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However, charge transport within the photovoltaic
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particl es having surfaces coate with a surfactant .
us¢deasarart of the light hawigstingoflement é thebotoaoltaig degags. In addition, the
po%flnile%jgerlrtlailtgx %rl?c‘;loirrrllﬁc’a’ssifﬁilg'I gh'% n%fc’locarlys%%l can be selected to also absorb light.
However, charge transport within the photovoltaic device is generally limited by matrix
constraints, rather than by the absorption properties of the nanocrystals. As a result, charge
transport through the matrix and/or among the nanocrystals is an important element of

optimal photovoltaic operation.

[0005] Nanocrystal syntheses typically produce particles having surfaces coated
with a surfactant layer, e.g., a layer of molecules having long aliphatic chains, such as alkyl

phosphonic acids, alkyl amines, alkyl carboxylic acids, alkyl phosphines or alkyl phosphine
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containing matrix, as well as methods for making and using the novel compositions. The

compositions contain a conjugated organic species and at least one binding group capable of
interacting with a nanostructure (e.g., nanocrystal) surface; during use, the compositions are
coupled via the binding group to the nanostructure (e.g., nanocrystal) surface, such that the
compositions are substantially conducgive to electrons and/or holes being transported

by/through the nanostructure (e.g., nanocrystal) (e.g., during the process of extracting or



coupl ed via the binding group to the nanostructure

(e.g., nanocrystal) surface, such that the
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bindidpUtiesd group®Eouplddetodhe Bty strabtiltcitiavirstisitivul oy thdgorgugated
nanostructure nanocrystal )- bindin

e.g., " head o
orggp@upme@@gxgﬁ g.)da( ‘t‘tg,i? gﬁ)@p’ﬁ@;&pl@t to{hg bedy sérfuctélgq ;\trais(%cond position on

the&tggjl{gbﬁﬁ o?%qnﬁ{ﬁga%ﬁgg&ﬂétfgﬁ%at%g)g% %xE'iPJn%Xhe %@stﬁ)cttﬂ'e ée. g.,

gro tot structure at a secon
nanpesystdl peomaininigmeatrn,the gatdacti vr @arositivni fadiltateAftheinjection and/or
formation of an exciton in the nanostructure (e.qg.,

eXtFacHER P shatps (ei%ffrpa ang REhfek Vit respert e Biratetes wandkiuctur,
e i o o BB Sorbfe Ao AR R Lthg mofri.

pect e t : :
[O(f%ggi fyi ngﬂ(e: hg)?lblga} %?tg‘%s% gfr??pcg@édgggotngﬁﬁd the cBﬁ%ﬁﬁ%dmg methods for
symidgstsiig the composidot)demdsrigelfedwird mddo@chéibn 6hedjnstchehiasf the various

nature of the conpositjo t he correspongdi n )
clepisplicdhe wnp%ywﬁaadzb?@, fﬁgga%prﬁaeﬁl iteciyiebiigs As such, various
constififehfs daf W@'ilged’?)g 'tlfe:tcﬁft?f ﬂeﬂ%o%%o@ﬁlﬂoﬁ%iéﬁ%%s. Qor EQ%I}}ple, the body

various elenents o e conposition (head, bo
stricnire )ty ead b ongoises b eorjegitadedk yl suoicthr sicohjugatad anligoiety (e.g.,

copstituents can be used for the different conpositio
Phe ks hioPheRs CienssHne aniis, yorelt PYBHEEcPFYShe gppgathralene,
anthf¥IBhd, §§§Ik§fnglg Bi.g YPSYRELIRE KM ATRIBSi¥ty)r CReriRAl $taRfuUREL for use as

aryl noiety a gﬂenylene,_thlophene, et hene, o
theefiihgtivmalizad Head grouplingdveés byt 359 nptdimised i9epna @rrmaore phosphonic acid,

henant hr al ene ant hracene.  an. al kynyl.., or. -
carBg Y it ch 4 Bhep o ByEre. s ehthiel phigfey dalggpup
strik@red8an bdéitHer Bsidubingd draRchHRRGLMY Shephitd Ghdiekess; préferrdaail group
not limted to, one or nore phosphorijc acid,
substifsaseyinglade buare ap limitedieo bprenyae, khutyapdreentyne, 1-hexyne, 1-
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[0011] In some embodiments, the tail group also includes a nanostructure (e.g.,
nanocrystal)-binding moiety (e.g., a phosphonic acid, carboxylic acid, amine, phosphine, or

thiol moiety). Furthermore, the nanostructure-binding head group and/or nanostructure-
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heptyne, 1-octyne, 1-nonyne, 1-decyne, or an al kyne
conprising between 3 and 22 carbons. Optionally,
we@2daoner27o¢f both the head group and the tail grecpUS2003/027847
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s1désha$mxshnatshdds&m¢tmatl$ atfiddor eleroaially ialhe manostmmneet s,

can i but are n a | ec n. .
SR RO B e Db DO R ey PGy simply altrs
thecéb'ﬂﬁ)‘x'lc}t o éheCdvRMPosRionS PrfsabIy Ethe @oRNABSEM BbtEpbsiGons of the present

chem caI structure, or various reactive functional

inygnterpbavsrtwosidenkain sehstitueatserenied to he @hdnstﬂmﬁureamvwat, ¢he
ch%rglr?glt %)ng%% ?étrh%ls ch%m'% g%e;él 'not be ?den{l n&fl dnﬁofﬁﬁ@ the sﬂlechams

arn i s nmatche

cah B&&hpIRRad toylirk ¥hdodr atibe adjacunt aaldsyrudtorebhe
nanostructure (e.g., nanocrystal)-containing matrix;
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d
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maiety a Elomtevera am Nrlinked oe ©-linksd piiqyl medsty hayipe bm@éh Aiand 22 (or
morg)bca!fﬁo%lsf%fgcsont p]ﬁ't%g fdrrhsg i‘n h‘é gf@ggﬁ'lﬁve%ﬁﬁ of the

resent I nv en not P mted to, an

[0(91411 | nked Irli] goxrfau-r:] gngél th o?'rhe presen%( 1nve112t10n the body structure employed

in the conductive composition is an oligomeric or polymeric structure, rather than a
monomeric chemical structure. Exemplary multimeric body structure components include,
but are not limited to, poly(phenylene), poly(thiophene), poly(ethene), poly(ethyne),
poly(aniline), poly(fluorene), poly(pyridine), poly(polynuclear) moieties, and combinations
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et hyl hexyl noiety, an O-linked octyl noiety, an
O linked decyl noiety, an N-|inked hexane nviety, an
wOoRdosmdagds 2- et hyl hexyl noiety, an N-Iinked octBAT/US2003/027847
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us¢ Wh @efostr@ptuie(ead. Ingnodrissalvstrudtvnes (ecg. bindhe ease of namasrystals, either

as gfﬁé%s esgal %Eﬁ%ﬁggpr% a&%[ﬁ%a?@rg :lgw,p%gsg%ﬁc;cé%gltxé{{v% compositions

hath the isﬁ@éi@x@e{ﬂglﬁyefz}’n-, wheRiEHaBhiprisés ke 1dabi R fugdtidm@lited head group
all ows or enhances el ectroni c conjugati on between the

capabliyofdrinding tor enanepewsswresuriaee ogjaf leastipae hgadbgiopp pound to a

oS o B B PR SHEAGE U5 e rgror

cofjigated offaiic nediet@MvBerefn 4 fist coaljngosivdrganiomop@ay ymiupled to a
structure. EOOlS] The present invention also provides

pProyomphisprionabizadihcad groupsrheund hesd Lroups Wheesan \jcpmprises at least one
tai[]%’gﬁﬁ gétg)% 5Ghé Bo stru@ﬁ‘n?@,%éf Silein g,;);, YGhHnMERd S{lgefn’tly'cﬁmprise

of nanocrystals,” either a nanocr
integeas ezl rorggeaerpbdny reThemtn bkbhe ifftbgerpn) ymeanda is equal to or

g%?&%%}%f%,%gmﬁg%? iéatﬂl Q%gfﬁgqr{l]%\é Zhetga,echitgrﬁ% (t:%ﬁ rése pl[els_|e’n_t in more than one
“cdiPGh 't}%[}gy'tl)hﬁ&ﬁz QeatcieLemposiabRPTRe fi1yRkAd E&Qiu%ﬁve;‘)composition is

nost ure surface or at |east one” head group bound
synthesizeddrygeiymmerizatien sfimbacresrioprecwsors Biroughpeauplisg af vastpys

t t i Si . ' ted i
ofreBEE SIEIE PR Y F1e L BRI or gani ¢ moi ety s
OB BT A a0 N 2 Bl
on{a(@f ol zﬁa{%ﬁ@%}%ﬂ c 3%21?7 Re@Vanshe, ?g&éﬂh?ne, BRckpuhe roﬁlid% or thiol

) YP epen y conpri ) I nt egers equa .
mdietiesy thgibedy structurams dptionhky & pengylene itbiophensy ethsne, ,eﬂw,ne,zamhne,

and n is.equal . to or eater than 5, suych that at
upEEae PSP NG, RASRAG 0ty mURaqear 1 ATEeny) BOlsth 4 plynuclear
ardIR4tR héRfy, &n&%ﬁq&%&'éof; Rndl AR B0 ywBié Sptedmafy atily8pyne, 1-butyne,
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beé%hergg g?a?lﬂ%? ég%)lppl? h]gxf @‘a’tgérlt el%% R gﬁﬁgr{ty, " ti>oz ybsltr%ct%lree RRMLS co%[fbrises
one or more O-linked or N-linked substituents (e.g., electron donating or electron
withdrawing groups, conducting chemical structures, or nonconducting chemical structures)
coupled to one or more polymer subunits (e.g., member conjugated organic moieties).
These O-linked of N-linked substituents can be used, e.g., to alter the electronic signature of

the composition, or alter the solubility of the polymeric conductive composition.
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[0016] In these polyneric conductive conpositions, the

head group optionally is one or nore phosphonic acid,
w@arboxyhd c aci d, am ne, phosphi ne, phosphi ne PXI/U82008/027847

thiol noieties; the body structure is optionally a
[0037Eny| end\s anhidditleralespest thepresant inmestiorpriovides panostructure (e.g.,

fluorene ridine l. , ph hy.al )
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comPbtion ineludePd HaRktridie@Bhpled fa tdifiutd coipdiditione.g., ligand) of
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thelprasert meentionh ast 3/ metrixipastiopaé proximalrig He ligandwenmegated exterior
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matie cERPFRsin ih€ldesal nanbétaictirb and @ makit tdnypadtd bhehe polymeric
pol¥neric conductive conposition. -5 WD 2004/ 022714
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nanocrys contal ni matr i Mposi t1 ons.
theamnostruvant js deieatizd @s tfundtibnal ezedrati thi axconduetppesotriposition of the

i ncl.udes a nanostructure copupled to a conductive ..
PreSERHIBLTI{IPD ﬁ%@?}%ﬁ& el lal_ftLe PRl¥MGRE SHHMUICHIS BHERASHO™-
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composon are matehed Gmidtionallyt and/artedectranically. i b addgion, the matrix
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conductive caqnposition is_functionally or )

[0UP%ct r onile aﬂrglleﬁaméﬁ@alepbofdh%pwewwnﬁm§19? R3NERECctge-matrix
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nanostructure (e.g., nanocrystal)-containing matrix
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[0620] bei ng Taeipesdeiagdnventidbin elsp promides intetlomis aifi synthiesizing an organic
conposi tiop... Optionally, the polyneric conductjve .
coBRan tb el erERATISET ST i HAArCOaoR A ane device.
ThE SERAR! donPdsRibhs Hﬁ@l&h‘ﬁﬁ% {HeQChE@BA Ar¥ paRdRFly suitable for use in a
electronically. In addition, the matrix cofrposition

phetodoltdie dederd ubtei methedsiipdude thestepanf: @p providing g corjugated organic
pre%g}/sglr, ewr}}elr n &%ucrc))lnjeu%ated organic precursor comprises at least three positions

available for attachment of substituent modules (e.g., head, tail and sidechain); b) providing
a first substituent module, wherein the first substituent module comprises a phosphonic acid
derivative, a carboxylic acid derivative, an amine derivative, a phosphine derivative, a thiol

derivative, a thiophene derivative, or a combination thereof; ¢) providing a second

-6-



[0019] In a further enbodi nent of the present
i nvention, the nanostructure-matrix conposition
w0 p@koetIs4s a conducti ve conmposition of the preseer/usS2003/027847
i nvention cougled at a first positionto a first
substitusst madeler whereinghe seqambsnbyistuentymedwde mmlpmml amulkymne derivative

secand, posi ti,on to econ uct
copifing bBSEet MRt e fie O SPRRBALATEHRIE 4 Bt shhssiongpe
mddiR, wheRasthe bptib2 thitd 5uBStRuER IR copXR¥RS & alkPiederivhgite
nanostructure is a £ctype nanocrystal, and the second

comprigag beiwegn en¢ end2hearigs; #sk cpymling) the fiy sestitgeat module at a
v
ﬁrJT) §? ﬁ 111 COﬂﬁﬁ%r}fQ g?cggﬁ glé&lilgloehglgléd tahz? ?%aﬁa Posmcl)n ancti ogtlonally
co?’lﬁll’ggﬁle thlirﬂn;&f)ﬂftuefrm nodske at B tlﬁrmpm;(t&in[ thetdblyaynthsdiaing ktgorganic
evi ce The organi ¢ conpositions nade using these
CORBOHGRNL ar e particularly suitable for use in a

phot ovol tai c device. The nethods include the steps of. |
[0@1] pr ovi ditdepstonsoiupstijaant of Breduish sccopd ecihird shbstifkrat giogdules is

ol . B o A EEL P ATREL 655 A s

bosibwta danestiuciire shifscef. eCouplinB @@ the vagiolis modules tbethbdbdy structure
b) providing a first substituent nodule, wherein the
dogs g desfipysthe elgetreniepenipaation ppHiediedy SrpHBSp Rehes, ig @jpgeferred

en GBI 4y GRAESE ML ot KA F0EBR Strucure

extdads thatconjagatntdfitiepbelyatrdentevat i ve, or a conbi nation
thereof, c¢) providing a second -6 WO 2004/ 022714

[0022T/ US20 0346137 SBodisiehis folf tHegREseD@ubrRion\ie TR bt ubdiBuent module is

second substituent nodul e conprises an al kyne

a thiephepgdievEativeo nihe ithipphygnpepniaimns o @roHRFubHitugnt pesslyle can be
pefhgBEL SRR B D PRy R0 el M

aryligatide ics sstiaotuad ktyd firdetialida posion arahiendtizignuitibeltlvmemmethglsilane

(T]}{Igg,‘ly]zé }gqala ggl“q\?lsragjﬁqﬁtg@pq%?%g Icc|>rg gﬁfﬁ‘il‘}ﬁ??fg Ic)[ ];ti_uailgg i glye%ggdlate core

strodtftat b léf(ﬂ)tndc d uﬁ’ﬁl[ Il?osﬁionaanﬁ ‘f'ﬁaﬁﬂg B irbdRP wi®Nmethyltinchloride

optlonal ng the t stituent nodul’e at a
(MbiﬂnCtl) maelﬂlacstamyheadsbgorﬁymﬂehﬂﬁilae;r@dtd) eombyamg the second
oSi ti 0021 At | east ent o
intgpie Wb g aIagenttd ioRbERsto DUE AR Sy b LEo: SR dple Dppegising a
TMVS- a@lﬂﬁ’ibﬁﬂeﬂeQeﬁvﬂ%OQB c}ﬂﬁl%%@plﬁié{)ﬁl@&lﬁofew to RITMSaky1dthiophene
t he ‘conponent is alrea bound to a nanostructure

devativacer be @dugnednfpr @iarmﬂe, hyamrﬁmglnmll@élunbcattﬁyzqﬁdds@Sphlte-

s P Sy SRR SRR e GO GPET MG ARt
blrﬁlﬁ%hﬂbﬁ%née g G hw@ﬁu@groqﬁ)eem;@r PRGIEt0 qu;nh% Tulsinbtiulend the body

les to the g structure extends the conjugation
str@ﬁtu@h@“tﬁ?dyh%mﬁ@d@ pssbeep@tigckipd. n some enbodi ments of

the present invention, the first substituent nodule is
[0023] Coupling of an alkyne moiety employed as the second substituent module

can be performed, e.g., via a Sonogashira coupling. Optionally, the body structure has been
functionalized with thiophene moieties at the first (e.g., head) and/or second (e.g., tail)

positions prior to addition of the head and tail moieties.



a thi ophene derivative. The thi ophene-containing head
group substituent nodul e can be prepared, for

wexaapbei4 by a) providing an aryl hal i de core SPCTIUS208027847
b) lithiating the arylhalide core structure at a

(0624 st haMadieuprsctionscamhelemplaged toocompletthe optional third substituent to

hl.or ot ri methyl si | ane TMSCl) to vield,a,INs-aryl .
the R G o o SRy U ToRSHoPE (VP TR ethersynthesis,
Fric@d| STrARSAIRYRLER Fctis, b 6iheF fomatid eRELSPHIlih@lbs@Rtion reaction) can

position and reacting the product with . .
be upgdrtechyple ithecthird sitbrsituepivie3 Bp Injugated Grepric aresuesanstl athisd position
second.internedi ate; a d). ¢ .0l - .
haiRE P Ee T PR M2 SRl G B3R
coﬁlk/%ﬁﬁorﬁubst I tuent nodul e conprising a
TMS- aryl -t hi ophene derivative. Coupling the phosphite
[oml_et y t on b Befdida @hpddithBitORb 8pgonall BlitdVstbbtit@ertaRoduge (e.g., one or
achi eved, for exanple, by performng a )
maqye bideehiaing) tsaoublpd seithsicorjpBatedorganigIprecytior Prigr to@tiechment of the

oo e R RS, 0 R Lp ov

sulgstiiéen) meitlb@an Rich@e: A)proddidkiabeutal 1 indtar g@ivhients f & helogenated
body structure, or after the nodul e has been

deriyatiye péa sidedipprpsubchivent; Ahcambining shadpesaraied dgrivatyedyitthe
y i > for , .
e R e
foraiamid¢ (DMFh asfop@enreadtionaiix omg land eylhedting thdreaqfommmsixture to about
moieties at the first (e.g., head) and/or second
70((e, thereby equpjing ﬁes-‘stmra SwstipEntie t’tl%C%{%ﬁaﬁdoﬂ%mc fip&ethread
and tail noieties. -7 WD 2004/022714 PCT/ US2003/ 027847,
[0026b24] VvAintionally edditipe sideehpimaubsiiiyerly san beaddsdsp theraqpjugated
opt i t hi r. '
ol R el AR S chfeo 1 SOEY 5 GBI B
thied substitaymittrhedils optionalty figthet inCludés soupliky b ddburdnsubstituent to the
reaction, or other, aronatic el ectrophili.c substl}% #{?i on

body giryctusp pt & frthpositiond The thigdh And doyt substitugnis GaR SAge or
difffé}el{tQﬁelﬁ&ngg%gd organic precursor at a third
posit \

sition Ing a hydroxyl or amne noiety, to forma
OFASE) ) T S EPL Bl SRR R RAL Rt mpin

cordilREi ¢ tainpdsitintiléceinCRde the stpef@buplingae cejoiieing diertshd igoup (and
coupl ed to the conjugated organi cg@r ecursor prior to
any pthge PRREATUGSRrer HdIng mosgties HEPROTARL BHRIths $pRIPPEiti@M; 0 an external

e : i T d
s o e R TR By o Pl P g o 3
Optibhalty, ddsistephr bt peddrneedhiariag dreatyethesid of theabndwetive camposition
Si d%‘c;gqéhl n substituent; b) conbining the hal ogenated
(c-8ef? a5eSXHRSS'S'he  conj ugat ed organic precursor in
t he presence of potassium carbonate (K2C03) and )
[0Q78het hy! For emhedimeatsutiizngsubstigicnt Brodlge havipg pelymgrigable

cofPBGndids NEGLbAEd HE e Al th@Rodd St iHihd tBe 80RHictive composition can
optionally further include the step of polymerizing the organic composition after coupling
the composition to the nanostructure surface, thereby forming a polymerized conjugated

organic composition.



70C, thereby coupling the third substituent to the

conj ugated organic noiety. [0026] Optionally,
wa@dakneomnal sidechain substituents can be adderCT/US100®027847

conjugated organic precursor during the third
[0029pst i t uARta faAhKY aspet, shepresdnd inventéorpdlsn prowideb nethodk ef

third substituent nodul e ogh;ongHé&;LMther inﬁlu es 1
mod#yingiandntsracion PFweEiha PRROSERGIIEE(SYRESs AFFRYCTYFRY ApY, pR externa

. fuk - stepd 81 t bk iR Pndn@stiddiure. with a conductive

ma?liJ gllieﬂﬂé%ltg%ﬁ?g# %gﬁtshéégggar?z or ditterent rghvéllrrj églon ucjl
corapasiti@sthe poent]intantismnmddyif@diimgea hanasfructhes porgmatg matrix

i nvention, the nmethods of., making the . .conductive....
coreeﬂﬁg%meit%te&n@sw%uaﬁ@dt FBe g s gR PGy pdifying the
int&Qb @Y eRdednBe RERAOERPNG Fext@HN RAHR! Optionally, the conductive

nanostruct ure-bi nding noieties incorporated into the .
compogiomi ripbing tat e aaneskueiuredan bs pofyaresized insitu, to form a polymerized

nanost ructure, ther r.ovi din nanost r uct ur e-
confRRs TR o o1 nares A Gl R o he
costtd hfidstri@ueNHpAes condtituted eheGiidherid smdaaineasitposition of the

(e.g., solid phase synthesis). [0028] For enbodi nents
pragentimvaniign.subst i t uent nodul es havi ng pol yneri zabl e

conponents incorporated therein, the nethods of making
(00308 condTbe prescrsanyosipn alep prawides dpyices aldhyasfoptaelastric devices,

i nclude. the st f pol. rizi e_organi.c .
oSS i 3 BB B R Bl e
comBHABSIsWTRY Sresent frveftion. MRHe@BN BN BigpasiPeisyiTRYd Frésknt
~ conjugated organic conposition. -8 WO 2004/022714
InRETPIUSROE300pIE8 AT citljap 020 scalg ard pef-n#oscale frest bulk geystalline)

resenti nyvent | I 0V] L
s R SPALAE D RSB G pRL tl  RLLHAR urtc
and 2 BERHY Slcalrdpdedigifaas) aad hevingh semizgbnductor B @anestinowse-containing

include the steps. of a) treating a nano Iruchgpe Wi t h

mairie SoTaRAS H APecoBITHEShe FUMUEHYS GOMPOsitons AIFRORCH SRR e two
ele@irod Qlalll @ﬁ:c?‘ﬁgﬂ'\? Q&g;ﬁéﬂqol{ﬁéaﬁfs%’lgét?d(ﬁ' s0EadBdHd the second electrode
conpri e treated

Al
ri sl ng nanost ructure and a nmatrix
suifsuep ds bihé @nboditente the condidtiye ngmpbstionsrifehepresenh invention are

. between, the, nangstruycture and the t er nal triX. .
incOBRATHIFh 1 PhOtRKP s R vauch %‘ﬁ?ﬁ&?@%ﬁ?@ﬁﬁ P51 2ppligations

USKNNB6/4S 1183 i LOBtoBE 230 bYITE IUSSRA6d/D5 5038 filed Mareh &) 2003; US
pol ymeri’zed conductive conposition. In another

applidation AgtorneyDrekatelNo.i40-¢UARYLS filasiSaptenabentdi 2003; prd international

coat.ed .nanostruct ure js. ol nstj.t yt the ..
sopGRyR AT mrees Ve WSHBOZIR oA R bkl Bt tlpgoions of the
prdsBY§RYdnfiBn chiPOS30ded ThEcHAFRSAREIIMENE fl@dresdenOcdrE/BNdliRMostructure
devi ces, such as optoel ectric devices, photovoltaic

conteiningdevinede.Bi, ghma LERdonesgiag @gliqpiqy[g')white light source.

i ncorporating the conductive

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Figure 1 provides exemplary conductive compositions of the present
invention.
[0032] Figure 2 provides additional exemplary conductive compositions of the

present invention.



conpositions of the present invention. The conductive
conpositions of the present invention can be coupled
WO e00gioeiTes nanoscal e and non-nanoscal e (e.g., bOl/KS2003/027847
crystalline) assenblies. The devices of the present
[0033) ent i ofigwpB depifty aichemisabsymtifesisscheshefor pnelembedimgpeof the
troqe surface, and having a

andig seggﬁed rgleeg
CORAF LTRAU LT WIROEYY uct ur e- cont ai ni ng matrix

copposition c rising the conductive c osjtions ..
(O8L pos ed FIBTSAARPIFRE el caLRatioet SEAemi 8" PRy PRRdjment of the
Coﬁ:l?bg;{i@[g Jfehd f¥esdnt intkntfIrect rode surface and the second

el ectrode surface. In one enbodi ment, the conductive

ositi liepi | | £ a further empodiment of

"Kﬁﬁggrporg? de?Sﬁ%&§ﬁ§?§®§@¥%@@%§§§F@£%?&éﬁc ége?hgsgnmlo
thettwagrosiieds bfthblpfesergatentiomppl i cati ons  USSN

60/ 421, 353, filed Cctober 25, 2002; USSN 60/452, 038
[0036] ed MaFgdurds defloid,a chiémicappmitesisisoitendy fod anayditlonH eimbodiment

No. 40-001320US fil ed, Septenber 4, 2003; and
of thetcompasitionsef thepissent HVEBROAL t or ney Docket No.

40-001320PC. Alternatively, the conpositions of the |
[0037sent Fignen? depics archpmicabssatifesis selirmafor p Ajdhear iegypodiment of

thi nto a. .fol uggtzlgceengmcg\; %ghel | nanostructure
OO ALLE: O AL PERCNAMGEMIO% s make an LED for use as a

10G3E” DRAWPARSES b at2114e% Binlpeel FoPpIIER O5R GHpIeL Py bodiment of the

présORAHEHYE dGABRPSBIth MdRoRikrit BE] PSIPSBAE coldu¥eW EdMipositions.
[0032] Figure 2 provides additional exenplary

OGRS, PO g VPG o S

intelepadidtes andacbemosidbnsyfithdiprebent &olkeatien.f or one enbodi nent
of the conpositions of the present invention. [0034]
[oddogur e 4 esCACBthebugh @8idepict S4ditidiasetgensicd)eymthédis schemes for
anot her enbodi nent of the conpositions of the present
additigrd embedineptns|thepigesns iIyelddll.-ct s a cheni cal
synthesis schene for a further enbodi nent of the
conpositions of the present invention. [0036] Figure 6
depicts a chenical BERAABEDDESERIRTION an additiona
[0Gtthodi mefhe pofsenthevantinp peivides gendictiviiemplt modasules, oligomers and

polyiiih bl Singiersrit rrapelty fhafes oGl o achingfiruspyg surface o
wifhR Qg dstroftareddontdieinp hgdnte. g'.,rﬁfm%b&ﬁ?osﬁt@,oé§.] cothfHidifg 8ne or

provides a pictorial representation of a further
magerhaticnystals, ¢fg..tdge or more inorganic nanocrystals).

[0042] Photovoltaic devices convert light (solar energy) into storable energy. When
light is absorb‘ed by nanocrystalline structures in a nanocomposite (e.g., a nanocrystal-
containing composition), the absorption results in the formation of an electron-hole pair
(also termed an “exciton”). The electron and hole can either recombine or remain
separated, depending in part upon the configuration of the nanocomposite. Recombination
of electrons and holes is desirable in some applications (e.g., light emission in LEDs) and

undesirable in other applications.

-10-



present invention depicting both nononeric and
pol ynmeri c conductive conpositions. [0039] Figures 9

WO booagd1149 provi de mass spectral and/ or NVR de¢BUSZNN3/027847
exenpl ary internedi ates and conpositions of the

[004B8ksent ImuamcomposifedOaployrd juphetovdaictievicgh forgexdmples the

addi ti onal chemi.cal synthesis schepes fo addi.t i onal
clegigb i e BreQay I do B LEERTO R BT raseriy etyits Heebiodes
HoRePsRhUshtthR94d k., AR wife S Mchied igibwied3, fdroviydRs, amorphous

conductive small nol ecul es, oligonmers and _polyners
nandstrctyees, trmopartieles, aanyeirippda e hiypicedn spopTseaness oge surface
ligzlatlpgf;s] gsgu:c?l&g %ﬁdr:fagc_t%lgrn ogé:cﬁlle% gntrr% u}t:&lgﬁxﬁ\.trglggsynthgsis) that are nonconductive in
natiAN BRENOSUS Pateft 4pplicatiONB0/3BO[RI¢fikddane 1312002) by Empedocles

nanocrystals, e.g.., one or nore | no&gani C y .
entiflado dYapeteshrglosy Gwhisf opiosiesienies amdddyimoast elofRAP) “Electroactive

r - .

oo, 451 SRRl A B £ DRSE fandthSTs il
sernigondempsgsAte Mater.15:58-Glan®be yrssaice of teseamaricogductive

conposition), the ahsorption results in the for ion .
narg TG Bt P RS H\Seﬁf ciengy) o Ghirge ERPrap-IB Hr%ffﬁs‘)ﬂaw
devibE BhEifRitRARE o D@L Preaaimt ifVdnbfiBh afEdeiERbAR Abddr@@Péhance, or

separated, depending in part upon the configuration of
othietveise eorird tipdsinsport Reg rebanation)orf thmle@toemndgnb gengrated in the
nalg)r%lpglipgf?. ﬁﬁ&rltlg?ygslf,e tglﬁ gorﬁﬁ?r?gtécgﬁ r%gegc(f:ogltp,eﬁqg{l‘gegr'}a%baylstlapshutrface, such
tha@R ebﬂgag&é& Bizanic sPeR iR QRAL PR $itidn MGl abiS 2R E0RIRBAWith the

[0043] "I n nanoconposites enpl oyed in photovoltaic o
cledisatismd/or heles bgiagitapsmitteé threpgicthe aaneerystal o As noted above, this is in

B I A e

nofcnaiétivesn nitugnched nanow res, nanocrystal s, anorphous
nanostruct ures, nanoparticles, nanotetrapods, etc.)

typically conprise one or nore surface |igands (such
DERNSHONSt ant nol ecul es i ntroduced during synthesis)
that are _naonconductive in nature. See us

. g.., t ent
00461 i cat Bsfrredpesabingsie prpamb Vi ii@,et&%@ 825 toie dnderstood that
s SREARE £ Ak LR LR A IR, wichcon, o

courkd, @aty. dastalaceto beund@stoadthat theitgmedolbgy nsedilgtan is for the purpose

| ectron trapsfer between, CdSe. nanocryst al nd. )
of G5 IE PaLISHR GRUBLTIFS oA 470 KL ATierisd 3 56 Mt As used in
thiP5REARG80R Eind B B HABE AN tHe\etngul 2 TOSS 'WC ! "dh'€and "the" include
coatings reduces the efficiency of charge separation
plural refeeenphatless dha eintent dlewrly dictalisethaswises iThie der efamphe reference

present inveptipon are designed o .mder.ate nhance
rnangegial SRR ooy GRneNRCRS g’ e g 4 ety gffyvo or
moRé sirfR e r8Ctdned t@ntubaitter@einehaéLdintives BEsubstituents, and the like.

to

[0045] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present invention, the

preferred materials and methods are described herein. In describing and claiming the
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nanoconposite. During use, the conpositions are
coupl ed to the nanocrystal surface, such that a
wazp/ozaied organi ¢ species in the conpositi onPCT/US2003/027847
interacts electronically with the electrons and/or )
presentagvansiongthe delinyring tesaunotegyuyihl herused imansprdaned witlthe definitions
setno%tt%glo ove, this is in contrast wth the
currently-avail abl e organic nanocrystalllne coat i ngs,
0 ch ar oncpndﬁctlve i N nat %ps .
[ 44] B %mbecé’@ ?%Wﬁg’j"?‘R%S‘B‘P‘és*’ér'ﬂtse ?félr‘i'trF forp monomeric
(e. geﬁg?h'nh) olikomgri¢ 6r lyMBEEEHhRRAionNRYinglthé §aﬁa@1¥yeﬂ¥r'e&@trb§

linited to particul ar devi ces or biol ogi cal
cos@%&tlewézolm@ncm or the abdigy)fosesherwageyundergojobargedransfer. be
understood that the term nol ogy used herein is for the
[0§7] pose Tk tetesGaonpigatgd peganicoubiaty”’ erefecsdio rm mirgandn(i g, carbon-

d.i t i 1ded to be limti
cof5ine) midb el RtE DYRSBAB P A eri e afifhinels Sonds, and
as EhTRcludes botldineA RAd c}tﬂi@ strhdifledde plural referents
unl ess the content clearly d| ctates otherw se. Thus,

[O(ffﬁj exanphg terhE4BhAIY ?EhzetdG as Qieﬁgiréfé@ﬁ Yerblo fild lpfr@s%ﬁce §H'a reactive

nanostructure surface conblna i on of
chﬂmmabnowﬁumdhnunﬁmhes, reference to "a substituent”
i ncl udes m xtures of substituents, and the |ike.

[0049045] Urmhe samtieflkyress wiet et feratd a {lepicdl cabstiautdt consisting of
SC|ent|f|c terns used herein have, the sane neaning as

or EIHHB LY LE FYBP GleE ETHP blen: oYhess yisaRptegRy arpat%th%éero
art to which the invention pertains. Although any

[0039] hods dihg termt earylals usgdhierean refers éqya chemmiealisubsfituens sensisting of

or? ?Hngeagla!??fﬁg“@?é@@nbe used in the practice for

|nvent|on the preferred

OB S B SRS R e fuberof
attitBid HEARA %fn@ﬁg@lﬁ?ate RAVESEMe élt@\éﬁﬂl H&ﬁﬂen&ﬁ@hiﬁﬁ%&%é"lﬂm one site).

term nol ogy will be used in accordance with

[06259‘ initi RS terift o‘?)}‘hﬁer&%{)l@V‘;’lerr{e(i)lg‘1 %]us-gaehe}é?ﬁ fers to a chemlcal

conductive conposition” as us€d herein re
sulpstineneoi moiefyecapableiof amtb)gom:g a gdfrpoliymearatjpol zyndmrlco polymerlzation

reagg% %g{i Italf) glPChE&\ébl%g%ﬁ?gﬁ]éfns t%# to][, ?ﬂrély hgxﬁ:\}aglvese Butadienes, trienes,
tetAEAG! WoRkFindNABHAMCS, rﬂﬁa[c@ﬁylén%@ @@fr&{e deri98edves, ééheeﬁ 84 &ther reactive

conjugated or gani ¢ noi réfers to an organic
furctional grcumswmwnc@nnwﬁﬂkdg%th@a@cul e having two or nore
doubl e bonds alternating with single bonds, and as
[06S3Eh | ncThd MO‘bhgdmm’Iﬂ rand fipolgmetic’tars usedintarémngeably herein to
The term' anctlonallzed as used herein refers

ref{?rotot‘ﬂ‘b“ﬁ]regg hieuiss havipg mopq than opgeqipRonenPRerjeIr subunit.

functionality. )
[0054] The térm “matrix” as used herein refers to a material, often a polymeric

material, into which a second material (e.g., a nanocrystalline composition) is embedded or
surrounded. The matrix can be a conductive composition, a semiconductive composition, or

a non-conductive composition.

[0055] - A “nanostructure” is a structure having at least one region or characteristic
dimension with a dimension of less than about 500 nm, e.g., less than about 200 nm, less

than about 100 nm, less than about 50 nm, or even less than about 20 nm. Typically, the
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[0049] The term "al kyl" as used herein refers to a
chem cal substituent consisting of or containing the
woreeewzd7ent group CnH2n, where n i s an i nt egerPQr/E81008/027847
than zero. [0050] The term"aryl"™ as used herein
regiaf @rchatagteaistthdimension sib bt iatong the smaailssisaxiinef thé strenture. Examples
rou The t.er.ns

of ST B b e B e Magoibas BanoPites, Bapdiel TRnpasustalsy

na®tétepBaE Mlipsids! Bipod I RARKRERIAN, AarktA6ts) GuAhiem SotsSnaiofarticles,
mul fa?dent alge ha?/l ng rmrgﬁt han one Slqt e). [OOS%bgThe

brangheth teisaniodaés- gz mr&anm dangrimers), ind gaslikeh AN @jostrugtiares £an be
sul%ssn) gzriﬁ giﬁ(:%ﬂlg ééneo?sfuig%zitéryaq 53¥02)%ft1egodr% é?ﬁ?a%q @inbgdl?ﬁents can be
g a or

heteﬁugeﬁ&oweé b Atdrodiructedsdt Nafostractire3sas bele.g.j sublstadeisily crystalline,
but is not limted to, vin derivatives, butadi enes,
sults;arngﬁ]@émonpgwtalélﬁgé)olyﬁrbqtagzpeﬂ gmog@@p@,péﬁé:gmbmanon thereof. In one
Y r YPStur At
o bty @ b Ul g tham abous
500 hm, e.gt, lesh @D APpoiltE)Otrmn,rtess tiedni aponter(0aim dash thapodbowe 60 oth, or
are used .interchangeably herein to .refer to
eVt it ot ¢ Gk O HERSHIRR B IS A LB e fgands (e
sulfReRSr or subunit. [0054] The term"matrix" as used
herein refers to a material, often a polyneric
erl al 5 i.al b :
ocr ys t a Fhltr%e aloligllet Igg%g?tgrﬁéaﬂ ecgydsé dﬁ%érj , when used with respect
to ﬁaﬂostmumdesi refeh® th'atfzfclt thac thie nbeostructons$ugpicaly exhibit long-range
nposi tion, a sem conducti.ve co iti

osSItiQ or a
OTdr?B‘ﬁg EFREAR1G SF s HyBeysiqns qf theghaere. Ihwﬂﬂ b Brdersieeq, pyone of
skl'llsin theSirt that e ?ernlaqbﬁhgraﬁ% &r@@ﬁ’ﬁg Q8 depSPE Be absolute size of the

haracteristic dinmension with a di nension of |ess
spetcitkmaabsmtcnfre@ amnrdesing for a sassgle cxtyaual canoat X206l beypnd thedoundaries

or B0l O oSSt PSRN 3o 50 405 at s
thehfdj 69@2&(%1% @lzie%zn of &l RAosHucki@r MGORTcl ifidthitces ARMEstARture can
W | I be along the smallest axis of the structure.

be@eﬂmlcb@r ogfer soatings o1 aantbgreempriped efcheconapasitrleast one shell. In such
msﬂaélﬁ%st gYV?léB%n) gé]p%%‘fq?t%é g}’fg {hae%(?:& e sheﬁﬂgc rryo%ﬁe? c%]’mng need not exhibit

bi"pods, c5)cr Sta

sudhdtOekteS(e. ol itaah bBafoifhous) po f:y’stalllﬁiee Sr othbm)ﬁm)h &tlsuch instances,
t etrapods E’e g;, Jnorganic dendriners), and the I|ike.
thenphiesst ‘eystallings ‘cubstauially awtaélme» ‘alsnstasisy srnggrysiatine,” or

“mhr(‘;gﬁ)&?étgllhnp ¥ I%Peq‘% {d tg§ c%rﬁ{ al bteOF fﬂeq{aﬂoﬁgmﬂ%a g&'&tuﬁl @gatmg

ogeneous erostructures tru ures
layeﬁ;rbrbﬁells¢ The tesmbStrgstalliab’l yr ‘Gulyssdraially nrystalhne” as used herein are

. Supstantially nonocrystalline, pol ycr allin
intghls ShBISe CNeMRESE IS TSR ORPTIINGr@EPuS § ‘c‘)tﬁregtacg%“ﬁef&‘ﬂlts atomic

sul?sﬁg.nloﬁg ahf%hd 1 eegs fin Qﬁie% ctitfe éx'ﬂ?olﬁ RO tiAE Idﬁ@@aﬂgé%rdermg
a di mension of Tess than about nm e.dg.

(e-pherlentvauit 2O aboyt 80866f thh bamg&mfw le:h@tmmmmsl (Efetlse namntructure or
its %ct))r%kj.t[n ggdi{ilorrlr,] it %511 be appreciated that the interface between a core and the outside
of a nanostructure or between a core and an adjacent shell or between a shell and a second

adjacent shell may contain non-crystalline regions and may even be amorphous. This does

not prevent the nanostructure from being crystalline or substantially crystalline as defined

herein.
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even | ess than about 20 nm Nanostructures can
conprise one or nore surface ligands (e.qg.,

wa mwofiazt7ant s) . [ 00561 The terns "crystalline” BCT/US2003/027847
"substantially crystalline", when used with respect

[005G3] nanos The tdrom ‘esonocefstatlinted whier uf@lcwith hespedt e a nanostructure

. panostructures typically exhjbit |ang-range .orderin

indiRPs S oD St seeiely isvoup RO et P i8S Sflafat o

* sinplel dryd8. WhR LSO Hh Bp&it ® #hanodiidthirel ietdrbnRture EBprising a core

he term "l ong range ord.erl.ng." w | | depend on the .

andpsodrunereshells, Smonerrystaliad] indicatanthas the gorais substangially crystalline
(grderi.n? fb%{ ﬁaﬁi ngl e créglal cannot extend beyond the

andeofrer bstapPaly a singlegygial | "t hi's case, "1 ong-range
ordering" wll neapn.substantial order acr at | east...

085 Ty ot ympn AL it ReteT s S A BEE T Genp g ne. A

narfRiFtd] AilsHAE 8Sleask 0@ o $thiaBte At diRRASioRWid dlfeRSion of less
ot her coating, or can be conprised of a core and at

thanebeut S90ans teeg. | less| thars alesiut 20hemalessethan abapyt [100 pa, less than about 50

nﬂiggé‘%ﬁg%&z&}ﬁ %ﬁlt ﬁ(z{ehlgg 8%%8‘}}% R]gé llzeglsc)él orioc ar%tgt%relé%cc&%}einggn will be

aloABBH MRt X Yhy Sthadhire NBxaple®bhicWstEturek induddhanowires,
i nstances, the phrase "crystalline," "substantially

narqrods, aanatwhes; brarghsd narawisgs) Yanetsiapedss nanqtiiprds; ngsobipods,

[1] M [1] f r .
RS AL A S o R ELS S A e
Nagbghicaiyes cBR®etsabstantiatly hoinabtrepas inanatesalyso@ertiesabt in certain

stalline" as used herein are intsgng)ed tg, a
u

cr | so

eﬂ’é’ﬁé’ﬁf?ﬁ&ﬁ“?@ PEErQacReous AaBrhetsraAgiruslirePu Ppianally & nanocrystal can
. ¢ o ; o N

co AR R SO BIE CB N0 e ARy IR b onaly
subiszangiallpsidgleicngstal (e styucture (al &single enystat ndreasuctatedor a80%
.of the length of at, least one axis of the. : :
MRRRGRPHIBE DFSEReiie) WRHlS PanasiuciiE (oghis 17 fherpsengigvention can
be THMEEH HobfledsBRtally NGy cOERh{AE RaRBhVGGRatBriROp RG]y e

outside of a nanOstiucture or between a core and an
nasaifracterttis pheplateddrorh en inveganic whistihl, augd an inergarrie conductive or
T e P
diaRhl Mfhting cdifEhieai, @G, Gh)dcBbh tartofdn Balks hidhg oalyl ohe

crystalline as defined herein. -13 WO 2004/022/14 ,
dirpaiFiapSf tlosstoznaa. 7Naparosstls w@nebe subsiantipdlydroamoegensqus ig material

o 3 D SRR G S RERRRERAT o, pABSh GBI, o

ter "thaf@UTPdthl3 @Sinsandsd & éricanbyssaubstantiglie nonysityatallindhanostructures
used with respect to.a nanostructure heterostr uﬂ(ur e
CORPRINE ¥aniRpsAlciastse staging Epdts.qtomis sebstifgiqns, and the like, as well as

su%gg%gltgg%ﬁ%'g?&yktgﬁl}rlle ing .sﬁﬁtztﬁ&sh&aﬁ'fou{ ﬁl%h‘agfe%tsi, ults, or su sltitutions.

rystalline and conprises substantially
In thedapgdfmanogrystal het¢rofihR}urds Comgsorgyestoat And sneor more shells, the
nanostructure that, i s substantially npnocrystalline.. A
core of the nanocrystal 1Is typicalfy su%stant?a?ly mono%rysta[l]l?ne, ut t%e sherh?s) need not
be. The nanocrystals can be fabricated from essentially any convenient material or

materials.

[0059] A “nanowire” is a nanostructure that has one principle axis that is longer than

the other two principle axes. Consequently, the nanowire has an aspect ratio greater than
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nanocrystal thus has at |east one region or
characteristic dinension with a dinension of |ess
wo bawozoout 500 nm e.g., |less than about 200 PeR/US®EX027847
t han about 100 nm | ess than about 50 nm or even
oné;@RGoWwhébahe tiveation Aavelanispedt katio grbz&elr thai asounr .S or greater than

characteristic dimension will be gRq%the | | est
abeti’s SYprtmRROYieS, é?ra?t@neSEﬁ&ﬁﬁﬁfié%awar@ @P}Caﬁgg%esan aspect ratio

bef\xre%h USRI arbgﬁtz 10.! '[?(8‘1%@9%0\)&)?@9 RAvDESas @Jt ‘fi‘ﬁlﬁhﬁ'@ater than about
nanow res, nanot et rapods, nanotri pods, nano Ip
10ngreater st albcm,t 20 gveatert than eosun 5Qyror giotassr themahoat 100; Ioesven greater
nanori bbons,. .and the Nanostructures ca
thadaboLA U [T e er P T WPty 55 2Pad Sog pm,
pr f@raﬁl‘?%s@'tﬁ‘an aﬁ)@ﬁ%dﬁﬂt ﬁoféﬁﬁef@?abnﬁlteﬁr RE MM S 5@ BmJand most

eterostructures). Optionally, a nanocrystal can
prefenaplyiles tiansabont RSy mmsabofing®nhi Yeabaut %-%mg, or even less than about 10
mrzé'jrga&gc {r}ltgrs @ei?ﬁ%\p%gsoc ) ei%l in rtiheergsuecr:l Bl?gnt{on can, be ststantlally

hofifo¥édedlis Hﬁﬁ@t@hﬁll{ﬁb rEes, OF 1na:erta1memﬁ§t§érﬁd tdnte heterogeneous (e.g.
nanost ruct ur e’ il e nanostructures for use in

nam\elsemterpﬁvaﬁwﬁn Thgmangreszagn b éaﬁawateficffﬁr%ggsémaﬂm any
cop] ne¥11 ma (5 a%]rtmg@}lglgl q”he ggr}o%}eg cb.ﬂ"l:om s%f“f){lpeblxﬂat&lﬁﬁ

anostructure 1s prepare roman itnorganic nateria

substghtiallf Puleifatgidls, doped thdtialsandithe lii&l;mmmiuntlludemsulators
materi a A conductive or .sem -con

copdet.ng SERISOBUCkRs oM ARFS arE. tYHP%@h%%"éﬁBW‘&U%IM%‘E‘HPC and/or
sul‘):s(?e}}rtfaﬁg Hﬁ)ﬂécr Stalfine. ﬁg}%o%lﬁegtcﬁﬂﬂa\%aanva?fabﬁ:rﬂlﬁrﬁ&\éﬁer @h %3 a

nsi on structure. Nanocrystals can
sube&arﬁml:ly hmlﬁcbmaﬂxlametw,rthgamemmnétnr tinatt moiwala vapipnedessi than about 20%

di fe
(c e 56T Bt ot HTa 1655 7B Fop b RO DGR 1ok Sy raisgion of
grddfesERGOBNAS Snd R ladHebPdinéndBR @Pityl&:fsﬂb Inhﬂ@: g., atleast 10 nm, at least

nanostructures conprising various defects, stacking
20fremy|or 81 least Sfinm)s prtqatluthednmetawd evéluated pway fromyibe r:n@ssof the

subst anti al | d GLures t 0
naSE GEF SR PIRT 2074 B, BB RPARLAE Yoyt v can
be%fral%ﬁf‘&%raﬁ sl g B@fﬁ/@d 88bdntCIvef 8% cARfFlEngth 6O 1t§llcﬁ1@ra§t;saﬁd portion
one or nore shells, the core of the nanocrystal .is

thergefi batertpinsamndiments, 4 RAnAWHE OF § Sprion;thaeofifgh ekhgit two- or three-
dlrpglgslﬂ(!fr%g%%aaﬁ*m 8or(1)ft1nenpe I\ir V@%§&é¥£@o§hfsﬁﬂv&%on carf e)g)rressly

m essen ent nmateri

exBRtetrBbsnarlofithed]and, 1nrtﬁﬂ®1wi efrtbodinsenss, eRclodd Twititkars’ drhat
has one principle axis that is longer than ot her

“nangovipskerc pariciby whiskers davisg pidjame FletFRl R 28%@’ gfngreater
th%@%&&%% OB@E%&? a}lg\@'ﬁ‘es m%%tﬂ@n%?&%@t%?gsjﬁe described in detail in

one; nanowires of this 1 nvention
Athdrii€y Dockas Nec40- Omsmllﬁc&aﬁled hefeavith athe wonténts of whoghesie er
than about 2. Short nanowires, sonetines referred to
inGRIPOTALeE heketn I their ERITEY.- have an aspect ratio between
about 1.5 and about 10. Longer nanow res have an
[08&Hect r AN Gspecd satiy’ 1s ﬂ@ﬂer@bgf a first axis of a nanostructure divided by the

average of the lengths of the second and third axes of the nanostructure, where the second
and third axes are the two axes whose lengths are most nearly equal each other. For
example, the aspect ratio for a perfect rod would be the length of its long axis divided by the

diameter of a cross-section perpendicular to (normal to) the long axis.
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10, greater than about 20, greater than about 50, or
greater than about 100, or even greater than about
waedo71dhe di ameter of a nanowire is typical PET/SE®B3/027847
than about 500 rim preferably | ess than about 200
[006d] noOr e The Ebardadab Wiffersscel’ batweah GHOMO6ahdr LM Castdtesrefers the

preferably | ess than about pout 50 nm. or
energy a?ceﬁ@rhmaﬁ%ﬁ cGBN PR YO8N "BAED: G ieB R BG he lence
an(pEBndg wi res enployed in the present invention

can be su stantlally honogeneous in materi al

properties, or in certain enbodi nents can be
C%WEWI?IQN”MOW re heterostructures). The

cated fromessentially any

[0082hveni e ﬂim omadspedtathe cpresmutlevanaba proms mamdmtw esomwpgsitions for

co rise jur e mat subst
R S S e R
comPSIitieiR drd ﬁéé'd% ebrfunctoANAULA Rdrvstridttle LBHIp6SIERIGHUEH 85 a
now res are {plcally substantially crystalline

nangedystal-coptabrngphdtendlipicrnatosr Ydtematively, thrigpeductize cergpositions of

the[h?é%g? m\\//glirxtgc}a@k?%ag bg Ieangc%y%ﬁ with, r?o%ﬂnaﬁ@g%le eﬁgé&l%h@tWel C%H]%nents.

Th¥ 3bhdREGe b@ﬁﬁosﬁttbane oabﬁtﬂreszﬂ%wérmog typlbagslntlha@tmmasw
10% |ess than about 5% or less than ab 1%

compengngsyip GAreatlemeyit eht eosty sipaetugss) 1 gpd ghonmy \F@Pplﬁd (9 W@&de

strﬁg&t&i%%bgigst fosﬁ'bn Ial?c?g’ aglgt gés%cﬁtl gaq_thl ﬁtﬂ&nﬁé Qrfik, and a

“tafll’ gﬁﬁip&foup&d &Vﬂielbatlyé strdataxy af o senohd poandm Imfadtltt&)n the conductive
nanqQw r e ver the central _ 20% 4Q%. 50% or

%
comPOREn SRR IOTENY LG RSP B0 O 91%31151% oBiplgihy the body
str{?&ul% 9 ad GHOYAR b QfioRERE thﬁ’& Eﬁsﬁl&? e p&idangich of its

axis or a pOI‘tIOI’] r eof In certain

[0 Odl ne%tag’h oﬁth@%%%grog dl&E 1sade98{l;ekiqg glgelr%%a rﬁn&fall %@fdw. The elements

exhi bit tWo- nensi ona

copfifing eiesvhndudibrevmpesitiaescefithl prgsdnd intviehtsori wurkntbgetheraaprovide a
expressly exclude carbon nanotubes, and,_ in cert

cordstiue fRAng Ondhe hayed surptesR g @ naBpCrystALsHEiFT) sRict gfﬁymem matrix
en%ﬁ}sdrsl%ﬂé e s\ém‘{\@ﬂnﬁm&s utPﬁXé qgera)yg% iRk aﬁ&/&a@rﬁ{an&lhé Blectron

or greater han dbout nm -~ Nanor od
andYanhoie trassfen (Fmtehanplnawben light umpmgesaur@ncbsmpcdyetdl ¢amponent of

det aj Att ket
an RRtogliFi,Oev e (S ESAPUSFOGRT RV ISH e PREGR fofbspisga oy the
ﬁt:ﬂ cﬁ'é&tlhg Sh Ex@ii&h'vﬁﬁhx\f the]rglgé&%st&ln B?%Qﬁ&ktlﬁémecbiec‘tr%n away

[ engt h first axis of a nanostructure divided
frolnyt}tlhele ameclagtes arf elettac peﬁgnaisthaifcan he exploitedd HWCPOEI&W’CUG
anostruct ure, t he Seg
coffisighede g SRR Vi SEh S cnOERGERs FEEAEE) o e plegh Soventon
assPAl ¥R theBRAGaBSM6f the EREtricHoBMBLE, THehBsigtaRGCdan @] foP ei@ﬁpla, via
perfect rod would be the length of its long axis

donlatmnc(gueqjybn) ofan eJecirpatte thegiangcrystakor-otharispyisonductive material, or

vw?%&@y%% %{g&%ﬁh&%ﬁ%@&g f%’ggi ‘?rtothethe nglgoc%tfl or sé‘rﬁlc\%%uctor Ina

preferred embodiment, the charge mobility (movement of the electrons) enhanced by the
conductive compositions of the present invention is sufficiently fast so as to avoid
recombination of the electron and hole. A further discussion of charge separation and

conduction as it relates to the conductive compositions and related devices of the present
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[0061] The "band gap difference" between HOVO and LUMO
states refers the energy necessary nmake the
WO c@ad217iodn across the "band gap” regi on separpBCT/Ig005a27847
val ence and conducti on bands. CONDUCTI VE COVPCSI Tl ON
inve806GR{e. 4. /plote olispelevices ael IERs)ann be dvedtin grropisivnaldpplication

R T U NN R .

PhERYbkate DEPRes.€ONpPoOsi tions are used in conjunction with
a nanostructure conposition, such as a
nanocrystal - cont ai ni ng photovoltaic matrix.
Alternat@@éﬁﬁgmﬂmé conductive conpositions of the

[00ssent  iAnempngated ayganibmoistyiseyplsdiediforthe cerered tessearective

sem.conductive ¢ nduct |
coRBRIGeT T 1 eo TR RERRRRL Shicallh . APRER o ifateq gy moiety or a
coﬂgugétbui 8ryl Hofsy. bEﬁérﬁpla@%? Bethres ForQRE ¢ He@BRMPbsifbNs of the

ody structure, head group” coupled to the body

pre§@mtunmmtlen anclugef bm@re pRidingi Odmnﬁlﬁp%hléplaﬁm cthene, ethyne,

SSOCi atln a C
andig iR hctahbfolt PARR B U Bt AT i AU Dnsome,
enib@&inidnw a pblynaécldirtar@natid Ihelet}OG&C@.l,Oet poljmucte(aﬂmmatlb dmdmaarbon or

optionally include one or nore "sidechain"_el enent
upreglaysd enbeserygated pieatigroighy. Xramplasnk SR inolude,

o B R S 0
naplehalene, hednaphthdiies acneptehilene, phemanihsénegpyreee, benahjigipyneee, and the
conpositions of the present invention work together to
llkErrowde a conductive coating on the bound surface
(e.g., a nanocrystal surface), or. a polyneric matrjx

[Wﬁﬁ&on‘pasﬂn ABe eRBodimAnte Bieduration of the C&@@gafq@lé\rw motety is to
prc&? nscilée 'Fﬂxgﬁggﬂq{oqxg th%@?s@z\i;iwtlg ﬁle;?ﬂo éri(mrr%}’&g l})tllaﬁlll?y to an

pon &
cleoaodesryedéadode @mﬁm@@lﬁ,te ©f a pltoapitamed ey ate). Mo&ememi&)f (tlsa,lluﬂe along

as a photgvol t ai vi ce the hot on sor bed
thig ﬁ@uugﬁe{%‘étray@meq e? CPRgIctNe & P?%?Pwdet&w 02‘%? fanspo}ét) 15
nﬂﬁ{&g& by §é1@étm§?@tf gga‘?mt]qlb REc{rbGic BhRaLERRicR Wothe bfoﬁ9 Mrﬁaﬁre such

one cr an electric potentlal that can
thae ioplearanepbrt frnn thonahoctyistabto the pplywier nwtrsx {sdaypred over electron

t d/ I t
trapfrRetaE » HRhon cheaert b el shiGe ER o b it
H(ﬁ{d@ﬁéﬂekgy RO’ ML narldefyspd 8hé b WA HOMPRvelltRin the surrounding
exanple;” via donation (injection) of an electron to

polymeerh a@nb@nyts\teéy thy condhestvesompeositidn ef the resantanyegition gan be
duct tract the hol f th
mothuBSiERd B bk Rt MrSplls Mo 5 orey,rom e
odi nent, the ;
OBRICY s oo st aw@gsm%ytsrq%&e bt BV o B on
oli &%eﬂé §5581mbRY SRIchRB, s'u§h §§§51?@h6ﬁ‘}léﬁé) fpi\)‘}%(tlﬁ@p}%ﬁe} Boly(ethene),

voi d reconbi nati on of the electron
polydethines), phls(@uémﬁbpolorfﬂtmharegewé)e(pm@m)opolar@AH) and the like. The

xBTS Bhbef 88 BB G PR s 23,456,

etc) or longer polymers (e.g., having tens of repeating units). Furthermore, additional or

alternative oligomeric or polymeric conjugated structures known to one of skill in the art

can also be employed as the body structure of the present composition.
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-16 WD 2004/ 022714 PCT/ US2003/ 027847 invention (e.qg.,
phot ovol tai ¢ devices and LEDs) can be found in
w@eaniozi7ohal application USSN 60/ 452,038 to SeOEUSHIN3/027847
al., filed March 4, 2003 and titled
" Nanoconpliead groupased Phot ovol tai ¢ Devices." Body
[0057§ uct ur &hE 0OEdtictive campasgane df thegpaesent inpérgion fuher include a “head
se|ected for the core of the conductiye conposition. .
SIOMR GOUDF (9gaE BEHBSE e By GTEOTLIE R gated organid moiety. In
thmmbh&?cﬁéﬁﬂﬁ Lbh, Heheid/erBlp B a MRGIHIRRILIGh¥t cHPALRS ¥f binding to
0

Exenpl ary dy structures for use in the conpositions
a nefiostmneturqsuefeat Optiomallyi te heacgraue is dbaundhead groupi(ergs &

. ph | en t hi oph .eth h i line,
ermMistiARaY YiHaHGh CRPRPaHe: is PP et SRR FenaIRehb el Bom tre
boditfardd@nétideglizddcheMical stentaael 46 Bbssidered et BEAUPRT in the present

aromatic noiety (e.g., a polynuclear aronatic

inMgpdebcar bon, or PAH) is enployed as the conjugated
organi c noiety. Exenplary PAH conmpounds include, but
[00682 not [Exempldy tlemiealmhvietoes der, usban fisictipnalidad hewhgroups in the

chrysene, fluoyene, perylene, apht hal ene, C
preSEu BN AR s s BikasE P EIRG o MBRRAPT: GG PhgsRAdpig cid
camdBRVAR] RIDYARRNE am@oxi ke phbddpkRie, pHYIFEhe bRideYhosphonate,

enbodi nent, the functi o_n_ofp t he conj ugat ed organic
phesphenife, hydrogyl, padbthiclendiefies. t r ansport fromthe crystal

to the polynmer matrix (and optionally, to an
[0GA9%ct r odAlmrmativelyt nitrdgers cotftziting @fqmasicgcompeunds or heterocycles (e.g.,

BRSSO YR e bl g g L0
usd€asGranoGFHRIIE bIHdRSIRAA itoupSmoiBid3an GRAIMposRICAS b fhe pdsent

~ matching the el ectronic characteristics of the body
inventiors t Exemplatysiompokiads inelude, bubars pot imitedin, dprdvatives of 2-

anocr yst gl th I r JI1X 4iS:.fa e .
PR ShohapiReR AR TR Sol BN Pl g ot
co@botrl®e c6MREHATH 136d a6 ARRBFLEtLR oW @rrlingfoey.  HOMO

energy | evel than the nanocrystal and a | ower HOMO

[odRye! thansdheesubdiniendi Mo furRabYATREd (orNouBd) Rl \Ledup.is a
the conductive conposition of the present invention

mapaderitate stroctutedelgy acinglemetety enpaklalod hindingethe sanasiructure). In an

SRR PR ot By DTS AIP T R ST 5 AT S Plralicy of
intBRALYERNith Sk hdfdstfuBurssefac@s pol y(phenyl ene),
pol y(thi ophene), poly(ethene), poly(ethyne),

[O(Wg y(ani ld(iﬂtﬁ)ﬁaelb? Ph Vil YRS P MEImen HcHdRY bh&lbNbre RN Herizable

(PAH), an  T'i ke. The “extent of polynerization can
elenzentse The potymesizatde tlemenicqas deiemplaied mosome egmbgdiments, § prepare

cochi er s oSSR LB Pt BEHhek PR, s
to a single body structure. One such composition would have the formula (Hy)-B-T, in
which x copies of the head moiety (H) are attached to a body structure (B) and tail group
(T), e.g., during synthesis of the conjugated composition. Alternatively, the polymerizable
elements on the head group are used to polymerize proximal elements of the conductive
composition. The polymerization can occur between two head groups, or between a head
group and another element of the conductive composition (e.g., a tail group or optional

sidechain). An exemplary composition of this nature is described by the formula (H-B-T),,
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alternative oligoneric or polyneric conjugated

structures known to one of skill in the art can also
wheooenm7oyed as the body structure of the preseer/US2003/027847

conmposition. -17 WO 2004/022714 PCT/ US2003/ 027847
whereariregresers [looBmiber ey ayeiageiaenies) ebmewdet ¢amppsifons ethe

poB’EﬂFﬁ g@ e%/?e ﬁrtog(%lg%} N e;r%eglusc Ea n%fég‘?belg%f)l %6% gﬁ? thachment to the
nafdtGrubary sugfte€ tn %@@Ebl@nﬁéﬁb einpoditients] the clompatnate polymerlzed prior
configuration, the head group is a functionalized
to exporwrgtto %MPWWFM nding to a nanostructure
surface. Optionally, the head group is a bound head

group (eqdiierd enbodi ments in which the conposition
assocgﬁgé%ﬁg : t : .
[Od?& functionallz {elge &ﬂ% ﬂﬁé tog &’? %s%tsmg%fbg 5 @i lag%j@gtaﬂ
grodib&x’@d led @dlﬂﬁ 'botl ) strit@umeraes edvond position (taihpodi@HBin the conjugated
? chem cal noieties for, use as functionalized

Or%@bi?dn@lﬁb’u dathepcensucting Fsenn-¢ondushingshemial sigectugs canfice
d
et o5l oty n AASERANIS Aok TVRRAR PO SEuis an alloyme
strpdtosebinpesealxd faesarpins gwhem atie equap tro3-AR) howey erhgndmdangbr alkyne
and thiol noiet t I
strigtyres 1%%%?'&%2% ﬁﬁ%) @E‘?ﬁf@tﬁ‘rna 'Vel%th forcuse Ll es

cotPodtions dFTHIRERNE frveRENE FBhi}AE P hRSmePdF Lt M&Re present invention
pyri m di nes, purines, or quinolineS) can also be used

mczhlsder;lhuttcaset n@tdtmmt@itbl hodrapynédabhtygres dppentyinet 1-bexying, 1-heptyne, 1-

03|t|ons the p i nvention
B Rortva®, e R, OB TR A i QR BBk o, mg 22
caﬂ%n@for 'l@fg@f?)'cﬁﬂ b @in@!bye@ a€h byl g?Mip whi th€present invention. Alternatively,
orogyrldlne col'lidine, dinmethylquinoline, and

other moieties bayiogivsidZ slemsnisysush aepthydensa podtaceiylane and plkapegroups,

t
e B TAON G She sl PR SRR i Snstpens g o s
to poduéd oL doﬁd@:txve%oﬁipﬂgh&nsr(ﬁmﬁﬁly theameoldémerdt il iwlhdjhrthe conductive
the nanostructure). In an alternate enbodi nent, g
cowegatlg?saaﬁuﬂ%p@mﬁnﬁb&%ﬁ@a@@&ﬁmar@ttb?@@éfﬂ%%ﬂbpm ictable
pallty of interactions with the nanostructure
"SurPace. [0071] Cptionally, t he head group el enent

[O@éﬁ; ;’Irgrels BI g(ygF gtnr%c \tu%c anggélhéa?}g}' granglll %rnﬁégeﬁdmyh? part upon the

pagicangi symﬁ $n whieh Wlﬁ@@:&ﬁ;ﬁ)mtml’vdu%leﬁ@)lmdpb&l ebdamp& in some
having a plurality of head group nopdu] es attach

embedignents, thedaeregsed stegic énrgirwgp%mswzﬂ Ry brigaghsdel Wbcl@m%fnployed
as Vﬁq?f%ﬁl‘?ﬂstdag r&ff\é@l‘lge (ﬁ}ﬁ'ﬁéﬁ%ﬁég gf " BHJI@C 1&|§| ghallt;{et)% {:epge’db}i %lterlng the

poéitibaily of hr a6l torpdrBht afttle badyt stgllcmn@ Changes in the molecule-molecule
and polymer-molecule order, stacking and packing can also have an effect on the electronic
properties and charge transport capabilities. In a preferred embodiment, linear (e.g., non-

branched) alkyl chains are preferred for use as tail group moieties.

[0074] In some embodiments, the tail group further includes a thiophene moiety;
when present, the thiophene is preferably positioned between the alkyne moiety and the
body structure (e.g., the thiophene couples the tail group to the conjugated organic species
at the second position of the body structure).
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(T), e.g., during synthesis of the conjugated
conposition. Alternatively, the polynerizable

web@amni7s4 on t he head group are used to pol ynmePCRES2003/027847
proxinael el ements of the conductive conposition. The

[00561 yer i Dpticoallye tshm: twé group et drcledes alebeniicgt fumptonadity capable of

s G0 SuSSEou TR GRS hE TRl Bl et i
groub@af Bakiiler AARodEeRBtcr Y IBRINRARAE s@ictfe. tWihéh prodent,&hd S
described by the formula (H-B-T)n, -18 WO 2004/022714

narperpsEonsdiog ferrongliiy nr@orpqr@tpd mie fedail Boup eﬁm@wneléy used, for
ex%%?elf/’ﬁig? ccﬂ#ﬁgg %géco eorst o s?ﬂ’fta% O3 'frc]rn ger 5}3 ging

I‘OXInH

corﬂpbsm@ﬂ)ét@eexa;srbehnaammhmg). to the nanost ructur e
surface, in sonme polyneric enbodi ments, the elenents

[0036E POl YIFBF bxt@ith18)lih @ Furtted eRBBAIEHE thPodnletive composition of the
nanostructure. Tail group [0072 The conductive

presempogintipnnan vtludpe dopkkyaaer diralaneitahgrapp substigyentiavang the

g L

atofyl (Bhdtkinghh ARy €A lm?tlils!’l@n&idl@eﬁt@ nOpﬁdSl@HDl@I a ﬁ@ldsi‘iemmbahndmg
structures can be npl oyed as tail _groups in

MmOt €@+ PhospB#nate) s mw',ﬂptaéﬁd Vithi e o |eleng% FB aé aéﬁe distal to the
s1téa{‘o|§3éﬁgcihg§e§1§ St B QRARE fasd 9t Ieseaegdw}pﬁ (HARILOH)P(0)-CC-

equa ver, I"ar ger
(CHB),,L@(Egr The praenceof grudtiile alklyhanr élEem:andnemss)Wlahla tlad tad group

conte Iate selnthe ositio 0 he.
o B Pe LI AC BR R AR ARk 3 Gt gt the head
grdﬁge SI%@tnah&Yﬁ@{uk@ﬂndlhg ‘hlldigt? qn&%or%@ if19thd thl‘i“g{fcﬁl% daR be the same

-propyne, 1-butyne, pent yne, hexyne, hept yne,
or diffeomtt ymoacty s pmsgm @ the ﬂndadlgud)apy @ptlomm tjxqaﬂahggtruahxye binding

al kyne co tween 3, and ons (or

o JOTPTER o Bingro P A2 BE Pano Birghp TRl ppaeistyre o the
heécpgi%ﬁﬁ 'cﬁmt cafilbe@bisbd ¥LArYad ac@hm&stﬂf{i et lnﬂﬁné1 el digstals). Ina

el enents,” such nethyl ene, aryf acetyl ene and
furahek em@oglmmp silffer@amab@shwls@me blgdtnaummgtmslfp@rm attﬁéhment to
i nvention

fffg %%%SUES‘F%‘&%%@C%?S Arg 81513 (li\%leg’gon'pogde{'l ons0 %? |
co&B@sﬁ@ﬁ%@tlﬁ@ﬂ%sdnﬂ 1ﬂ¢€ht€dh (S eni 6@ RO Cini a\symnfeqmomeﬁtate renductive

i ncl ude poﬁgnerlza e elements, a
comn@-?m@ﬁy@a eempapitins ¢pe bapmaloyed, &cﬁrd?)ahgl[l paesirugtyess within a
cture can be l|inear or branched, depending
m?ﬁ }%%r?ffshe:)ngn t he partl cular systemin whi ch t he

F Le -
e N e

or MbrdpanmbALhbM Kymihts CALdddcebad prydbusl@shd p(bl!ym@f@améele&lﬁnt can be
affect the conjugati on of the conductive conpositio

employgd, inlsgmg [emboilingents, éo prepare conductive compositions having a plurahty of
tail group modules attached (e.g., linearly) to a single body structure. One such

composition would have the formula H-B-(T;), in which z copies of the tail moiety are
attached to the body structure. Alternatively, the polymerizable elements on the tail group
are used to polymerize proximal elements of the conductive composition, similar to that
described for the optional polymerizable elements on the head group (e.g., between two tail

groups, or between a tail group and another element of the conductive composition). While
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positioning of an aryl conponent of the body
structure). Changes in the nol ecul e-nol ecule and
W(p)@lioymiml ecul e order, stacking and packing mUsdos31027s47

t_on el e tron| r
o R A et e PR DB e s Pt dp e haostructure
suffi&) e Py meriZabRAlerhéhtdean BeWdupled pH6NRMIBxpasdsy bf %bﬁh%osmon to
are preferred for use as tail group nnlegles [ 0074
thg panpsimectdighodi nents, the tail group further |ncludes a
t hi ophene noi ety; when present, the thiophene is

preferably Eb‘hﬁl peyipelal= Sbetvveen the aI kyne noi ety and
@ bod ) f 1 lu re]:% Phote 18602'{31 sl?: upled to the
S group: S Ja’g%‘i‘*‘ééf of % i SpaEies PrgiP
cosifigatad op@ald dpetienf Optiralipdiie mﬂdueﬁwa))nposit&n\mzludes two, three, or
2004/ 022714 PCT/ US2003/ 027847 [ 0075] Ogtl onal |y, the
foprsside hainsielthpughedditipeal sifleshainschie pencaiva leredYanGweAPPEQpriately-
ng to the nanostructure surface. As
Cogﬁ‘gﬁ%g %St?or t [

e head group element, the tail group

068,05 . e TRBCERTE b nSe b B B g sty of
thé eoiluttvadonipositios Ofop eleat@fic hdjh@imieheoftthé borgp&;mbnl snd/or for
optionally used, for exanple for coupling to a
POBWU%H@@W%CFQW exagple, Hegesideshyin cap eptm@gyan%u@eopgmgonyl
1 r
csBERERL 1Al AR R TRl ARDSSRIE e LORAS.
coftdrypio s cdomPositidn tdmmlmpg gsiesidedhaitewill eaﬂnam&r(fam)l elek&roa transfer.

A kg PP B R o

hofd thﬁﬁ er@?%lﬁltlf‘e Hthd 5113(9{0% rrg%lfﬁjnzﬁ@l‘ékb?'the SbSHTE f | ankl ng

an al chain, inthis e tiona

ostru i e
or por gﬁ H{g? ce dﬂ x{gg%r aq?) ({O%df‘&{!r% c{heﬁtk%f&n?cﬂ.ﬁgsegantfe employed
as dldstlallmstlﬁ thidyereseat in@efitin. aldndadtirgdheical b@udw)ds/ have the added
structure (as represented_g% the formula (OH) 2P(O) - CC
a (’@1&%‘3 Q. G@ejldmgh}ée wnpigatiern obie rganiqHose st & or al kene
noieties within the tail group nodule can be used to )
[0881]er t hdngaseferredcrabodiment; Hiclsidealepinsare 41-telead qri¥-linked chemical
| t r r |
st o 14 R B W BBl HECHY e B Sructur).
Ex&ﬁijﬁhry eidectald @obRkits foDusd i tAS pfRE&S @ileniitn fndRidBAAM are not limited
tlonall%h?the nanost ruct ure bhi ndi

n
to, qaéawhpls%tréa -linkedhpraae mogty. gindenhinkedhongd- 1@&@%2168%1?%1 moiety, an
O4RE RGBS, U 0. E 10 QiR oty any
O-ihkedcory$tlimkes) alkylrmaetyfamntﬂmmgémbm&mﬁmm 22dof frererearbons can be
n nost.ruct ure bi ndi n, leties f vor| attac t to
5y awaqﬁ’sw%f&{zxglﬁﬂlogtgrwf keng, alk Ed‘“H AOH figuctures).
rrul ti-dentate conductive onposij tions of the pr esent

[008N ent i orfATatechabioye, the @hcmlgq{ sglg%tlﬁqegqunéplqugleqﬁtsgie@haln elements
caff 8&?&%&1&‘6@ either electron donating groups or electron withdrawing groups,

depending upon the intended use. For example, in embodiments in which the modification
of charge transport involves electron transport, electron withdrawing groups are preferred;

in contrast, for transport of the “holes”, electron donating groups function better.
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conposition). Such conpositions can be enpl oyed, e.g.,
to align nanostructures within a tw crystal system
WO 0®7/8227k40 anot her enbodi nent of the present |PVBNE10051027847
the tail group includes one or nore polynerizable
[0083¢ rent s In Aprafersest ¢readlipertya 615t bidechalneis songladtd thalbpdy structure
el.enent .can be. enmpl oyed, in.so enbodi nents, to .
ot § P et BRI VA e L iR e PG 4P QrBapie Specisp) and 2
sedoitl IsidgE1MPisdUple8 So Blethaah efuchre @t a sddoné sidedhairt Position (ie.,
si ngl e body structure. One such conposition would have i
fourthepdissiomenzthecanipgargd onganigmpesiesk: The sidsshaims eapdetigentical chemical
i et .1-A.C. . t LG . .
e o i ap AR it ChokiiB BB OHEIOHARy, the side shains) can
hagd the pamétleenissictobhpopitiby A® thehead groxp watheahik prips of t he
conductive conposition, simlar to that described for
[0083 OPt i NSdmP b6 HieRBRIf thePréstBNInSerdidnt (R shiRekhif b@sttuent is
(e.qg., between two tail ?roups, or between a tai
magﬂmg punghianahoandér cdacirapisellnto a matrixsempesitipa of the nanostructure-

cof PRI 53 e B0V e ncionaies i
intpraef eitlatlaytipRinytiaialided(eaf tafiniat biadingriohictintetdddons, covalent
nanostructure _surface, tagé%glynerizable el enents can
1

intractions sndiar pendiormatien. gad thediks)” AHemaibyabodhe siderhat clements can
beglgk% B AR hY gert'igrfif g@ﬁétﬁ{%ﬂcg tird &%ﬂ%iﬁ%a@t@)ﬁﬁ’o{%ﬁy the

ructure optionallTy”Includes one or re side
distamap beteh et thervend waive egmpesitiar Gagj lgaspeaiddbe polymer matrix, the aryl
Optional ly,. the conductive, conposi tion jncludes.two, .
SRR R A KIBE AU PSP ARk tf G- Tgind stacking
distdrde slnﬁf)mm%rc%n BRI AP LontEHILE By e Ridedfah ¥fement of the
ody 079]

confi gured structure). [O ~Changes in
cosdugteheompasainmo tierébyrafieatingbe irderdctian of the side ahair withithe

solubility of . the.conductive.conpgosition, for ..
sug e oy ate iR B ehihis SERS R e maabeng;
naRSMEMFd Kdfehon pur poses. For exanple, the sidechain
can optionally include a carbonyl ester noiety; as a

[0({282? ul't ofrut I?é?lgﬁ{ St Qm'yl’\f)ctrhgﬁ S¥hB GidREIRE 4y bellsell S influence

bonyl, the~ conductive conposition contalnlng_tﬁls
solsbility; haaisuchwindl cas bk any Eengfhaor drgncbingsthame. t Bethsblbility and

35 B hESERSES B GBS oL
colBinklibAs st tRS sill&hakl &&h&MEO donating nature of the
substituent. [0080] Either conducting or a

[00¥S]~ CONAYEL ) NPer MBI ALN BF f}féyréé'éﬁtsin(;é}i?ioﬁ,eth@ Rk ¥ indfdes one
si dechains i n the present 1nvention. Conductin
or atvegtpalginesizablctlemnests hhvsonidhentaditeents afithacbmgesitibns of the present
invsee){(l%i%g lctjllgﬁn }go_lglrlglgriga%?é éigr?lgrlxtg gn %];e stl tohains Miteract With each other , thereby
crosslinking individual members of the conductive composition to form a polymeric
conductive composition. The polymerization can occur between sidechains on adjacent
conductive compositions, or between a sidechain and another element of the conductive
composition (e.g., a head group or tail group). While the proximal elements are preferably

polymerized after attachment to the nanostructure surface, in some embodiments, the

elements are polymerized prior to exposure to the nanostructure.
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[0081] In a preferred enbodi nent, the sidechains are
O linked or N-linked chem cal structures (e.g., are
W(mmp,loezdm 0 an exi sting hydr oxyI or am ne groupCDUSI008027847

et ESlethdttvely, IRl SR Parl B S Ted (R nriiie

extdﬁde@ﬂd@hbin%ﬁq)oﬁémbl(é £ NieOmbaX Foecotlifg ¥ddifonPmdidtleg o the
or N-linked 2- ethylhexyi moi ety, an O-Tinked or

copduqting eempesiyen)npi ety, an O |inked or N-1inked decyl
noiety. Optionally, any O/linked or N-1inked al kyl
[0088lety C &mmp&mm ghieicalsaeicBesawiicl gan log inperpedataskastsateshain

ciegiigeredf i 8% i RREE il PR, k6. P chains
rarﬁ Rw]lerg,ﬂh ﬁ%hﬁ&@&%’cﬁx totZQQaﬂJ&ﬁﬂ'(cﬁr%ng@t&b&lrbéﬁ«ﬁ@taérylates

oyed as sidechain elenents can optionally be
m@haqﬁﬁﬁteélcemanuﬁ cgerpadndribe bko upsowme caibedimants, the sidechain element

1n<i\@4.1(§£%rc%¥ﬂopgl &'Ee%fiﬁ% &%ﬁ%ﬁ?xg&l %8 gﬁbpﬁdfeﬂé Eéqg 7 9 @ *(CHy),-

butddienbnr Tie: diem sjddty, which batelse gdsitvined Bnywians al@hg the esterified atkyl
el ectron wthdrawing groups are preferre

chaig{e-gadear thoparbpmhsByatds dhe miidlo ¢fgheatkyl 31% @} b terminus distal to

o EOTHRRY s BTSSR B e MQ, IR i 22

or i+ pblysietieatiai neactmnc dep) fedexamptld) Pakeos Yedsx I?Qlymammtmatm @rganized

el o gad B e Bubin o pabieil BB, "

si dechain is coupled o the bodgﬁstructure at a second

(08§ echai Aupbsmiarerhe modular appreaghte heghemia ﬁyr&hesesffef the
coR NIRRT BECHE hend e 3, LoRABLR pEAR A podifcnion

leridséiself chenumbdr of icombinatiens dfpiariouwsaliday mdiéteessiad egroups, and optional
I n can have the sane chemi cal conposition as
SIGHg'ﬁ%%%n F'Sup or the tail group. [0084] In sone
enbodi nents of the present invention, the sidechain
(089 st i t udixenmplary ﬁﬁllfg!‘?@tﬂe sqrmRasiteonapf 5he FFseRfrinvention are provided in
TBELHAN! G ih¥nd R%Lf}eé‘%cf éf&#gﬁ!;rpos' tion of the
nanost r uct ure- alnin trix. For exanple, the
sidechain optionally can include functionalities which
interact wwth matrix functionalities (e.g., affinity
bi nding, ionic interactions, covalent interactions
and/ or bond formation, and the like). Alternatively,
t he sidechain elenents can be used to affect the
el ectronic signature of the surrounding matrix. For
exanpl e, the distance between the conductive
conposition (e.g., ligand) and the polynmer matrix, the
aryl group matrix-matrix stacking di stance and
packi ng order, and/or the matrix-|igand stacking
di stance and packing can be altered or controlled by
varying the sidechain elenment of the conductive
conposition, thereby affecting the interaction of the
side chain with the surrounding matrix and nodifying
the electronic signature of the matrix-Iigand-

23-



nanostructure system [0085] The |ength of the alkyl

portion of the sidechain can be used to influence
wa@oedodiopi7id y; as such and can be any | ength or bCEISIS0R7847

scheme. Both solubility and electronic properties can
Table laBxemplety eindudtiverrenpobifiothr i ndependently) via

5¥ir|ous conbi nations of the sidechain el enents.

D086] | n anot her enbodi ment of the present invention,
the sid& groem incl ude ar pore pol yneri zabl e

el enéid)sk s—erodi t he conpositions of

t he present nvention, the polynerizable el enents on
the sidechains interact with each other, thereby

crosstimkrmg T ndivi dual—_menbers of the conducti ve

1€pnposition to forma pol yneric conductive

conposition. The pol ynerization can occur between

S|decha|ns on adj acent /Canductlve conp03|t|ons or

g eneritNef™t he

head group or tai
% are~preferably

conductlve conposi tion (e d
group). Wile the prOX|na
pol ymeri zed after attach
surface, in sone enbodi ,

pol yneri zed prior tg exposure to the nanost
-22 WD 2004/ 02271 CT/ US2003/ 027847 [ 008
Al ternatively, the polynerizable el ement can be
enpl oyed to prepare extended sidechain conponents

PO3H;

zﬁiag., as a neans for coupling additional noieties to
pie conductive conposition). [00881 Exenpl ary
chem cal noieties which can be incorporated as
sidechain elenments include, butfare not limted to,
al kyl (e.g., alkane, al kene, orJal kyne)_chains
ranging in length fromone carfbon bons (or
| onger), carbonyls, acrylate acryl at es,
cinnam c esters, and the like. In _gsonme enbodi nents,
the sidechain element incl sar bonyl ester
havi ng a di ene noiety, suc gtadi ene (e.qg.
OC(O-(CH2)"- butadiene). di ene noi ety, which can
be positioned anywher s g7The esterified al kyl
chain (e.g., near the\catbonyl, towards the niddle of
t he al kyl chain, at tle termvius distal to the
O linkage, etc.). caythen optionally be pol ynerized,
for exanple, with light via a 2+2 or 4+4
pol yneri zation reaction. See, for exanple, Paleos
(ed.) Polynerization in Organized Media (Gordon and
Breach Science Pubfishers, Philadel phia, 1992. [00891
Furt hernore, the jnodul ar approach to the chem ca
synthesis of theg” conductive conpositions of the
present invention (e.g., convergent periphery
nodi fication)
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lends itself to a nunber of conbinations of various

head noieties, tail groups, and optional side chain
web@amet7s4 [ 00901 Exenpl ary conductive conposi PCDIS2008/027847

the present invention are provided in Table I bel ow

2%1d in the figures and exanples. -23 WO 2004/ 022714
CT/ US2003/ 027847 Tabl e 1: Exenpl aryoconductive
conpositions 5b O 11 (HO2P 16 J oOP®H,s | ~ PGBH2
21b PGBBH2 s OS\ s O\ -24 WO\R004/022714

PCT/ US2003/ 027847 25 OP(OH) 2 S 130 S S OC6H13
CgH130

28

31

25



S C8H17 28 0 1P(OH)2 C6H130 C6H130 C8H17 31 O

P(OH)2 s s s -25 WD 2004/ 022714 PCT/ US2003/ 027847 36
WOLONOLEId 2 0 S\ OS 0 (EtO2P S\ \ | / |PAT/BS1803/027847

P(CEt)2 O 41a P(O)(CEt)2 0 S0OSO (EtOP S\ \ | /

36|\ S

P(O)(OEt),

41a
P(O)(OEt),

43
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S(CeEt)2P 0 430 ~PABFi2 SSO -26W

2004/ 022714 PCT/ US2003/027847 46 OS /\ /\ P®2 S S
w®200302165 | POBH2 S S OCH3 POLYMER EMBODI VEMOT/pRD93/§27847

noted above, one or nore of the constituents of the

4gpnductive conpositions can optionally include
pol ymeri zabl e el ements. The present~nyeqti«n al so
prow des ol i goneric and pol yner cf [
conp05|t|ons for use with nanost

as ‘ei t her coati ngs on wg
matrix into which the nanostruct ure ed.
Optionally, the nanostructure is coated with a first
conductive conposition of the present i nvention, and
bhe enbedded in an additional (e. g second)

5

ol yneric conductive conposition. a itional
enbodlnent dlfferent types of n? osfructures (e.g.,

POLYMER EMBODIMENT

[0091] As noted above, one or more of the constituents of the conductive

compositions can optionally include polymerizable elements. The present invention also
provides oligomeric and polymer conductive compositions for use with nanostructures. The
oligomeric and/or polymeric compositions can be used as either coatings on nanostructures,
or as the matrix into which the nanostructure in embedded. Optionally, the nanostructure is
coated with a first conductive composition of the present invention, and the embedded in an
additional (e.g., second) polymeric conductive composition. In an additional embodiment,
different types of nanostructures (e.g., p-type and n-type nanocrystals) are coupled or

crosslinked within a matrix via the conductive compositions of the present invention.

[0092] One way to accomplish efficient charge transport is by designing an
electronic “stairway” for both holes and electrons via bandgap adjustment, where the matrix
polymer may have a highest occupied molecular orbital (HOMO) level slightly higher than
the HOMO of a nanostructure-bound conductive composition ligand (which itself has a
HOMO level higher than that of the nanostructure). Since the energetically favored pathway
for hole transport is from lower to higher HOMO levels, this design will promote hole
transport from the nanostructure to the ligand to the polymer to the electrode. Conversely,
the matrix polymer can have a LUMO (lowest unoccupied molecular orbital) level slightly
lower than the ligand LUMO, and the ligand LUMO may be lower than the crystal LUMO

level. This will favor electron transport from the polymer via the ligand and nanostructure
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[0092] One way to acconplish efficient charge
transport is by designing an electronic "stairway"
wo eoo4loza7id hol es and el ectrons via bandgap adj UBCTYERL003/027847

where the matrix polynmer may have a hi ghest occupied
to theletestrpde. Wiethiaveperfanmpdmddsl edlcwatiagis of thethagdgap, HEARO and

o e RGP G o0 AIRLUEL b By ning b

thelighf@ and fRMHolhddr t& nckhiBeftApgsitdnittits) '@Gle wd CRcdMPlish this is to
energetically favored pathway for hole transport is

use sigvkar eameponets ferghe polpmepandifs|odigompy s the sleglionif pignatures of
r X r - et
oo U0} an RSt QRS RGBSR Ry o
holelsd R trox tramspyitereseativéiave a LUMO (| owest unoccupi ed
nmol ecul ar orbital) level slightly |ower than the
ligand L - an thleli and LUMO may be | ower than the
I & = s wi || favor. el ectragn

(0493 ﬁiSor Anyrob the dlemenss 9hibe of fhe RdUqtivg sARPaFitons of present
RIS BAAE ] AR AL LB TSI PR b o

mdré ef tha pdbyagerizhilb/Elearedts. [Blbfiplaey elhesniod] subeithéngsawhish aaulbe
. polyner, show ng that this can be achieyed.by. tuning.
incyRRAFALCE Hko &egcawg’oaﬂan,t% a35G10) apted . e Geriyliges, buladiencs,

tridrRE YRR U leffRCadtB)erleS, RECRNBck Siyrbld Serlvatil@ andSRe like.
simlar coénponents for the polyner and the ol igoner so

Extinplagy sideahemi subgtitgends andéer dsfivatess lfansk reechianisima forxeupingor

creggtiEl pré o i ot SrefnLF Gt PR, PR g R o o CHOGRY! ©
"Elc88018a1in4ELnt CoRRIgHEB PoBaRire--&eeiB Mosynh &9 #3d NéWYLi?lﬁt" tAigew

el enents of the of the conductive conpositions o
Chame dnkEd. 37082800 (head group, body structure, tai
group, and/or sidechains) can include one or nore of

[0094¢ pol yiFer theabiselindiegneattsan, Bhegropymaenzableetimait can be situated at

tit t i ch b A ted jntq, the . .
SR SR 0 RRPEES 25 B sbstven.
Vatighi YAl inéB SatioR UEIRGMRRBScontdrhpI8RE $n tHePrdseMNBSention, including, but

di ol efins, acetyl enes, diacetyl enes, styrene

r
notlémitodic, pelyaddhigbr fractidnk éhernmlaphoternuescbiandiation-induced);

ubstituents and/ or derivati ves.(and C i far. .
poSRtRIer i o BB o it T M s Bl R rfin scheme s
vid;yllé Fa@hﬁﬁﬁaticﬁltdfrsﬁtecl@dﬂﬁ substifulen®tin adjacenl &8lictive compositions..

ectrol um nescent Conjugated Polyners -- Seeing
Polymers _in a New Light" Angew Chem Int. Ed.
37: 402- 428l 10Bhe crosslinking reaction, the

(0095l yer | Zmbpesfert odimentpidie ppbyimeris gonductive gorpesityens of the

o B SIS e85 G0 s e
grdipl, Prrepregentd e bsdyhaeneturéraad Qorprsgitathedail grotpeThe assatipts x, y
ancll 2¥eepr;£slegtnthe Irlgr(r:lll)grdcl)fqgéeaggé elements (of head group, body structure, or tail
group, respectively) present in a “monomeric” subunit of the polymer, while the value for n
provides for the number of monomeric units present in the polymer; these values are
integers. An embodiment in which x, y, z and n all équal 1 is equivalent to the monomeric

conductive composition as previously described. Thus, for the polymeric composition of

the invention, the sum of these integers (x+y+z+n) is an integer greater than 4 (i.e., 5 or
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not limted to, polyaddition reactions (thermal,
phot o-i nduced or radiation-induced);

w@oelogomTdensat i ons; oxi dative couplings, and tPer/U51003/027847
A preferred pol ynerization schene is vinyl

grqatdry mEigwrasd depicts exemplentrilymeniheinductévet conipesitighsiekthe present

imgeg Vi< SRS PO Bisn e eoie® BT i Simitar or

diseRmith GideViti BleRehts hiteihed ON A intBgee SAAEIng iV edllid 86m 1 (i.c., the
typically have the structure [H,,-By-TZ],,, where H

maqnepresis iz of the chmpepitign)dep0 opmoep (eBeknt K, 2he5,p8d 00, etc.)
structure, and T represents the tail group. The

[0096hscr i ptSsdechaiys caradsorbe psens entpledito enerdsemorgpf the body structures

._repeating el nts (of .hea ro t t .

in RO ot oo s POuRH: e SBfona? Hokerbis s i e tted in the

forstly HdepQideht ST bR@Y YitRsture ) bliark BBt Ml Iy§résesit. n some polymeric
provi des for the nunmber of nononmeric units present in

empldingasits ofethe prehens invigatien shessidechpintmeqjeliyds prasené #B gdnaiemnty of the
Ln_whi.ch Z 0 ' i.wa
U I i e e
enfbodintdns; the sldudBain iprescsne o al Igase 75%, 00VPOIol 999 obEsseiitivdly all of
i nvention, the sumof these integers (x+ +z+n£? IS an )
thg merler body siuepres n Pptignally, these @d%f#lamzsorv%sm £ ¢bpsame chemical
fufSH g i B8 e QLB dn of W MERT FRICE o bydy struturc o
bogby etswlnire. Fowexampde) in onevrnbddimeht, thelbedp stlycteres of thepelymer
co nents are depigcted with simlar or . dissinilar .
altgglechra sen b eshanirt oL wediistent Ridpebalmpictigy dp mplaggcrppdiment,
thd Plud@bH'6r fidRhihs gﬂeséht in tHRRomPBaAHR s Lrah @ik tubd6f two, three,
conposition) to 10 or nore. (e.g., to 15, 2, 25, 50,
fourDGr metecchpmiicad 9BjstitBentechai ns can al so be present,
coupled to one or nore of the body structures in the
[0g9T] y er | AVbBanidust {eve, mahppekdrico of ndrtvsectoget), anlahst one head group
si dechains are not depicted in the fornula
mQieiy&h gic w&ycts\@mweﬁ@og}ﬂmdaq e sno RS surface.
5 jori 2 oS O 0,
OB B TR RN EGDS (o £ G PATEDE ekt T, B8 904, abou
950 jabouttdpYgor tisentidblycyl oftthalodad rgesupp) @rs émthe(bourd forom A noted in a
| east 50% of. the hody structures)..in further g
PrRS AR g9lng§}°&e°eﬂ2?F RETTaS it Py 10,07 £leg indfag pf the
coR@GivE empSRttbiPlo tESSMabirdithnd sthtulf furtheemereine hbolathy can be
structures. Optionally, these sidechain noieties can,
patsially lceosslimesd ¢ emringtéa! stepuanst furthen dresplinkgdiupon antpsagtign with the

the co sition.of the sidechain,vanie rom >
naf e R ARichiren 5fls. &ltFn gy S WRHE e Endleelk Bgfosition or
poBHR@Gh B&HbinatiEwll ehe rhbitfictire straturk i€ g P BinosRicture-containing
alternate between attachnent of two different

matiers prgiatporpentempaed infhe arssend AnveABOMi nent,  t he
plurality of sidechains present in the conposition is

a random m xture of two, three, four, or nore
NANOSTRACEHUREtMATREX s |

[0098] The conductive compositions would also be useful in charge
injection/extraction from other, non nanoscale surfaces, e.g., bulk crystalline materials, etc.
Thus, while nanostructures and other nanoscale compositions are preferred embodiment, the

conductive compositions described herein can be used for charge injection/extraction from
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[0097] When in use (e.g., in the presence of
nanostructures), at |east one head group noiety of
wWo b@4ped7ysrer i ¢ conductive conposition i s boundP€DUS1V83/027847
nanostructure surface. Optionally, a majority of the
othes anbngrapagrsle wirfgess, ag., belécsiryﬁal%le mbtsanls 780, artbassuclyasgnot
50/ about 99% or ess of. the . head
rfRSH1b (R APt BB SRR e OHIRCERAIRR SIS I one
enfiR@irhéhi, th9 ahno¥RhétaRL doRthiiA nh&idRe chRpARM RinobRlictite having an
to or after binding of the conductive conposition to
extemer pIMsSt Whereilraepastionuef the aanopirpethesrexbirior serfacepoegjpined to a
cof kg soRBaTLFH d3inEPRSSH NSFo A rhdlik kBing3AiP potibhed

provéfbtor the tojegatd exatritrsurfddeus thenaiposidiireN The beidudiing
t he conductive, conposition or polyner in conbination

copgpesitipp emplaysd it @gtnalp(@trggt,u{pcqqﬂt@mpg nbatrlces can be either a monomeric
n 0

coﬂ@ﬁﬁgh{l’ Hg t£ ngfmﬁﬁe tﬁgfsl&?eg én g@&tf §2ﬁ§ I}l%rﬁ)%f?u&ﬁr% The matrix component

caNANéETdedCEBUH&EHM&ﬁHtﬂ(x of z()ﬁ)&&bnditvﬂve arathisG tdepending on the use

CnV]ﬁ ogei :f%h ee&rto %al 5 {qigg }Jorhllagmﬁt ﬁggf:ég}té'nvention include, but
aregﬁ’cftflﬁ‘ﬁ?&l to Epdly-3- H%B{B/Khlﬁfiﬁ/e?k @31‘1’1")9 FHBhﬁf)héHyﬁeneQ/‘irﬁflene (PPV), and

whi | e nanostfuctures and hér nanoscal
pOMﬁthXYOﬁsﬂa’ﬂ €' pexsfleny) eebhsnylonk vimplene (MEH-BBYiluct i ve
conposi tions described herein can be used for charge
[0099] ect i orlhand)thaceniﬂmdirﬁemmhe AM MDA ORATING matrices of the present
. PCT/ US%;&}%%/ 027847 %r, non nanoscal(? surfaces, .
Ingengon 1 ButALg %‘?tlhnﬂ? i@ Rangpructire and a airix corgppsition
po@ﬂﬁ%n&%roxidlm& giledtBrifishitsde mﬂ@ﬁaﬁﬁkﬁu@ﬁ‘[@ RRGRARO A€
(e.g., bulk crystalline) assenblies. In one
compbsitipmesmprises @ pohymosized cmbodnrohoiahe conyluatye ¢apeppsitions of the

nostrycture avl n terl r su fa
e Rty Sigh BT PoARlF. i o Rih e lper S Ve Y e BB Fim, 10 i
coftefipBR&, whefcdh Pl dd@prises & leBOGEURhEhaRAIIRGH lgtddp ca@pable of
t he present |nvent|on and a natri x conponent
birshag to] DRGSR iswfacet whergin B eﬁqnng@ﬁs@dméxwwt@ﬁe comprising one or
morg cgrgﬁg%tgé oxtgélmcr}r%lgt? r\”ﬁ% % ﬁr-lsTI g ? organefc 01et 1s coupled to
nanos ure=cont al ng

thenatléasce@e ﬁmﬂtldlﬁh@d:d ead gamppwaaﬂetﬂ T compﬂm&t teaston@taibBgroup
nmeric verS|on e.Jg., coatlng the nanostructure,

COtﬂh‘éX tanthe ibRdy: iFysdHennd vehigre1p &, i 2 #nsm wdepsidently Gpenprise integers
c
quﬁbg) ks)lf( g@ﬁﬁﬁpﬁﬂq ﬁﬂgg&gxg ﬁzaﬂﬁ)&xé &W%@g %fr%lgétr[r}%l:xglgin% B?pu I erizable
unit®oh ke qieraaan{for enaaple, ore didwwhaidpof thacompostioot |1 m t ed
to, poly-3-hexylthi ophene (P3HT), poly(p-phenyl ene
[01M00py | ene Th BRYther 2Rfbodiptny § Ltheptdientyinventieh e cdnductive polymeric
hexyl oxy) p-phenyl ene vinyl ene (MEH PPV). [0099] In
coppesian oObths GeAtHE HrcovR ﬁ@tlshméﬁdrtg @tfuther condustivg pmposition applied
t the
to %tr{a]h:& Fucﬂiée ﬂl @Iegezlﬁg tg{nboalt tf?g 35@5&%@ r%lbr)%a}éhvgf:@mposmon 1S
fursoiopaldy dndder electromcally matched to one or more components of the conductive

polymeric matrix.

Matrices
[0101] A wide variety of nanostructure-compatible polymers are known to those of

skill in the art (see e.g., Demus et al. (ed.) 1998 Handbook of Liquid Crystals Volumes 1-4,
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positioned proximal to an exterior surface of the
nanostructure, wherein the matrix conposition
wa@oeopneses a pol yneri zed enbodi nent of the conPOTUS2003/027847
conpositions of the present invention. For exanple,
JolinhWilep BﬁiﬂSbrﬁsyBlch{qm&Gn M\)’iBlgndlhp (sd) lH9l9LRoévmer Handbook (John
conte | at ereln nprlse

[ L s Sonb T SePcShposites, 4th
Wiley 9 SOR® TneheHPBRRLI02 agiprters; and’ Composites,
edlhblgrgwe&rw Ibr@aeﬁlbw S EnSKIIAGS]. (M) ApeR. Chem. Int. Ed.

rrses a structufe comprising one or nore
37 dOMl@al\A&dle@m@momdnmvetor asncmﬂacrteaerpomems gan be used in
GO d.or noiety.is c to the at
co RPN B st iisis ST tRereeh rvefpriek
emb@@ﬁﬂznﬁ'b? tﬁ@;brleseﬂr RiBntidno 6 ¢ cdiuthiee ﬁk&ﬁb‘leﬁt ructure;
d wherein X, y, z and n independently conprise
lop} eger s ¥ 1
l‘"&% vror | EAFARky belyBErsTb e elAtely intiftion inglude, butare o
lmﬁmﬂyamhermblastlc prviymsrsc(cl gt, pelyelefime,rpodyesters; pe}ayalthtpb@s t he
si de aof th 03|t|on a, fur
poRRS BT R shreedRtng RobrPbRTIOrE PR AR hloride.

pol inX/FE‘Je'taQe o?@lﬁBR)t%Iatshé%‘? tﬁ@nﬁd@@ttﬂ?bblﬁﬁﬂréS(ng)V;ﬂieﬁ@Iﬁd Msins, urea

oupled tG a further conductive conposition applied
resins, mhbnnmmsms LEPOXY Essinsrpcdyyetbhieg fesias)k ARG HeGTREDastips €.2-,

ddi
po ﬁl&l; S, %q %%{bﬁgtﬁ.l%gsé?ﬁ 901&@{[@ oe%dlt)qlglmllﬁgs 831%‘&1%11%9% %arbonates

po5adaaae ﬁﬁcﬁh%ﬁd chgtal polghets, Vrﬁ:ludliﬁé m&iﬁrdhﬁlnr‘[ﬁfwid rystal polymers (e.g.,
101] A wide variety o

trices
pokyﬂn@s«wymp&]m@aé@bapmdu smee:hp@l Kk @ryaﬁalepq%wa%ﬁ (¢-8- PAdB-((4°(4™-

cy%&gic’yﬁglhl %oxalk)élg)?)\ﬂﬁ 1 e ar? Wﬁﬁg& Iiéludé&ﬁilgﬁctwe organic
poRA{; 022 FAT. BC'Bku%ﬁﬂiﬁéd))ZMZ{anﬂbhok oy (Emduatmlq Bolysers I. (Marcel

I nc. Hoboken ; Brandrup

ed.) 1
DekbﬁstWkYor& olﬁwmmq yponshiptivs eyt use ﬁd?yl@télf:e%dbe present

R e BSOSy ISR oo iy
5-(¢1aBg)hokylaw)-p GhenyledeatinylEoe] (MBEH PEI) 428y (pWhichglers vinglene)
conducti ve nonconducti ve pol yners can be used in

(PRYh; E?W@Wﬁﬁfth t he conductive conpositions of the
present invention, preferred enbodinents of the
present iNWB&hicAze€nP! Oy conductive polynmers. [0102]

npl ar y f5hRehh BRYPEsehime&iticiNnclude, but
IOR%EIude %ﬁ&%ﬁ%ﬁﬁg?&&sﬁﬁ??gﬁ %o etherﬁgﬁrastlc nemde. ou

arquadt yimetes t6 aagpscalp ah@Mreﬁanmsqalcp@l gz,elgtl]e eystalline) assemblies.

I I I tril
NRRAF S iy PSSR RO i Bl PR S aH Bice, can
be RSHNEUIeR Yy ARRIGRE 8f nmEhahlsuRAN@BWAZS RS bf skl & ﬂl‘i@%ﬂt Fuftfermore,
pol ymers”(e.qg. henolic resins, urea resin

thevedizandancbercosirakied aponofaawimbsr omrygmémtﬁaﬁboci%batr@y be adapted
to gll}%renef‘ ?nralter}galso lf'%sftelxgr%plg sy%thesw of nanocrystals of various composition is
described in, e.g., Peng et al. (2000) “Shape control of CdSe nanocrystals” Nature 404:59-

61; Puntes et al. (2001) “Colloidal nanocrystal shape and size control: The case of cobalt”
Science 291:2115-2117; USPN 6,306,736 to Alivisatos et al. (October 23, 2001) entitled
“Process for forming shaped group III-V semiconductor nanocrystals, and product formed

using process”’; USPN 6,225,198 to Alivisatos et al. (May 1, 2001) entitled “Process for
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pol yam des, pol yacryl ate resins, polyketones,
pol yi m des, pol ysul fones, pol ycarbonates,

weoloyazsi4al s); and liquid crystal polyners, inedTus10093/027847
main chain liquid crystal polyners (e.g.,

forpnhg/ﬂimpdd groyp bV heénsicamdud)or namstrgstads aot aravulct fpmndd using

e eSS S, (Rt 90 cmpemeprionr iy

serﬁfé@ﬁ(ﬁicf@@lﬁﬁodr?&hb’ deygpan 9‘ 4si, 01’@ tcPAEﬁE‘éth etQ! (WIBS B, 1998 entitled
. T. A Skatherin (ed.) 19 Handbook of Conductin

€9
S@oicymbrcmrlnanc(dvmtaie bovanmwlyehounmovd rnlqugaIES( sunices uphg self-

assieﬁ\ggeﬁt GLd o e}}%m”yggf’ﬁlbqg@{ gf?allla g%s fggnltlrie286(ﬁ i ttled

“E@&’i Mﬁl@reﬂ qtié«ﬁtﬁrhlsfﬂébﬂ d (effﬁé‘&ﬁhuct@ﬂbétﬁaemm&lwd of manufacturing
et h exyl oxy) - p- phe ene-vi nyl ene] (MEH PPV),

saryal s BIERY STt et ot (Sovymberrdd, 575 eniillpdh ZOreans

lur?Ng?gcﬁétre slél(ﬁ‘lﬁ]&){nﬁgctglg rgaélgg’l]lys 1’38% eﬂr B{Oﬁ}gl&g %{)ﬁflb ?Bﬁééérifglﬂr&fess for

making dnddising stednmdbed.’e and non- nanoscal e (e.g., bulk
crystalline) assenblies. Nanostructures, such as

[0103NOCT Y S Rbwih JTHARYWIr&ShaviiNAKOHS aspBIRRGY, irictldse MMdwires with
the |like, can be fabricated by a nunber of nmechanisns

contrrdlgd diameters, lsaﬂess;klbﬁd in, @.gt, Kadisen etral (2008 nbiamneten-sgtgcpive

sy%%%s@seonlsgm?c%nﬁé)(ﬁw l{)ﬁ%te?% %ﬁ% (ﬂ{eg_f;: s%&':;ﬁezfss%g-gfsfoz Cu1 et al. (2001)

Dmmm@in&oll&mynmeal@plf Smg&)’difydtﬁsshl&oﬁfnaﬁmmm Vaiphl PshvefLett 78:
varl ous conposi It bed i n,

2214-2210 @@)kseISﬁta%e(z%lr?t“lsdPthSFc canisol phig é’f%ftt%ﬂ agldqm&ﬂa pgsingle
cr %&f'se@%coﬁ]ﬂ]cto?ﬁgﬁ&ﬁréit’ aﬂ’h&s(@l%}&)B 6‘:914?1 %4 M?rales et al. (1998)

nanocrys ape and e casé
“AdadeahblatiorSaicthod dor2Bd sRitHdsisi Ty stdliSN efiGO@natdE namwires” Science

b itled
275 pe L ESvaret b 200 SRR BeTpOl TP U S BisABE Y
na%tﬁ&zigé“sf yx%tvaiﬁtera%%g %z;@g% EthIWQ@OO)U@oEB fge{rﬁgﬁczoz?clzatlfr?g ort in

silicem omreﬁ’bwm‘t}ﬂ'ﬁiﬂ1I9C1T¢11382®D$2Q®7,8W2?m Puntes et

o B0, oL RogRe i R SRl RABEABI by icor o

al. AMiakthSial 25005 enfiled Methbll 0Pprod XiRg el bkideekanorods” USPN
Preparation of II11-V sem conductor nanocrystal

5,8931945 %0 Ebeoat 81 Aprl 2%i1999)centided aMetal paside nanoredsy’ s}JSPN

5 9??8&% tc? glebﬁ &Eﬁggegﬁt%ef ztgb?é gf’%égrg‘h 89%@12%%1%&9@3““6rbau et
al. {EO0Q) a9 @iikesis dISHYNI G481 peiovsirl laaghires @3mpdsed ()ﬂ@dridm

11, 2000) entitled Encapsul at ed qguant um si zed dope
M e R AR S PO WAl T a3 ooy«
« B
P30 g TR e Rl KRR by Scamea
ProterMtossomy)” amodestefsl?, 4bi7 pdndgiublthed QT agiicetion @wosdWO 02/17362,
and W5 53 08h 240,

[0105] Growth of branched nanowires (e.g., nanotetrapods, tripods, bipods, and
branched tetrapods) is described in, e. g., Jun et al. (2001) “Controlled synthesis of multi-
armed CdS nanorod architectures using monosurfactant system” J. Am. Chem. Soc.

123:5150-5151; and Manna et al. (2000) “Synthesis of Soluble and Processable Rod-
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maki ng and usi ng such probes.” [0104] G ow h of
nanowi res having various aspect ratios, including
wmanemer7es Wi th controlled d| aneters, is descrdbus0031027847

e.g., Cudiksen et al (2000) "Di aneter-sel ective
Arsgwit, Fesrideopefand dreirepertitibapsd Geda danperystaly” Jadm. hem. Soc.

DRI SReReny et onfliol b SRIBH i - YapY S 090807 o
Cldgk I, e04). (NvveitibeeXs, 199D entitey SMeihod for ﬁ8duc112g2§eﬁné’cﬂlllﬁctor

Gudl,ksen et al lo% Synthetic control of th
partiFlgps USPNa6d 36, éﬁétqu hal,pigal Octgbys¢-hI200@nereidh “Nengparticles of

BB S5 N U Byl ot el s o

nar@imetérisided Ipartivtesdere cascimeie mediatedi teadmiquse’; and £iu et al. (2001)

' 279:208-211; Duan, et .al ral s thesis of ... .,
S@éﬁfﬂéxn@e@%ﬂf BSOS Ftandiiticd o0 A ong apnate NanSparticles™ I

Anl €edfs30423 @3&4 eSyﬂhcsﬂ gtqgg%parﬁﬁgé Hglls%rlﬁs&itféﬁtlﬁ tlféaalbove

T transport in l 1ton nanow res .
citdt@dhs mgsomm -naﬁzmngstds, rahow{rex) el brasctmdaran@wcse svh@te the
ra USPN 6, 22 8 to AI|V|satos et al.
res‘%‘gé& By g aﬁ?&“%“‘tﬁ”ésotzlﬁn 8POU AP (varch 14,
2000) ent It l ed tho roduci ng. net al oxi de
(0188ho! ods Syt o BorgghelbmeGR e Bt I5f e aR feseriber in, ..

Per:llgggt%l (E§g7')t tﬁf#?.m&{‘(agtﬁe Rk 7? ﬁﬁﬁfl&‘ééﬂt Cd4eiNIS roRHe1B32

Lie cenber "Preparation of

namrystmewnlapbmtostabl11t}Urridaal|ecHDnlca1k:ceS$120052) 1. Ao nEhensi Socot19:7019-

0 B FeadoR NSRS epianel aumara <% SHiRC
chapXerizatidd of 4 4186 seréd B BighB) lumlimddébhk nandeeyst2Ble€T). Phgs. Chem. B

Properties of Individual Barium Titanate Nanow res
101:A4e94 TatMantayet 85 421020 “Emtazisnd giveth g8¢ phgtochganieal annealing of

g8 (35255 sndfon DD 5 By o Pl Gt e P 145

and@ROW a1 204 ®- ‘ﬂ}rowt}ﬁeﬁﬂt;ﬂ @ﬁéﬂiﬁ“ semfdoﬂdhﬂfecr doirgstebdl, nadoetystals with
branched t et rapods) escrib Jun et al

Inkoguas) I AanChem, Sec. sl %t9ﬁ8%19§0?ofslmﬂaf ARprachgRCR s applied to

groj&%lﬂ %Eﬁtgexaé %Q sﬁ&?xﬁ%@?@&@_ g 1 Z an%? néﬁ gfgePtNS X,?b? ?§9 arch 27,

20015ynt NSPNG6,022,901 b ventbierl2 Br200 Este Bawentoet al. ZAtitNG “nghly
2004/ 022714 PCT/ USZOOS 027847 Ar r ovv- , Teardrop-, and

lumigescg gl %ﬁﬁg@ nocrystal s” J. Am Chem Soc.
122:12700- 12706. Synt hesi s of nano?artl cles is

[0103%cr i be&rowith of hgmogemons BomYwIone PI panowyes, iRclydingganowire

hetgreor%ré%ﬁrg rq)‘%LwHS%? éi?f%ﬁe%t ﬁlg{ebébage dl%@%ﬁ%g éaft afffeg{rﬁgh& along

theelon@ams(o@tlid)%bwﬁ’é 1sﬁ@§b@1bed§l‘rt, i tgl, paiblisked BECAT appdnb&tﬂ)mfos WO
on_oxi de al| o ; USPN 489 t Ytl ng € al
02/(1 jé@%/ and W3 §3 08@%@ @g(selgﬁtrﬁ féégg &rowth of na ow1re superlattlce

structures for nanoscale photonics and electronics” Nature 415:617-620; Bjork et al. (2002)

“One-dimensional steeplechase for electrons realized” Nano Letters 2:86-90; Wu et al.
(2002) “Block-by-block growth of single-crystalline Si/SiGe superlattice nanowires” Nano
Letters 2, 83-86; and US patent application 60/370,095 (April 2, 2002) to Empedocles
entitled “ Nanowire heterostructures for encoding information.” Similar approaches can

be applied to growth of other heterostructures.
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nanonet er-si zed particles by reverse mcelle nedi ated

techniques”; and Liu et al. (2001) "Sol-Gel Synthesis
W®200E0ERT145t andi ng Ferroel ectric Lead Zirconat epdi/Usaoat/e27847

Nanoparticles” J. Am Chem Soc. 123:4344. Synthesis
[0188] nanopkr Qeiﬂ@me@nb@lram% thieead lectherton pppuladion 9 penostructures is

subsiagﬁ%l 8%(271&; e ég 31ze Oﬁdl/%r {fzﬁ etggllﬁs,t g&l@ﬁ!‘ apSﬁCatl%Hd

2002909BIS2uBt Blziveehdh eV entitledS Peardtidhiod nheswsystdiArs.about
1.5. [0106] Synthesis of core-shell nanostructure

[01? er ost TH@HMﬁﬁ&r%T%eQﬁ%gﬁﬁlgﬁQndvﬂres%aﬂbe va&l) Gor@ixamble, to
1997) "Epitaxial growth of highly | um nescent

conBobeeGus etangthy ephitted by ﬂameqepénzmosvmmt Bheodigmstar 96 thejnapowires is

BETTIOCT R TG O —"

abduPb %nﬁbﬂidm%iﬁdlfoum (ﬁﬁh&nd it 136 Sing ’BlIiH?ﬂength of the nanowires can also
characterization of a size series of hig

be varifidn dB centain gebodimestsathepqrganig naropyjiees h@h‘e?ﬁ aggect ratio between
4 |
sl ST oAl eSOl A N8 o 01

abaouif 10,000,0r dbetwded @Boutal00 andl sboud .10,800). Chem Soc.
124:7136-7145; and Cao et al. (2000) "G owth and

[01R0PPerti €he ﬁﬁno%ﬁfﬂs%@xﬂﬂélfdbﬁbate@bﬁésﬁh&iaﬂlyIaﬁjﬂ octivenieat material (e.g.,
wth InAs cores' . Am Chem Soc. 122:9692-9702.

a s@higpnductiag ma@@'@h@sfeeaﬁe%ec msriab @ mefal, gﬁca}ﬁpﬁ C@# CIpPIATe
ess%ﬁfgﬂfaz%élf @E“e?%‘ éﬁ&“%%%%éﬁﬁam PN 6 352 001
o 0 PP SR e e o

pre@ént RAERASH 8LISe PR E froM Ts@htiflaNAW dodvenibmahatelidly E.g., the
nanowi re heterostructures in which the different

narmnetalsa¢asl COmPIigE on inasgAnisImaterialss § & & AIMIcORAICHIBE BAtrighdor

e SRS PEARMAE IS 507 9. Bor 12

pex@o’ﬂl@&?m :Qédd)ﬂﬁstﬂéln&tt sal|e<f:ted ﬁaﬁﬂgrou@l 6.2, BAS rZn@®\dnSe, ZnTe,
erlattice structures Qr_n HOSC e
Cadi BaSs. SiTe HeRalless HEFS, M. ME06 MESHCE: Cast (Sisodis. Sise,
d
Sﬂf\?ﬁ%s]_%??%?%?g a@gﬁg%%?%&%@?s@ﬁa%g (ﬁ‘gpr'is‘?ﬁ?a fiRakicARAL selected

fronBiroap 1B yndh eedond elenteit m‘lecssed@cbmgm%ﬁaﬂelg 1{2alGi Gall, GaAs, GaSb,

Inlﬁa{ggr A L%;:S%Cgﬁn@%g Ig'%;rga;l@ eggt%}:?&%&s%ﬁ&%%%uptm elemen% (Ge, Si,
anc’ﬁmeggﬁfe'n%& £hblefibigdcn am;s)%se Pt AGS AR CAHE £Sbf 6 an alloy or

encodi ng | formation.™ Simlar approaches can be
a naigpire thdreod. Guithrldetails mga@nngmnemtysnaﬂumswegres fgrausp@n the present

invéﬁgétgg Zzhﬁ fé)un(ﬁ?g USZOO / %4%(%1%10%%8 {ed Q)c?o%{es‘ % rbOOOZ and co-

ﬁlaﬁﬁe%sfohﬁlt apfpBsation U§SN>60/&BQ 03¢ fiJedVmeH 45 PEO3s by iSohaicr 8l. and
/ or shape See e.g., Batent appl i cation
tltled “Nanocompos1te Based Photovoltalc evices

[0112] In a preferred embodiment, the devices of the present invention employ

nanocrystals comprising CdSe, CdTe and/or InP as the nanocrystal materials.
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20020071952 by Bawendi et al entitled "Preparation of
nanocrystallites."” [0109] The di aneter of the

WO 2or/gzaTi€ nanowi res can be varied, for exanplBCT/US2003/027847
control the wavel egg@h emtted rEX(BH uor escent

MEHQORS QS YINTHES 12 e L OND U VIFHGOMBQSI TIQNS
f b
OFSE! S 20k BERUES AR o R RE RN 5B A s

spdd&tsmmlfac&ﬁmﬂet cifgatnamia, apotdr Lﬁemmnan'ﬁhteudtmgbhtauﬁng he
nanow r es, ca aI o) (fse vari ed. ggcertal n enbodi,nents,

phetpyoljaifdey; Arfshadspsords & mequlas ganrpachdp thy fyBhsis procedure,

t (
sucgkbfg%’t Va%gusgig%d %g(g{ﬁaetéiﬁ g a%d Qldg ﬁ?@lﬁﬁ%%ﬂ?@ﬁigégoega&ng{%upled to

thelselevied bodp stictr®0 and about 10, 000). [0110] The
nanowi res can be fabricated of essentially any
[01a9nveni eMhe methrids af the @reent indensiontimduddithe staps ofid) ravading a
a ferroelectric material, a netal, etc,) and can
conjpgAied Yrganip FESHISP M ?‘;?feén Hherrgnieatst aFgaaic RIPCULSQR cpmprises at least

thrl&ﬁﬁcfsﬁﬂﬁfs AYSIBIER T attRirhtht JHEbARRDS Mdaﬁrew%r@ﬂmngmefﬁst

e nanostruct ure-contal ni ng matri ces of .
suqstimsammdlde dnigi, arheadgropp of ather natoeniucftm@rhlmhwmmeay)l. yherein the

first % (F)tge\é'? %8&% s%tgﬁgelé %lpépg&p% fuge Blgﬁﬁng rr?%gt%{ élu(}}l asa p%osphomc
aci@ AEHFANA UL LdrBgk yIR Leld REvathv@! an SMaRTIcAvRIVERA ﬁh(b%hme derivative, a
conprising a first el enment sel ected from grou

thi¢lrdsmivati e p tHiophehe derevatiae. oy di combatisition dhrgec; @ét@rmowdmg a second

subzh%gnp meﬁ@l Ct g%t f1r ocwgr&g% n&&ésec%p%@%@?%@rg%é §8mpnses an
alkgﬁg 8erivafi®e céaftsindbet@eerthfve SR, carbShg'eOpBﬂﬁ.llyBﬂ}Semethod further
and like materials); a material conpprising

lnciud@s proyidipg a thieequbgtitaent qué‘iﬁ Greodhe didechamsh WSEDH Hle optional
oL SR R 6 840 T o iy e lna 2

carboiis 'THel substitient :moldglea agy therpedivplesl te Monﬂ@ted&rgamcam@cursor
like materials mat erial suc PhSe,

PhS, PbT
(e e B Sy 55 g g B0l & & T REYRGH cAEpGlythe second
suﬂ:Hflfeﬁ%o&ilﬁE %Lé SechRURSSHi A 2ARRRTYSHA |tll|1fd"§1b§tt1t'hb‘1§ttrﬁ&ﬁﬁe at a third

or use In the present 1nvention can found, for
pom(mm]hm:byLEﬁthe@l@ngliq &g3nift ichmgoiiom b@he Zﬁ$t @000Danird

pof e Bl g TR S B0 B SPA A5 By, an are o
reproYRRAGPOBARY Bﬁiegaﬁaﬁﬁ!\cﬁlﬁ@ﬁt%ﬁhg aethé®VoraePAC hékhBedng ddnventions
a preferred enbodi nent, the devices of the present

withrrospect wﬁh@thltgptedmm snseigh)s Topiatly sthe gpidersé thidppbstituents

and/ P.a e_nanocr I pTRE el al
g T R e TG )
subfsENLIST PV @BINPESIp th QNBtHeQAd Rlles kD ﬂldﬂ(ﬁ?&ﬁﬁcmfb\/c&fék n6Ndestroy the
al so provides net hods of synthesizing an organi
electronic conjugation of the body structure; furthermore, at least one substltuent of the first,
second or third substituent modules is capable of binding to a nanostructure surface (or is

already bound to a nanostructure surface).

Synthesis of Core Body Structures with Attached Sidechain Moieties
[0115] The body structure provides the core of the conjugated organic species of the -

present invention. Typically, the body structure is a conjugated organic species that either
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species that facilitates charge transfer, e.g., for

use in a nanostructure-contai ning photovoltaic
walewitor714dThe met hods provi de a nodul ar appr oackCT/0S1008027847

synthesis procedure, such that various head groups,
cant e funefianapesd (arza byihadogehationy orean Usgeiaterbyith @ther fynctionalized

coupl.ed.to t sel ect.ed bo struct.ure. ; The..
mofrdieh ifed gfoupr it FEUE SHEFURRIA EhpatR iE Baoi it EbmpBSpns of the
puganmh@ﬁﬁ&Lng a conjugated organic precursor, wherein

the conjugated organic precursor conprises at | east
(o1 BLee, POBLdr NG, @AY @bﬁjﬁ?ﬁt@d 5QEni@pr RGABERIseREted from any of a

substituent nodules; by providing a first substitdent
numbehdfeojegaed alkyhmaittigs ogoningatst eyl netisstkngende ene of skill in

bi ndi n ety erein the first substifuent. I
thegieietheLary et ertP el RS RS Gl igfRe ehene,
ethPR) aRiliRB] Buoréfd, Bndigyridiag dotRrativess skt Yddi€tiedCorcherylene,

derivative, an am ne derivative, a phosphine | .
phenanihyaleney anthegcene, plkenyd e jothst polanuciear BrQsRAisHRoicties (or polymeric

der. [ ' ' s andh ¢ Ll
oed AL 50, B e BETRLIB A NIBEASLor Rl T AIFG of one
or MBES Eithe Slbstitenancddesastthd breiytstrowd extanlsiid c@fugation of the body

al kyne derivative conprising betwe three and 22
strigchitg o ¥ SMpigry bfly StEpcturgseargproNilgd %%&H% ? i ncl udes

providing a third substituent nodule (e.g., the

si dechai ns), wherein the optional third substituent

nodul e conprises an al kyl derivative conprising

bet ween one and 22 carbons. The substituent nodul es

are then coupled to the conjugated organic precursor

(e.g.., the body structure): the first substituent

nodul e at a first position, coupling the second

substituent nodule at a second position, and the

optional third substituent nodule at a third

position, thereby synthesizing the organic

conposition. (The first, second and third positions

del i neate avail abl e attachnent sites on the conjugated

organic noiety, and are not representative either

order of attachnment during synthesis or |UPAC

nunberi ng conventions wth respect to the conjugated

organi c species). Typically, the optional third

substituents are coupled to the body structure prior

to attachnment of the first (head) and second (tail)

substituents. Preferably, coupling of the nodules to

the body structure does not destroy the electronic

conj ugation of the body structure; furthernore, at

| east one substituent of the first, second or third

substituent nodules is capable of binding to a

nanostructure surface (or is already bound to a

nanostructure surface). Synthesis of Core Body

Structures with Attached Sidechain Mieties [0115] The

body structure provides the core of the conjugated

organi c species of the present invention. Typically,

the body structure is a conjugated organi c species

that either -35
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WD 2004/ 022714 PCT/ US2003/ 027847 can be
functionalized (e.g., by halogenation) or can be
wo smened14v t h ot her functionalized npieties (MEBUS2003/027847
rouz, tail group, sidechains) to prepare the
T"éirﬁj dixomplyyepaiisetcd Axgapic nietiesfpeuserns Bagy Situchines
S 1161 Prgferably, {he conjugated organic precursor is
romany ol a nunber of conjugated al kyl
Qr conjugated aryl noieties known to one of
i he art. Exenplary conjugated organic
such as|phenyl ene, thiophene, ethene,
et hyne, ganiline, fltuorene, and pyridine derivatives,
al kenyl ieties, of perylene, phenanthralene,
anthracene alkenyllor other polynuclear aromatic
Sppieties (or polynefic derivatives thereof), have
been di gqHssed i n pfevi ous sections. Optionally,
coupling|lof one or|nore of the substituent nodules to
t he bo ructure ¢xtends the conjugation of the body
struct Exenpl ary body structures are provided in
Tabl e 2 6 WD 2004/ 022714 PCT/ US2003/ 027847 TABLE
2: Exenplary conjugated organic noieties for use as
:52 gy StTUuUcCtures Si OH S2 NH2 S3 4 OH N S5 S
D) S6 PO3(CH2CH3) 2 PO3(CH2CH3)2 [0117] One
. t he copvergent conponent synthesis
pproaclhh to the design and manuf acture of
the & ge conppsitions of the present invention
is the ity to @§djust or "tune" the reactivity of
each conponent for {he synthetic schenme. For -37

S4

.

OH

S5

0] PO4(CH,CH,),

®

“PO,(CH,CH,),

[0117] One advantage to the convergent component synthesis (“modular”) approach
to the design and manufacture of the conductive compositions of the present invention is the

ability to adjust or “tune” the reactivity of each component for the synthetic scheme. For
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WO 2004/ 022714 PCT/ US2003/ 027847 exanple, the rate of
aryl -aryl coupling can be increased or decreased by

w@edoeori7ng an appropriate el ectron donati ng grOUPSIN3/027847
an el ectron wi thdrawi ng group on each respective

aém’rp,dh@rﬂte ofargLaybeounling @I?IHW wgregwduqmsle@rémdtbd selecting an
appggﬁgr?aaglr rrt?%% r}ayl)r(llé %ﬁﬂgv ng {rr{)e L% tﬁgcl)%gml(%%rgup 8?1 é:?ch respective
co IKp@’ﬂJnt eElectddn w(tﬁ@x@%}ng%rgﬁp’maiﬁt @l dcbéleraletthe odBATYe adities step in
I ncl udi ng an el ectron w thdraw nig subst it uent
6

pal@qign@-patlab@e PyRinE meastions; (5ee, ek d<ush! elodlp(1994) Organgrrrlletalhcs 16:
C t i

1847} ABE Ein g sl Bleclrb b B A AL R o B antgnents,
theli@tead @Oﬂﬂiﬁﬂg&hﬁdad&y Witleaboelititong thb pfedera\xwwgtlolg tcnauﬂ)eciﬁc

weakeni ng the aryl hali e or ?’F ns?l (gg g_'onei hus drawi
meghanasa the, erglaﬁﬁ?r@ewtaww ing Fa e sroTBR Iy pie Spirghyithdrawing

¢

grocfl?t 4 gﬁléljgagt e"ﬁ?ﬁrhatlklgﬁ 3{3 %ét@ﬁﬂga?i Bgl’f{?réllugs;‘agfati‘égﬁ% a more facile
insttionit ereepabladinor WIystfoeﬂWemﬂcesbmouetleﬂemeX@mim attashing the

attachnment, and su uent cou nent
AR Sy B8P BampAhere Pt Tolidied B A e
attAthGRAL, 20N Shrehuanti9lcH8plindanis ThRBYHHE tAHS %H@i' Yosulfs %l 20fgtEr

coupling rate’ is "observed if the al kynyl noiety was

coupdigdatgfand hlgHQEOYdﬁﬁilbwﬁ@ﬁ shaarsteppoenassenbln éntlowerreupling rate is

oo BB el BB o ST R BRI .a%%@n Pritee

coupléd HAEdiOa@ e stepﬁmsb fakidechai ns, "arns, "
third and fourth substituent m)dul es) coupl ed to t he

[01*51‘8?3’ st e lelhdictiV cempusioht bethe g P&t oafoffeR enclude one or
hods, the optional third and fourth substituent

tworsidathansaoe ‘armeji(ed, tﬂmdtahféfcwthj subgtiteant oroguieskcoupled to the body
fi.c st
oSG R LA W Yo SR 0P

sutss@ifi cBbaaled hitaBupled B ©6 Uéfg antécﬁ@rgbﬁlc Prdeyitsat prloeto cbblﬁhng the
third position having a hydroxyl or am ne noiety

firgt gheond) and/c sqcﬁmsb@alarsuwltuanwdgheaeEWaqXHmL?@gtfﬁ qomugated organic

|.nter e
LBy TR ko B SR Py iy, o om
an I0-Bfikddror N-diaRedstdscheia-substahtey hxaérenddime sehmssitad.
conj ugated organi c species and provide a sidechain-
[0F(9PSt i t UFRH eRRRPle SidedRiin hfdidtes MiehcHbAAREY ket Audide (¢.8, 1 or Br)
the art. As an exanple, for the hydroxyl-containi ng
ca b jsegde etkytatetheisclepied cenjugated eraawie spreipsiiad grqyide a sidechain-

the third t
oGSO 4050 i pRRAESMBUR OULE, ROMEL B85 e
hy @@k iy Mednitafingf cnffzasedl @ gdngcipretulents aennSekaéremupmmdlmﬂhe third
coupling the third substituent nodul e

subsitijeny modulesogwApes RPwdmgaBputdohmoia égulffhlsnt§t°2 phialggengyed

dexﬁgﬁp}e%'f Be Pe% A RIENR G inRhdghY %thﬂg QﬁevtﬁIrH‘éﬁbMeBt module
e conjugated organic precursor in't presence of

with the conj pgdteds siganic agdncsoat@mice Ol )stape d) mmlhying the halogenated

formam de (DME), to forma reaction mx H
sidechain derivative with'the conjugated organic precursor in the presence of, e.g.,

potassium carbonate (K,CO;) and dimethyl formamide (DMF), to form a reaction mixture;
and b) heating the reaction mixture to about 70°C, thereby coupling the third substituent to

the conjugated organic moiety. A similar reaction can be designed for coupling
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and b) heating the reaction m xture to about 70C,
t hereby coupling the third substituent to the
wa@eggi€d organi c noiety. A simlar reacti onPCEISI903/027847
desi gned for coupling -38 WD 2004/ 022714
funchivnabized Sdehagaroictiento pntmat¢niainingibady: BERQUIGHI QUY SOES.

0_am ne-cont.ai,ni ng b tructur recur . .
B0, e PRl SR B B3R B g st
cdrBpositiohs BF tiR predest indéion tad 88 Etu@haseg fidAevaresRsilict0@Ry.,

of the present invention can be purchased from various

SKaMgi-Aégrichy when availgblgva- Al dri ch) when avai |l abl e.
[01201 In the case of body structures having two io_r _
[0120F) i dert theadassofmalyaimcturasheving swo (¢renereigientiep! sidechain

reactipns far the.third.a ourth subst.ltuents. ar
osietARt sopEPe SRRLET 1of FRE G oy PR oBlcdly gerformed
sifAGhéABIy L XL, Ui 83ingleGdattibn iRtups)ef erred body structure
used in the nmethods and conpositions of the present
[Qlﬁgf ntiongng P%f%&ﬂiﬂd@%ﬁﬁctﬁﬂe ted i ihE HRON0A8 RAE BSthpositions of the
abl e 3 provides exenplary substrates for use in the
peeyerit esntopisdydmhaninone s 4+diltydbxybensiens). JabledB providesexemplary

rogui none . body, structure havi wo. sidechain .
suRbHRER st e Sty P iSy b bERaBb s byfrpauinone
b&®) SreMAE A S BNEsiddchbimtsubitutioh? cWip1edkhORBYFd4y1 positions of the

PCT/ US2003/ 027847 TABLE 3: Exenplary Body Structures
corethydmgumohesingiwtechains Al A2 A3 000 Ss llz~ 1/
/131 '/ SO0O0O0 B1B2B3 0oo0S/ 4\S S OCH3

OCH3 OCH3 Cl1 CH3 C2 CH3 C3 CH3 '
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SS\s/ / V1 \/ Q CH3CH3 CH3 D1 D2 D3

CH2POB( CH2CH3) 2 CH2PCB( CH2CH3) 2 CH2PO3(CH2CH3)2 S S
W®3004/0242P O3 CH2CH3) 2 CHZPGS( CH2CH3) 2 CH2PO3( Qrr1zBIR2083/027847
T&Lg%sooos AM 0SS SS
ArppIgr yﬁgoqmﬂgé‘iréﬁwith Attﬁéhftdaiiéﬁ’élﬁmé ata above,

pyhe two sidechigig] el ements at RgpI tions 1 and 4 qf
-+he_ hydroquin body structurg-can, but need not,| be
i cal O%M/t\]\./\élo WO 2004402274
US2003/ 027847 _ASynt Besi s of Head Gi oup $/b| etigs
St\t yent npdohe t he
nanggtructure- p bead g oup. For
ema?ﬁﬂ/é\ff/m\ nbodpreris~i-muh| ¢ the (%
substituent dul e conprises fiethyl phosphite,
gapupling the figzst substituent g®dul e to the body
st ruct ure_can b€ pelf orned vi pallecmalyzed
phpsphi te-aryl I|n reactlo. n alternate
di ment alar nodu %is
ared havi ng
OCH; OCHj3 OCH3
C1 CH C2 CHa C3 cH,
S
1\ \
S
CH, CHs, CHs
D1 D2 D3
CH,PO3(CH,CHa), 2PO3(CH20H3)2 CHoPO3(CH,CH3),
S
7\ \ /)
S
CH,PO3(CH,CH3), CH,PO3(CH,CHa), CHyPO3(CH,CH3),
E1 E2 E3
S S
T\ \_/
S
OCH; OCHjs OCH,3
A4
O/\/\/\
s s
N/ \ /7 \_/
s s
O/\/\/\
[0122] As indicated in the tabular data above, the two sidechain elements at

positions 1 and 4 of the hydroquinone body structure can, but need not, be the same

chemical entity.
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a nanostructure binding noiety (e.g., a phosphite) and
a conjugated species (e.g., a benzene ring or a
wao bioepteene) for |inking the nanostructure bi ndPEIUS2003/027847
noi ety to the body structure. Synthesis of the head
nodul e c8wpnthesiaofileade@roup Moieti@npl e, by provi di ng an
[0128Y| hal i TRe Giest ubssitierCingdle atwlpiisysfties fintigortalived nanostructure—
~1.ithium hal ogen exchaqge reactions. Th | hal.i
bindggehead graupt %Pé e?ffgnnl?’t AY %Hﬂ@uinaﬁnta T whieh thesftis %ubstltuent module

cor?ﬁﬁl\%%d%@h G%\}éfgttﬂe | QipRlifuiBhoNlStd BBBody structure can
t°0 y| ary i ntermedi at e core

be pérfaratedrvig a pﬁihad‘i’d&;ﬁ‘ycauatyeedqﬂmmhlee -ayt eoupding ueactior i s
then lithiated at a second halide position and reacted

[0r24] h tri Iedlkerhdte BRBbdifeds a 14rhE&3Badinjodute (preelidos) is prepared having
stannyl ated second internediate. Qptionally, the

a npReSHUETRndiag anqighide-Se aﬁhwhﬁ@rmrar@w qa%tefiﬁee%véﬂs @ benzene

A
oo Sl BRI EER MR DTS, S e
Systhedis efsthe head mpdalt han be atczhtevsdl,tfst extangre, byrmd\utlmg anfardhalide core

SRy PRI v B ER EXHRRER T RO e e g glide gore
strit@E ROt QU rsORMidE PEHtRLarki e R teLwitA chfc‘)?otﬁfn\élthylsﬂane

portion of the bound head group nodule, via a
(TMSOetdiyintd e AMS$aryd dntemaddiaté eore é@uctthl@r theJa¥I Srietermedidte eere

h he head I b d t
sefis 305 (5 LR gt heteoet PGk BPBUER Al TegC s iy g efjnctiorice
(MemnAptolsad a'sﬂanh?l@ tellsESoRA lintetnfdaR4te.| QEtlblﬁHHyUdﬁ lltlliluﬁngaﬂ’e@ctlons
not Iimted hose depicted in Ta -41 WO

carplpomgrzeed dn HETEVeSEoudsro The roduigd these: re@ﬁkl@ﬁ%wéhsn combined
w1§% Ingt? gtéllélﬁ)#§#ak%§({s {él%p%ﬁn{gs té@%@?&f_{fg&éﬁ éﬁé b B9t substituent

modBR3 (vEIdAGHR)I2 embBdifachOizbrist¥a POE-2ryl-tHhohene derivative. The

nanostructure-binding moiety (e.g., a phosphite group) can then be coupled to the aryl

portion of the bound head group module, via a palladium-catalyzed mechanism (either

before or after attachment of the head module to the body structure).

[0125] Exemplary nanostructure binding moieties that can be used in the present

invention include, but are not limited to, those depicted in Table 4.
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PO3H2 Synthesis of Tail Mdieties [0126] The
conductive conposition also includes a tail group,
WO ypiozd7iy positioned distal to the PCT/US2003/027847
nanostruct ur e- bi ndi ng head group. Optionall t he tai
THBbE#: Exsmalagy Smbwofeubstmtés bavingRNOREEEe rfi;e@ug Moieties for use
asdierdi ugupdi et i es; in these enbodi ment, the conductive
P_1cnp05|t|ons can be used as a |inker between adj acent
gnostructures or nanostjuctures. Optionally, for
enbodi nents having sel f-jprgani zi ng properties
i ncorporated therein, th conducti ve conpositions of
the™ &stht i nvention can also be enpl oyed as
alignment |igands, e.g.}, for orienting and/or
arrangi ng the associ at ed| nanostructures (see, for
exanple 42 WO 2004/022714 PCT/ US2003/ 027847 US
H#pl i cati on Attorney Docket No. 40-003300US and PCT
appl i cation Attorney Docket No. 40-003300PC co-filed
herewi th). [0127] Couplipg of the second substituent
nmodul al kyne-containing tail noiety) can
be acggﬁé?T?hedsﬁy perfoym ng an aryl coupling
reaction using palladiu catal ysts. Exenplary
reaction protocols include, but are not imted to,
nogasnira coupl i ngs (joonogashira et al. 1975
trahedron Lett. 50: 4467-4470), Suzuki couplings
(leaura 1979 Tetrahedron Lett. 3437),

Har t wi uch couplings (for N 1linked
substl\ue ts k reactions (Patel et al. 1977 J.
42 3903), andlthe like. Alternatively,

copper- medi at ed reactions such as the Ul mann coupling
d Stephens-Castro coupling can be used to couple
e second substituent npdule to the body structure.

Opt i ona , the catalyst| (for this or for other
reactis E%$?§g herej n) can be provided on a
sol Td\§ upledf to a soluble polyner, to

i nprove—r¢€covery of the paterial (see, for exanple,
Bergbreiter "Sol ubl e pol ymer-bound catal ysts"
%yrgbreiter and Martin (Eds.), (1989) Functional
al ymers (Pl enum Press, New York, pp. 143-158); Tafesh

095) "First Sel ective Reduction of

Q ds| Usi ng Water Sol ubl e
ahggggm Lett. 36:9305. [0128] Exenplary
constituents fof use as tail group noieties
in the present jnventioh include, but are not limted
to, the structures shown in Table 5. -43 WO

2004/ OZZ?&vntEesw o a?lq\%01e%7847
[0126] The conductive composition also includes a tail group, typically positioned

distal to the nanostructure-binding head group. Optionally, the tail group can also include
one or more nanostructure binding moieties; in these embodiment, the conductive
compositions can be used as a linker between adjacent nanostructures or nanostructures.
Optionally, for embodiments having self-organizing properties incorporated therein, the
conductive compositions of the present invention can also be employed as alignment

ligands, e.g., for orienting and/or arranging the associated nanostructures (see, for example,
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TABLE 5: Exenplary Al kyne precursors for use as Tai
Goups T1 T2 T3 Modular Synthesis of Conductive
w@E0vposi7i4 ons [ 0129] By preparing the body strRCI/USB®03/027847
(with or without the optional acconpanyi ng
US apisiidadoma)torries @bcketdNip 40r103860US gndBETrappktdtios Attorney Docket
ar at el various different conductive conpositions
B s

se
Ne. 49-¥B3PP sdbsreV¥pe prepared. This nmodul ar

ag roach to the chem cal synthesis of the conductive . :
[02 'Eiposi t i Goupliag of the seeandesnbstitens Aradyle(s- enths aliaigrqontagning tail

a. nbe ' ' f ' g j..et. -
e feon LA i Bl oA Sl i
ca@ilysth)i Exengplerypeaetion ebtodoldinglude, biit arechoFliguiteéd t& Sopogd:B3bira
cosB o Bt e 8 Mok B MO A 3 5 Bt
e Rt Sl
substimests); Hock reattioms {Ratehet laly 197 he OrgaGheryr 42130 Baranddhe like.

coupl.ed to a non-nanoscal e surface and the conductd.v
AR GHB ORI U Bareo PE SR LD B LIUPIE 4G Stdhens- Casteo
cdgggng BRPSLCAEE tSEHPRORE &Rl sERIARET fb@ile tSRIFI VAN JHEdtare.

nanoscal e sem conductor conpositions are known in
Opfienatiys the Natakyst (ferdhig o forrmthernepctions dasprabpedherginbean herpgpvided on

C be empl oyed .in th oupl i ng, ste .
o B XA BB B SR PR i o
fod 82410 S rpbRME0 Sl uble pdlyRePbaindrcarllysesBrggbreindr, ant Dartin (Eds.),
nanocrystals are group I1/VI or %roup [ 11/

V
(1989 Ifungtieral Pplymegi{Plenuan Bisss. N Kerka BRd 4gr oid) Tafeshyand Beller
el . Ted
OSSR} SHER5RABL) ABGHKE Niko PAIBEIAR gy Yot potv
CaaBER” Welrihedfaia@ B61980RI noi eties of the nanocrystal
The head group nodul e -44 WO 2004/ 022714
[0788] US200B4 QR84 themital extRtueds fbreuseno stneroas adidtieein the present
t he conposition of the structure or panoscal e
ingentipntinelade, ot 4y neblimited tod thestrupturasghown dbheRle i ve
conposition can be prepared, e.g., for any
nanostruct ur e/ nanocrystal conposition, w thout undue
experinmentation. [0131] Furthernore, the nethods of
the present invention can also optionally include the
step of polynerizing the organic conposition after
coupling the conposition to the nanostructure
surface, thereby form ng a pol ynerized organic
conposition. [0132] Nanostructure-containing device of
the present invention are particularly
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suited for use in a photovoltaic device. See, for
exanpl e, Huynh et al. (2002) Science 295:2425-2427,
wokoomi2ei4 al . (1999) Adv. Mater. 11:923-927; QrEEDNANG/027847
et al. (1996) Phys. Rev. B-Condens Matter
TARLE) y.d2empta 3 Alkyecbreyussons forueg asal'ail G199¥) Synt heti ¢
T tals 84:545-546, as well as |t he exenpl ary
nocryst al - cont ai ni ng phot ovol|t ai c devi ces descri bed
i n provisional applications USSN 60/ 408, 722 fil ed
Septenber 5, 2002; USSN 60/421,{353, filed Cctober 25,
2002 ant\USSN 604825 038f i | ed dn March 4, 2003. The
conductive conpositions of thg present invention can
al so be enpl oyed in the polynmer|/ nanoconposite
phot ovaltaic devices describedldin USPN 6, 239, 355; USPN
T®, 512,172, as well as dye- sensjitized crystal
1ot ovol tai c devices, e.g., as |[described in USPN
5,728, 487; and USPN 6, 245, 988.| [ 0133] Synt hesi s of
er | ugke seq condu t OR\, ngnocrystal s capabl e of
I gh eMm’ssivh are=s dé d, [for exanple, in USPN
6, 251, 303 to Bawendi et . entfitled "Water- sol uble
fluorescent nanocrystal s" (Jung 6, 2001) and USPN
T$’319’42° to Bawendi et _at . tiftled "Water-sol uble
uorescent sem conductor " (Nogvenber 20, 2001).
BETVWEEN NANOSTRUCTURE
onal aspect, the
met hods of nodifying
: ructure and an exter nal
matri x. The nethods include the steps of a) treating

a nanostruciure wth the conductive conposition of the
present MadakarSypthesisgf Kon ositions

[0428host r uBywrepacivath bridygimeture (i ifhouuhgheroptionsl aggogepanying

.nanostructure and. a [ X C P11 Q0L i .
sRPOTE) 54 S 00 b b ATRIRLANO R R onducive
coRPbticiisicah Besilylaad ¢apidiybeiprépacdIdad bdulait appreact@the chemical

pol yneri zed conductive_,conPositionn In sonme . .
synthastschrfemeandyetivarrompostigns of e aresetymsntion kydyifeq!f tpe number of

i ti . i . i . . Bt
oo R o R RGBS TR RSB AL 98, come
of WHEkH atFprovide /T FGuts 1 BkVFighs 2AND COMPOSI TI ONS OF THE
PRESENT | NVENTI ON [ 0135] Modifications can be made to

[of30f et hogsiondl), MRtsghihglis methode ftthebidludb Bvestep\b dvapling the
departing fromthe spirit or scope of the invention as
head gipvitp, anserderndlesurfacaeita SmcEh sugeasgianogrystal QuAKEr  of

nalggs{rnaﬁr%w,tth&Z%ﬁ? proivﬂﬁhéjg hg}g):crystal-bound composition. Alternatively, the head

group can be coupled to a non-nanoscale surface and the conductive composition employed

)

§e

in conjunction with a non-nanoscale semiconductor composition. Semiconductor and
nanoscale semiconductor compositions are known in the art. Nanostructures having
external surfaces that can be employed in the coupling step can be prepared from any of the
exemplary semiconducting materials described previously. In a preferred embodiment, the
nanocrystals are group II/VI or group III/V structures, for which coupling the head group to
the external surface of a nanocrystal comprises, €.g., association of free electrons available

in the head group with proximal metal moieties of the nanocrystal. The head group module
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[0136] The use of any nethod herein, to prepare a
conductive conposition for use in nodifying an

WO pdoe0zaTt4 on i nvol vi ng a nanostructure, e.g., BOT/US2003/027847
interaction between a nanocrystal and a matri Xx.

emppygd parmprechosen based npom@f: sorippwtien of the étrafé%r@ar apposgale structure
d
o G BRI o B L AR BSE £t

nmﬁfstractmmhueényytal comfsiioh] wnh@ft uhthe: ep;rpeaﬂmhtatmme ntion
in the manufacture of a nanostructure-containing

[013¢yi ce. FRARGImoLe, khd metho8ySittRED LS thvehtiamyardlso Gftiohbkky
conducti ve COHDOSItIOﬂS nanost ructure: conductive

c@mmmwp phpolpaeosing @l@tqrg@lmmmsltmrﬁﬁ% FeYRiig theypomposition to
|
w08 S f?@r%accgh%ﬁ%fgi TR Bttt sBRPARALL Y

e 3o s r TR Ry Sgn i rfcutarty
sulf%tf%f Rl if ajih@ﬂ)vbﬁal@ dewas. eSdehfor eRimPIS] HipilSet 2@ T(Q()GDZ) Scie@ce

I'n an additi onal aspect, the pre

01
295 2452450 Ebobicbea 1P A BASIgE ALOE N2 7 HBTeRBEh S, (1996) Phys.

[ heyr
g % (fonégns;l\gr] g%ter 54rKrfD7t628 3?6%’};}%&1 ?}\éjg%\%mﬁ%é 8?%%@”’72 b{n%{t(})lﬁtéc Metals
84GaPP3ABLatvel( ROty eﬁérﬁplﬁxtyuraﬁscryhelacd)nwimug@hotbad)lkaugdmm described
Si dechal ns). for the nodul ar P/n t hes
e

in Brow gl S a1 SSTOAB AON. T e SeB Ember TS YSN@9421,353
11621;6;01;0 ér 2305 80P pﬁg% 66332 @%ﬁ‘l@ﬁ‘ Bg ?Xa?t:l‘?hSZ(RB qtR@bnductive

ructures; onen S an instructions
copositidres diftieppresdnit memﬂomnalsoyﬁteamlmmﬂnn the polymer/ nanocomposite

conmposi tions;, (4) ins ctions fo | Cl th
phoey oIS derdessdepathes i QSﬁN éafﬁg’/’%% Pﬁ%@g%% %s well as dye-
serf¥RtA&H 'cﬁlsﬁal fl@t@)é&llald ?ﬁ LH' § her dR&nRAtin USPN 9728281; and USPN
I nvent i on TOVI or the use of any conponent or
6,245198Ber ei n, for the practlce of any nmet hod herein,
and/or for the use of any apparatus or kit to

[0X33§Ct i ce Sgnthesiebhwatehsulahla seriiXéhdRicts naﬁ&itjls’l}ls 'ﬁt}fable of light

foll ow ng exanpl Ll .
enf b on A RSS20, CULRERE 1 o R e O it
sol‘ilpfe fﬁf&?&@éxﬁ%aﬁw &ﬁ? Y hﬁ?@tz%o fUéﬁd 6@931'26 t&BawbRdi et al.
iTTustrative pur

oses only an hat vari ous
titlad dWa'mra;bhﬂ»ﬂfsﬂmreschntrsgemcondudw@‘hﬁ\IMmbeDZO wi0P1). be - 46
WO 2004/ 022714 PCT/ US2003/ 027847 suggested to persons
skilled in the art and are to be included within the
MEDPHOD OB MODIF Y Né@ INTERAG T OMNBETRATEN INANOSIROKETIIRE AND
MAfTRDappended clainms. [0143] Methods for the synthesis

—of the conductjyve conpositions of th resent
[0134] As an additional arggect Le present 1nvente101? also provides methods of

modifying an interaction between a nanostructure and an external matrix. The methods
include the steps of a) treating a nanostructure with the conductive composition of the
present invention; and b) forming a nanostructure-containing matrix comprising the treated
nanostructure and a matrix composition. Optionally, treating the nanostructure can also
include polymerizing the conductive composition to form a polymerized conductive
composition. In some embodiments of the methods, the polymeric conductive composition

described herein are employed as matrices in the methods.
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invention are provided herein and in the acconpanyi ng
figures. Additional information regarding synthesis

wo ewhn2xyues can be found in, for exanple, Fesseomus2o0aso27s47
Fessendon, S{982) C) ani c Chen1stry, 2nd Ed|t|on

USES OEFMIW;:EEV ES AANIVE X b OF

dvanced Organic Chem stry, 3rd Edl tion, Part S

d B, P d
B RS R i o

withadt depanfng ﬂ’dﬁl\i\fth\éiisp&t oPRédpe M He/invértion 3t shtia¢d] aﬁ@ﬁfﬂlﬁ%ntlon can
reactions described therein are nodified to enhance

be pubierd mymber pf diflsprny use) 8pdinghd/ or  conveni ence.
EXAMPLE 1: SYNTHESI S OF MODEL CONDUCTI VE COMPCSI TI ON _
[01<B6DECYNY|_The BEAMENE-mhetRpOSREIONIODrABIrda [:mquiveo@omposition for use in
esi.s was_desi d to test
PR eBrebR TR oL R = BRI G AT bR i
naﬁgcrmﬁ A8 a@e&dix.i nvention (Figure 3). The nodel
conductive conposition 5b was prepared using
[0187] 0dO- 4-ThhE QEDHORE GRENSEh&eiR! ¢ @)Céégo%%te b QontduBtiPOEBmposition of the
stfucture, 1-decyne as the tail group noiety, dp
praiemlhydnphnmmmoamqrhealweudctgne@up noi ety. To a 500
mL schl enk flask with egg-shaped stirbar under argon,
[0138] | adi u r‘ﬂhd usdbfter metthod br @ comduptiye Coripodiion of dlpperegen) invention in
|od|df 6 Mol , 0.450 g}% (aﬂlind tri phenyl phosphi ne
te’(12 e° agaBesuctiescontane fevisea gl ovebox under
on Ch a schlenk line, 1-iodqg-4-brono-benzene. (50
[0} 14 ARt 81 SYStSABTREIOHANY, 008 OF thees@nd qu@e&@%@@mws

BB A o o

hereirtefidrel describele er)mlt optéonally ealdmo@lswommnﬂﬂ&g@me dor
di i sopropyl . am ne s added via cannul a,under

100mL
peripaming the methads. B?Cé‘églﬁ?g ém{m S, OPF P} MAEF COREYRETS Y, gfasces@m the
contdillBY E‘@mé&%@ﬂc{m‘ak mate@ra?slusgd 1CREPRY ML Binp W@i%oﬁg dRa/oY R like.

syringe under argon. Finally, dry, degasse
rahydn v
O o AT R R R AL R g e
malhddsvmdl devicatliereint Katsbf thetinfentiod 6ptiorfatly comprlséxyne or more of the

heating to 55C for one h Af t oolin o ambi ent
fo ‘é’ﬂﬁéfaﬁ YfLéoUSs CABPYRANSHE M\/é%ucﬁlgﬁﬁgléeff FPups, ?al groups, s1decha1ns)

foxg t%l% gnro%}i%g 8§rﬂn{1%s%rb élt‘ &Wedéé&p@blﬁéﬁé y&e Rféséﬂt (?ﬁ\h:‘ﬁhon (2) one

d wwth anmoniumchlorid
or anuepreparaBons cﬂf@n@nwdrystalﬁ'baotd)egmosirucayes; (Emnmpamtaaaﬂor

in<d e IOF BB Do PUS DR TIATT L FORSFEIPEs G (TS for
pré’é@i%m‘é'tﬁéﬁ'eﬁh%gs A3 cribQNRRER; QMOMS?‘?Q&Qgﬁ@M%@' lica

Renbval of the solvent resulted In a yellow oil

[0%] 4-de 8% g%ﬁ%@ nl?’ln(/é'rﬁlo%‘iﬂowgéo/ﬂ)y frRl 2 of any/

2004/ 27847
component or kit herein, for the practlce of any method herein, and/or for the use of any

apparatus or kit to practice any method herein.

EXAMPLES
[0142] The following examples are offered to illustrate, but not to limit the claimed

invention. It is understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be
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[0145] This material was used w thout further

purification for the attachnent of phosphonate ester
woreioen327idfo a 100 nl schl enk tube with a Tef| omCwaEb2003/027847

and stirbar containing the above conpound 3 (23.87 ]
suggasted tq pengyns skiliadzdithergrogndeare gkbesincluded within the spirit and purview of

g SRR R R 2B egaséé%l%t%n efﬁif - irgng’ne“?ilaﬂﬂ)e “and

I
o moe. BRI Sl oF S f&l@ SoRaBT PR oL st

1n'é]en€18§a r8%8td heteiddind)in W@Sac &l U%lt%}ﬂiﬂnformatlon
he reacti on vessel was seal e the m xture

re@r mg émthw thehniquesican be fouad fim forexanpigs Fessgndasrandidzessendon,

TR IR R s

SuadbepUd 920 dviateadodicahicdEhetridstiy, 3Hd Hdh)lon drairtec\ &WEB, Plenum Press,
sodi um sul fate flltered_and the_solvent r enoved b

Newp ¥ grks wacd Maseh 0985) 4 | siry, 3rd Edition, J olih Wiley and
So%?,&géggtr’ﬁﬁf ﬁt:;%r{ﬁgly,]thggﬁ}ﬂiaﬁé\eﬁ%%ﬁ E@ﬁ%ﬂ? éscﬂgéd){hgl%% are

I et ona e a as
madfiat toesbamielredction fogg:,lerﬁ(j)%nyldeilﬂl)(or chiniirRnc€DC1 3) 6

7.70 (m 2 H), 7.45 (m 2 H), 4.10 (m 4 H), 2.42 (t,

2 H, 1.6l (m 2 H, 1.45 (m 2H), 1.32 (t, 8H, 1.27
EXAMPG.BH): SYINNBAESIS OB MDDBVR"ONDA TIVE COMPOSIATONWDECYNYL-
BEMZERBONRHESPEEINIG ACIDg W t hout the coupled ta|
[Og’oup (a side product of the reaction) is_sh

Yur e 9.A pibssis npigee) Wasi designed todest §Iteerpo@qjart qp@roach to synthesis
o SSTEINNE A 055 QSRR e i 1 g R

compokltloﬁ 5b vgs pmpdxedm}lngdll mkibdr—lmmbam-‘me( &ba prepyrsor to the body

Tri ne | sil de (40 pmol, 6.1 s, added vi.a )
StragTon e e o R rou R el A diay oo e 26 5a b Srogp moety:
Tofa S0 mitscRighi ARk \kﬁll‘ﬂg%( MapeLstirbNuney ?5‘& ﬁ&ﬂ§dmﬁﬁﬁ@ﬁl§1‘i’de (1.0

in vacuo on the sc I Tne. Next acefone (32 nL) and
mmet, 6r1 779), earertl)) iodide €2.3adura, AAS0 gh endnr)ptmmelpmaphm@ 0 mmol,

0 T Btz AL Doy gt WmyRBRaR | Oha O IRat ByodeTapppf benzene

(50nsdICTY. 03 gr@hﬁmﬁd Niad flded, tBY 8REIAVAs@foppered] And the flask was
sol vent afforded the phos honi c acid derivative 5b

plgced gnder vmwe ymcbbaf}(ﬁlleQWIt przondBX). 3Theleglrveasifgyedgyith erseptum

unf b il oy dbygesed Gisglyopft dilng 00PN i

cafuGelPiider pbgtiveargn plesside YithEHAMY INeXt, doySEHESIdSc ke (50 mmol,
CONDUCTI VE. COMPCSI TI ON 16 [0147] One advantage to the

6. et 1rompopnd Pheasnddsd ia Si}’ﬁ{}&f‘rﬂmd@h angent hwatpfliygfegassed

tet?"’?'?{p‘g’?‘.?‘?{‘ 'g%g §o r\ﬁ:t? gar%élgia ﬁ'%g{eﬁ gﬁdﬁg:ﬁl? ‘B,gfglg :&ggaégﬁﬁa ed W1th a glass

stdpper dridenllpive & stiriab ambiedt fis & 6 bf followebly ]sgaltlhgeds b8°C for one hour.

nt er redi at es and core tures
AU (o AT o8 A TGy SLE R Bt slanopation, the
reﬁ@d@(ﬁ%owe@'?n d% thyl Qﬂ”lep(Z@é @ity dndVEREAORIth SmERINIEh %ﬁllohﬂe (sat.

Figure 4 escribed in further detail herein
aqti¢nus, 3 x 100 mL) The organic layer was separated and dried over magnesium sulfate,

filtered and the solvent removed by roto-evaporation. The resulting oil was dissolved in
hexanes and plugged through silica gel. Removal of the solvent resulted in a yellow oil of

4-decynyl-bromo-benzene 3 (14.34g, 98% yield).
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-48 WO 2004/ 022714 PCT/ US2003/ 027847 nodul ar
approach, the various conponents of the conposition
W@ bvdy2514 uct ure, head group, tail group) arePCT/US2003/027847

synt hesi zed as individual structures, which are then
[0161511 pI ed Thigeniteralvepsusechwithons fertired purtificasion Sapibs iattachment of

oo BB RRBI ket 5 RSB SE ARG LB B8 s

co AR RR the by eQonipdend p(@ﬁmmomvmg)l ﬁd’llatlﬁmi(b)ietﬁaldis vat ed
head group precursor conpound whi ch can be pre

[triphersdphespitingl{d vl mmak ﬁe’»@g)cwm %_sidsé 0P8 asighleny ding, Hi@g@sed trlethyl

A9 40 Ll SOUPL DRSSP, e o

Negf, degsdir diethpl pHospetet4 (@6,26tnok BdSay) wasmidddd w8 syrdnge under
coupled to the body elenment prior to.in at.i Q

arg0e THE AICHPRIVESSF WASISERERLEe meyiwe spied and Beried @diaPnr for 20. The

sol aﬁ%ﬁggg&ﬁm idfo-bvh th@ioﬁ %qwfegﬁus aRaSid m%yl Scdite (200

noT 6t such, anot her internediate
ml)sed lwaslﬁcmwttln eatmyatmlqusccms @fnnmrﬁurd ichloxidg ¥3 & dhmalinilned over

s }(1)1?1 g g}&t [ Vglt It %&Hg@:{%ln?‘ém oqyppde\iagoraélgg (Iﬂoéaélon by silica gel

chiohf¥8Raphyi) :1 E_tB?lSA@éi’ét@}Fekﬁﬂé@} MFSd 6PNk SiniyNBerené-
aromati c body structure (benzene) and the two O-

didthyptedplsindtafaaschailoriess ant (bt gr ¥ayisd)f HONMR (CDCl3) 8 7.70 (m, 2

oY 25904 B0 GRPESEt Rl BY AR, ERREAERE 2 s

1. 267%{1{ lBa$)e6.8DQE B P MS Rieh Ot BO BB PBE sﬂod@ﬁsﬂat@d bty i@Swithout

e.g., various sidechains Olinked to a benzene core),
thaxtolupled aailproap ¢4 side produeitaf theorgrasion) susbownes Figuee &l so
contenpl ated and can be used to generate conductive
[0Biefrposi t iHsoledis dfthe pstesterthe phosp]mtnmamd anem:ﬁomp}ished by the

g G 8250 Saen Hesls coRRRmEI@RoHE g Chigior ¥ Se) and dry
dleﬁﬁbﬁfﬁﬁn@gﬁrﬁL mﬁilws&%é (QO %HM 81 bwhdidled via syringe

preferred ‘enbodi ment, the body structure
undercalrgmhemth) staTiog. Adiee stirring dptfehb ahmbnen@tsmpgnaptredhq golygnt was

tlcrl cor L uc ThIS
rerirra i Foing SeHiriine” VT aaihe R LR RE 00T s iy were
ad QN MdShé HBttiFcatinel abimbiepvbdp&gturd ﬂir ap I'maﬁe Reaidkal ofithg
head or tail group noieties. An exenp

| a
accthmeéwhtehby Gﬁﬂ-teaﬁmrﬁ@nifgﬂwgi bmddyt.i@ @i dq@hler@m@apﬁ and roto-

cou 0
eVl RR R rosTeg e phsophenis avd depvative S G Sy dp0%e vield)
'HNWR (@qmg)m'iglurew/e) §h. mss(nazm)ev: ub $8( 2 1D, 2. kw ( M{)nawckn 2 H),

i nternedi ate” conpound 15b, 15 prepared as follows. To
1.45 (bQQHYLL.32 (1 8K 0t 3. h{ 151} TbAMRa (Dbt Fighrevk) $24.0

pal | adi um di chloride (1.0 mol, 0.177g),

tri phenyl arsene (2.0 mmol , 0. 610 g), and
EXAMPLE 2: SYNTHESIS OF CONDUCTIVE COMPOSITION 16

[0147] One advantage to the methods of the present invention is the modular

approach to synthesis of the various conductive compositions of interest. Using this
approach allows for the preparation and use of common synthetic intermediates and core
structures. An exemplary synthesis scheme for the preparation of a conductive composition

of the present invention is depicted in Figure 4 and described in further detail herein. In this
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LiCl (20 mml, 0.859 g) were added in a glove box. On

a schlenk line, 1,4-diiodo-2,5- dihexoxybenzene 13 (10
wonek/025180 g), was added and the vessel pl aceRC/nsS®n3/027847

vacuum and backfilled with argon (3 x). Next,
modhdasperbadh,thé haiduecompontaty vy covagositanmn(bbdy stAftiAE) head group,

004/ 022714 PCT/ US2003/ 027847 transferred und

taib GEIUP) i SYRYEHZSt 2858 V@uahﬁsecvées@hlc&éé B PePledigeether to form
thO &t O itfogr up to 6 days. The reaction mxture

was cool ed and diluted wth ethyl acetate (200 nlL) and
washed vvlth saturat ed aqueous sodi um bi carbonate (125
m), [ Al RE paerserr i ne (150 nmL). The
[0b48]ani c | @mea:ommen pitemmdlammiehe soarthﬂsmcélsdmt: lembgdimentstof the
renpved and, n.a 250 nL schlenk f

ra
PSP i €T Oy P R DG A T ROHH St pn be prepared
baE AESinoWn synthéiic BRI GERM @16_%9 pravided 8 Fighte 4.€noval
y roto-evaporation afforded yellow crystals of
1, 4-di t hi ophene- 2, 5-di hexoxybenzene (2.2 g, 49%yield,
corrpound Mﬂmmmmmtmmdwtmﬁmrcs 7.53 (d, 2

[0H39] 7. 34 Indnary diithe embsliients 2Ffhe presest iadention, thy | 51d¢amgm01et1es

aré cgg)l?({_?o tge pﬂ(‘ily %%]Bf‘fﬁ}tp Eﬂj&i%‘?s’% 19133} Ele %eiggrscgt]allf;)énegts One

préi%?re@ md@&% dompohenp forlﬂs@ iPthe @8ndhictisd eSpadRioh is 48 Rlinked hexyl

.9, 14.4. [0151] Internedi ate 15a was then converted
mm@tx: ohpohdanbsiter bytetmsdiateesed fofthe genthesis fideS-diicspmieprataining

C%S?(Itqg/%tc\%g}%\sé%lilgﬂsl 1Os 'dii-org a-ﬁ 51(9 Re%yﬁ&ﬂ%ﬁ@&oHp@ﬁﬁ% i’g'tsge also Figure

4"hﬂ;| doﬁ’é aRakare censktidp DE X0 AphR0EZ oGy Ithrctrd (Kdzema) |and the two O-
was added and the flask c|losed with st.op
lined spigear@e ehairrran bepeenarsdaiem Baén@ﬂpmpee(cmpﬁ%f Yorby Ftandard
pr% rg('i’ﬁe& i ﬁig‘?l.feqf Mk b IYRR Ig%?ﬂtﬂl’:’ée@ focus on
FANST erre Rinder posi’tive argon pressure”and
hydiroduiicnesased batly stactutes (s.gi, lvaréxdlssdxleuhzilmﬂOtlnﬂ:ed taa fenzene core),
N-i odosucci ni m de (2.49 mol , 560 gfﬁ]%fs add$d i%lnt
Otbﬁérﬂ&ﬁ@(%ﬁfomﬁé? CoRatioeNase s Comam Bl A 4 FEppeo generate
hdtive @oﬁ ositions
oSHERKE Lo RBRSE B iy SRR PIER NS afe o
emsployingdlttmativeacora daidtirenae skew, foréxample oo Figuee 2. he
crude reaction m xture was plugged through silica gel

(5% et hyl g d with 10%
agueous St 1 |ne 50 nL
(03300 t he ol ingupg qute ot mo

thidgihel?é egcad'ﬂ,@edstelaﬂ emmatrcq-mg\e%@e Qichpd.OTRY 2RObAhdHMVed
he Crude material conpound 15b as a yell ow

symtheyncalsoby dtl(el pmmcyng awrynec@tytammlg CRIVRtUCIDEISIT biyi pjeiyiding

thi?o;%gn@ altl](“g h§gﬂ '6'1) f?ll gg)u(p oﬂﬁ_ﬁs a(ega)émg/@1p6>he}ﬁ|)?-c8§tammg body

stfu%turé gﬁwlu&m%th( éou Péd)s1de3m4§§ 15(1 4- dxtﬁl'@p.heﬂe 93- dlmxoﬁytbé)nzene
H)p 9 H; MLDI - TO: VB, ( M+H)
(cgwomcklsno J,ms' Q@gm?ﬂnd rv\éhl@lmsm pagrdryes frithgriedipated intermediate

compound 15b, is prepared as follows. To a 100 mL schlenk tube with stirbar and Teflon
valve, palladium dichloride (1.0 mmol, 0.177g), triphenylarsene (2.0 mmol, 0.610 g), and
LiCl (20 mmol, 0.859 g) were added in a glove box. On a schlenk line, 1,4-diiodo-2,5-
dihexoxybenzene 13 (10 mmol, 5.30 g), was added and the vessel placed under vacuum and

backfilled with argon (3 x). Next, degassed dimethylformamide (DMF) was cannula
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[0152] Addition of the tail group and head group
noieties to the iodinated internediate 15b |eads to
wa@oendiozazid/e conposition 16. The tail noiety i sSPCDURL0081027847
to the iodinated thiophene elenent of the body
trasstferoat under positifeangon predsucpurBhedessehwas seatadend dieatied & 100°C for up

th previ ously described fat. cqnpQu 5a. i
to §fasnd haBenetos Buptres oot Sl it A aBe iRt ana
waSedtWigh S@srhicg 9q s SdihnY Hicetiat! (129 LY SdeioifedMaiter (50 mL) and
2004/ 022714 PCT/ US2003/ 027847 MPLE 3: SYNTHESI S OF

briGONBOBITL. /S cpauti N@y ASYaNERR] GnétrDREARND 2l thgrsrivsnt removed and

N e
hex&hnEs) ©F UI'E and BYAdadibeY) agd&sivkniedthovel by Reto@oaRestidn dfesded yellow
he present invention, two differing. sidearm

of t
cryriglseai leddishieplanpi2ey Gl ox yorrzens ik & 49% widkb compgpnd 138, H

i e co [
NRIEBES: EnER DS ke ik 175 G AR RO P @ . 400
4HY RO OER G AY 1sARAH), 086 i, 81), 093%t, 5 194 LlﬂO/{éH? REDCY)) 51149.2,

i odohexane (conpound 11) in the presence of -
13931 H36s8, UaH 8at 2Hohd28.0ahtR. OND. B 131 2029.71 26.2,324, 14.4.
i nternmedi ate conpound 18 (see Figure 15), which was

[0150fi nat ethtéGuapesT8h W85 thEh gorvertdd Jo contiiuhyt d5b bgdodindtion of one
t hi ophene noi eties, and coupled to a 1-decyn

i |
of thsitkiophqrreiejengats as folows p?féﬁé%ﬁ%sﬁﬁh&?ﬁ&ﬂéﬂhwg Tt@ﬁleﬂ yalve and

L
flask-$1GESdENED § by akdh plabert uratermwaruuindrerbaekdii liddew ipigoy €3k). Next,

in the synthesis of sqne enbodi nents.of the present
dry m@w{qrahﬁpén@h%ast%%@ﬁ BARSIRIGEH WIAST RYIHVG A8 E&?ffﬂf@ and the

mi%hﬁt%red.l To%ﬁ@&ﬁﬁéd‘s%hﬁ’i%ﬁh%ér‘ér%&f? RRASscERIRRAL 1 48 Zimol, 0.560
I'n Ich at

I ophene noiety and tail group are joined
g) pus addetion ooeipériion thoreattéortradsel s¢aled-wiin e Teflan sleavadzstapper and the
tQ the synthetic schemes depict in Figure, 4 .
reap e S1E S HHL EHACT RGP 6 ik B nees b 40 g stred for
an hAGBRAY? HS AR LHSBhghE Sfudt Qe AP hiktbredlad fl@gdedithrough silica gel
roup noie g/ Thi s thi ophene-tail group internediate

9 ty). . ) !
(5%athybasciates Paveditxane)f then washedryiguH®o @gucons sedinmghiepulfate (3 x 50

chl.enk tube with rese e Tefl .
migo RS ke e T R ek PRt Hfbucd and the solvent
rerfo®adbydbio-evapbiafienid s1hes B dredd BaBAs] svipound 128 293 yellow oily
and copper (1) iqdide (0. 413 mmol

mol, 0.079 g) were added
solich( 1t Hbg, P90 gickldx H MR (eDSbhFignte 13) A, 5@y dsEhd 43 (d, 1H), 7.35

2RI AN S5 T T8 TG S 25 .

2H)01 9208, 4 BY, 1110-1.25 (m, 24H), 0.94 (m, 9 H); MALDI-TOF MS (M+H) 569 m/z.

Coupling of the tail and head groups
[0152] Addition of the tail group and head group moieties to the iodinated

intermediate 15b leads to conductive composition 16. The tail moiety is coupled to the
jodinated thiophene element of the body structure as shown in Figure 4, in a manner similar
to that previously described for compound 5a. Coupling of the head group is the final step

in the synthesis of the desired conductive composition 16.
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wer e added sequentially via syringe under argon. The
reacti on vessel was sealed with the valve, the
WO eag2M mi xture heated to 100 C and stirredPCT/US2003/027847

overm ght. The react| on mxture was cool ed to anbi ent
- ANTING ASYMMETRIC SIDEARM

ELEMEN@S/aporat |on The reS| due was dissolved in

t hyl h 50 nL t t
03300t unt e R %ssﬁ%é}‘?ﬁasonda? PR B deEIS be
identit 3k @;mn{qbﬂrfcslnﬁ@tm&ufé tih @n&héreiBodvaent lof FRRV@EhJoitions of the
roto-evaporation, affording a yellow oil. Purification

preisgnt pRNEGHPTh GWe ldnf&rgwrg siddarms majeties wie smplaysdindhe modwlagsmthesis of

the codgltcilvg 505896@ Oe?i; i é? %%ﬁ%héég% @%A%@B&% %J(ogﬂ)v(\(ilnd 17)
wakthikylateliZat (b unprdtcte®hPdtroxy Groubtllsing? 1 44bq(1iv,aleiits|'d)f 1 ﬂbdalﬁbxane
-51 V\D 2004/ 022714 PCT/ US2003/ 027847

(compypnd 1) ig thy preganes/sf papssipp cgrbonate and QNE 8uﬁdt°vfﬁ§n
1ntéﬁﬁﬂla¥\%< c?l?%bglﬁdflﬂr(%&qiléﬁgggf shlt‘?r 10&%5% -Eﬁp(ﬁma lb Flgure 17),

dettivugized witk chioyhenh nopétesscandzauplod toldl 1 mmnjfne tm nﬁﬁ»ﬁy g")“l)vmd a
.added ipette., On a _schlenk line, ahydr of ur an
Qe R oPRAGE HFA AR (DR & MasBeT SRS TR b
vessel through a septum The reaction mxture was
cooled tg_ -7T8C and nTblfty

_LHQBLEMreaCtl on ni xturstl rd for 45 min., The
ctlon nd
088F Tt ny (LSRR Ry aflﬁt%@?%%n%f?p@?%@%q*l ﬁ}?%%%‘*.%hm@
embedifeeniscf’ mtﬁmpraxe)lt heventi@anis ttheahtonphemﬁcenmening tailt greup monay, 1-
under p03|t|ye arg re re throu tu
stappylrasgeeyny - thiaphe sy (eampd 4o WHED & istiers gqu‘zs an‘f il group
ard fbﬁed %hblr {ol Crdg%lllﬁé {3 tHEBbSB) dtrus Rkdilih BSntRNEL the E’)ﬁ'{théﬂé s@lflemes

The reaction m xture was
demietednin Bigardy emt Figerefe irawhich thd thfopbene mpisty isyeinad @ﬁhe body

srdgliregrigh o6 O e L hEBHR AT . LR (o gous fermediate
cark %Eﬁﬂﬁe%foll@%%ﬂ )i Mot BJoML. seit1fed tub®AithiFedealable Teflon
brine (3 x 200 nL), dried over nm neS| um

valyalahd egg-stfappd ettrbeir, arlindiure dichlopda (0.4 Ehawed, 607

AT TS, PR AR Y07 v
ad¥ddeih gﬁe4g316¢(7ti lb\JM;? ?Dﬁﬂﬁiﬁ%lgﬁ( lrzr?a gegaisedl’l bl)amotlﬁgﬁﬁ)er(e@ (22.66 mmol,
3-3(|%|)rﬂ’), dispprogyaying (30 @19»1,-3@3/372 @0 66 @n}ol%@ E«gsar(fﬁﬁpﬁgl@sa(w mL)

T i SiheTENHIRS! Jed with th
B A B, S s e i
valvethe gatkch mixtmedichied o &HO ¢ ﬁemﬁ) lsmseﬂ]d)varm\ghht’l‘ltmea@lon mixture

wag Gﬁ%‘g‘g Po? qx%l?]le%ggn%grléglé; ggl 9 re]:ghrglm%ve(? by roto evaporatlon The

residue was dissolved in diethyl ether (250 mL) washed with saturated aqueous ammonium
chloride (3 x 125 mL), dried over sodium sulfate, filtered, and the solvent was removed by
roto-evaporation, affording a yellow oil. Purification by plugging through silica gel with
hexanes afforded 2-decynyl thiophene (compound 22a) as a light yellow oil (4.32 g, 95%
yield). "HNMR (CDCl3) & 7.18 (d, 1 H), 7.12 (d, 2 H), 6.94 (dd, 1H), 2.44 (t, 2 H), 1.70-
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t hi ophene-derivatized tail group noiety 22b and body
structure 15b as follows. [0157] To a 50 nL schl enk
WO 2ive/02a7idr a stirbar, palladi umdichloride (0.HBQI/Ismwh3/027847
0.021g), triphenyl arsene (O 24 mol, 0.073 g), Lid
1.302m¢ 1 2vid)) 0.9D (11D BI) prCavE M 's220mz).- _"Bhis dempoyid wis wsed entiout
1’%}5 re added in a glove box. On a schlenk |ine,
liﬁb was dissolved in degassed
formam de and cannula transferred t

th
l01§éh| en k Topd lipebenk sk withcgeshepsd shrpasdnp gloveiRax, the 2-

| |
dedyfiibtrEath R4 Rimdh PEER LIRS aqiARHY Fheo b i tine
tetnabydrofu‘ﬂard(ajbé mITheasrcaanmila cansferkddoehevgactiahi vassad chroiighha septum.

et hyl. acetate (250 S t.h d
Thezgaghion mpgurevyas copled @Qﬁ.ae %}‘gﬂw’é@ﬁ%@é k6 M solution in
he)&%yﬁms L RIRBVESH Wik MaSHhgeRHa ke @adtionmRYurs klitrédfor U8 sdin. The
chromat ogr aphy (4% et hyl acet ate: 96% hexane) afforded

reagtiqy exssel 9o fitied oG thypmadditRa fusel vl 2oathyitin zhlpride (57.4 mL, 1.0 M

solgucérfé]lg % / 0 7847}Na£ {) ! ec Brsaggferg )chltﬁ‘lg Irﬁ?cf)n% P)g‘ iv&dtgon
pre@ﬁm@%é a7se'§fhn€ n'l[‘heltrifﬁethﬂnﬁ ehl6flde §olirﬁon Wa@rdéd Heopwise to the

9 1H, 09 (m 4
stirfing (I;tl(lmn s.q.lgqﬁolumog gl)ve(rm pegppl of 5 gg)l (@7 8@[;]) T(l-qmgquorr@:xw was

b T A Py DA Tl U e

in Vadug Bn BicBschteak hﬁie Mtr@pedﬁlﬁia cthlso]nleﬁloﬂﬂsk( 6rh2 redulting residue was
N-i odosucci ni m de é .H15 0.116 %é \g/\%rsj dded in
disgeleedsiar dictiy! efhertS0 P&aﬁvaslmiewwé hepe bhx g9 over magniesium
| - -
e T ik
thiophenwash asla ﬁgmtfbra@%oaqme lg$948’/0 q’neldr) O NMR (@DEL) 8 72015 1 H),
i ne

7 00N PG T %)Hl)lg]g@j(m 2 BhgHaGm, T 1gRT et &8RS (5 B, 037 65,

ot o- evapor ati on afforded
9H?C@écr uogeMg é%% (%mq%gﬁ%ky yell ow solid which

was used V\/lthout further purlflcatlon (0.402 g, 999%.
[\

[01(56]j 1 H)A,nofheil 8xa(r11ple th—I}coangalf:’&l c(omnpoémb)l of me]p'res(em in@eftjon is
0-1.20

cogpad zgnﬁhoynps Bl a5 e i SRpOrOSNER Y ERed e the
th1%heh@ Qe PHBRA kfDerofp MRIPPRANEICINE) sBlcRBATSD £ BUBws.

24 was prepared for attachnent to the body
o] 33&223‘%“(@3%%@11@%% Vil AR pARE AEbEorde (012 mmol,
0.02¢ g triphetiplarsene{0y2Priody 0.073ez) CL(H €2 .4 emndl, 6110 rgaydmtt-s@ﬁnyl -5-
dect:y?ly{ t rl(;?)h%gg gi’ll(): tvl/e\{reez ac(i:(?eréqr? ?gﬁclv%rl])O)Z(S Ovr\{aaS sc nI(?me compound 15b was
dissolved in degassed dimethylformamide and cannula transferred to the schlenk tube under
positive argon pressure. The reaction mixture was placed under vacuum, backfilled with
argon, the vessel sealed and heated to 100°C for up to 4 days. The reaction mixture was
diluted with ethyl acetate (250 mL) and washed with de-ionized water (100 mL), the
organic layer separated and solvent removed in vacuo. Purification by silica flash

chromatography (4% ethyl acetate: 96% hexane) afforded a precursor to compound 23
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provided in Figure 6. EXAMPLE 6: SYNTHESI S CF
CONJUGATED COWPCSI TI ON 28 [0160] A further exanple of
wa@2menpargat ed conposition of the present i nvenP@DIS1083/027847
conpound 28 as shown in Table 1 and Figure 7. This
(precurparssttucine natshpweymsrasgtllowi aily sohid (0.360 g, 23% yield). 'H NMR
t hi. ophene- cont ai_nj y ruct ure_ 15 n
CHESNT Sl HoTo TG § P 207 T FePng SRS, T 09 g 410,
] g r ehhRatd.vely. +
L 4 B Sk e n UDRO 3 (Bl NERDEHOR MR 661
m/elepi cted in Figure 10 (i.e., by using a body structure
having the benzyl ring instead of a head group having
[01583 benzylo 4 0L schieilo flaskRizh Teflctucilive,atiftarmadiheipoetursor to
depicted in Figure 11 could be_synthesized in a . .
cogipaynch?3 (b Mok BARR ) anssshiRfofsin(6 b \rjodogugginingide (0.515
mA&D 6)’1'18%2 b GRELa9h BHOp S 3B Ind 2PV T he'rBackibl YE&ePwadfddied and
a thiop ne-contalnln% tall group (e.g., conpound 22).
the It h261@d tO2P°TCLtdbr PTH/ UB2 0068102 didtdre veadARLdd With ANyl acetate

LTERNATE MET F :
(1 QRS Pt P T PP BR E C  25 gl 4 Ok 21 L)
drie@ Bgéﬁh%g'rﬁsiﬁﬁf%@ﬁ{eg fiRfred and hiﬁgg‘écﬁﬁr&@ﬂtsﬁﬁﬁ logt WHh efS1 acetate.

depicted in Figure 20. In this approach, dithiophene _
Solsicetentay abyerotatvaporation afforded the crude pioduts@dyas a sticky yellow solid

L b SRR PSS, AR Il .1
H)?@.%SQ&? i) i705h gl 187 ROy 5k WehUr 80530 (%;,ggspm edad, nam 5.18 (¢,

ydr oqui nohe 10  as descri bed above. The i'odi ne

2H)p4 .8 (ms41), 8. 1t5Hen 2Hepl. 2T 6ul, 44) h.58Wm, 8H).Hi.YphaAdm, 14H), 1.28 0.93
shiﬂctures to formconpound 30. Internediate 30 is

(n¥ “joined to tail group 2and a phosphonic acid head

OB, T3S Ao ST iy s
gr%@g{eyﬂmaéﬂreﬁgw Br abtacHn RRIe Boi P bt tRe] Bh l@o&;ﬂin%%‘ the non-

used Tn the synthesis of an ~ additiona _
iodinggedimepiteno bf ¢cdneponiod d bt Additivom tei ireomsor bead group moiety 24 to

resent j.nventi c oun 31, as described i
thePerily EPastion BIRANBER 16 FOrRAT R € co PROfion Rip onap pormed as
pré&<AE Hi Mie BOL YMERS [0164] Enbodi nments of the present
i nvention are contenplated in which one or nore
components of the conductive conposition (e.g., body
EXeAN9S . & YNIERE SIS OF IO0ONIEGRTEPLOOMPOSITYONI 28 € uni ts.

For exanpl e, sone enbodi ments I ncl ude body structures . |
(003 par ed Afurther example of a conjugated composition of the present invention is

compound 28 as shown in Table 1 and Figure 7. This composition was prepared using the
thiophene-containing body structure 15b and a benzyl-containing tail moiety in a similar
manner as described in Figure 7.Alternatively, compound 28 could have been synthesized
using the intermediate depicted in Figure 10 (i.e., by using a body structure having the

benzyl ring instead of a head group having the benzyl ring).

[0161] The conductive composition depicted in Figure 11 could be synthesized in a
similar modular manner, using body structure 15b, a benzylated head group (such as shown

in Figure 9, and a thiophene-containing tail group (e.g., compound 22).
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coupling or polynerizing two or nore body structures.

The coupling can be perforned either prior to or
wa@bdoen22at4 achment of the head and tail noi eti eBCT/US1008027847
respectrve body structure nenbers These enbodi nent s

$ AIRERN:A f AVODWIAR SOPWEHESISHQE
C@M\P(MN]DRS structure [H -By T,],, wherein H corrprl ses

[OﬁqIZA L{?ﬁ;t t/%nét ngltplgg ”g:}tﬁpgfpfcpgﬁ g%éaglia?tg)? Bf a&%uctlve composition 25
is D13 OStéHplatedCas depIeRd iR IFRQME DBNISthisHp tcﬁ@ﬁtdlﬂﬁkﬁ)haﬁéléiements are
group bound to a nanocrystal surface wher ei n

attachiegiab g awitdo hedpdy sirucetsr wihso H@rlrustnﬁghl@nleer@rwﬁtﬁr@ng head and tail
grcg:ug)% ng)g)inglg girgtgr?]sl ¥ {T%h(? %Rp%g h\l\fc%{r}%tegbt y§ str{tcct[ue. 13 3 is prepared from

hyﬂtmﬁtrtoﬁa 20 bg e&cﬁearchb@w Umh@fodbﬁliﬂdietléseﬁldﬂ@h @emaced with two
wherein T conprises at |east one taijl roug coupl ed

dlthmhmfos};rug{um}é@ doran copprpung38y dntprmyediafe 3¢ istrgn H)lned to tat?group
2o DASHGRNGEE B SRAD 36, LSS FERSHOL, LGB GAIBIEL composiin

25f or preparation of a conductlve conposi tion (compound
36) incorporating two core body structure conponents,
a p-xylene wunit (derived from conpound 32) and an

E>0ARIPLF SitSSIN T BS ISXOH lﬂONﬂ%AﬂTED COMALBITHONAL. -54 WO

4/ 022714 PCT/ 2003/027 |t shoul.d he noted
lﬂf@ﬂever ﬁﬁatmate HEErRgH i -‘bswliﬁ beused r%B’& %ﬁ%ﬁ?@an
adé‘t‘h%nﬁ'%lﬂdﬁﬂent%f ﬁf@c%n&)c@ltvg @SinPoRESIBRIEHd ﬁ&@sent ﬁﬁreﬁt‘ldha kompound
product (in this exanple, conpound 36) can al so

31cadascheheddn ffegunea®B one | arge body conponent havi ng t wo
aromatic rings coupled by a dithiophene noiety, and
having a tail noiety attached to a first end of the

EXAPAIR 9:I50AYTHESEUOE iOd. \YaMERIZ ABAE @@W

O M5 Bk RS T one

mdtt RsRPbndniyEMnhé edhduting dﬂinﬁiobiﬂl@hl(@g bb@} WRRre,a@Yd, tail) are present
structure, head group and tail rouEJ el enments is

in puMtiplepnijs. tﬁg@aamplsnsomreemlsqﬁww@@ inclugs podn struciwes grepared by

Coélgﬁjcgrorlg’edyrltl g%oy\é%%l as sﬁgﬁﬁ%ﬁggl o not ngg eah B¢ performed

citbesricies edatter mtﬁdhﬂgant b 0th6 GtadCanineil noidizs txﬁtheb@spectlve body
synt hesi zed as provided in Figure 23. In a simla

strﬁﬁﬁrremembeﬁp dherg embodipenty &g gpRericoiY ﬂesnk%ase@némwr
co e By ntBelfd (B ABRER g of hone

futiepalized head grotp eapabteugl] beading tat dieanoaryistalsurfase 2&r, (draanostructure-

TSR AT g 5 W T S
coffpPids 4 Bty AuBlutd R LR of Blore @&gugatt&?& hig $dieties, wherein a

synthetic”internedi ates are joined form corrpound
ﬁrdt]gonjugmc‘zl]orgammomndsls Baupalcdjm@praxmlaéﬂ’ur}sapnalm@ﬂ &ead group or bound

hea&1 tgr(:"oru%,S \t)vheremnlC gontlpr?sség at12% %ge ¥all group coupled to the body structure; and

wherein X, y, z and n independently comprise integers equal to or greater than 1.

[0165] Figure 22 provides a synthetic scheme for preparation of a conductive
composition (compound 36) incorporating two core body structure components, a p-xylene

unit (derived from compound 32) and an O-alkylated hydroxyquinone unit (compound 12).
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al so enbody an additional optional feature of the
present invention, one of the polynerization aspects
w@boothz7eonduct i ve conposition. As shown i n Fipor/esas3 027847
the sidearm elenments of the p-xylene derived portion
It gliouhbe hatdg, Ietweyet, tirae alttamugh éwo bady sthohire hompntsrze employed

g B oS e B Pubal LTS oA Jor BB A conssobe
conbitiBed 1 HaveSRNRY bodtdifpdelavint & oCdrOmati¢ AL dovipled by a

bet ween t he ket one- contalnlng conductive conpositions
dl(kmrélrem awisty.ond diaving adait meiatnvattached torainst endgefthe pverall body

Stliuﬁ %\ d;%b%%erﬁ%e@l E%algédﬁéggar %?%gff %tfkheeo %&ﬁpr{%%&tesgrﬁaﬁre As with

mARNEaabddigiehits ®f fRl dhiedical ComRSitions 0§ tHé&prest&gt inoérhion; thy mlﬁtmctlon
and p-type nanocrystals incorporated into the natr

betyseqs b%ig sEHCEEe, head gaum anblar Eeup el%raerﬁﬁlsauf%?é’é/rhased upon the
C

s/ BpHE FpBRE RSt ot he o hBLApcRSLCREER colffofing 25 as deseribed
aboke), amd 49 such EANPhE BelconSeFeaiEslitngF CONDUCTI VE

COVPCSI TION 43 [0169] Di-iodinated internediate 13 can
[0absj0 be used iQoipeursldd dagdesyithesred a'smmdmalmgure 23.Ina

enbodi nent of the conductive conpositions of th
S@ﬂ@,\%@ﬁmnqrmp@mquaﬁ 41 sampleu by SM@S(Z@@ &s fhqyn i@ Fzsyre 2 this

RO ey BN LA B v n

theieseupldEd thbovigrouph22 (te fnpincampedint 393,i d segomdippody structure portion
noi eties are then | ed to the bod structure
(C?WEOWF%Q(Bd%FWé%tE‘f Abepupleditp @&‘F%‘P pt(t8 fé% uterme diatd o), and
ESe R4CTI VE
th%%%%s%}%ﬂ%%\lmk 0170 s]-%)e-ﬁ%{lrtﬁat edcﬁg?rﬁ;{’gﬂ}riedl ate 13 can
0 be u
3830 e 5P P 8 L BRIl P, 0P e compsicons
alw @absdy dnnadditionahoptivanipfoatort of4be fresmt Hivgntien, 2>ﬁ¢ of the
[0171] To a 50 nL schlenk flask wi th egg-sha
palymempzation ﬁSI%PC&I Qf\ﬂée spaductpegonpasition. 2%%%@% ggl*ew| 23, the sidearm
elgmgrl[:tg o@%e {{ P&]'t %h 3? Rle HQ@Z sﬁﬁ&%ed'aﬁ Be r@c?e‘ae\ﬁth a ketone
rvac ackfi e w th argon (3x)
fusctivrah grolup e shdveﬁ malfigare @B pfoaex4rplag i thmlsresemnn of astereoselectlve

baheUFB A VD iSO AR R A T cros Backivfy freatyhe ketone-
cdn'tatlﬁ'l'rlg bAdLcE9S cithposttidhs \preRrABLy B8R di ferfRHARGEAICHIAS) leads to

ad dropwi se via syringe and the reaction mxture
cmmhnhnilgtqﬁ thesifacanicontlngtivegomppsitions. The reacti on

m xture was recooled to -78C and trinmethyltin
[0ab8lor i de This @fbodiment ishalicntirlytdfomterest iheianedﬁlyldnmé-ma'i@

was added dropw se waggrlngetothle stirrin tt
caapqsitionf HayIHa gtthn type and p-type nanocrystals incorporate 1nto he matrlx

Coupling of an n-type nanocrystal to an adjacent p-type nanocrystal will allow for an even

more efficient transmission of electrons and holes within the matrix.

EXAMPLE 10: SYNTHESIS OF CONDUCTIVE COMPOSITION 43

[0169] Di-iodinated intermediate 13 can also be used in the synthesis of an

additional embodiment of the conductive compositions of the present invention, compound

43 (see Figure 25). For the synthesis of this compound, intermediate 30 is prepared as
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78C. The reaction m xture was allowed to warmto
anbi ent tenperature with stirring overnight. The
w@olera7iavas renoved in vacuo on the schl enk | PEEUSIVA3/027847
trapped in a 1L schlenk flask. The resulting residue
devmibeed xbovac ﬂérré heid graugsaad ¢l groupmditios jredheh capiad! ta the body
filtered I n vacuo splvent removal to
SO T 1D PHA Ot QP R0 S 2300 Bengr R RO ogi R 43,
NI\/R(CDC13) 8767(d 1 H), 745(d 1 H, 7.28-7.22
) )

[Of‘ﬁ()] 1. 44 ]jlnibdmaié)i ,1nt3rn§’e(2112{térl3 8&9 als@b@@seﬁfﬁh th% s'%thegs 8ffan

9H). [0172] To prepare functionalized head noiety
addﬁon@omﬁm@nUem of (iIBCopduatiye compasitiong)of; slrggpresent invention, compound
46 S Iglgxdl u\l;\% Jtetrakis [triphenyl phosphine] (2.50 mol,
‘e added to a 200 mL schlenk tube with a

T fl ' hi k
07 et ny! Toetit ShlegR s oy ea%é%?@aﬁ%ba{ (i 57885, Brecursor
22\3@0 ©9Y hRolS68Ye gs {vad hadeadried, cick way éﬂogg@fed l{ﬂzﬁféﬂ uﬁﬂ&%cuo and
Next, degassed I et hyl phosphite (50

19)
bavkfdleddeigtiangon (bgbr i Gy @ schierkdmeategrohydrafysar 6amL) YYﬁS carnula

VR0 PSR Vo AL, SRRy sl -

78P0 and Rbus@lliesinin (08623 MENOVER .«wutmtlﬁhexmo atab added cmsmlmse via
the residue dissolved in ethyl acetat e%{SOO L

symiagshand the fqacg@n v aEge KU 0°a s siited o6 ILBr fd?é r?astl%l mixture
| f
waidodBd to 478 RuRMBi E@@ﬁ}fol&%é@ goAlrt, 1.6 M &iford by

hé"so Ven F Enoved 0- evapor at i’on
tetBdhlytd duge) wahiidﬂmtdﬁcgfvasﬂ‘ma éyiririge o khed sthﬁg M¥Bium salt solution at -
2004/ 022714 PCT/ US200 027847 Acet at e: Hexane
783¢ 1 dh@ ERACHOMBBXIHES W2s allowed Lo, apm iam Pt %@Pir?t%e withgirring

ovfinfit)) ThE OB bdsiloh e bl iy O lilbmichiddandrapBedin 1L
sciléniBfl¢sk) . THeGEdBfinghesidud Gastxtmctedovikh haxases/(Bt% 58 mL) and cannula
i By P uhgacs o Sihenove) (b ATOR) e nia® pOpPH 44 as a
M0
yego‘g‘ebgl ?in{ ma i g@lﬂve@%d 6374, 1(111) G/54<m{§10h IH3e7 §§ﬁ/92)20(aﬁrq@rr¢) 7.20 (d, 1H)
7. 160, lH) ),S5508 (se2H), mflde(gastﬁ)dz éﬁ te2 Hthl | 8 %?r( ﬁa?ﬂiﬁkil;)a 1(68d(nL¥ H), 1.44 (m,
to e SC en upe unaer

21‘@ g|3§ wﬁ?&#{%&e@éﬁﬁﬁ” (frr?te’Br eaction mixture was

£| aced under vacuyum. backfilled wth argon,_ ft héa

0URdsel sekn RepaRduEanalired Beaggpeichys?s, gompoungy3 (50.0 mmol,

AP PallB Hodnide] .50 12 86 &) (erGdded ¢
14&%%9%03%51%‘*%%@“%%“? HYBRoAR B2 50 byaps 89 ) heRbaded o2
200mgla sétderkaybe withpaledload abmdnd stirbent On esthenk hnte, degassed triethyl
Purifica silica fl chr onat ogr a
a0 £ e esbsenSTiere ST CUHB SR A EPae s SR vig syringe
un@by #g&P! Nekt, degassed diethyl phosphite (50.0 mmol, 6.91 g) was added via syringe
under argon. The reaction vessel was sealed, the mixture stirred at ambient temperature for
12 h followed by heating to 50 °C for 1h. The solvent was removed by roto-evaporation,
and the residue dissolved in ethyl acetate (500 mL) and washed with saturated aqueous
ammonium chloride (3 x 200 mL), dried over magnesium sulfate, filtered and the solvent

removed by roto-evaporation. Isolation by silica gel chromatography (1:1 Ethyl
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(0.124 g, 14 %yield).. 1H NVMR (CDC13) 8 7.85-7.80 (m

2 H 7.76-7.72 (m 2H) 7.65 (d, 1 H, 7.46 (d, 1 H,
wQ20b208xt142 H 7.25 (m 2H) 7.15 (d, 1H), 7. O4P(CB/US2]JB§/027847

7.03 (s, 1H) 4.15 (m 4H), 2.46 (t, 2 H), 1.97 (m
Acdthie; Hekafid) affprded iepmpaurk4 an a @irlesd 0B 19.{ g, 639 yiddd)9El NMR

(callrbizs0y ok B e BapA T ER! 4 b D B oTHR

epar ed using iodinated body structure 48, as
(Cﬁﬁgéﬁlgs‘?g)ﬁ gure 27. To a 250 nL schl enk tube with

Obl 0. $8g) i erpkBnyPerEBatt Pl G Egag o Sommol,

0. 0@09 Hp@éﬁﬁafsmwdo 101m1¥159 oq)31 @1 gﬁ@l &6ind1N0.94Y g;)mi dvmpound 45

I'enk Iine, diio ethylhexoxy

(1. %errm;»l ;Abéwgé,n@er@ @édmiour@oglmvpdvoxz é)rsa nk ling, gprgpound 44 was
dlsgogx%f 1|nflc{1 é%i;s%e g yg%oﬁl%l %?&;{6 dz}%d c egasghlgg?&red to the schlenk

tubdiuBEHOsHi9E ABISh Gress BV The 1€H3tioh jnixark waniladed under vacuum
transferred under positive argon pres The ve

backdidled wathameem the vwessel seplednnddigated & 100° gaé’r 13he The é@pp%mlxture
wag’gﬁ%@% fﬂge?]hcﬁ \%gééﬁtg é Sty ﬁb bt} 9snal Wienedeibhizag Wa?ér?loo mL), the

sat urated aqueous sodi um
orgahicAsydr kefaeatéBand sbenttemaved ibvaane. PBrifixatibBGyrsilica flask

chrg{}}%?ogré) ly?;tﬁy]echat 29 ar al le(iljsg)f? Ig%f c o aal%@ a yellow oily solid
(0. [% % 1%’" efl t ' Oﬁ NV @b@l?}& 915 b)’sé Erﬁsf‘m bfﬁrfﬂb@&ﬁaﬁm 65 (d,

hexa d 10 ¢
1 )¢ ads thl)H)arYdﬂst(dl ¥ &Nt7.25(mm \2&) 7b135 (dptIdi} ey Hﬁ) a3 (s, 1H) 4.15

(mydg) fg?«%&r SR 74, S0 W Bl L (D) 82 (@) 095 (m. 9
SR $°'3$”<3352°L$, (wR .

.26 (s, 1H) 7.13 (m 2 H), -57 WD 2004/ 022714
[010498 (t, Co?dﬂbunc[l 9&7@reﬁ'@ecﬁu§i@10ﬂina’&adl’dody ktridtasid8pig $hown in

Flw@aig%g ?%ésggj ?ﬁ%&ﬂnﬁ(%gq\%{t]g}ft?%rsangd]%g@n vihg aCt | %B&m tighloride

r I |
34 AT 30\ S, S B i 1750
wend_3dded $n a glwabba Onarsshienk dde,tlgd-thedor 262 ethythenexyel-

t hrough a tu N- Tet t hyl
oGy AR GRATRGUEA 8 3O BMOL 10 R g Hief ang dpepyspaghplaced
un&é} Vabgirh Q&Pf)d&ﬁllg@l Wit‘ﬂrﬁg]dﬁ é@ Y Nekg Qegasénghﬁl@ﬂl@/IfbﬁﬁlamMe (DMF,
m xture was cool ed n-butyl lithium(10.53

106 L) e chiusdd u*amsfmerdrundqepmtte@ arganeprcssditie dlher vspeel @i@s sealed and

herlitﬁg to yd’dTgl%orsgﬁ%f It ee r[ee Fofq{_r?&t&rpe )}E/tagg%e?lggi <§ Lg%cgg/ tE%{hér!Lacetate
(S00ML) afl Wdshe@vitBsantaod dfiolis Sousire tmeduface (3 x 150 mL) and brine (3

x 150 mL). The organic layer was separated, dried over sodium sulfate, filtered and the

solvent removed by roto-evaporation. Purification by flash chromatography (Ethyl acetate:
hexanes, 0, 1, 2, 5 and 10 % gradient) and solvent removal by roto-evaporation afforded of
1,4-dithiophene-2-(2-ethylhexoxy)-5-methoxybenzene (7.55 g, 92% yield) as a colorless oil.
'H NMR (CDCLs) 6 7.56 (m, 2 H), 7.37 (d, 2 H), 7.29 (s, 1H), 7.26 (s, 1H), 7.13 (m, 2 H),
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the stirring lithiumsalt solution at -78C. The
reaction mxture was allowed to warmto anbient
WO eovperdaiure wWith stirring overnight. The sol veo/US@mge3/027847
renoved by roto-evaporation and the residue dissolved
4.0 {d ,c2Hy B.9A € t3&)el 8225, hiD), kot (madbed.3Ri(mh SHY0b. &b L), 0.98 (1,
g hiosul fate (1 x 150 nL) and brine (200 nL). The
rganl c Iayer was separated, dried over magnhesium

[01$7g ];ate\e/ap”lgyr 3 &iﬁ’i‘i gﬂ]?epl% ng{c’ Y%Ié% eegg, s}{a?)gg\étﬁgarb% a glove box, the
reaemrpﬂ@ﬁf?&r(?@ﬁy 31Ny, I75 a7 Ghahdied hﬁi@\‘b‘%&l was stbppered p1aded under

radient) and sol Vent renoval
vaquotand éradf;fd}egltwldmrgoli 69edOn a schlenk hne tetrahydrofuran (241 mL) was
t h| ophene- 2

d
carkla A S S e S G ol o h PEepl Bt YR RN gty
et%@nk&l\i\fgﬁié (6. QHM { @@@} Sas &aﬂsfé’éedtmthelreh&tloﬂmﬁﬁmé dria shringe.

Thg 1e_g):tlon7m1)gul(edrdas c’go},q)i to ;4} 8(3@ apg n ml httgluggl()g3 113]..])1 6 ﬂ ggutlon in

el it sy S b s el e o

THFSsoldin (0 ufll)ed 1120d1idmeﬂ1ané (Mleinylot @.1f7@rgywas cannula transferred to
i nternedi ate conpound 49 (as described in Fi

(oD 01 SHCHIGIR A U Cu KR TEHEIOR TRBAFS Wptl[atadfrgvarm o
amﬁ#% ’ ﬁ‘gi %Suf(:&lt’%zstl | f@\zegl.i %gt?gnl?%l SPTJSQ%%byﬂgé{ozﬁgﬁy tRoLfaporation

and thetresidyd diSsotied ymythyt dveoph@as mmndwmshechwuhdomoaium

riGhuBiSE ) S0 5 (AP HEALy G PTRARICAR RS Schpe-diried over
magh@s'i‘lﬁfl %ﬁl‘f@cg ﬁl%réd"&dstﬁ@' 5610dnt tré’ﬁ@veﬁ'ﬁ‘%to%bbﬂaﬁ@n apg@Pfication by

ressure. The reaction m xture was placed under
ﬂasladuqmmtogwky (Ethgloacstateh haxapen 0, 1 1 Svand @l %o gradient) ansgsolvent

d 100C f he
reryna B U aaemnrete iy ped Sistaf Bl b heReai s ndh i P
meMdxber#ené @BipBEnIE8, %2 1( 4 00% ki) b yelgrilc 'HAYMR

separated and sol vent renoved in vacuo. Purification

(CB¢13§|8| 7-85(h) bEh I Ghhtbg? 3Bk 163, 1894ded Hy) 7.3k &d, dHa: 7.20 (s,

1)o7 a0 Af S 3o S S50 et S8 i BERS, 473 . s,
10(1(& 3JH) @8)8%32904/ 022714 PCT/ US2003/ 027847 I—I) 7. 47
38 (m 111), 7.32-7.25 (m 2 H), 7.17 (d,

7 l
[013]?% 9 (s. el“éllg_l)%ma]cé'& bgdﬁgrulz_s.@@% &'ﬁhen?dfﬂlgbeﬂ t@@he&ﬂi‘l n?ﬂ‘i'gt?i')to form
intérndegiaterpor@pdund 49.(836ddsonib&@iHn Figurg07)0. Bxa 10f mgH}:hgenk tube with a
.MALDI . T M 8 m 7 T 100 h
sipp R4 BYPRARRd rEPE B P gyttt oL 7 o),
Li®®r @43 HRbl, 0497(H ar® 1 ¥0RIny1-2-d83mi-thiGsheAs gBs! WéFB @dded in a glove

vessel was stoppered, placed under vacuo and
bokabwfa schigugk \}mc,h:ompg@mﬂ 48 wps dmwlﬁeddnyilggassed dimethylformamide and

car Gt EHSTE Gt B tod nBeunbBinB BEGHER shOsbfel mhg pacggp mivre

wak §rHREd ahdbr @acullA baeleRlteld avitHMarkbn)tee vessel sealed and heated to 100°C for
up to 1 day. The reaction mixture was diluted with ethyl acetate (250 mL) and washed with

de-ionized water (100 mL), the organic layer separated and solvent removed in vacuo.
Purification by silica flash chromatography (5-15% ethyl acetate: 95-85% hexane) afforded
the precursor compound as a yellow oil (2.83 g, 71% yield). 'H NMR (CDCl;) 6 7.57 (d, 1

-58-



was cooled to -78C and n-butyl lithium (2.85 nL, 1.6 M

solution in hexanes,) was added dropw se via syringe
war@4ki4 eacti on m xture warned to -50C and SPCT/USIN03/027847

for Ih. The reaction mxture was recooled to -78C and

H)d1.41 ) bHYshHomat 1d)c hB 217 25e(ng, 2. H), 36 7rdol ), 70.3¢8é, 1#D)7.09-7.00

59, 00, P50, Y 288 01 L5 R0l R, 20

1.38l(h0 %A 1t 30-984 finl SHRNOMVATIDE POPMSUMA-EN) 6L 8 Pr/st i rring
overni ght. The solvent was renoved by

[0139} 0- evaqgraaltolquL Me@lﬁsk%ﬁm g%a KISt i@ $love box, precursor
ssolved in ethyl acetate , dried over

49 b6 omal2.BAgpWas addeérBd: Vd@snl Mfas stappored,ipjacsi upder viepees#nd

onat. h 5- 15W I t 8 hexan
e TR G B L T TR R Bl 253 P e o e
reagﬁQﬁM?ésEelihﬁd thR b skan ﬁs@vm%ﬂn\/%nm| TTIQYeQ&lon mixture
017g£ ure 28 provides an alternate approach to_the

wa gonlirbioi JEUE anbmbutH 11 €SP i M HItopARRKme )y was added

Al |
AT e VBTN Sl ey o
reabfl_'l%g%;ﬂtﬂ& Mhﬁ@oﬁéﬁ@ﬁ@@ﬁ‘ﬁiﬂ&ﬂ&hﬂﬁh@d@heﬁdﬁ@ C\thnm((m 56 mmol,
oct adec osphoni ¢ aci
6%8 mlp- Waﬁﬂ%ﬂl@émﬁ%ﬁ@ %JYTE@? toythg SEmﬁ&}thy ?@%“@HWOP [t -78°C.
TR LU AR h5S 5  TEA B  SAONAA vemish
Thesgaeitovas wethavdddnt rotcse vapomation afid thertduitimgpesidue W6$ dissolved in

epar a n i.Qr to as 00|a on_w t th
ethiyhpstss {153%50#1‘1?41%%5#%@3%8“’ ofilirsh, Piymicefion pY giick Tash
chrRfTAt Y Sy (fSQrS"/ﬁé'tﬁﬂ)Tpic@t’ate biS@%jhé?(Qn@ aﬁff&d&%e Pledtirdbecompound as
prepared’froma first solvent in which a nanostructure

an pgangobuble (e.g., toluene or chloroforn and a second
solvent in mhich t he nanostructure is not soluble
(e.qg., isopropanol or |onger chain al cohol, or an

EXaddPREd 3s SYINTARE SIS IOH C@bﬁlﬁ@'tEWE WIMBOSEHON 2§ i 0 of

fif st so vent o second | vent a in t-he
0178) e 24 Do R A PPl Bl Setb o S 5 Fangluctive
anﬂgaﬁﬁgﬁa&93/027847 between 1:1 and 10:1, one preferred
solvent mxture is 4 parts toluene to one part
i sopropanol . [0180] An additional quantity of the

E)é@qpné 129PREPI R ASTTONOF NIIROSTRUCTIYRBS i ty  sufficient
preci %{xt ate the nanostructures (but not the excess

[01s7Qif act afxegssrgsmic syefaeianty spgh asiiigetyl phospyae (TOP), trioctyl

ph&%@?ﬂepl f/e n@%ﬁ@?@eﬁ&ﬁ%&i gl'ioes?)h%{ i€ 8£elﬁt?ﬁ czl"%d%g}lliﬁh%g%homc acid

(ODeMYVindgriaxb@sbplaspliine CTBRY dracéamonlyn piréﬁehhm nanostructure

nanostruct ures.
preparations as prepared by standard techniques cited herein. Optionally, any excess

organic surfactant is removed from the nanostructure preparation prior to association with
the conductive compositions of the present invention. This can be achieved, for example,
by adding a solvent mixture prepared from a first solvent in which a nanostructure is soluble
(e.g., toluene or chloroform) and a second solvent in which the nanostructure is not soluble
(e.g., isopropanol or longer chain alcohol, or an acetate such as ethyl acetate). While the

ratio of first solvent to second solvent as prepared in the solvent mixture typically ranges
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Optionally, the precipitated nanostructures can be
washed with the solvent m xture one or nore
wadonronal tines, e.g., if analysis detern neBCT/81003/027847
t he nanostructure preparation still contains an
betyigere & ilraag) 10: |y wan prefrresk sobseatmixturgrs 4 pprahioluene t@arne part
lso% c%lonally any excess organic salts can be renoved
Py he nanocrystal reaction rrixture by perform ng a

0flocr yor S0 ae Rk B Beouf i TyPe i o Rderdr e quantic

sufﬁ&&ﬁmocpr brme el daﬁoétﬁ@wrés%ﬁm)t ﬂmésé%hﬂhaam@ from the solvent
sol uti on. ga/rl di ne exchange is perforned, for

miwtreampThe, presjpitaied hangsreiuies rsdhssseparated dfam thersolent mpdure (.g.,
f
o R e RBB B Klcesl AL WIS PR, SRR,

Opltlblﬁzﬂtgﬁ €t predipitdted hinpstndurenciar ted wuslied githithe ydlldnt beixture one or
clear to one skilled in the art froma reading of this
magg addidienal Emepa 2y APdyss deferryaes that the P%ﬁoaﬁa“a@tpmar%m still

coBginMﬁn&shEﬁgtqugtﬁn‘ngéf&ﬁéixP%I: techt rue scope of the

I nvention or ‘exa ni ques and
[O@EE_ET ﬁ;? I%dﬁetlon’gjl? eaglzabloe\ég ?rg%f?lc sgl?s éﬁ%ﬁot% gelﬂo¥$d fr?x‘fﬁhe nanocrystal

rea@ﬁcﬂi ir@)&tlteqwsperﬁiﬂﬂh@ a pyaiduey exdﬂzmg%ﬂtth‘e ﬁatioeﬁystahs ihhheénanocrystal
application are incorporated by reference in their
reagtien msxtyre; gpd préplualtgtmaﬂag exgapis spliewiterisawpg dig napgeryptals in

solgtgfé‘;ffI lgkﬁ)})ﬂ ﬁ@éxog?ﬁ%e is ?%} 82%%2}2411& Qa\%ﬁlﬁ% dn%thgu an?crystal

reactioh mattert tbd SHRC Iforcabowarlatued by reference for all
pur poses. -60 WD 2004/ 022714 PCT/ US2003/ 027847 CLAI M5

[0MSBAT |'S OloAildMED fbrepoidg infkeftivichis beded ssofibasintsome denil for purposes
nodi fi cati on of charge transport across a

of plaribsandadenstanding: Hivil kg clea tejope skifled inths gk frqrp g reading of this
[
dlsgf%g@ljé tﬁ'a{t VQI'IOI?S (Ql%gg%s o %@giegaou p eg n?egie 4 bog%ﬁhﬁ% from the
trus ts&dpetolﬂ tiee 1atle1ﬂ10fnl Fot examsplé, Iaﬁrth@techﬂlqmsmnﬂ agpdretis described above
organi ¢ noiety, wherein P routp co rlses
cary bR o aﬁn%@ﬁ@g&t@%u% ley éﬂﬂF‘ Spatepts aPBhCéth and/or
otHeRAOGI AT MMl it %1% g;gﬁlc%orﬁarg %@r&ﬁ‘ﬁé’@b? %f&‘énéé:’in*:'%helr entirety for
nanostructure sur e; a tal'l group coupled to the
alllparppsest to ulod sanes @dterd as dwaddlnpinzsdual publmatiom @ateohjpatgat application,
r i C. nDi et wher.ein one .or el enent s, of the
an QP e QBB e R uaind S ated e b oSt Ry eyt Ence for all

ding charges to a nanostructure upon attachnment to a
surface of the
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nanostructure, thereby nodifying charge transport
across a nanostructure-containing matrix. 2. The
w@owpoxi7i4 on of claim 1, wherein the nanostr uckar/es1083/@7847
nanocrystal. 3. The conposition of claim1, wherein
t he nanostructure is an inorgani c nanocrystal. 4. The
conposition of claimi1, w@EkAIMSt he functionalized
head group conpri ses one or nore phosphonic acid,
WRAR A I8, am ne, phosphine, or thiol noieties.
5. The conposition of claim1, wherein the
1. f unét domdedtive edmipesitioy farupodficdtion vd chergel tranpportacross a
conprises a.nonodentate structure. 6.. The conposition
naIEﬂStr;E‘Ft‘aﬁeﬁ‘ioi}faIW% PR R RPSIHOG F P2 E S head group or

bou aflicufE QURPAGAR hicofBgRedbichhid@idisdye Structure.
7. %%gaionﬁbsitioﬁ o?gcfagngl? mﬁ%?%inlt e bod

st r adead goup peupilekis the bedyj Wnygtueelat aaﬂinsyposﬁtﬁnevytﬁg conjugated

BT SR B ol TR RS e o

birldiH g ReRRestRcheOSurfRE BY B Beadagtvolp Boundftb WdaRGKructure surface; and
pyridi ne, perylene, phenanthral ene, anthracene,

al kgﬁ:}il STOUp B@lmﬂﬁ@l theybody RIS at,@oqegqryd_ pagitiopyan the conjugated

ifion of claiml1, wherein the body structure
omgﬁgﬁﬂéfgéonprises one or nore Olinked or N-Iinked

si detbgimoiiph@d eledndniofahargatied congasition aoé edpyble of
-61 WD 2004/ 022714 PCT/ US2003/ 027847 . 10, The
reraQRD Y 4ddEE DRress 19 sMenosifpcii; upon pliackimet 104 sprface of the

nﬁméﬁe&eﬁgﬁﬁﬁﬁ%ﬂ%}h@%ﬂ S04 nahdstrubAfe-containing matrix.

conposi tion erel n the sidechain

2. €O mﬁﬂe %?1?1% ) 1 (1)(?1 J ctézlgi%n]g’\w;ﬁk&q El?evﬂapgsﬁ:ﬁlgp is alxganoatg@tal.

" conposi erein echain

co i ses_a.con t.in hem cal _structure, .whereh
3. 1 o Bh S B SRS B AT ot e e et o n AR pmocrystal
the_body structure.. 13. The conpositjon of claim9, .
4 uhollBF ROmRGS SRR BT Cliogpd e greip comprises one or
- | dhi iR i@fid. N the
mog% ?{i}ﬁs@ﬁomc g, ct Pgo%'gﬁgﬁﬁﬁ, drhifB, pHosHiAd, Bk dhdol BRI,

riza t conprises an acrylate noiety, a
met r - D A r ' '
5. Commag Yt §oifth B R hllcd e Bl o bound head
gravplphpeiséstn ihbrodeathye stafcturet ure at a first sidechain

position, and wherein a second sidechain is coupled to
6. t he Thedymp&ditisicé iyl fndtl, whes@h ecfubdtibmahisddhen® gtdup@d bound head

group comprises a multidentate structure.

7. The composition of claim 1, wherein the body structure comprises a conjugated

alkyl moiety or a conjugated aryl moiety.

8. The composition of claim 7, wherein the body structure comprises a phenylene,
thiophene, ethene, ethyne, aniline, fluorene, pyridine, perylene, phenanthralene, anthracene,

alkenyl or polynuclear aromatic moiety.

9. The composition of claim 1, wherein the body structure further comprises one or

more O-linked or N-linked sidechain coupled to the conjugated organic moiety.
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16. The conposition of claim15, wherein the first and
second sidechains are different chem cal noieties.
wd.2004/031€0nmposi tion of claim15, wherein the PCT/ES20831627847
second sidechains are identical chem cal noieties. .
10.18. Thteoropesitingi afictmimd}, whierdimthe sidehlaie compiges gh glashan donating
alters a solubility of the conposition. 19. The
E%Bmposition of claim9, wherein the sidechain is
mat ched functio lLy and/or._ electranically to
ULimat TS ComRBOTT o STt i e A SHGRea FETE e 46 fftston
withBlai %%qp.The.conposition of claim9, wherein the
si dechaln conprises an O |inked hexane npiety, an
O i - [ i ef . . y : :
1210 A0S Esugs BiqRQGIE o, We Rl tnecEh i BARBrift aongueting chermica
stnadtley) whartiet the oaerpr inerawiddvhhinestends thedoRjBgateombaliibe b&ly. structure.
The conposition of claim9, wherein the sidechain
13.CONThé 8&Bp&sMtidy- ¢ oldieiD, ehpdie thersideehain campribdsiarpodyinerizable
2-ethyl hexyl noiety, an N-linked octyl noiety, an
elejept. nked decyl noiety, or an N-1inked al kyl noiety
conprising between 5 and 22 carbons. 22. The .
14.conpbe cempesitidn oflcidim 1B, whisesireths pohenesizalele glement comprises an

bR« RS R s A e PR 8 P oaaeay ha"
Th i L. .claim9,. in the.
154 S TR RS E) £ hein 06 ioBr T 0ol 4 Bieoay

stréddediaf 2 fird Q1RGSR p&¥ifon, 3Ad whBRICLEEReRd $illehaRi is 6b@iléd b, the body
wherein the body structure conprises an oligoneric or

strypatiingraba secogd sidethatrepos®n. The conposition of cl ai m 24,
wherein the body structure conprises a

16 pol Thpbemnpbdstim) of qhaitry(3, lnihepdire the )firstpol p¢@nl sierhains are different
pQIy(ethﬁne), poly(aniline), poly(fluorene),

chespicdpYielieh ne), or a pol y(pol ynucl ear aromati c)
noi ety. 26. The conposition of claim24, wherein the

17podyhe coypesitien ¢f faipeld, Mﬁ{ﬁm theJirgfaad sgcondgidechains are identical

ch§+ﬁgﬁﬂgkﬁm§oupled to one or nore elenents of the
ol 'gonmeric or polyneric structure. 27. The

15 o soinpa o G i G e Bl Bl A By g e

coipdR@&i.tion of claim1, wherein the tail group
conpri ses a nonconducting chem cal structure.

19. The composition of claim 9, wherein the sidechain is matched functionally and/or

electronically to a matrix composition of the nanostructure-containing matrix.

20.  The composition of claim 9, wherein the sidechain comprises an O-linked hexane
moiety, an O-linked 2-ethylhexyl moiety, an O-linked octyl moiety, an O-linked decyl

moiety, or an O-linked alkyl moiety comprising between 5 and 22 carbons.

21.  The composition of claim 9, wherein the sidechain comprises an N-linked hexane
moiety, an N-linked 2-ethylhexyl moiety, an N-linked octyl moiety, an N-linked decyl

moiety, or an N-linked alkyl moiety comprising between 5 and 22 carbons.

22. The composition of claim 9, wherein the sidechain comprises a chemical substituent

having greater than 22 carbons.
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29. The conposition of claim1l, wherein the tail group
conprises an al kene or an al kyne noiety. 30. The
w@owpoxi7i4 on of claim 1, wherein the tail groupCT/US2003/027847
conprises 1-propyne, 1 -butyne, 1-pentyne, 1-hexyne,
23.1- h&pe¢ yorapositioroaficlaie, 9, wherany the, ong-od ay$ &isieczbainamﬁdaﬁkgﬂﬂegroup

conpr.i,Si.n between 3 and 22 carbons. 31. The
Co%ﬁﬂn%dg?qchhc%fm%aﬁ8?%?‘15,”1?/*}}%r ein the tail group
co i ses an.al kyne conpri si re than 22 carbons. .
2.3, ik EOBBANARN RO, ACEIRIIS oY AEHEHIE CoR@riSg 1 oligomeric or
pol%ﬁféHQs{rHJtEI'%.er conprises a thiophene noiety positioned
etween the body structure and an al kyne noiety. 33.

25,1 N THOURAB S Rl Uaifh' 4 wh%reifmrbsag stilfub BbipAS AP
conprrses a chenical ~functional1ty capable 8 i ndi ng
polt}/@}iehﬁleﬁ@nmﬁy(rtlhicphafne), puhyi @hene rpody(ethsing)s pap@hiline), poly(fluorene),
nanostructure_  surface. 34. The conposition of claim
poly,(pmﬁierreématméywé\wuf@%aﬁ)%wgmog‘ég a nonodent at e
structure. 35. The conposition of claim1, wherein the
26+ aj [Theeerpositnrpeficdam 24, milierain Rigtbad s strugtyrg dughes comprisgagne or

mo%&%) %ﬁéﬁ]’%ﬁl@]}ﬁg?g}é H?%%qﬁélgfg%gnts Hne orﬁ&i?;&ﬁjotl}inﬂ&i@;tructure.

h
group conprrses

| yyrer | zabl " 37 A conduct | " |
27? gr }fﬁgéﬁ!)rfls%sa&?%(ﬁl ciq;rlrr%glg g‘/,l’%gel? ﬁgﬁtglggfrjoﬁl Iac\ér gggggao&;nhhaﬂlg chemical

striliy@st ruct ure-cont ai ning matrix, the conposition
having the fornula: O (HO2P 38. The conductive

28 COMRYS 'c&'rlg&it%n G @i B iwherhif B Al LRRpRBAPSIEEsUChdHicBndifeting
a nanocryst al 39. A’'conductive conposition for
chemidalfstmaturon of charge transport across a
nanost ructure-containing matri x, the conposition
29 haviThg cofpoditismof daimS,-whrdn BE3hi? grob.comipeisescancallegnievos an alkyne
conposition of claim39, wherein the nanostructure is
moethanocr yst al .

30. The composition of claim 1, wherein the tail group comprises 1-propyne, 1-butyne,
1-pentyne, 1-hexyne, 1-heptyne, 1-octyne, 1-nonyne, 1-decyne, or an alkyne comprising
between 3 and 22 carbons.

31. - The composition of claim 1, wherein the tail group comprises an alkyne comprising

more than 22 carbons.

32.  The composition of claim 30, wherein the tail group further comprises a thiophene

moiety positioned between the body structure and an alkyne moiety.

33.  The composition of claim 1, wherein the tail group comprises a chemical
functionality capable of binding to the nanostructure surface or an additional nanostructure

surface.

34. The composition of claim 1, wherein the tail group comprises a monodentate

structure.

35. The composition of claim 1, wherein the tail group comprises a multidentate

structure.
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41. A conductive conposition for nodification of
charge transport across a nanostructure-containing
WOraon0x2,714 he conposition having the fornmul a: SP@/652003/027847
PO3H2 42. The conductive conposition of claim4l,
36 wheThé porhpasitinafslaimct, wherdis the taihgoop gematises a @dymgizable
2004/ 022714 PCT/ US2003/ 027847 43. A conductive
elep§hosi ti on for nodification of charge transport
across a nanostruqture-cog@ginigg matrix, the
C

37.c onPprondugiye sampagiom rmppdifigation of chssgn HespeRFwss & g
‘s : ; q ition of
naistritt AP ohidinibl Hafriftdhe SOSRRAHSIEIERIRAR L o1 OF

45. A conductive conposition for nodification of
charge transporf across a nanocrystal - containing
matrix, the coﬁ%osi~+e\ e _formula: O O6H130
P(OH) 2 S (HOLH ‘ : i
conmposition o
a nanocrystal. 47. A conductive conposition for

38 Modirfié 6atduetivedéorspuitivd df chite BY) Whéreindié nnostructure is a nanocrystal.
nanostructure-containing matri x, the conposition

39 haviangnlih&Qive QompbaitioPfor bodifiédtloh &f charbe fransport across a

nanostructure-containing matrix, the composition having the formula:

PO3H,

40.  The conductive composition of claim 39, wherein the nanostructure is a nanocrystal.

41. A conductive composition for modification of charge transport across a

nanostructure-containing matrix, the composition having the formula:

42.  The conductive composition of claim 41, wherein the nanostructure is a nanocrystal.
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S S S -65 WD 2004/ 022714 PCT/ US2003/ 027847 48. The
conductive conposition of claim43, wherein the
woanesrxuct ure i s a nanocrystal. 49. A conduckdmeS2003/027847
conposition for nodification of charge transport
43 acr Asnductivaeombositidn fer-nowiification of clreage franspoti@cross a

conposi tion. having.the fornmul a: P(.0 2.0S8S0SO0
nanpgtra¢iurgycoptaging m@%g(, %‘EP(O@{O)“?OT fa%né ggtto%'ﬂ‘élac onducti ve

conmposition of claim43, wherein the nanostructure is

a nanocrystal. 51. A conductive conposition for

nodi fi cati on of charge transport across @

nanost r uct ur e- cont ai ni ng %Hq i3, the ¢«

havi ng the fornul a: t A

S (OCEt)2P 0 -66
The conductive cop '

nanostructure i#a nocr ysD@gH43 53. A conductive
conposi ti onUgbtyznodi fication of charge transport
across a

44.  The conductive composition of claim 43, wherein the nanostructure is a nanocrystal.

45. A conductive composition for modification of charge transport across a nanocrystal-

containing matrix, the composition having the formula:

46.  The conductive composition of claim 45, wherein the nanostructure is a nanocrystal.

47. A conductive composition for modification of charge transport across a

nanostructure-containing matrix, the composition having the formula:
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nanostructure-containing matri x, the conposition

having the formula: OS \ \ / PGBH2 S S O 54. The
w@ondozarive conposi tion of claim43, wherein ther/Us2003/027847

nanostructure is a nanocrystal. 55. A conductive
48.c onfPbscdridanti feorompoditibh ot iabm 43 whéreingke nanespesnte is a nanocrystal.

across a nanostructure-containing matrix, the
49.CoMAGhilndive Rampogtiéhfor hiudifidation Of Eharge trarspsiDatidss 3 |

SI O 56. The conductive conpositi.on of C'ﬂjU‘43’
nangREREITE-CORIHAR BRITPy fic rognosition hayigg thesiogpula: 57 A
conducti ve conposition for nodification of cha
transport across a nanostructure-containin trix,
t he conposition having the formula: OP g

conductive conposition conprising th
By-TZ],,, wherein H conprises at | gas

nanostructure surface or Ego)lgeast
to a nanostructure surface; =67 YW
PCT/ US2003/ 027847 wherein 7

structure conprising one_or
noi eties, wherein a fifst
coupled to a proxi ‘
bound head group;
tail group coupl

”

therein T co ) Btses at | east one
gdd to the body Gstructure; and

50. The conductive composition of claim 43, wherein the nanostructure is a nanocrystal.

51. A conductive composition for modification of charge transport across a

nanostructure-containing matrix, the composition having the formula:

P(O)OE):
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wherein x, y, z and n independently conprise integers
equal to or greater than 1 and wherein x+y+z+n is
weepah227ot or greater than 5. 60. The pol yneri cPCT/US2003/027847
conductive conposition of claim59, wherein the head
52.9r oTije cauptives@snpasition of tlaire 4pwbgrbinrthe nanosghcture is a nanocrystal.
carboxylic acid, am ne, phosphine, or thiol noieties.
53.61. A'Ucbﬁdmiv)élmmlpﬁslﬁ@rﬂﬂiﬂ@ﬁdd‘(@caﬁ@ﬁbﬁslhdrg@fﬂamboﬂ laedons 59,
wherein the body structure conprises a_phe ylene
nanoRiregsWErONtaing Astrix tﬂr?w?@lpoawlon ihgwing ﬁlP%fGF’E
pyridi ne, peryl ene, phenanthral ene, anthracene,
al kenyl or polynuclear aromatic noiety.q
pol ymeric conductive conposition of cI.|n159 wherein
t he body structure conpri PQ
pol y( thiqpheaey~ pohyLet hghe), pol)
poly(aniline), pon(TTquQy/) ‘ dlne) noi ety,
or pol y(pol ynucl ear aromatic) noiety.
pol ymeric conductive conposition of cla|n159 wherein
the tail group conprises 1-propyne, 1-butyne,
54.1- p&he¢ yoreluctivheonyposjtion-of elaimdad, w ergmttim BanoBLTACSAEE® a nanocrystal.
decyne, or an al kyne conprising between 3 and 22
55.car hasendudide cohpogitby fcemhcidiﬁa:nnidn@f chage Umpsps'rttabmﬂs of
claim59, wherein the body structure rth
nanoSHFHE o nEHRING ek dhesqmRRiign S vige 'il#f)

substituents coupled to one or nore (ﬂgg?giagggiugated
organi c noi eties, wherein the substotuents ter an

el ectronic signature or a solubilit [
conductlve conp03|t|on

conductlve conposition~¢% polg 5
pol ymeri zabl e el enents on the one op
substituents. 66. The pol ynmeric conductive conposition
of claim64, wherein the one or nore substituents

S6.cl ol bt HLHEFIRR oG Al t@ﬁ%&ﬁ%ﬁ? B *’f’DIF a%g“"“ysta‘-
,strycture,  or a nonconduct che structure
AR SR Ry e B

nar?og%étgguz-go]rﬁalﬁ%/rﬂﬁ%Q Qi [?ﬁ?uon%a'i}ﬁl%c{ﬁé ol €
conprising an &xterior sur wherein a portlon of
t he nanostructure exterior surface |s 0 he
conductive conposition of claiml; a natrix
positioned proximal to the conjugateo exterlor surface
of the nanostructure. 68. The nano
conposi tion of cIa|n|6/ \ eret

S S|
OCH;
58.  The conductive composition of claim 43, wherein the nanostructure is a nanocrystal.
59. A polymeric conductive composition comprising the structure [Hy-B,-T]x,

wherein H comprises at least one functionalized head group capable of binding to a

nanostructure surface or at least one head group bound to a nanostructure surface;
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pol y- 3- hexyl t hi ophene (P3HY). 69. The nanostructure

matri x conposition of claim67, wherein the matrix is
w@owabhza1id y coupl ed to the conductive conposir¢DOSWHN3/027847

claim1l. 70. The nanostructure matrix conposition of )

cl amtre®ify Buwhewpeses a toslystmcust domprisggrane sir maye corgugated organic

moudotRan el e FBR A ir m i Sl Bt P P BB onatized
hed®BdrbiXoisyRa Sed Sdupf cl ai m 67, wherein the

nanostructure is a nanocrystal. 72. A
nanddereicT gpmprisastah leastanenait gioup eoumleskiorthe hody structure; and

co Sk ng: r |

TSy, Ao IR UL BRI 08 AL PRy pan 1 an
wheirt key+exhed équal tusrf@eserahart 1 nanostructure, wherein

the matri x conposition conprises a conductive pol yner
60.haviThE pbftheris coRdicHY € cdntposBiontdflclaim 39 @heicth Hle head group

conpriseS at |east one functionalized head group _
compses oae onmots phvisplpricacad, waresyliceid,ramise phgenne, or thiol
er ein B conprises a body structure conprising one

for e conj ugated organic noieties, wherein a first

conjugated organic.noiety iLs C l.Led, to the.at | east
61 one THE RS TSHG POLG HEEI T LD on wpelsghif pon g Bijoture
cothBASk aQREnylend, ti6sHtRe, FIRB] @RhrleOartiifc, TRGYenS! dind;, Berylene,

and wherein x, y, z and n | ndependently conprise
phé¢nanthaalene, artrasene, elksnylgr pabyanclearatomaticzpoietie

nanost ructure-containing matri x conposition of claim
62.72, Thhpolyineria cpodictive cahpositive ofahmmrsPs wdieresx therbiody structure

BB S P b R OB e

poR{fEdréieN pody(pYH&hHE) Mofehie oﬂ?&l&ﬂtpélﬁﬁelﬁﬂsdrbﬁlﬁﬂc) mA&idtyt he

conductive conposition are matched functionally and/or

636! eqhL ?ﬂyﬁ%hk%orgftﬁ:{ux}g g@ﬂﬁ%}cﬁ*&%ﬁ;@, A (efei)i(ﬁ(the tail group

conpos on o erein t matr i
compree d Firopyne, a+batytniee! -pemsing tl thesywg fgepimephroatyae, 1-nonyne, 1-

coval ent coupl ed. Z)G. Taﬁ ng:agst ructure matri X
de@ipanialiome sPmpFisingbeavechR g 24 c8Nfanost ruct ure i s

a nanocrystal. -69 WD 2004/022714 PCT/ US2003/ Q27847
6477 . The pelyRsaic spndustiv e eampositipnof gt whetsi Bsibody structure
furh{é?tcor{-@ﬁéelts 'oh@%?ﬁlo?g@[lgﬁteﬁ g@ﬂ?‘ﬁrﬁ(@dg stitdéﬁﬁ dgﬂpl%d to one or more

nanostrt ucture-contalni ng device, the netho
menthepirgugaged @apic aviieticsgwhereianheigdsetiemts gher an electronic signature

recursor, wherein the canjugated. organic
or g solubility of the polymeric conductlvé cc?mposmon. g

n14¥$

65. The polymeric conductive composition of claim 64, wherein the polymeric
conductive composition is polymerized through polymerizable elements on the one or more

substituents.

66.  The polymeric conductive composition of claim 64, wherein the one or more
substituents independently comprise an electron donating group, an electron withdrawing

group, a conducting chemical structure, or a nonconducting chemical structure.

67. A nanostructure matrix composition comprising:
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precursor conprises at |least three positions avail able

for attachnment of substituent nodul es; b) providing a
w0 20080229ubst i t uent nodul e, wherein the first PCT/US2003/027847

substituent nodule conprises a phosphonic acid

der avanostrectuse eaniyising dncextariod sekfadeywhérgim a portiomiohine

nargBate SFirion sEfea e e A dive GpmoSlignf flapm bind
t hep @@dtrix Eési@d&wpﬁi&ﬂﬂlaﬂtcﬁﬁ@ O6tuSaitdiSdxitdrioe Blr foeBfltRe nanostructure.
wherein the second substituent nodule conprises an

csal kKyg ngﬁig{rg&ﬁ}(f;’rﬁatﬁQ %Hgﬁfiﬂgn BELINRES7, MHeR&n %géjmgt%x comprises

carbons; an option y providing a thir
potibhexnyithenphemn@3HE,). wherei n the optional third
substituent nodul e conprises an al kyl derivative
69 ConfTht ahmgtricuiwaanriarempositio? af cdainb6Tsyheedin tleuphirirgs covalently
the first substituent podule at a first position,
coyderbioithg C?W@"%@c‘i%‘@osglﬁ’%’g Flatddt nodul e at a second
position, and optionally coupling the third .
70s ubJhe narastruetsranalrixcogipesitipr ohelain ¢ brvhersip thagpnductive

.hesi zi na. ic. ition: i :
coRY Rl R AR PHBRED B MRS e v
mafiest roy an el ectronic conjugation of the body
structure, and, wherein at | east one substituent of

71t he Thi hahostr @R NHatdik doRipositisn BSElinl6T\twiepelt i@SndnSstructure is a
capabl e of binding to a nanostructure surface or is

naggdcrgsgaly bound to a nanostructure surface. 78. The
met hod of claim 77, wherein the conjugated organic

72pr e dura@OStrdurpIcoB@NIBE MRLIY avgIposidionlckypripibget y or a
conjugated aryl nmoiety. 79..The nethod of claim 78,
vvheF‘é‘%ﬁo et %?ﬂ%&ﬂ‘é%m’o?’ig TSI %S or conpri ses a
PheRyhRAL cotPbRRRERRIti el BRXIm S D YitCoxté@ir Isiiffise of the

fluorene, pyridine, perylene, phenanthral ene, -
nagostretatse mberein themydtrip eopposjtirnctasenrisas dpeidugtive polymer having the

deri vat iv 80, The h of , ¢l al . [
s BLgr o L PPk ST HORERad W capat

of BRIBHB amyh&RkturdQlriact hvigpéiamBedommisey 4 Bbiest@)jcture comprising one
poly(ethyne), poly(anjline), poly(fluorene), .or . |
or Borg ¢qygaadrRsparie Fiojeliep EICTEin G Tifgh ConSRIGS oTeanic moiety is coupled

/ 847 31, t Of ' i
T
cotipled taitly bedy staicture; andtveirtsn khy zcmdjnuigd¢pendersly dongprise thiegers

structure.
equal to or greater than 1.

73.  The nanostructure-containing matrix composition of claim 72, wherein a portion of

the nanocrystal exterior surface is conjugated with the conductive composition of claim 1.

74.  The nanostructure matrix composition of claim 73, wherein the matrix composition

and the conductive composition are matched functionally and/or electronically.

75.  The nanostructure matrix composition of claim 73, wherein the matrix composition

and the conductive composition are covalently coupled.

76.  The nanostructure matrix composition of claim 73, wherein the nanostructure is a

nanocrystal.
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82. The nmethod of claim 77, wherein the optional third
substituent nodule is coupled to the conjugated
w@e@anxiprecursor prior to coupling the firstPenusmn3/ 027847
second substituent nodules. 83. The nmethod of claim
77.77, Awhethed nf symthdsizingpnt drgarfi¢ cormpaesitiosy that faeititatashliprge transfer for

usqiBeraoa e Eath s RE SRR e i ot
subgy i pro@ding el ugael BPE dnfsrecursor, Whéréinthe Boriigated organic

arylhalide core structure; b) lithiating the
ar y| hairpeissas spmpssesat teastdhrge pasitiprssavailehle fu aachimens of

and re ' | t chlorotrinethylsilane (TMSCl) to
yield Sgg#ktg&lé%qdﬂlleﬁt ernedi ate core structure; c)

|'i t b) girbvidingfa filsesubbiiuérm nsoduby mdlesei thedirsttsubistituee nidube
second hal jde positign an% .reactin '

h .
tri metIMPIRTISECHPRASPRRNIG ARd SREAIVE R %%@%ﬁls agid ARy ptifee g amine
secon dde#@'h‘?\;erfﬁ %h%pginﬁg%ﬂvatﬂ)e & B DGV § 18 d derivative, or a

intermediate w't ogenat ed thiophené to forma
first combisdtiohukeréofpodul e conprising a

TMS- aryl -t hi ophene, derivative .85. The nethod o | ai m

B3, P B TEA A S Rl BRI 6 St b GoHy Modue
aryl - doRRBENE IR EeYivaiet WASIRINY HePWRin thite bhe 2 ich®bns; and
substituent nodule conprises: a) performng a Stille
coup) i epgionally promiding 4 eridrsubssitudnhmedpledivhersin thy optional third
exchangi an iodine substit t.of the iodinate

i nter n%h%g{{l@’q%orﬁ ¥ PURTSELES Li}%{;ludeeﬁltv ative CompIising B% g‘f’?eﬁl e and
a phosphidisor@r oup to the aryl portion of the bound

first substituent nodule via a palladiumcatalyzed
nec Bhardoyplingthe firsteubgiiturpt modulel ahp firg posifipreopplifgbe second

first ' I ise k- j :
et e oy e
conpr i sibstitpeitindsdilewd aahird pbditsh, thraretat yhitesiding the organic
phosphi te-aryl coupling. 87. The nethod of claim77,
wher ei WTROSIHONhg t he second substituent nodul e

co "WHS&E{? c%ﬁgﬁ%ggfﬁe%%rlegﬁﬁ Q%ﬁ?agrsﬁ'u&ﬁféoddeg Hot &8troy QIE electronic

nmet ho teps of providing the
coijugaionsafitist bddyestructarelad, provi di ng the second

substituent. conprise. generati t hi ophene derivatives .
of  PHET Pdeast i ubst DRl NS Sk sl g Lnird sppstjsnt iodules s
ca;%@%fqgﬁ)tﬁﬁétdg 2R3 QR A or is already bound to a nanostructure surface.

78. The method of claim 77, wherein the conjugated organic precursor comprises a

conjugated alkyl moiety or a conjugated aryl moiety.

79. The method of claim 78, wherein the conjugated organic precursor comprises a
phenylene, thiophene, ethene, ethyne, aniline, fluorene, pyridine, perylene, phenanthralene,

anthracene, alkenyl or polynuclear aromatic derivative.

80. The method of claim 78, wherein the conjugated organic precursor comprises a
poly(phenylene), poly(thiophene), poly(ethene), poly(ethyne), poly(aniline), poly(fluorene),
or poly(pyridine) derivative.
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89. The nmethod of claim 77, wherein coupling the
optional third substituent nodul e conprises
wa@bdoglozt7isng t he conj ugated organi ¢ precursor apCt/isr0d3/027847
position conprising a hydroxyl or amne noiety, to
81f or fMha nsitlttelodfailaimsATh sheteut @nhpling ef orediramere of theowbstiteent modules
he net hod of aim77, el n I‘OVI di ng the
togﬁbpg SR cgients fsdomuct tf‘eéod OPHGE ng about
nol ar. equi val ents_of 'a_hal g ted derivative. o
825} ddoR AR A fdn hereiih e QRUPRE i E’oﬁb'gﬁtitHEPtt“h%iuﬂerﬁs cgupled to

R L S e
madatdsvat i ve with the conjugated organic precursor in
t he presence of potassium carbonate (K2C33) and
83di nﬁuubyﬂletfﬁdzrdﬂimlﬂeﬂ( iEein providirighha fiee actistiaentinotiule @omprises
and, l)u heati ng the reaction m xture to about 70C,
PYQVW@P%B)F PRAJEIJSEVANE third substituent to the
conj ugat ed orgam c noiety. 91. The nethod of claim77,
84V\,herTélﬁ mqﬂmﬂm olajmt&Fe wheeiproviding the &t salstifysa module comprises:

conpg v1dé al%lpJfrglﬂglg% Jogéjgtmt&g,bst ituent to the body

str t%re position.” 92. The net hod of

cl aibn Bthiating ﬂ{eﬁirf/llhﬁlm dolé stelichurbat a ﬁtsehﬁhcm}ﬂbsihbﬁ ahdwgacting with
substituent . conprises different chem cal spe

.es. 93.
The methigatimeiny e d IMAGL oMb iy dn @ HBElife Gertstructures
and ¢ Egﬁh a@ﬂé*o?ﬂé%& dﬁtlé diat€ QR striGSre Q%;}Eédﬁﬁlqahd% position and

che cies ereln the steps of coupli

the fi read:nrzgubiﬂt irinusting]tineratideddvd;EnQl) tdgiefdoustanimylated second
substltuent are perfornmed in a single reaction

mi xt ur gtenggd ‘a%@P dret hod of claim77, further

CONpYp | c?drﬁ'&nm@th&&l:'&{d ﬁ%rﬁ@@iafé%% 2had QeﬂaﬁédQHloﬁPié&rtG Fbrm a first

surface of a nanocrystal, thereby providing
nanocr y@saﬂuemtomﬂjllmmmssmg DEMS5yl- fl’mzphqm d\@‘d/am’e claim
94, wherein the nanostructure conprises CdTe or |nP.

8596. Theeneveddefttlaif 83, a&hmeﬁm;he\ﬂmrsebsnitmu plodnlg cohmprisesaah aryl-
group tao the exter nal t he nanostructure

fa
thlebl?ﬁﬁlF .r%%gty.aﬁfi Sthsrein ?@p@ﬁé ﬂt?rfer stptpens mAdule GORRIISEH
t he Ct u?}?a gfllié%ougflﬁ%{d%hn%ﬁﬁédlnﬁpd ghdrdfate; t he

nanost thod of claim94, further
comby i e;xchgng1@ arpmtimnbmnnglt ofithe sodyvated ln(mmd@tet fooa TMS
after cQl e conposition to the nanocrystal

sur f ac%J *form ng a pol ynerized organic

co mé?séddpﬁﬁg a pﬁgspm RGO BRI PO SI300BH I AB4t/substituent
module via a palladium-catalyzed mechanism.
86. The method of claim 83, wherein the first substituent module comprises

diethylphosphite, and wherein coupling the first substituent module comprises performing a

palladium-catalyzed phosphite-aryl coupling.

87. The method of claim 77, wherein coupling the second substituent module comprises

performing a Sonogashira coupling.

88.  The method of claim 77, wherein the steps of providing the first substituent and/or
providing the second substituent comprise generating thiophene derivatives of the first

and/or second substituents.
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98. The nethod of claim 77, wherein the
nanostruct ure-contai ni ng device conprises a

w@betorois ai ¢ device. 99. A nethod of nodifyi NECHEIIS2003/027847
interacti on between a nanostructure and an externa

89.mat Thamethod ofetaivad 7¢ whgrkinsionpling the apiiongpl ¢hird substituent module
nanost{ ture with the conductive cog{)msl tion of claim

comprises glkyagingithyCom g QX 837ee RRERUIsQS it 100, Gomprising a

hy& 8% Stk bRt (?I k& P&rﬁlda HARATh UG R ﬂﬁ&me@uﬁ@&émﬁosmon
conposi tion. 0. The method of claim99, wherein

90.;2?3%%&%&1%@;&?%@9?? ﬁﬁ&ﬂéfn rBW&n_g%e ﬁlm%?ﬁﬁTnt module comprlses

uct't Ve conposition o
provading abomoll yimeélaz eghicaerdsiof 4 adogenatet dsm‘{?atma of h@iﬂecﬁ'dnm substltuent
met hod of ¢l aim99 erein t conposi ti
an%WthF}nsfé’é‘PF%thﬁﬁlmhset“e'&tdﬁﬁ‘i@t‘ Wb USRS e precursor
corﬁ Al 59. 102. The nethod of claim99, wherein the
nostructure is a nanocrystal. 103. A device
C onpr i si ngmbiajngathé halsgermtedal’erl@delesmh theeonjupateh erganic precursor

nanost.ruct ure mat 0 n

el ot rih U Bigscagh Bl eieE i oy eCehL B ety formamide OMP)
and, qbﬁ§n§§99@gmehﬁgﬁﬁpg@1surface electrlcally

coupled to the nanostructure -containing

conpbsi t heatingteireaqtinn misgyre do gfoug Fi(mthaghy wv@h@g thetthisd
Rg:]gsf’?rgﬁ%t urn(% td terclo)é%lggtlgg&g%lh CQIQOI& ri ses one oOr

sta vice conprising: d) a

fi . .
91 1 r dbs TBRES L e b B e FO g g feppeomprises
co@lﬁ%tarfb&ﬁlll SubsfiRieRt t%(ihe by ishachitd fta Bh@chsREen. sur f ace;

a second el ectrode surface electrically

92 COU%@M&M%MQ hwhs thlﬁios'%é’tﬁtﬁérﬁgmd'ﬁ?éfohf‘th substituent

conposition VI ce of clalim105, wherein the
comprigs Wiffirentrobemant spenieng matri x conposition conprises
one or nore nanocrystals. -73
93. The method of claim 91, wherein the third substituent and the fourth substituent

comprises identical chemical species, and wherein the steps of coupling the first substituent

and coupling the fourth substituent are performed in a single reaction mixture.

94.  The method of claim 77, further comprising:
f) coupling the head group to an external surface of a nanocrystal, thereby

providing a nanocrystal-bound composition.
95.  The method of claim 94, wherein the nanostructure comprises CdTe or InP.

96. The method of claim 94, wherein coupling the head group to the external surface of
the nanostructure comprises interacting one or more free electrons in the head group with

proximal metal moieties of the nanostructure.

97.  The method of claim 94, further comprising:
g) polymerizing the organic composition after coupling the composition to the

nanocrystal surface, thereby forming a polymerized organic composition.
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98.  The method of claim 77, wherein the nanostructure-containing device comprises a

photovoltaic device.

99. A method of modifying an interaction between a nanostructure and an external
matrix, the method comprising:

treating a nanostructure with the conductive composition of claim 1; and,

forming a nanostructure-containing matrix comprising the treated nanostructure and

a matrix composition.

100. The method of claim 99, wherein treating the nanostructure further comprises
polymerizing the conductive composition of claim 1 to form a polymerized conductive

composition.

101. The method of claim 99, wherein the matrix composition comprises the polymeric

conductive composition of claim 59.
102. The method of claim 99, wherein the nanostructure is a nanocrystal.

103. A device comprising:
a) a first electrode surface;
b) the nanostructure matrix composition of claim 67 electrically coupled to the first
electrode surface; and,
c) asecond electrode surface electrically coupled to the nanostructure -containing

matrix composition.

104. The device of claim 103, wherein the nanostructure matrix composition comprises

one or more nanocrystals.

105. A device comprising:
d) a first electrode surface;
e) the nanostructure-containing matrix composition of claim 72 electrically coupled
to the first electrode surface; and,
f) asecond electrode surface electrically coupled to the nanostructure -containing

matrix composition.

106. The device of claim 105, wherein the nanostructure-containing matrix composition

comprises one or more nanocrystals.
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