or at | east

akQqu east for
elx’@ﬁpfﬂpfag@ af‘%% aé’%P‘? 398 Be ol apdilR. o 5r é&\ﬁ%a@wt 3ot s
0.6 @L about 0,82, at |east about O.

about %@79 @t %95%5 oyt Qa7 aéieapteaé’@tlt QB atlepst ahput Gt leaﬁtoqbput 0.85.
1.4, at least about 1.5. The Jsc (mA cnR), for
exlaeV @, (VO afor brample] @adie ah kpasttab8utd®R56,@r ableastaheit (el ot at least
9.20, or at |east about 9.48, or at |east about 10,

about®.8 B fat le@@AboRTNYtat lehst MouLL.0) £33kt AU .2 14 1eRf abut 1.4, at least
| east about 13, or at |east about 14, or at | east

aboualb ut 15. The device can denonstrate an increase of
ef iciency of at |least 5% or at |least 15% conpared

LR 5 DR B TR SR 2 w1Ebd S5t MTRL bPhTfsEbout 9.0, o
nproved performance, wherein eff|C|ency is raised to
least @%ut 948 e0r at feast abmyit ), of ahlepss labelilil cersat (east aboat 12,20 atdeast about 13,
i mprovenent). The inprovenent in efficiency is

or at leastabsutddt omattlénst dbmusi §ini fi cant ext ensi on to hi gher
wavel engt hs of the absorption spectrumfor C70PCBM

antheldeick @whémmtxa{e%qnmsée o‘i’effYo@&xc%tf snle@dt 5o IPar 188t 15%,
to that of C60PCBM based | rs. Additional

r
B A i ot Sk AR T B
et erm.ne PV ert|e5|nclu 1g for
feury 3 isateS e Bf-‘@&@ﬁ*&lﬁw hotfin SHichhexbred b g rather than
cal i brated by methods known in the art including for

2% fas eantpolaleviges (at taaptod) Yiimpreyerept)SiThe éhproaamentdalefficiency is
consistent with the significant extension to higher wavelengths of the absorption spectrum for
C70PCBM and the resulting blend with p-type material compared to that of C60PCBM-based
films. Additional comparative data are provided in Figure 3 showing better film morphology.

Oriel Solar Simulators can be used to determine PV properties including for example FF,

Jsc, Voc, and efficiencies. The simulator can be calibrated by methods known in the art

including for example calibration with a KGS5-Si reference cell.
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4. The deer\ﬂce according to emg c?lment ? wherein the fullerene derivative is a C84 fullerene.

5. The device according to embodiment 1, wherein the fullerene derivative comprises C60Cl6,
C60(C9HS8), C60Br24, C60CI(CH2CIChCI2)

6. The device according to embodiment 1, wherein the polythiophene is a regioregular
polythiophene.

7. The device according to embodiment 1, wherein the polythiophene is a copolymer.

8. The device according to embodiment 1, further comprising an HIL or HTL layer.

9. The device according to embodiment 1, wherein the polythiophene is a soluble regioregular
polythiophene.

10. The device according to embodiment 1, wherein the electron withdrawing group also
generates absorption in the visible spectrum.

11. A photovoltaic device comprising:
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second el ectrode, an |east one active |ayer disposed

banlgashonapstive fayer disppssd bemger thedirsirndsecandesleatiodes avherein the

active layer conprises at |east one pol yt hi ophene and
activeslay¢reaatprioereat fledst erepudythmpherstandat teastpmie fulhareneaderivative, wherein
el ectron wthdraw ng group. 2. The device according to

theﬁxﬂ@kﬁéu&wunvéasame;owlrerédae fullerene derivative is a
O fullerene. 3. The device according to enbodi nent

13. AfER W&;Jhek%%c?ﬁ{ghg{n ne derivative is a C70

9 erene i ce according to enbodi ment 1,

etreln the fullerene derivative is a C84 full erene.
a first electrode,

a second electrode,

an least one active layer disposed between the first and second electrodes, wherein the
active layer comprises at least one polythiophene and at least one fullerene derivative, wherein
the fullerene derivative is a C84 fullerene.
14. A photovoltaic device comprising:

a first electrode,

a second electrode,

an least one active layer disposed between the first and second electrodes, wherein the
active layer comprises at least one polythiophene and underivatized C70 fullerene.

15. A photovoltaic device comprising:
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full erene derivative conprises C60Cl6, C60(C9H8),
w@s@BNP8Y31 C60CL( CH2C1ChCl 2) 6. The devi ce accopdi/mg20n010533

enbodi nent 1, wherein the polythiophene is a

r efiror elepttode, pol yt hi ophene. 7. The devi ce according

to enbodi nent 1, wherein the pol ythiophene is a

C Rt lectrode, The device according to embodi ment 1

further conprising an HL or HIL layer. 9. The device

.aca?)%a%{ tC?lV a %{j hi 3\ ted %etw\’é’h Eeifﬁ]r h% 8(') e% 0 gsr]%vherein the
i SMATBLY TR VF €4 For QU ar pSy}%ehlg%nen. .
SR AL T L C T

vi si bl e spectrum 11. A photovoltaic device

16. Acpimpovalfarpdevi@ compeB(@/ 018931 PCT/ US2007/ 010533 a
first electrode, a second el ectrode, an |east one
agtfirdeeléctode, di sposed between the first and second
el ectrodes, wherein the active |ayer conprises at

I lixt hi ophene and at | east one fullerene
dgfsﬁ{:/%rﬂ%see&%\(/j\%’er ein the fullerene derivative is a C70

or 4 fullerene. 12. A,photovaltai c device .
camr pTRRcvE Ter dishose BRiDist M tstandRic alsstiodes whgrein the
_ least one active |ayer disposed between the first and o
activeslayerrm@mainses stderssoneprdythiophenteandzat {qagteonefylereredgstviative comprising
at | east one pol ythi ophene and at | east one full erene
o-quinedimetiahe deriwaiee graup.

WORKING EXAMPLES
Various claimed embodiments are described further with use of non-limiting working

examples.

Example 1: Synthesis of Cg-indene adducts

Ceo indene adducts have been synthesized using the description in reference (Puplovskis,
et al., “New Route for [60]Fullerene Functionalization in [4+2] Cycloaddition Reaction Using
Indene.” Tetrahedron Lett. 1997, 38,285-288) as starting point. Ceo was dissolved in o-
dichlorobenzene at concentrations of approximately 6 mg mL™'. Indene was added at 12-fold
molar excess relative to Cgp and the resulting mixture was refluxed overnight. Most of the
solvent was evaporated under reduced pressure and precipitation occurred after adding ethanol.

The resulting solid was dried, re-dissolved in toluene and then analyzed by means of high-
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ul l'e

at | east one rene derivative, wherein the
' [ i S, f ul. . .
Nacalgh eS8 16 Blobih o Sp e Rnb Prbyl Sheh SR Enert bauPpagyich g variabe
second e| ectrode, | east .one active |ayer disposed
wavelg ICtoREPFrRiediat Ao dOMEFNE REE fIPdats o Jjabiaith Wasgused for
active layer conprises at |east one polythiophene and _
elutionn Beakis\eh an ghutioTritefaflapprogimeatelys.4 mip bt @ group af peakearpend 4 min
conprising: 30 WO 2008/018931 PCT/ US2007/ 010533 a

were &ttritiitedeloaChindtae nionse el isis-aliéedts, @%ect%ly. ERfed présefice of several
active | ayer disposed between the first and second

peaks%iﬁ'?@érg diRe eWt)}tgﬁ %'rrﬂzﬁ Gffind @«gﬂin\’ig coRY&ént %gﬂ{% gﬁﬁerﬁ% of several

| east One po i ophene and underivati ze

. ful Lerene. 16, hot ovol.t ajc devij.ce rising: .

isomep. EGEH Binef Sher BABBR Blet S EROR A 35 ind nave been
active | ayer disposed between the first _and second N

obsergdgreyigud ¥ withptheifullgrare derivatives such as CooPCBM. Multiple additions were

found to lead to a further decrease of elution times. A pentabromobenzyl-functionalized silica

phase was used for purification by means of flash chromatography. Pure toluene and

toluene/cyclo-hexane mixtures were used for purification. HPLC analysis of the collected

fractions showed purities 98.5% for the Cgp-indene monoadduct and approximately 95% for the

mixture of different bis-adducts.

Example 2: Synthesis of C;-indene monoadduct

C70-indene mono-adduct was synthesized following the procedure developed for the
C60-indene adducts. C7 was dissolved in o-dichlorobenzene. After addition of indene in a 12-
fold molar excess, reflux was maintained for 8 h. After reduction of the volume under reduced
pressure and addition of ethanol, solid was recovered, dried and re-dissolved in toluene. HPLC
analysis using the same procedure as described above showed the presence of mainly mono-
adduct, probably due to the reaction time, reduced in comparison to the Cgo-adduct synthesis.

Purification using flash chromatography led to the isolation of Csp-monoadduct at a purity of
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qui d chr omat ogr aphy _usi ng a Cosnosi| Buckyprep

ChIOT%fREPW rluant %@Qﬂ%@p({)iéé BDl4"6 nm Nacal ai Tesque,

Inc.) nounted on an Agilent 1100 series instrunment

equi pped with a variable wavel ength detector operated

at 330 nm Toluene at a flowrate of 1 mM mn- i was
Exa Fabricatdbrudf Solar GelhRsvia¢ Uaimgal 60t indenet A dductsf

approximately 5.4 mn and a group of peak around 4 mn

WerhBtoblthik Retiees Were Podrat 0 NEHrivRIP]T) rftermel $ndrate Yt skide (ITO,
respectively. The presence of several peaks with very

anodeC |69§9$ apé oRb1dss TRStAt %&a@ecﬁr&n' i ﬁﬁm‘ \ﬁ&ls Y&c!ittéd in Anaheim,
SR T FIR Pk

severa I SONers.

ca) ﬁr R ke Uﬁ&cﬂ%&b‘r’i@ﬁél@?@ﬁﬁ’géﬁﬁi&%) pirchased from

fuI | erene derivatives such as C60PCBM Miltiple
HC Staal, ijipmd Oameactive layer comprising Plexcore P3HT (prepared as described in

Example 3) blended with the n-type, which is either methanofullerence [6,6]-phenyl C61-butyric
acid methyl ester (PCBM) (purchased from Nano-C, located in Westwood, MA), Cgo-Indene
mono adduct, or C¢o-indene bis-adduct, (the fullerene adducts prepared as described in above
examples), and (iv) a Ca/Al bilayer cathode.

The patterned ITO glass substrates were cleaned with detergent, hot water and organic
solvents (acetone and alcohol) in an ultrasonic bath and treated with ozone plasma immediately
prior to device layer deposition. The HIL solution (Baytron Al 4083) was then spin coated on
the patterned ITO glass substrate to achieve a thickness of 30 nm. The film was dried at 150°C

for 30 mins in a nitrogen atmosphere. The active layer was formulated to a 1.2:1 weight ratio
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found to lead to a further decrease of elution tines.

A pent abr onobenzyl -functionalized silica phase was
waois@d/oissl purification by neans of flash PCT/US2007/010533

chr omat ogr aphy. Pure toluene and tol uene/cycl o-hexane

P3HTHh-Xfpérdéndif loeditislefbbefzenp (omhuadibh &as ntdde € @024 %Sioturié solids) and
the collected fractions showed purities 98.5%for the

was tlg?l 'uﬁ‘@ﬁ tgp%?ﬂ%ﬁl ﬁ‘x‘i‘%@ﬁﬁ%&ﬁa c?h\é}ﬁi;/(\rfeﬁs’ﬁe& AFM).

ure o erent cts ynt Hesi s

of C |nd e nono dene. dd
oI ALD D ITEARAG T fos P AL P e e oY ety e gm Ca layer
C60-i ndene adducts. C70 was dissolved in -
was theramally EvanoFed ente thoviativg laygribroush ashadew awsk, fellawedby deposition
fold nol ar excess, reflux was mai ntained for 8 h.
of a 180 her Al laglerc tThenleviced Werevthénereapsulaed viaciugliasd coperestip blenket)
and addition of ethanol, solid was recovered, dried

encap@WlatiérEsediedswitly BFOLTER Drnes UPéfrabla BRileY Ihe euéapaalatemiewce was
same procedure as described above showed the presence

cured%fndng?le a&gpgn %S%qQW%m )%105) ?'ml%/tﬁsgﬂ%égﬁe& gsefo 166! I on

) UCG conmpari1'son

s t hesi s. ificatjon_ysing flas t ogr ap
ephotopelzig S\r’aé??ts‘i‘ﬁ“&? 06;{)' ?Fg d{’]]@feqéﬁq‘t SXRAPTG J\;\%Mass L5
32 WO 2008/ 018931 PCT/ US2007/ 010533 98.6% The
Global &iltesks woredneaguteplusing tarsystamogrinped it aGeittley 2400 spuece meter and an
maj or isoners representing different addition sites
Oriel 000 WHSvI &7 mubqer Busseobe e larelp Mtithf dusplt ifbemsity! of 180 mW/cm®
Preparation of Pol hiophene Plexcore P3HT was prepared

a N gi-
(AM lzg%fj gfglge"lﬁ %1? %Aéﬁgk%&%ﬁ@g&%ﬁ A Iﬁlg‘gg ctemegh% n%@? %1’11031:1' 8hotod10de

OfThRII’J f 6)%; o&qgféjcg Sr*cgi%etagl;u%g %(éh g n\gluf‘]eug’rlﬁg e i f“ (?1 2?ab(?egbelow

compee;gg‘t’%%c%%cp T R G T -

Cel | Device Using C60 |Indene Adducts
material. The data are further illustrated in Figure 4.

TABLE
Figure 4 Jsc (mA/ecm®) | Voc (V) FF Efficiency (%)
Control --0-- 8.92 0.56 0.66 3.3
Mono-indene | --0-- 9.20 0.63 0.67 3.9
adduct
Bis-indene --A-- 9.48 0.82 0.63 49
adduct
Bis-indene 9.43 0.84 0.64 5.1
adduct
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Phot ovol tai ¢ devices were prepared conprising (i)
patterned indiumtin oxide (I TO anode, 60 U square)
woRoogloass1 substrat e purchased from Thin Fi | m DeeT/08807/010533

(located in Anaheim CA), (ii) a thin layer of HL
WHABE OnAIMIECK)S: conpri si ng PEDOT/ PSS ( A14083) purchased

from HC Stark), (iii) a 100 nm active | ayer

conprising Pl excore P3HT (prepared as described in

Exanpl e 3) blended with the n-type, which is either

nmet hanof ul | erence [6,6]-phenyl. C61-butyric cid C e
L. AfargF ol cafprpes oyt BBERRg: GhAEATboRe p-PRednairisly i atleast
Westwood, MA), C60-1ndene nono adduct, or C60-indene
one nHyge matetiel wherdie theul-type arteriadl erpeses afplerene degivative represented by:
descri bed in above exanples), and (iv) a Cal/Al
bi | ayer cathode. The patterned I TO gl ass substrates
were cleaned with detergent, hot water and organic
F*{Rgolvents (acetone and al cohol) in an ultrasonic bath
hd treated with ozone plasna inmediately prior to
devi ce | ayer deposition. The H L solution (Baytron Al

and séI9833, sURS ahd alix@RisNh&est ed on the patterned | TO gl ass
substrate to achieve a thickness of 30 nm The film

drd 150C for 30 mins in a nitrogen
Wher&aﬁéﬁg%ﬂg%ésherhe active layer was fornulated to a 1.2:1

ght ratio, 33 2008/ 018931, PCT/ US2007/ 010533
PAEOmAT LA iRV gEd e P%%W&%@WBHW(‘}P&?&‘I@H\%’F@H and five-

was made to 0.024% vol ume solids) and was then spun
membsied FApg% 8fd of the HIL filmw th no damage to the HIL

(verified by AFM. The filmwas then annealed at 175C

f & cafiprisen at east @ng bptienalig subshenttd, vasdiuratad@Ga shtayated, cadscyclic or

thermal |y evaporated onto the active |layer through a
heterédyeROMHRAL, wlﬁéi‘kih%‘@ﬂrsbﬁn% 8ROy BdAs tPthe Fullpbhedm Al

| ayer. The devices were then encapsul ated via a gl ass

cover slip (blanket) encapsulation sealed with

EPO TEK OGl12-4 WV curable glue. The encapsul at ed

device was cut.ed under UV irradiation (80 mWcn®R) for

. THg ShmRGHBOn AFfa B L AS | rEPerERane Biss PRsdR DOORMER,
characteristics of devices under white |ight exposure
(Air Mass 1.5

(88

3. The composition according to claim 1, wherein the first ring is not substituted.

4. The composition according to claim 1, wherein the first ring is an unsaturated ring.

W

. The composition according to claim 1, wherein the first ring is a saturated ring.

(=)}

. The composition according to claim 1, wherein the first ring is a carbocyclic ring.
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G obal Filter) were nmeasured using a system equi pped
wth a Keithley 2400 source neter and an Oiel 300W
w®eb0an1883mul at or based on a Xe | anp wi th out pupCT/US2007/010533

intensity of 100 mMWcn2 (AML.5G . The light intensity

7. Theasnpebitiof atgrding MEkine ¢J WhéremathStirslang 34 4 heterocyclic ring.
phot odi ode. The Jsc, Voc and efficiency neasured for
each device are shown in the table below conpared to
a control device which was made as descri bed above

he . d
8. THEohptpt |aa%qri513% SRR, wIRERAE i P8 i Gy gybstiuted four
mA/ cn) Voc FF Efficiency, Control --o0-- 8.92 0.56

membgregh Qesnemkﬁﬁ@d,u%a’éﬂ@emb%wd r9g20 0.63 0.67 3.9 adduct
Bi s-i ndene --A-- 9.48 0.82 0.63 4.9 adduct Bis-indene
9.43 0.84 0.64 5.1 adduct 34 WD 2008/ 018931
PCT/ US2007/ 010533 WHAT IS CLAIMED IS: 1. A

9. THeQBRPObitibA AcCPMRE kSE1EN &, WherkialtRe AASZTRY dnSdplidnal(y subsfituted five-
| east one p-type materi al , (ii) at Teast one n-type

wherein the n- type materi al conprises a
mem@%cfergne derivative represented by: F*-(Ryn and

sol vates, salts, and m xtures thereof, wherein nis
at | east one,

10. The composition according to claim 1, wherein R further comprises a second ring which is

bonded to or fused with the first ring.

11. The composition according to claim 1, wherein R further comprises an optionally substituted

second ring which is fused to the first ring.

12. The composition according to claim 1, wherein R further comprises an optionally substituted

second ring which is an aryl group and is fused to the first ring.
13. The composition according to claim 1, wherein R is optionally substituted indene, optionally
substituted naphthyl, optionally substituted phenyl, optionally substituted pyridinyl, optionally

substituted quinolinyl, optionally substituted cyclohexyl, or optionally substituted cyclopentyl.

14. The composition according to claim 1, wherein R is indene, napthyl, phenyl, pyridinyl,

quinolinyl, cyclohexyl, or cyclopentyl.
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F* conprises a fullerene having a surface which
conprises six-nenbered and five- nenbered rings; and R

wa@oeommpni®es at | east one optionally substitutedPCT/US2007/010533
unsaturated or saturated, carbocyclic or heterocyclic
first ring, wherein the first ring directly bonds to
the fullerene. 2. The conposition according to claim

. The cOBBbS&IiON E%r(iih%ﬁ; claim'®, Wﬁeréiﬂhﬂs{lcd?ﬁbﬁﬁhf stbstiflRd indene.
conmposition according to claim1, erein the first
ring is not substituted. 4. The conposition according
to claiml, wherein the first ring is an unsaturated
ring. 5. The cgnposition according to claim1,

16. ThssPrpasiting agGording fq ¢laim &, whergin i siiadenei ng. 6. The
conmposition according to claiml1, wherein the first
ring is a carbocyclic ring. 35 WO 2008/018931
PCT/ US2007/ 010533 7. The conposition according to

17. The@bifpdsitivh 86dkding Reclhint $whdréig o i§ fidnhetes.0cyclic
ring. 8. The conposition according to claim1l, wherein
the first ring is an optionally substituted four-
menber ed, five-nenbered, or six-nmenbered ring. 9. The

onposi t.i.on according to,claiml, wherein,the ring is

13. 158 BRepuliay PiFobiheld Harbh Yreh s B8 I 3 ng. 107 The
conposition according to claiml1, wherein R further
conprises a second ring which is bonded to or fused
with the first ring. 11. The conposition according to

19. Theabmpbsitiofecerdingtd clainh&rwlioanR sdsdene aaphiiohal | y
substituted second ring which is fused to the first
ring. 12. The conposition according to claim1,
wherein R further conprises an optionally substituted

20. THEEOMoLOTEhE ICaah R WherBRUR iAMlelfahyssd Lo the

rrstering. : e conposition according to ¢laiml,
wherein Ris optionally substituted indene, optionally

1

W

21. The composition according to claim 1, wherein R is indene and n is 3.

22. The composition according to claim 1, wherein R is indene, n is from 1 to 20.

23. The composition according to claim 1, wherein R is indene, n is from 1 to 10.

24. The composition according to claim 1, wherein the first ring is optionally substituted with at

least one substituent selected from the group consisting of hydroxy, acyl, acylamino, acyloxy,

alkyl, substituted alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl, alkynyl,

substituted alkynyl, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
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substituted naphthyl, optionally substituted phenyl,
optionally substituted pyridinyl, optionally
wansigat ed qui nolinyl, optionally substitut eBCT/US2007/010533
cycl ohexyl, or optionally substituted cycl opentyl.
substitéted atyboxypoyudsdlkoxyn substuted ¢ygldatkoxly adanbokyl, wasboeiheskérs, yano, thiol,
i ndene, napthyl, phenyl, pyridinyl, quinolinyl,

thioalﬁ%_rls%ﬁﬁﬁéd thitlal (‘thﬁﬁﬁ}msﬁﬁbstxtﬁt@dmogxg'pff}lugﬂ&%%lryl substltuted
PC1/ US2007/ 010533  15.” ‘The conp05|t|on accordi'ng t

thioh%lgl%htpllf]thlog qé@kﬂ, §1bs§mg th%ﬁg lg%lkg g]ékeierggﬁc ‘:‘;gﬁq‘ stﬁu eg
) inden T nposition accordin o claim

thioh¢tproeys W’ ﬁyqlga lgylowbptltp@d@ycloglgyl hale, g%qqpbgtpqo,aaﬁ substituted heteroaryl,
according to claiml1, wherein nis froml to 3. 19.

heterdiiyelic snpstisuted betemeydiog hetgroarylax yasubstitutevhketeroarylxys heterocyclyloxy,
indene and n is 1. 20. The conposition according to

or subistifiitéd Heterob@il HoRy,BricembiidasetRigdbfn is 2. 21. The
conposi tion according to claim1, wherein Ris indene
and nis 3. 22. The conposition according to claim1,
wherein Ris indene, nis froml to 20. 23. The

0Si t.j.on acc | to, claim wher.e R i,s,inde
25. Tff? SBoppififn agehrie odaitirh s RistpGrieaBcbidph P B Rerene by
aiml, wherein the first ring is optionally
[4*H§WB@@W#H?%d with at |east one substituent selected
fromthe group consisting of hydroxy, acyl, acyl am no,
acyl oxy, alkyl, substituted al kyl, al koxy,
substituted al koxy, al kenyl, substituted al kenyl,
26. Tk lk¥mpbsitiod h%%?dlﬁglfoetgalﬁ{ kWérem Ws%@valéﬁtﬂﬁﬁdrfd% %jthe fullerene by
anmi no, am noacyl, aryl, substituted aryl, aryloxy, 37
0neoy{%¥ Lg}g&ﬁ% PCT/ US2007/ 010533 subst i t ut ed aryl oxy,
oal Koxy, Substituted cycl oal koxy, carboxyl,
carboxyl esters, cyano, thiol, thioalkyl, substituted
t hi oal kyl thioaryl, substituted t hi oaryl,

thloheteroaryl substituted
27. The composition accordmg to claim 1, wherein R is covalently bonded to the fullerene by

two bonds.

28. The composition according to claim 1, wherein R is covalently bonded to the fullerene by

two carbon-carbon bonds.

29. The composition according to claim 1, wherein R is covalently bonded to the fullerene by

two carbon-carbon bonds at a fullerene [6,6] position.
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t hi oheteroaryl, thiocycloal kyl, substituted
t hi ocycl oal kyl, thioheterocyclic, substituted
wo beosloegosr ocycl i c, cycloal kyl, substituted cycPOBUK3007/010533

hal o, nitro, heteroaryl, substituted heteroaryl,

30. Thetcompoyitbn accosdihg to ¢lainet], wisdreihabey fillletene kemeriesrayCE 70, or C84
substituted heteroaryl oxy, heterocyclyl oxy, or

fulleretd ot h bohBRhaliss fleRGYC! Yl 0Xy, or combination thereof.
25. The conposition according to claim11, wherein Ris
coval ently bonded to the fullerene by [4+2]
cycloaddition. 26. The conposition according to claim

, Wherein Ris, covalently bonded o the fullerene by

31. Thgeompositipn aesordingio daiyl. wlzer@nﬁf‘eﬁ'&lswasgpmpaws only carbon.
according to claim1, wherein Ris covalently bonded
to the fullerene by two bonds. 28. The conposition
according to claim1, wherein Ris covalently bonded

32. The cbm@oditibh 8EORENDIO claind1,Gitidd6IR 1R fullerenb 0pfprised At Iehfteone
conposition according to claim1, wherein Ris

. rene by two

denv%g':ré%%gﬁggﬁggﬁgﬁsﬁ%{a&}{sﬁe# gf ene [6,6] position. 38

WO 2008/ 018931 PCT/ US2007/ 010533 30. The conposition

according to claim1, wherein the fullerene conprises

a C60, C70, or C84 fullerene, or a combination _
33. Theepmppsitign accprding tonglaig 1.i wherein deg pHtyRg majerdal gompiaises a conjugated

wherein the fullerene conprises only carbon. 32. The
polynmnposi ti on according to claim1, wherein the

full erene conprises at | east one derivative group

bonded to the full erene besides R 33. The conposition

according to claim1, wherein the p-type materi al

34. THE '258%8550&&8%}@&} cqum P,%%’e‘i@ﬁ the p-type material comprises a conjugated

polymer soluble or dispersible in organic solvent or water.

35. The composition according to claim 1, wherein the p-type material comprises a

polythiophene.

36. The composition according to claim 1, wherein the p-type material comprises a regioregular

polythiophene.

37. The composition according to claim 1, wherein the n-type and p-type materials are present in

a ratio of from about 0.1 to 4.0 p-type to about 1 n-type, based on weight.
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34. The conposition according to claim1, wherein the
p-type material conprises a conjugated polyner

waoboshblis3pr di spersible in organic solvent or Per/®62007/010533
35. The conposition according to claim1, wherein the

38. TelbRPoSTBEhERIRE FPELBES, Wherbialthd PitARNAMErialXdmpHI&s polythiophene
conposSition according to claiml1, wherein the p-type

i al. Tor : i or | e 37,
and o S BTN SRl R dhing SRR A for o a im
. nh-type and p-type materials are present in a ratio of
havmg,aﬁng@%pesg_o{a ptdO0mmyta dhout $ WBout | n-type, based
on wei ght. 39 WO 2008/018931 PCT/ US2007/ 010533 38. The
conposition according to claim1, wherein the p-type
mat eri al conprises pol ythi ophene and the R group is
39. ToRicbmpasitivn 5¢U@$dih$ t @ghnt D,d@lﬁ@ein&h@?-&ﬁﬁ 18416041 dokipeied R gioregular
in the formof a film having a filmthickness of
nm 39. The conposition:
po}ﬁ@?%ﬁ%ﬁg@oﬁﬁﬁg&y%d@%er ein the p-type materi al
conprises regioregular polythiophene and the R group
is indene. 40. The conposition according to claim1,
wherein the p-type material conprises regioregul ar _
40. Thelcomppeipipe pecorhng tchdair hrwhgseindhg prieanatpdalicemprises regioregular
conposition further conprises at least two solvents.
polytHidbpheheandieesR group is ordene andihe aompaditiore fucthepcompnisgs a( liedst two
at | east one p-type material, (ii) at |east one
solvehrst ype material, wherein the n-type material conprises
at least one fullerene derivative conprising at |east
one [6,6] fullerene bonding site wherein both carbon
atons of the [6,6] bonding site are covalently bonded
o a grqup R 42. The conposition rding to claim

0 1 ACC ‘i’ L (ii
41. A fompRyfiah FOPRRSIE BHBX‘R’%&%W% 4t least o mpy P el (ii) at
least one n-type material, wherein the n-type material comprises at least one fullerene derivative

comprising at least one [6,6] fullerene bonding site wherein both carbon atoms of the [6,6]

bonding site are covalently bonded to a group R.

42. The composition according to claim 41, wherein the group R comprises a first ring bonded

directly to the [6,6] fullerene bonding site.

43. The composition according to claim 41, wherein the group R comprises a first ring bonded

directly to the [6,6] fullerene bonding site and a second ring fused to the first ring.
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directly to the [6,6] fullerene bonding site. 43. The
conposition according to claim4l, wherein the group R

weoeosni®es a first ring bonded directly to thecf/@sB)p7/010533
full erene bonding site and a second ring fused to the

44, Tﬁl_fﬁ'é:%lérmgbéiﬂen addr b &Paﬁin%ﬁ%ﬂeriﬁgﬁé%@i/ QRRR3es a fitkt five-

nposition according to claim wherein the

ro CONTPL.i fi.rs iyeq ered hocycl | .
memr R BB GRIP ind Bedy dsRhnle 1B T6PTRTRI<BF eRRUBRRAF i second si-
site and a second six- nenbered carbocyclic ring fused
membesed easbegyclie ripg fgped sosthefifa tMposi ti on according to
claim4l, wherein the group R conprises optionally
substituted i ndene. 46. The conposition according to
claim4l, wherein the group R conprises indene. 47.
45. TheRomPBHAGH héPRdiAE EPEIBinN Y], tvhefdiaitihe %r&u Rh®ngiriRed biftionally
p-type material conprises a conjuga edp pol ymer. 48.
submﬂmﬁdﬁﬁﬁHQSition according to claim4l, wherein the
p-type naterial conprises a polythiophene. 49. The
conposition according to claim4l, wherein the p-type
mat eri al conprises a regioregular polythi ophene. 50.
The conposition according to. claim4l, wherein the
46. Thetcompositior p¢eprdiog tqgcplalgeg 1,avhereigitly grgup Rrcomprises indene.
pol yt hi ophene and the group Ris optionally
substituted i ndene. 41 WO 2008/018931
PCT/ US2007/ 010533 51. A conposition conprising a
47. THeXxbHipBsiEOAREIPAIAG to Elaim 31, WIRASH (RNS tyetnYREridIRbADHSs a conjugated
(ii) at least one n-type material, vherein the n-type
polyrﬁ% erial conprises a fullerene derivative conprising

48. The composition according to claim 41, wherein the p-type material comprises a

polythiophene.

49. The composition according to claim 41, wherein the p-type material comprises a

regioregular polythiophene.

50. The composition according to claim 41, wherein the p-type material comprises a

regioregular polythiophene and the group R is optionally substituted indene.
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| east one fullerene coval ently bonded by [4+2]
cycloaddition to at | east one derivative noiety. 52.

w0 b@soosyppsi ti on according to claimb51l, wherei PCT/S2007/010533
derivative noiety conprises a first ring bonded

1. AcsBpdditiod &nﬁﬁl’?sﬂg% Iett8R ompRisinkh §i) G TR InkipAtYpe matenal (ii) at least

accordlng to claim51, wherein the der|vat|ve noi et

one 1y t&ﬁ? érlrag aer&i?i té,heé(; % %’ rPa‘%é%‘j ?IS%‘IBE? alti?éllgr n ?nvahly{& comprising at
east g @Q?qn% 2315’@3% KPRGRDEY LTS 0 oy

carbocyclic ring bonded directly to the fullerene
bondi ng site and a second si x- nmenbered carbocyclic
ring fused to the first ring. 55. The conposition

52. BreGofpokitioh accrdingtddlaintb Bl veheteih ife daTvianiad m‘éﬁetﬁ%rﬁf)ﬂses a first ring
conprlses optionally substituted indene. 56. The

?qngfﬁH&gﬁglng to claimb51, wherein the

erivative nolety conprises indene. 57. The

conposition according to claimb51, wherein the p-type

mat eri al conprises a conjugated polyner. 42 WO

2008/ 018931 PCT/ US2007/010533 58. The conposition

53. Thesomprpiton accordingiaglaimhbrvdiarcinitee gerivative maiaty pemprises a first ring
conprises a polythiophene. 59. The conposition

bondatdicactly ng tHedfulitrandrariila sechrd ahg fushé tqthe fpst rimgt er i al

conprises a regioregular polythiophene. 60. The

conposition according to claim51, wherein the p-type

material conprises a regioregular polythiophene and

54. "Ithlgg: E é?ﬁ 'a%c%nﬁﬂ% & {n? 5P dllne%}ﬂltﬂlé/ deﬂwxﬁ% Jnld eg)?c?rré%rsi’stes a first five-

ovoltaic device conpri Si
one, an Ieast 0

0 a and at e .
memifit ?Pég?%?lé? ring hErdscierly g&fgr&?@lqrw&onéwtﬁ g4 gecond six-
rT(POS| tion corrprl sing a mxture conpri sing:
membere carbocyclic ring fused to the first ring.

bond

55. The composition according to claim 51, wherein the derivative moiety comprises optionally

substituted indene.

56. The composition according to claim 51, wherein the derivative moiety comprises indene.

57. The composition according to claim 51, wherein the p-type material comprises a conjugated

polymer.
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(i) at least one p-type material, (ii) at |east one
n-type material, wherein the n-type nateri al

waeoopni®es a full erene derivative represented bgT/US2007/010533
F*-(R), and solvates, salts, and m xtures thereof,

58. THe@ofRiposition Scadrdihg &Sélamine1, wher€ia My p-5y3% riatbtidllcOmphiSes a
havi ng a surface which conprises six-nenbered and
IWBsneMenmbered rings; and R conprises at |east one

mﬂwg%p@%ﬁélly substituted, unsaturated or saturated
carbocyclic or heterocyclic first ring, wherein the
first ring directly bonds to the fullerene. 43 WO
2008/ 018931 PCT/ US2007/ 010533 62. The devi ce according

59. Tthg cemppsitien acaprding toclaiieS bevhegein demirtvpemaaterial gamprises a
increase of efficiency of at |east 5% conpared to a

regiosegblat polytadphenanal ogous devi ce conprising an active
| ayer of P3HT- PCBM 63. The device according to claim
61, wherein the device denonstrates an increase of
efficiency of at |east 15% conpared to a

Nt : jce . {.Sd n R
60. THY S BEiBh aeo kB RPT ST URTLGIEN bRy Shelfenan
. 61, wherein the deyice .further canprises at | eas{. one
regiofcgplar p?laf}%éfeﬁheeﬁ amﬁ% deriggsive aeictydy betionally é‘\‘%ﬁ“ﬁﬁe‘{ fdene.
claim6l, wherein the device further conprises at

| east one hole injection |ayer conprising a
pol yt hi ophene. 66. The devi ce according to claim61,

61. Aiphowivoltiibdeviey taraprigitig ftdease onedriode sat ddasl Gesdattode, dhdl a8 least one
injection layer conprising a regioregular
activ@Rb %L WneRILME active layer comprises a composition comprising a mixture comprising:

(1) at least one p-type material, (ii) at least one n-type material, wherein the n-type material

comprises a fullerene derivative represented by:

F*-(R)n

and solvates, salts, and mixtures thereof,
wherein n is at least one,

F* comprises a fullerene having a surface which comprises six-membered and five-
membered rings; and

R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or

heterocyclic first ring, wherein the first ring directly bonds to the fullerene.

43



67. The device according to claim61l, wherein the R
group conprises an optionally substituted indene
w@rasp1898B8. The device according to claim6l, PEUSI007/010533
the R group conprises an i ndene group. 44 WO
62. The@8vidd 8xdidiRETd ¢IEaA0 67,/ viHdd&E B Sheéd@evicEientb@vtrates acimoredsegf efficiency
to claim 61, wherein the R group corrpri ses an
of at IRt '5%@33\?[&@@@% :*,utbtéttaﬁﬁlall}J aﬂfaﬁ%‘éugﬂé’h‘& c thgt anP4etive layer of P3HT-
material conprises at |éast oOne regioregul ar
PCB%?Iythlophene 70. The device according to claim61,
erein the R group conprises an optionally
substituted indene group, the p-type nateri al
conprises at | east one regioregul ar pol ythi ophene, and
the device further conprises a hole injection |ayer
63. Theupvice acugrding egclaime gLyl velrergin ithye deviqehdemenstrdtes #h imeteasedof efficiency
of making a conposition conprising a mxture
of at IE&IMNBYSdonipardd tb AXuBMhstidNy andlogh@PddviRNBmiprisiRan active layer of
material, (ii) providing at |east one n-type material,
P3HT"‘F@ n the n-type material conprises a fullerene
der|vat|ve represented by: F*-(R), and solvates,
salts, and m xtures thereof, wherein nis at |east
one, F* conprises a full erene havi ng a surface which
conprises six-nmenbered and five- menbered rings; and R
64. Thedpyice aecording tpelaimhb vdsréio the dqyuzgdbg‘;hd;rmmrm@ses at least one hole
unsaturated or saturated, carbocyclic or heterocyclic
injectfanriayerr i ng, wherein the first ring directly bonds to
the fullerene. (iii) conmbining the p-type and n-type
materials to formthe m xture, wherein the m xture
further conprlses at | east one solvent. 72. The nethod

65S. ’ﬁl? %?eas &t&d) né ven7§1 VWD:?&S it &ev?ce%%ﬁ %m%%gpsr At%e%%t one hole

injection layer comprising a polythiophene.

66. The device according to claim 61, wherein the device further comprises at least one hole

injection layer comprising a regioregular polythiophene.

67. The device according to claim 61, wherein the R group comprises an optionally substituted

indene group.

68. The device according to claim 61, wherein the R group comprises an indene group.
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45 WD 2008/ 018931 PCT/ US2007/ 010533 73. The net hod
according to claim71, further conprising renoving

waobsemsand formng the mxture into a fil mp@WUsHoe010533
m xture according to claim 71, wherein R conprises

69. ThRldevidahtaorditP s tlhimh 60, witdeiRehe R EPoupldtenptiséd &M Sptionally substituted
according to claim71, wherein R conprises indene. 46

indene group, the p-type material comprises at least one regioregular polythiophene.

70. The device according to claim 61, wherein the R group comprises an optionally substituted
indene group, the p-type material comprises at least one regioregular polythiophene, and the

device further comprises a hole injection layer comprising a regioregular polythiophene.

71. A method of making a composition comprising a mixture comprising: (i) providing
at least one p-type material, (ii) providing at least one n-type material, wherein the n-type

material comprises a fullerene derivative represented by:

F*-(R)n

and solvates, salts, and mixtures thereof,
wherein n is at least one,

F* comprises a fullerene having a surface which comprises six-membered and five-
membered rings; and

R comprises at least one optionally substituted, unsaturated or saturated, carbocyclic or
hetgrocyc]ic first ring, wherein the first ring directly bonds to the fullerene.

(1i1) combining the p-type and n-type materials to form the mixture, wherein the mixture

further comprises at least one solvent.

72. The method according to claim 71, wherein the mixture comprises at least two solvents.
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73. The method according to claim 71, further comprising removing solvent and forming the
mixture into a film.

74. The mixture according to claim 71, wherein R comprises optionally substituted indene.

75. The mixture according to claim 71, wherein R comprises indene.
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