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or frc{nmﬁ(lm)}strﬂ'cttereﬂbbj/ Wmlfefordlahait, elnﬂwﬁuﬂldmy;osumgf lodsgaln are hereby
aneo hera %ﬁ ge % iew its advances
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investment. Wil e tfghh HpAgarpmaNTYORWS on the

prom se of the technology are at odds, nenbers of both
[0002Janps WIHel inpwition it in the fieldio nawdstroctnresn In paxtieslat, ket invention relates

nanpt echnol o must address if it.is ever to . fulfill .
to mqHp o GRS EE IO BBy CBRISHiomR GRS oS i)t phnelpding such
moaggmnmg@gp§akend to acknow edge that nanomaterials

of ten have uni que and potentially val uabl e properties,

e.g., sStructural, electrical, opto-electrical and
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[0004] Of particular note is tﬁat, while both camps tend to acknowledge that
nanomaterials often have unique and potentially valuable properties, e.g., structural, electrical,
opto-electrical and thermoelectric, the ability of scientists and eventually users or consumers to
access these unique and valuable properties can present a substantial hurdle to realizing the full

benefits of these materials.

[0005] For example, while nanowire based electronic circuits may present potentially

wide ranging benefits to the electronics industry, interfacing with these materials to produce



inability to access the advantages of the nanomateri al
is largely physical, as the material's dinensions are
weaowsmabd23t hat maki ng actual physical or el ect PCTAIS2004/028966
contact, in a robust repeatabl e manufacturing process,
such eS¢ aitbisn oSl dretitahdsynorntee with feféat miideess] @0B@]few notable exceptions:
Rel atedly, despite extr pto i ng theoreti
see, egndP 4R & B EIC AR 7(,7%22@3@3% g;IPé‘@?eo‘tfé’laE}on’ég Eff«F%%‘HCS the
mabﬂﬂg@@g&% ﬂn@ladﬁﬂﬁagé s Bhak ﬂﬁﬁxﬁﬁéﬁal@sel‘éf%é?}?ﬁﬁiéﬁl RA9the material’s
hi eved anyt close to the expec effici enci es,
dimerséorng ealcysodsumll thatamaking héthaltphysicalon glggtgg;ﬂ]u}qnyalca il a robust repeatable

| et el t h t t hot |t
manufigh s g kst B RERY %JRC}@J%&%%H@% Bin s case.
10006] o pel ReeY.leBe GomegEro i S oo Ro RafES £PTT SS e,
efflcl 1{12:‘{ lU frﬁ:o%ug taBsdifBBd R4 gﬁag&ie@fba&ﬁ%heﬁ‘ﬁ@ﬁﬁé ﬁé‘n@ésshave not achieved

access | esired, and the ability of
anythiryecl osario theet exipecibd efficicaties,d argnlyl @aeft@mtnablhty 3 &uneftsﬁfully and

articul ar envi ron
completi (TEFeisrug BOFTHBANOAURRBELABFRISD Hotse Bieaanesgfed energy. Tn
this ché@t ﬁﬁﬁﬁ’éb‘ﬂ?cﬁ} t@falcd%mg@kﬁkt@s of tHetszeﬁil iDeelRRPd BChea bEMast in part, a
hat there“is a need for processes that produce nore

chenlroahxssuey invatvéng bath therranioes gisthe nansapnietials @r@%gha*éh% Agcegssis desired,

and R b PR, DFRERY 8 TR 5Bosic
envir@ith&fr. SUMVARY OF THE INVENTION [0008] The present
invention generally relates to nethods of processing

[0007] anoc I Yhéths: SRS GPSRIGLEaY coiheblaBity, bf chétiicaM@tekfifion of
ficiency of, inter alia, the electronic and physica

nanomamesalaat wdh bbepecated Hat Herris rynsedfos paorgssen diat produce more readily

surroundi e.in
e gHecTar e ienaboR gt Nalds M SuaPeS LA B L B8 Tucpes, The
preseﬁﬁﬂ'?é’rﬁm@fﬁ@é‘@ssthE@Ve@lhsa wkiefyr (ﬁ’e)tlﬁﬁ\ aéats. bound surfact ant
fromthe nanocrystals. Conpositions incorporating such
processed nanocrystals are also a feature of the
i nvention. [0009] A first general class of enbodinents

provi des nethoB@IBFS&Hdkb§§Yﬁ§?EHHBEHQQTEKEQ In the

o002 ARG B BB S5l g s
morer&%ﬁﬁ)léiel?% BideAHProw thé efficamt A6, imesaRi, tetectronic and physical
her ew the total amount of surfactant inclu

interagtion h@t“@ﬁn fheaanggriystals ad thearuraRndingy or s%arﬁalﬁo(@jﬂw%‘tealﬂon
provi gsdlirx]lgtélo Crggengm%ﬁgfoc ga?‘s:{] % lb%u% @tﬂeﬁﬁ)’v@'&:ﬁﬁ%?ﬁv@% of free

ven arlty to
and/driboghd ﬁﬁfa‘éﬁtﬁt fromrthel bgioagyselp rCécﬁn]pnsita‘tnB ixgrosmiraténg such processed
m xture in which the nanocrystals are insoluble, to
nanogiygipisdee Pree feturarbdedBydEPystal s. The preci pitated
nanocrystals are separated fromthe precipitating
[000%o] ventA firsttaeneralgieps f embnélmmtsmr@@éw@@theqs %deP‘quﬁﬂg

oy B P S5 e LSO AR 48l ey o
solubti®| YeNtianabe stalyehape & €otpli dndduing of sefacent assbordted eherewith, the total
amount of surfactant including an amount of free surfactant and an amount of nanocrystal bound
surfactant. The nanocrystals are precipitated by adding a second solvent of higher polarity to the
first solvent, producing a precipitating solvent mixture in which the nanocrystals are insoluble,
to provide precipitated nanocrystals. The precipitated nanocrystals are separated from the

precipitating solvent mixture and are then redissolved by addition of a third solvent in which
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[0010] The precipitating, separating and redissolving
steps are optionally repeated, e.g., for a selected
wauanis@e3ns iterations and/or until the nanocryBCalUus2004/028966
reach a desired |l evel of purity. For exanple, the
they 426 e6luble! dhe Bafacs@P & @picallly solable adatdsmt thengedidepbrentand the
be repeated two or nore, 3 or nore, 4 or nore, 5 or
precipifptiag selveriyaitse.or nore tines. As another exanple, the
precipitating, separating and redissolving steps can
[00103e r epélaleemeqnmtatmgmearammd isflissoleiag sigps awstaphipnally repeated, e.g.,

o REL e A DB R R R e

For ek &hglk, BopLedipitafing Yepaaimindasdissiahestepd da Heliepeated two or more, 3
nanocrystals In certain enbodj nents, the nanocrystals
or maap.¢+ QHBeNe? OF BT AF At O TS e Asranpiher W@l‘i@%ﬁwwpﬂaﬁngs
separgﬁlrfﬁaildtrgdg&ti\%ﬁght@? %Jﬁeo d il El{eea%m?MF Efaﬁ%éiﬁfrf ctant associated
ni'ng asso W t e nanocrystal s I'n
with the I‘nhﬁbdﬂysﬁﬂb axdegyehirss %1 lees tlham $%, o than?. i%,mrrewslekasathan 0.1% of the
single solvent; in alternative errb d| nts

total RGN @6 SUTEACHIN PEFPEARA WA TGP BFIOSAY LETR, eggbodiments, the
nano&ﬁétéﬁ@ Ate ch MIEHdCf@ 15M1ng1a|9 feaE’thn@ fof ?&l %&%01‘4/1%}; 'sféﬁmd S rmdife the
e second sol vent he pol ar sol vent can
amouas sifined aurfagtaatmpreinint@édsecipod awithgbé nmrysm&scl udi ng, but
not limted to, an al cohol (e.g., nethanol or
[001Ht hano|I)1 ,ceﬁzliin aﬁﬁb&m&n(sa tl@ f1rstestohv§eht amgrisee ) singte solvent; in alternative
one acet one) F Iass of enbog h@% he ol
emquﬁaerg% IlfaIPC]é‘é?S\PelﬁliXtP@ o3 PRI ah P 8 9PlAGsalyente d¥picelly, the polar
s ( r | all uitable polar
sobvefift BB e Rpch sob 3R PRAR T IR 0 shsentilly upy suftable p
solveanynd;mdmgbhencstdinmadttp, amadéahdl (egg., inethammd tor ethanelp.chntagetate (e.g.,
orof orm  tol uene,

ety GERISER &7 RIS A Fy itk g B4oG QEerp G Caiy AP gotventis an

alcohBPh@Jm g°'9c| YRMwd EhrE(k}?athnE $.g Si%bifﬁ%ﬁﬁndl or BebHEIS: nSﬁhlﬁMIy, the less polar
-1 and about 10:1 (volunel’volune). For exanple, the

solvenmandaecn%selnes&y Ay switablelsolyant, inslusinga bulswsit Vigxtedite, ghigsoform, toluene,

an al]féﬁlgit > ley\(/%g)algrgdl}% I Cal]@fv# leat r%[m opr 28 ﬁolgtr §o(i{e%ﬂo ﬁolar solvent in

the fiB® lsé‘lﬁler&% ¥&Weed Sbol0BE dh@|a86utsl®| N@@lunﬁd.v@ume)& %ﬁ Bﬂample the ratio of
sol vent plus polar solvent included . in the fir

less mr\sehfpylt tprpolas solyertdn ietlirs| sedveabisvamieally g&:%}?@hﬁl% 3:1, greater than
y e Ot

41, BTl SRS R pBR Y e pPaP O AR ncle glay solyens e, second
solveﬁ(;) e pblat solvemt enchalediin gel ﬂmn;bl\aent)tnln élerpre:uplmtmgtsolvgnt mixture is

vent mxturecnbe %‘6’? 19 1:1 o1 Iess.fl 1
typw@@o‘z@wm@%m \AL dgbpu % l’flmolflme%t SgEimle: fh 1@ of less polar

QA b MH1&s! 8g., 1: 1
o SRS e O L A Ol DALl S, 11 o
less.exanpl e, in one class of enbodi nents, the ratio of the
first solvent to the second solvent in the

[001Pr eCi pi TRlicdNy, & edtioaottthd Brs2sclvant td EBSec(oadgolveﬂl; ifh thog precipitating

l ess). [0013] The first solvent can be ess EI al | ?n)ll
solveR R BBIeds Dgivep At 36 e ARV GP £Y0 S elime) Sl cgfgte, in one class
of en];%o{dor erﬁé) N EmtS OT B fﬁgtesolxk%?‘lito"%@ séd8hd Ldl%ﬁt%gtﬂe%remplaatmg solvent is

oform toluene, an al kane (e.g., hexanes)
2:1 obésg éng, 1:$iomldsax | y, the second soI vent can be
essentially any polar or relativelypol ar sol vent.
[001§ui t abl Ehd firssol sl vanbesessatiallgany bod-palaeonelativielyi rtomepolar solvent.

an al cohol .g., nhethano
Su1table first solvents mclugle, b%.t are not Hm?teé to, chloroform, toluene, an alkane (e.g.,

hexanes), and benzene. Similarly, the second solvent can be essentially any polar or relatively
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or preferably an al cohol having at |east two carbon
atons, e.g., ethanol, isopropanol, and butanol), an
waceisaem2e. g., ethyl acetate), and a ketone (ECTUS2004/028966
acetone). The third solvent can, but need not be,
polar balestti Saitatofitsh eolfferltstnchldb\icamme 1fod @mqedmmwéqohgbﬁ@ Anethanol,

s of e | ment roovid t hod f
or brefaa &1 BisEHY TR ARk VP BTPRAIGT 5 g ] frapfigancl, and
butan"ﬂﬁ ta’ﬁ%@tﬁtea(ego eyl Q&t{ﬁ;@rﬁ bRl RkBBnd @O Cdckeind). STIH hEalsveent can, but
ereln is provid he nanocrystal s have a total

need rotbanidenicabiorthafitsdmelverfsoci at ed therewith, the total
anmount of surfactant including an anount of free
[00143 ur f actAawotheagehear chase uhembddiinents gravidedsanttbeods, of Tergoving excess

f f
boundtaGtent hemrgnag oyl Domelinpar Lo g fing g to-Hy
dissolgg& thedin &ngvﬂe@ thig ARbatlys @6 a &taldune bdtidactaft associated

ase Is a to the nanocrystals, which base forns an
therewitls dhatokz agwlint ofistifacthet ihdudits el phaentayfiree Frgactant and an amount of

sal t ara t nan
vound B HBL STt B R B R W ORATER PP or e v
amoulBH sUEFadth @k 2., BEE thadl 59901%8) @\er % g tatdD ainau@urof@ﬁrfactant) A base is
surfactant bound t hereto. [ 0015] The_insol uble salt
addedfartheeanseryatals; edtidhrigns fores A H@@l‘l}’éﬁ witsvigh Ssdoyed Sl}ffﬁctant The
ol ut | Is | e

1nsolwi%%ait r1>s/ g¢pa agedaﬁgﬁll tﬁé%{%ﬁﬁstaw 1?3%%3 ufa 'éig:as{]&tﬂlltitgg tokProwde
nanodi‘ € hyﬁh%\fﬁnﬁd pathivachdlayet tea bitdyet obsurfactant boynd|thereto.

i nsol uble salt. [0016] A variety of suitable bases

[001ﬁr e knowa iAddldtNes:A dan b@é zllt@@ fropcthel d@nocbystalﬁdlesdlﬁdd 1n the
limted to, pyridine, ani bypyri di ne
solutiong fgagxﬁn@le dqyé:[eh’y]f@gﬁlg] gle rtappcgyﬁg,lp aﬁﬁl solul kosalt and decantmg the

nanoci,r&tzfﬂg%gs]s&%(d r{b@ golua—(l;heﬂgﬁsagqelll@t (%f%{féo(f@lé apdded at a

a ( base 16 nano I on o greater t han
vo] une: vo t th
[0016); eat e f’ FLLY g% guita %Ed’f“?‘% %g{o:\ﬁbﬁmﬁg? mge )éalng?lec 8@§go tare not

TimiteRINtB O ¥ §n1|HﬁQVHy?2 difB ! pieRlin, iridagss distBylamine, triethylamine, and
nanocrystal s e nethods, the nanocr%/st als are

di- 1sqpr@pyilauimde i Hhebdse nftypmally addedian aiocof banelonmeetyyial solution of
seagfhi Unlins DriaLEs 8%&"&%&1 Pob ok BT Gl Bhn 511

anocrystal s were s hes nano ) .
001717 001 pr Y PBREGE<Ra i S oIy DONLCe S f plpessing
nanoé‘l:zéﬂll@ I & e ndtydsd@e %aﬁ&ff?é@ﬂs Bi‘e proiied i aMisChidt@ in which the

nocrystals are insoluble to provide preci Vltated

nanocrastals myestodubde. Whe Gist mréuteneﬁu@@paaﬂra& odvent ae/ eihregetiqggixture in

whlc@eﬂapgy%ﬁe erreg%:yq%étg‘gaz% EH@ ﬁ?n‘r%);%/}%{a ztcfe e%1ﬂi1gtgédﬁ5§pidg ﬁl% a second
solvet folthé Hrsimiktdfeto pIbad®obohd ynigrd 1h®vﬁ1bh the nﬂncxctr;astﬁls g insoluble
adj usted to provide a fourth m xture ?VWICh

to projadropegipitaiPd narasTystd WHBheare thenseparaige lﬁﬁé@ﬁﬁﬁ%‘gé@x’?‘l‘fe The
prec1§?ﬂ9d: ﬁ%ﬁ%é@fstsais aI%:' Eed?{s@%@ @B@lﬂoﬁ‘ Qpﬁqéééﬂtﬁlfﬁstasbﬁlent to provide a

epar a rom ourt m Xture. The redi ssol ution,
third piiR@ire| THat podarity @ thesthipd nat tucenis sdjepsd &y provisloeeivedh mixture in which

until, when t h t al di
the npac i O (A RGUTE TGP PG PP Gln e Pryega ted
nano{:ng?tg A8 M2 AR m Ye foRktRImiRrd. aPHABissdiEor FR¥Hitalbn, and

separation steps are repeated until, when the nanocrystals are redissolved in the first solvent, an

amount of free surfactant is less than 5% an amount of total surfactant, the amount of total

surfactant comprising the amount of free surfactant and an amount of nanocrystal bound
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surfactant conprising the amount of free surfactant
and an anount of nanocrystal boundsurfactant.
weénefsaaaBy, the redi ssolution, precipitation, PanaS2004/028966
separation steps are repeated until the anount of free
surfacgant f Hmtfqably; thelredissoluiign, mslpﬂ@m, pichsepaaion sigps g aepeated until the

amougm%ff e ﬁ%{Ctarlr_i(e}? fe&&ﬁﬁ 1% ?sﬁ Sg%ltra@e tr@t&%lbly, less than 0.1% the

amouft’ (ﬁ’%tﬁl finfacont. PRExsRpR! ﬁfelrétﬁsﬁhﬁm ﬁl@ﬂpbﬁldrﬁ pedtepdration steps
two or nore, three or nore, four or nore, five or
can bmmp@ate@pwcéqmogﬁ, hreg ot BpIE, fOURABMOres fiye PE BIOFE, OF even six or more
times® q{aﬁﬂ{?%ﬁ?m{nﬁﬁwn@ 91&1‘1&' @ellss ardlc ﬁe&@? %(lgﬂv& Lf fé‘c’t\étré ¢ 8f the
| 84St “one e Pe |sso |ng steps term ne
redissalvinumdtesf to fdeemmerthaamhauntt of fre@dilfactant.some enbodi rre nt S,
the first mxture includes only the first sol vent
[0018nd/ Or T# B&mé embbdigients] thie W miwhird thclude®bhigrthe first solvent and/or the
enbodi nents, the first_m xture also |ncludes t he
reactige gu¥yres mhq,lém othef (pmb%d(qnynts,tth@ Tigsh m;@,u%q &9 chudas the second solvent.
S [ I ted
sl RSP AR AR Se B T b RLNEth o prcipie

nanod¥y$tdlkl tceprooide biye thdtdinhixtume, @ by édition sf thedlrmesotveatathd the second
second sol vent. As for .fhe enbodi rrent descri

solvepfp d\asfor fh%emb&daraerg? DR 400 J5§ VBAIOT I BRESLBR fythe second
solve@ﬂh\ﬁ‘?enﬁrs{ gfrg E%%tg?é‘lg/tﬂﬁcaﬁlg'ﬁegvé&)%%@ I $nd Xpdugabiy

tween about vol ure: vol une)
(volumbivioRinhd) ewhil¢ the ratfio vihthe first solvewsitey ehﬁsemnd: sméve@ewh@l second and/or

T T AT -
typlczﬁgj dﬁiﬂs& addtSs thBEbnlls S btqo iR thi¥® hﬁi‘ﬂul'é’ b@ﬁhlﬂéﬁ@é’dlﬁﬁénts in

second solvent to the third m xt ure, but
which t]neelnmbunmmmcludesﬁh@ Gitst abdsecond splyinks. dhreepalaréty wf die thisd mixture

e e GRS AOLHER R BB LNl EbtAion. e

first s_?;ﬂfeht RAyMEaltynessfpol&tth&0thy estond €olgent (Biyhorghpareatbiodiments in which

first solvent is typl caI |y less polar than t
the nzﬁ@@nﬁ@l%ftﬂvv aiglf enovgh lays! ofi sel %W@ea srafpctant WS%?@H wifhghem to

nocr h |
makeq fieth ggif @g?@é‘ﬁ)ﬁ?g@%{kﬁp ?ﬁg lesk g% (%lfveratg %Hﬁ%%sg £6196ht can be
more?gﬁlalﬂlﬂiaﬁ th®satoné). pol ar rat her t han | ess pol ar sol vents,
the first solvent can be nore polar than the second).
[001§]0019] A$asiesedd foethel Mbvd Sabaheees emnanbare sitable first and second
unber of suitable first and second sol vents are known
solvents arhlencart in the prte Kameiagple, e finst splvenb ranebg cilereiora tolucne, an
chl aor of or (
oo 1 0, bEMFER, B0 1580551t AR ongpl . mehan o
prefef#®lWan aloid1aaving aOIeasn teb emabxh ytoas, akc ethaholhzvprogari, or butanol),
| east two carbon_ato , ethapol, isopropanol, or
an acpigted @ cthyd Acedaiel oF 8 ket@n@ (e gel9iAnehcet ate), or a
ketone (e.g., acetone). [ 0020] Anot her general cl ass,
[0020)f enbodinethen gsnprabelpssent emborimpntITopidet BEHiods of processing
h v,
T R e e

nano@fRt G ablseludlecthnd aSseccﬁiﬁlCtoBthmnﬁhwlnthellﬁand)sttuhmres are not soluble is
nanostructures are not soluble is adde

addedh s paRRstyplEes. The HARYEIFHEY UP Qgecél?@te&'bélcardgm% dgn 89‘11“0“31
quanegﬂdftﬂ'léj&cf? d ?&Vﬂ'@ dhL i 'a fibnad @zﬁltuﬁ YeiRf stifiticiC@PReLipitate the

ent e ad tlon quatlty bei hg suffici'ent to
nanogiretirps frameh¢ balvent mixture. The nanostructures are then separated from the solvent

mixture (e.g., by centrifugation), thereby removing excess organic surfactant (which remains in
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nanostructures fromthe solvent mxture. The
nanostructures are then separated fromthe sol vent
waiadsues2ée. g., by centrifugation), thereby reROVIUSZN04/028966
excess organi c surfactant (which remains inthe sol vent
the sofWiexnt mixtyre) from thh eamsnostiresc The edditidin gredpitatioongnd separation steps

precipitati and se tion ste re onal |
are op}@B%lkF@Bth%gt%q oL JBpPIE t {}hﬁgg g( OQS mtﬁ% ﬁg?r IHBJI%EB oamgrey or 6 or more
timesJTOT 1 naRo@FuciBEEcanWe Ra8ted Tl RtdrinkRS) %uaﬁfi%/ of surfactant present, e.g.,

nanostructures can be analyzed to determne a quantity
beforepresipitatiarn, afier sparson anceeélssolmm elerragl cyile af prspipitation and

redlss8£utt18¥t,ec2r$ag %% gtplfeg{;:nl%ﬁdlupe (gic gﬁe a&]}t{tg}?,tp?gcqgitaQ%ﬁl 4nd separation
steps %%ﬁbhﬂ@@eﬁéﬂt&?ﬁntﬂﬁhﬁﬁh@@ of 'Eﬁlﬂacﬁﬂd ipkdsent, reaches a desired amount
preci pitation, and separation steps are optiona

(c-g-, Petpleatasepunhof req Wéfaq@ahlﬁ ilgsy then 19G. Pdetldhor Hrlde @E%¥0tal amount of

esired amount (e.g., until an anount of
Smfa%tange&gﬁer? %t ant is |ess than 10% 5% 1% or 0.1%of a

[0021? gtr alt hg{meéj%&)&of surf a t é)vé a Iﬁﬂﬁ%é gfs?%m eicgg&%oléénts can be

select8@CPHICk xSRIV ﬂtegfn@ﬁdbl\%t &&l pireide tdieénett @hRreforthd the second
first solvent can conprise toluene or chloroform  and
solventtran semprise abrloehn! compridBEHOrS han v FEBAR AOESH:Ei §0REPPanol) or

rbon atons (e.g., isopropanol) or an
a““%tgt& tge%?"é’woetﬁ thyl acetate). [0022] The sol vent

i xture_.added to.the ructures t
o0 XL et RS BB R LR s e e
solveﬁ’t dndtth®sde8h VeI ent inla 84t bkBieen 1AB aNE0:$ P @G Iche Spekiagdagnple, the
he solvent m xture added to the nanostructures can

solventdnmtmre addestte thewmanestesitenhean EREe fRirarts ElpEIs4m ane part
0023] The nethods optionally include additiona
P |cat|on steps e.g., to renove even nore of the

0053 B o AT BB Y S P g v

more € tlf?:ré%@ésﬁ'sﬁﬁhﬁ%t( Fﬁﬁe)(aﬁfﬂé/ eglpyradifle exchhi @ can be performed and the
centrifugation) while |eaving the nanostructures in

resultmg Qrgamn saljsoRR ML presipitatedt(hrd regraved .. calies seqffifugation) while leaving
I.ment s rOV|des met hods of processing

then??é’ﬁ%‘&%%f&t% Y49 t he et hods, the nanocryst als are
onbi n

a fir tsolv ln\/\hch .
[0024]anocry ‘ttzi‘Pgt%ﬁ ]‘BFSeOfe?Hﬂ’Oéh %’é%ﬂré’vg of t}éeﬁ‘t"ds ST Riocesgne
nanoérgﬁal@aﬂpﬁ{e)fﬁétﬁ&fs &%%aﬁ&%?staﬂ@ hi¢RogbidOvith 4 fissd b@lbét&)m which the
T first and second solvents are pernmitted to forma

nanodriystals atd splithde pma@ s,ec@mhmlmt iy whish the napoceysialsste leghgpluble (e g
e T

the fifdt B619ertthad $Mﬁa@@§@!§ﬁalslaﬁd hké@dcﬁlalliqxdtcslﬂtalgé)b(ﬁnpm‘snhg)ﬂlb stdumd solvent,
first and second solvents (and is preferabl ?/ {m %
and theoplipsesearp thontsepayaiedn dinse Fh?eﬁ‘}ffat:th%"rs bypicailysoluble in both the first and

seconsrtll(a;ﬁ%ﬁgeﬁﬁe/ss(ltaﬁcﬁ fswg@f@&b%g reRb IR 1%%1]&’ séc%n@kcﬁ?eﬂt 158 dre ﬁi‘érn%nocrystals

sec ol vent an in the first)
and 1610 pesferabhsi blse itis¢lf moreabludtle orthe second Salwblurthamlﬁl the ﬁﬁt), this

surfactant in solution wth he nanocrystals. [.0025
procephfesulh w&ergéutt@ndathe&@éﬂqntot %t@&tﬂp%f’ﬁtt@nallg’etﬁt 1‘%‘&’@“&1&
| evel of purity. Such
[0025] This process is optionally repeated to yield a desired level of purity. Such

isopr

repeated processing may be carried out a selected number of iterations, e.g., as are known to

yield the desired purity. For example, the steps can be repeated two or more, three or more, four

6



repeat ed processing nmay be carried out a sel ected
nunber of iterations, e.g., as are known to yield the
wdesisresh2puri ty. For exanple, the steps can bePCepsaioed28966
two or nore, three or nore, fouror nore, five or nore,
or moge, fizeen meire, opeventie of noEstimen lneettainprefersedaspeess, the dissolved

as I ssol ved nan stal.s .ar
nano SERRE b b b G BT R R A CRPRLRA R0 n e
compb&YEH islsOfidihtIFABROThE combinatis fphhsel foithation| awd sephrdtion steps are
conbi nati on, phase formati on, and separation steps are
then apienalbyepested asyecessatuadl ke amswakeliee Hestentin éhf‘al%PélGﬁltystal
of. fire I
mlxtutrehlgl%esi S]a}nui(f‘??éé %Qs{ lalp 5%) E@{Eﬁ %ﬁsf% %mtr&) eg'é‘gté(?]é(fl‘e%%ﬁd bound),
prefe@blydedtihat 1 Bpadd mee padffdrablwlﬁds) thap 0.8 fiesfabé yotdleswunhafisurfactant.
1% and nore preferably less than 0, 1% of the total

[0026§lmo unt 1ok fistrahagédnt solveid bl widlieasithdistelaive ramspwm typically vary
solvents, as well as their relative ratios, wll

dependi) upenithe natwse of élpfermpergsfab@ndtthﬁeorgmla pentaminapkthat is sought to be
t.al
remoge%é %tr, k? ag% 01? elﬁ% t(g éggs%hf: t”ﬁg)nc%a"ﬁ f&??fe&{l}?ggf {n%r%a(lsrj

nanod?y 8§ he firsy @cblGéﬂﬂlel bfe Odss @bﬁﬁﬂiaﬂgh@sfecbﬁtbs’cg@amt cIn one spemflc example
nanocrystals, the first solvent will be |ess
embogifesnt.rigogusd @reperedenith TOR 2t wigaetapt we B%ﬁ%?% with toluene as the
{aqﬁ ared with TOP as the
fnﬁsgﬂgg n%h??2g§§%§§§§% OR% N toluene as the first
ol vent,. and hano

0027 anocr %%gfrgstsisa%%ceé ﬁ?ﬁ%%?‘hg@ ARt e

nanod??&ftﬁls Tac g&bxces@ anReahy/ot Ed>1ﬁ1d| saffkitag) forpesstter ataadf the 1nvent1on
bound surfactant) form another feature of the

as dojcAmenAtifions, Syscrab a@bﬁ%@qswé%ng §‘§F§1t%ﬁ%esseélﬁ’&n%wt€]és Thus, one

e

dissolvaé ingfirg sélveap Thahhmoergtalnam assogixtal witld b sall ansahnk nf surfactant,
first solvent. The nanocr stals are ass

which BehidenpuReuOL Say AR e Ol R aaB e Stution. The
amou?nf 0 H{aﬁﬂﬁ Qa0 Ehaﬂrégoﬁtnj‘}@rﬁ‘%hb%f lefd 88n abtut fl%t 33k than about

I'n solution e anmount of free surfactant is |ess
0. 5%1 zhminnaﬂaque&%y lpssethmr aligiuy 0118w ef thh totalanamt abgurfagtast. As noted

n about 0.5% fera l.ess than a
e s L
§reV|oust, t he nanocrystal s.can be of essentially any
[002&8hape, Ardeed gﬁ&p@,claéﬁﬁéggbqqu@ﬁnts PERY34SS 2 OMPOsi{Ign comp sing a
popuﬁﬁ&? B%an%t:ﬂl%ﬁdsq{avﬁlgﬁoﬁ hShRhQYREES d%s@l‘?/g@ﬁ‘ﬁd titsPBolvent. The
nprising“a popul ation nanocrystals having a
nanoaystﬁlacbmpnsdakasmuﬁam héilayen oﬂ smtane asspeiatgd tharewitls oPsgéasably, the
The nanocr stal s cong |se ess.than a bl|%§

nanog A PRI GUCILR SRBR P diie o S BR AR Py t’ii’eéewﬁh

nanocrystal s conpri se ahout _a nol ayer ar, |ess
[002%yr f actl‘é‘f’ﬂtheég‘é]@@idaﬁe%"da]t Has o PO %garovAﬂ?ﬁ %g}mposmon including a

popufaﬁhﬁ%?ga&%ﬂg{a@ il ?fa@tfantedgﬁﬁg KERED SwREEIItRE Surfhctant comprises less

osition inc ing a popul ation of nanocrystals an

than abﬂwef aBbmamtample) ﬁnb sutfectentqrefiatabhye¢amprises shaut acanelayer or less.
conprises less than a bilayer. For exanple, the

[003@ur f act anhotpd,efarb@iiyls pﬁtﬂfﬁmsieé oy tlahmethods (Isfcth@irarymnomzrre optionally

| ess. [0030] As noted, nan stal s process
incorpRIRdA OORTOECTRREARAAS 3t S PTS SR TORE kS P dgubodimens

providBé Qcc??ﬁﬁds‘ﬁg Fhalt Qgﬂgﬁ%&s Q133 aﬁ[@p&ﬁﬁéﬁﬁ&nxﬁﬂﬂ% pofiition of nanocrystals

exa ass o
disposed w1th1n the organic polymer matnx The nanocrystals have a surfactant associated

7



provi des a conposite that conprises an organi c pol yner
matri x and a popul ati on of nanocrystal s di sposed
waoi2bdsioa3ebe organi c polymer natriXx. The nanocr peTAIS3004/028966
have a surfactant associ atedtherew th, the surfactant
therewighnyhd sirfagtahessnprisang lassthimy bilayee (g2, the gerfagiart $68 §emprise about a

i se about a nonol ayer or l|less). [0031]
mono%(@i?\@lg?gl ass of enbodi nents provides a conposition

oo oL i noml et on o, el ot elS ant, o
populﬁlﬁ&%ﬁ{dne&ygtﬁlsrhﬁﬂ AGERHRopuldBSn & 1§éﬁ6£1§'§thﬁntfh€$ﬁﬂfﬁo§hﬁdon of
erew t he surfactant conprising 'ess than a

nanodpydtaly bas g mr@ctana@@omatad thereovitly gre aurfactestgaommmgsle@dh@ a bilayer

(e.g., gli)@,‘,utnlaﬁ(glo YFE 9&%@53 fl“ﬁ% %s%ﬂrsl%?)gﬁ.g%b g)t%%')ctrlysqgls ghg ; g&ﬁ%sition
d1fferéﬂttfﬁfr§ ﬂﬁﬂ%@@pd_?_ﬂu talfioh b€ nddocfstad) Bhd Rtihefspeied Weth the flrst population in
nposi tion he second popul ati on optionally als

the C@@pﬁpﬁm@e Jhe seepnd papulation @ﬁy@aﬂbﬂlse ﬁ@ng%s(ﬁé Tess Tagmrar lfagat of the
surf ct
e SRR T B FERRAESR T e RS0 gy o o
need HéttHR| disposs@ inithin a Bagix, el aﬁrog@md:pqi;uhymatﬂlxat rix.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0032] Figure 1 is a
flow chart that schematically illustrates nanocrystal
synt hesi s usi g% a surfactant nedi ated synthesis

process. [ 003BRIEF PIRSERIPTION QH BHEPRA
chematd.cal Ly I | r

1003237 oCoe g dteh o o iR T B ARl Bl synthesis sing
a surfageardenaed Wiithesidigotddyenti on. [0034] Figure 3A-3G are

P- NMR spectra of nanocrystal preparations follow ng
[00331' ffer gngywashh PEwaihdrt A e el #Rstrates Wehidle Hd¥e synthetic

vel of free and bound surfactant associated with

proceSShmg steprafiopoanastystal prappestign inresordepefewvitictheHay@ntionl ar ged

views of the bound surfactant peaks from Panel D (top,
[00347pash 4)FigiRaBal-3@ aferi BINMR specthe @)nanearystélgmeparstions following

sh 6).. DEFI NI.TI ONS 0] nles defln
differbR e bR P PPIAS L YR 16 £ R otan
assocba%c?\')vﬂh e nﬁﬁlﬁry%@dﬂ? ﬂbﬁ‘sg P5eCQRABRS é’nlh’ﬂg@@ KEinaed thybound
one of ordi nar k in the art to which t

surfacptmvmakaﬁnorpaandumétop,M@hmaJ Papal B gmigksila, miash éh @nd Panel F (bottom,
h Eppl enment those in the art and are directed to the
Washd)rrent application and are not to be inputed to any
rel ated or unrelated case, e.g., to any conmonly owned
patent or application. Al though any nethods and
materials simlar or equhmphamoONS t hose descri bed
herein can be used in the practice for testing of the
[0035r ese ntUmlnssmﬁncdethﬁlh’eSqa B feshnisal andtseientifie teamg upest heseig bave the

d bed d I
samedé%&q%%%g})ﬂl%@ ¥ B?Aeﬁji%(ﬁ;lﬂ}' L 3%6«%{111%%5 gﬁ% ﬁ@: 09 ltoogz)ﬁch the invention

pertal¥@! trhe %lﬁfmﬁ%‘b@lﬂhﬁ@r&t @p@l@hﬁént tB0dt ih $haat aﬂchztre ditected o the current
limting.[00 %Jg As used in this speC|f|cat|on and the
apphgqm)@ra@jé@rq;mqﬁ e 1mm§e<§1ior?gu|r@atef1@f Haretated casg, 9:2. JQANY commonly

dt | Uy ?L ) frld SotehiBR sERMDt quivalent to those
owne((:iI pggern %)/p%pil:ﬁ?ﬁ%dgls }g ouéf\?mglgye dé’ ?Ac?or e s quiv 0
described herein can be used in the practice for testmg of the present invention, the preferred

materials and methods are described herein. Accordingly, the terminology used herein is for the

purpose of describing particular embodiments only, and is not intended to be limiting.



exanpl e, reference to "a nanostructure” includes a
plurality of nanostructures, reference to "a solvent”
wonaedswdea3m xt ures of solvents, reference to " RBCT/US2004/028966
surfactant” includes m xtures of surfactants, and the
[0034]i ke. [A@soseql iriTinés slpecmﬁcatmcamﬂ theagppesdad dairmsi thelsmultaaf@gls “a,”

“an’ %{f ‘Glée 18&“8?;?%“{?&3 Fvng /un /{%fcop{%te @gﬁrﬁy aictg e%% }sQeThus for

examPRORUBRRS 2 Rinobfructied findlits WM BT OF ﬂ@ﬁ@s’tﬂu@ﬁﬂes reference to “a
0038] The terns "crystalline" or ‘substantially,

solvent"yraludasimistures i splvaredrefarense te spartactagt” includes mixtures of
oSt ,uc refer to the fact that the
Surfaﬂglﬂf‘jsatnfl%% I'E}?es typically exhibit |ong- range ordering
cross e or, si ans ruc e. It . .

003} | 5 affierSh 088 Byvrarran arates e ok oL eien ghatipg varies by
+/-10%%6ﬁhe lvamg Jr 3PS 5BWLT tNE Vdlud] 8P BIYdnR erhhtRliABSO| BIt-§- 1% of

size of the specific nanostructures as ordering for a
the valimep deserihask al cannot extend beyond t he boundaries of

the crystal. In this case, "long-range ordering" wl]l
[0038fean sUlisttemisi ‘&lystdle’” oadsubsntglly @asullings wirposed \yitbfreSpect to

t he di nensi o anostructur i.nst ance
nano i aise 9T Ohed aEAHa B PSSt iy REPOL BT ES Gidering
acros§ @He HemER MM REShsf tl?e §RICBr&NH vall bk @A8drst0b& b§ BRE bf skiMin the art
such instances it WI be appreciated that the oxide,

that thdverh (‘ng retgectriering? datludngende@dhﬁ absolyte pige of tegshecific

nanofulfirgsnl b fo oSS Fiy QREBRG R apB BV SHYBE Bbliddifies of he

crystalC Ty 8fidédse,Ngong-rafp6idaALS’ &.k/ilh/méz[ryﬁlbﬁbhﬂial @rder across at least the

substantlally nmonocrystalline,” or "nonocrystalline”

majoriefadithe digensien obHMemanOLHEEITR f IntsREeARTIHSEs, idiagpyructure can bear an
(e t I t

oxide %‘fllletlil%%} Breca‘fl%% éo Jrg)tng%%/ L 035 81?@&1&%% |Drr116e Qfegs%{ljgﬁc instances it

will prptemaaddethatnh@aﬁed, shell@), 9o othecanyiag aeat narekhibésuch ordering (e.g.
conprising various_defects, stalgin faults,

at
it canshfRqrPRAYS PRIy CrHAlipReOT OIS ViSg) Staners, @Frpﬁasar gystalline,”
N | ta erd. lﬁE’dﬁ.’H: h.
s U LR bty BB fdadBtes o e
centrabdiose afftht hanosemaster(exdludiag tie doangleye} or shrellaridThd teris “crystalline”

be appr gci at that t terface betwee
or “sulspaihu S RETEL & G Berei s T GRID BB SBrTR RN s
comprRIng ARGudibradi %Pa@ﬁltnrg?ﬂﬁ{s atBhiPSIbY@E AR, SMethe 1&80asdong as the
second adj acent’ shel I may contain non- crystalllne

structuggyéduntsi tsebistandial ongmangs Q{ﬂqmm(g{gs ordeiozerg deasharout 80% of the

eng 4R DU P OO RIS RBHIE A i rorcincd
the inté¥€ack BefWecRROE EltAE butside ol amndsaactui dribetvenecdord andean adjacent
nanostructure indi cates that the nanostructure js
shell oubestvaen » shallandrasseend adirceniriield Sy craiay R siatlingregjons and may
even Pe %{n% HSus." YRk ﬁh ] ﬁ’c%?fé‘}éﬁtetﬂe %ﬁd@trﬁ&ﬁﬁq%m 'me crystalli dne or
nanostT uct'ure erostructure conprising cOre an
substameal@reryslBnesdradeffimed hereimocr yst al | i ne” |nd|cates t hat
the core is substantially crystalline and conpri ses
[003%u bst anfiekiny “ﬁoﬁd)di*gétﬁhﬁé’yﬁh@i use @040 redpect to a nanostructure indicates

‘nanostructure” is a structure having at |east one
that the gensstregiueriapuhstaatipldy ¢rystalline and comprises substantially a single crystal.

When used with respect to a nanostructure heterostructure comprising a core and one or more

shells, “monocrystalline” indicates that the core is substantially crystalline and comprises

substantially a single crystal.



di mension with a dinension of |ess than about 500 nm
e.g., less than about 200 nm |ess than about 100 nm
woOesws/eban about 50 nm or even | ess than abouPCRM@S20H/028966
Typically, the region or characteristic dinmension wl|l
[00400e al onfy“ndnestsurhirb’éta srucBrohiavingatdeasticnamegionfor ghiphetsristic

.__of sugc tructur I ncl ude oW r es,, nanor ods
dime gV SR e LD IR B ESTaT et P40 mm. less than
aboutt 100RRE ess PhROHDut SPAACENEER RS tHARRABAGI2D, nnil UTHHiuMy) eeSregion or
nanoparticles, and the |ike. Nanostructures can be,
charagterjstic dithoasiam itk be glopg Jher sanaliesiexissufishe spiciuge fixamples of such

nmonocrystal l i ne 0 [ ] r
seocJBASHE Bhb R B YEhEA Do MR By psonecs
tripoddi BPOEI, @soceystdlf) Sanedves quatttmdetsh Asnopastictes naidahe tike.

| ess than about 500 nm e.g., |less than about 200 nm
Nanoptgupsurehean bep et sw@armna],ly FestllineatbaaialEnORMTY B i8S en

- : 4 ! C iy

L
dimemaaiRaf yist renotthucsurb &gs atlinhemaioh of feas thagiaboutdi00 nm, e.g., less than about

characteristic dinmension with di mensi ?n ol{ | ess #phan
200 ngh dese A, 100, g0, legsdhan 48e4h G BBuer 6B 19vhandabeut 4{bpm-

about 100 nm |ess than about 50 nm_or even |less than
[004ldbout 20" mmoCINibC poraPsiructie at i setantially mapocrystalline. A
nano%ﬁ%gl%ﬁ%eelﬁ#zat Legﬁt@%?%% Pg%hggagg%“fgﬁ% gi.ngéjnsioﬁ Wi & Binfension of less than
abouthB0ane, %t &. Lessthars \boulT DO hier fess thamalesuy 40@ntn, less inheboded0 nm, or

to enconpass substantially nmonocrystal line . .
oven Jegn a0 A JOSun. D ARG AP sty omogenequg i gratoriel

| b5 ' td & bQeldl KBercRudich). Ahe t

pmp%ﬁ%é%glﬁltciggﬁiﬁ]f%ﬁ@#g%ﬂﬁ% [ néerﬁéf}%gst re(ﬁéglt ur gls W t hgu)t ° en?_
“nancouystal d esfieended foambompass sulsstdnsiplly monoerystalline mhgostris@rasfcomprising

ool IBEAYSL PSSP e SR SL0g. . o NN 9,
monc;c%}‘%ltaﬁlﬁ{é PandRREEBS Wwithbt sGBN@FEMS tradlls) HesubBritutibhte In the case of
sne

(s) need not be. The nanocryst al's can be
nanodraiinl fesdrestructures @anpisitiga ¢ore amd/oneomreerc shellsaiieaoread! the

mat er.i al s. ..[For. ex le, the Nnoc{ al.s hi.S
nanof3see o Pty Wy Sopod SR ABRAE Iy RER B Q" e
nanoér§stals caRbé&F¥MiRated ¥lom esVentdlly by S@iivefientineterin) or Materials. For

netal, a sem -netal, a conductive material, an )
examples teataneryystals 6AR 6PMPTAseAngRORgAEC makeial, g eaieondyping material (e.g., 2

e h ' [ f oGt : .
e T R R P R S

insulab@uhat204), nid/od ths Hké. Naronalepdct, ath ofithe Hessdinteasioaboilithe
50 nm or_even less than abo

i ut 20 nm _ Ex les o 1
nanogrgpfalclia; arcimensiom pfges thesrboyt 300,98 ¢ Bt ghout 400 nn, tessthan
about ISR qg%sac}liny bR 56 hg@, br E\Q:HQfsrs Yisdn@lodut 2 @AC FREmples of nanocrystals
nanocrystals, and substantially nonocrystalline

includa honae est limiad tq dehstantinbyl epteyicamanoarystales ranched nanocrystals, and
nanot et r apods, ..tri pods, bi pod and, br anched fra

substgHigy BRGNS HBROTE R0t OBBEUAdo B Gl ARt pods,

o2 BRREY, ShabrarcBePeRANABI(Y.EL dlorfiavd M@dfiffegy. or nore
trlpoar ms% wher eraelzlaceh aer m hasg ?he O_cr:%hgr acteri s?éigcs of a
[004§anor 0da “Bfan@h Sérgrﬁtﬁlalis DaYidegystadRafihg ARECoRMBRS arms, where each
ach arm having the aracteri stics of a nanorod and
arm leasuineatharmg teristos of aceambral, or 2ganoarystahhaing tvo or more arms, each arm

v AR o SR uE] 08 Rt oy
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tri pods, and nanotetrapods (tetrapods). [0043] A
"nanotetrapod” is a generally tetrahedral branched
waamzasast ure havi ng four arns emanati ng fronPa@r/us2004/028966
central region or core, where the angl e between any
structtmeali sinnsfrom thyipf thel amlseEyamm@s Bictielgr s ere Mythingitad)tg,, bipods,
t he core has o e cr structure and the arnms have

mpOdé’rﬂS‘fjH‘@POt&VWé tetrgp i ure. (It is worth noting that
is does not preyent the nanotet od m bei n

[0043ﬂmnoc r s tuenpietiapodsiing genaral atPtr’i%heQF?j} %f %L%‘g?aémétl“é&um having four
arms &ﬁ&r%ﬁg gllQﬁ‘n RcShAEk cfr%‘&et wheR th€ éﬁgIP b&twedn 6RY By hrd is

ZI nc nde struCture and an armwth a wurtzite
approxinlla]kdy une. Saiegreeel Bymichllyy the cotedtsiong cfyatal strudtere agd & arms have
anoth T PRt Gt SO ROREn R B 00 YEE POV Ghfapengetrapod from
being n%&%fﬁﬁﬁlirﬁl Eﬁicegﬂ’x@ Qfheald HaBee YStedted bypa tallang @eﬁﬂ‘@ fc&|example a

an aspect rati o between about 0.8 and about 1.
core x{u@om ginc Alenda siyecturerand jap ‘arm svmllaewulém@t strugfurgare |r¢1§tedé>yua§tackmg

o RGO AL s Ol 0o

nanos@P@ELy ucture, where the second and third axes are the
two axes whose | engths are nost nearly equal each
[00446_?t hef AF@sfub@céﬁ\tE&?iyes héﬂ't%l ﬁéfa)@ﬁlsta[’% laGah&drystalPRiti %hspeaqatlo
| d be the |engt its long axis d|V|ded by the
betwa&nahmté)rii mfdaboutb@s sectl on perpendicul ar to (nornal
to) the long axis. [0046] A "nanorod" is a
[0045} an ost rarctagpect rdtal’ ihds largth @i‘ra fisi plie obhax nanastractuieslivided by the

averagﬁ) tgé llfté]%?hnsy)t rt]lgeq.'%cwg{%{d\é\girﬁ g%erég]l;ﬁ tllgfg]i?gl)éftﬂ}cgerp l@?rg él:leesrecond and
third LR AE twb\lﬁﬂ%rme Qdngfiiage ﬂnBé‘t%ﬁﬂ? @% a Bh@adthet. NRY Bxadible, the

aspect rati o between bout 1.5 and out 10, but can
aspecheatie fana perfiet tod wiould bg thedeegth ohinlamgaets divided; by theahiameter of a

t han about .20 at er. .than, about 50, or greater than
CrosséB‘S{ﬂ“ pfﬁl?nd’tﬂﬂaég%ﬁ’ogpﬁléf’gt% s Shout 10, 800 Longer

nanor ods (e. those with a ect rat.
[0046]pan atbiRmPBid™f fnaEmsHELNHIRS Prear RoPBaXfsdRN foager than the

! b la¥pdcBSiothateraRiidne.

e o ASTEL s BB T8 e LS o
Nanopudafof ﬂabhyzehtwstypha]ﬂ]y hiboun a3Bt rato betweenoabouipt.2 fed alyiuy 10, but

| ess t han about out .25
can b Aol gL ke Db avouddOniredrr b afous 2neagn B tout 50.or
great&@Rarl @08t @OO’ bR SeslbAdiBA 8ou010,000. hey@r danorods (e.g., those with an

substantiall'y uniform di anet er, that is, a di anet er
aspeqt bedito ssbasousthen a?rmt éﬂ):?ée s@ggtlmersamfea@ém agpapopateg,  Theglameter of a

wno 330 SERHY 4 5595020, SPOLRo | 830 SRRty

less tRdrPabloyiP1 ShihyarfliBsdt @[’éfbﬁbﬂy}less rygt #obit 10O mﬁ;:ki‘tmut 50 nm, or about 25
substanti al | nonocrystal | i ne, but can be,

nm, gyevsitlessthan Rbows 16 mnambeﬁbﬁgm N gam Sier dtiighle digrgeter or can
have g ﬂgl?steﬁ]l?llﬁlﬁ uﬁ]?ﬁr%p hl%m% er) ALGE %%J?Ig&ei( I‘fﬁﬁh%%fs a"ﬁﬁﬁh% 184s than about

Or 'nore surfaces, faces
20% (d.& €lesd than alamm SD%,I st than aGowe: 566, ambese temrabatt %l ever the region of
i n.nanostr. nt hesi

t [ d | t
sreatr e RAG- Nmarsiale Wpisa oy prU A telBHE PTG bpatially

monocrystalline, but can be, e.g., polycrystalline or amorphous.

[0047] A “surfactant” is a molecule capable of interacting (whether weakly or strongly)

with one or more surfaces, faces, or the like of a nanostructure. One or more surfactants are
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resul ti ng nanostructures, to suppress aggregation and
mai ntain solubility of the nanostructures, and/or the
woOi2hes/02302048] A "total anmount of surfactant aspotivatmd/028966
W th" nanocrystals, e.g., with a popul ation of
typiGady SEVasied iv napsyBetute; santhe:sm slavdles taridanmsimetandfor ﬁhrape control of the

resul?&%%@ﬁ sﬁﬂ%tu?é} to, r&gﬁr@% u%r;g;g{egauglg o AT, r%ﬂi%‘%lgﬂlﬁlﬁy qyfsf.ﬂc nanostructures,

and/phtsiikal | y associated with the nanocrystals (e.g.,

coval ently or non-coval ently associated with a
[0048RN0St I NCtathEarSbl 8 Qurfefan 38di 208 Wine

associ ated with a nol ecul ag %h lgt?skxlxtthsglﬁ?&?%sg/%%laerﬁi tPfa
PopUiation sH @aeerystals in sedutnni mchdesart mnomm offi free stufactdng bed an amount of

e R TC——
with depaberyehlsde g3 @delé}ﬁlyQirhl%ﬁ c%%léﬁt‘?}n{{sﬁématgﬁ‘ ét'heJ BhbMfucture surface,

gol arity of any two solvents can be conpare
or co¥gISpiky et n%ycczy@i%aav PG Ciatedi Wltfp@)miacuk thatds et c(aszebntly or non-

gl SRR ST St OB S e

nanoewybtalss to a material, often a polymeric material, into
whi ch a second rrateri al (e.g., a nanocrystalline

[0042jonposi Ai“edl)eritS s MRRAE QthsRincS tHpaBldRE %fésoﬂ;ﬁl% dmér shi¥fst£RBs. The

be a conductive conposition, a sem conducti

relatixe, Rolae i Ay twse selvere eambRietoipeeed; émwslﬂpleoby c@mﬁﬁidg their polarity
ef | ¢

indiclPkE Bl TR E b QU PP - R R s

100sd30 5 et Pl P g o S e cdom s ﬁ&%@i “3fen a polymeric material,

I"nvent 1 on I

into xp}nel@ 8860ong niAeRe (/8! @ha&ﬁ%la@l‘iﬂ% R % I eﬁ%ﬂ&%&’&tsﬁhounded

onposi tes and conpositions that resu rom suc
The %ﬁ"tﬁc‘, &3z haa CMﬂU@HV%@pwcmti(mn@ S@mcnladmuw strapssitéong or a non-

condMQzQ‘é&%é&ﬁ{ I{:onpos,ltes provi de enhanced performance
characteri sl cs, by virtue of their having been nore

onpl et nd/or as _a result of being nore
0058 025 | P’%‘-’Eﬁg BE ST F el s wetiefingd o1 ot s AR As e herein,

The nanocrystals processed in accordance with the

met hods descri bed herein are, e.g., then readily

integrated into matrices including organic polymer

matrices, matrices PHRIAILEPDIRBSCRIMEOManocrystal s of

L the Sar@en@falﬁ'ew tibh 9¢ FRAROS Lyon. sol-gel matrices,
c_ﬁa‘rrrcerw rices, and the I|ike.

[0052{] 0053] Ths prastetdn puneivh 4igdngrall9igreoted Ech&eﬁh@[:’@ bBftbcessing nanocrystal
1 fficulties associated with truly exploiting the
popu Bté%f § tglnaﬁ?%ﬁ%‘iﬂtqo@é’o@fes [FEf epRpeitiensshafgesulifeom shgh processes,

Wth p‘ulattﬁﬁni 8 £hnb Té?algg P?&c@%@tcgmég EI? y%gg [ elér?ﬁpcaqd pefformance

eir ultinate
chma(ﬁngtlg:s hyoditné oﬁuhﬂlg havidg beenthatel comphdtely PAIFBedahdlos as a result of

th | k
being rlT)]I'qrcF regﬁ lg Hﬁgé{ t%g]gdgtlotth%%plﬁgnager Epgth@t?g%é Iﬁl;c’hetn@@qaﬁl;;!ﬁglé rocessed in
accorddnaé wetkRhOethofls BescribdiEtBré&if are, 8138 HRGH febdif infBRBAG info matrices

oroperties
including organic polymer matrices, matrices that include other nanocrystals of the same or

differing composition, sol-gel matrices, ceramic matrices, inorganic matrices, and the like.

{0053] As noted previously, one of the constant difficulties associated with truly
exploiting the beneficial properties of nanomaterials has been the ability to effectively integrate
those materials into their ultimate application. On a purely structural basis, positioning and

12



of the nanomaterials. For other applications where

structural integration is not as critical, e.g., in
wouabds/appBi cati ons of nanomaterials, issues of PCT/US2004/028966
integration still may be prom nent. For exanple, where

oriepfpéon of nanomiaterialy miast berptaeticeal eithasoma bullkase! @risilg sellignment,

- loiting their optical or electrjcal properties, it )
posifigting _é* %1.1@11’?%‘3 tectiiyesdhy PR P8 p sheichin prsgERticers MaggsEc properties
of thealagbmalesials NFer Ydat HyBEadtb Whéreos&?h’tﬁ’l?ﬂ ilxﬁlggrﬁﬁ&ﬂs not as critical, e.g., in

substrate is selected as optinmal for a given e
bulka%?ﬁh?%’é’?ﬁ ehnansmakeristsojsevesiofi insggratiorostilcmay bajeontihent. For example,

' oo en efficiently exploiting.the . . .
whefl rlds B AE RARRER A ek G i oSl e Ftnptioat or etectrical
proppriepst tiag e ctiOB4at bfe Bds propsly ARG LXPMBEmadetials $nto whatever

believed that the extraction of electrical energy,
matnx of uponwhateyer gbsiree swelrstestas optimal fpss gifenapplication. Such proper
inte RN BL Sl Be 1:FreSn g0} Ll y.1npacted. by the .

" eggherri cgﬁﬁ%k%ttg%&rl a elﬁég %@ g%tb’t%%ggr%hegﬂgf@#f’%% g Piopetiss pf the

nanosaaterolmatidngsstinp thosepiopbriiebe el ectrical energy is to be
transported. O particular interest is the transfer of

[005éhar ge Imitdea3t ofiixaftipld, 9s BARKEH Wik BleextrhQIBnr efe% rftal epergy, e.g.

.. charge conducting natrix, as used in nanocrysta Basedn TTen

in the, et off separpied ghargesy froasnangghteaklsgh sigoifickuthy mspacted by the chemical

inte dPRIdnl VS: . have been .used .and proposed )

o o S B R AR o B R B Emerey s tobe

transpérte pdf praticudmsinterddCisubl Rghspir@F oNAbE it 0fQMIcE B8R na_n{)crystals from or

riefly, when light inpinges upon a nanocrystal, |
toa “%&Bgetcﬁ dugting patgx. %Wégﬁnﬁ@nwywlé@ﬁ‘%wtﬁ@leétml deviges such as
hoto ick Ofh paMiti i : I d t
D P eSS bef B0 Bl AR o ftog ups gggharee
sepaigflor comp@icssgoha hinaberiod applarations irichidigg potdvigtatd iR ABefly,
wherS2ROsLLion of the crés‘t al . However, when the electron
TCG T HBPERSS WO FBeEpbiRh f Nas thesdicatrfiarenting e clacren Aple pair or
“excitsitt veieg bl{étdi‘?stilo Whéh aﬂfow_@d@@kécoﬂlfbgﬁgﬁﬁﬁh B cﬁ“gﬁglt, fR%8&iton emits
P that can be

. an electrica otential iIs create
light gk pwgveleneth oo stharphiesisiiv oftbe size bnd tdmpdsitivteotehs alystal. However,
' se of ocrystal. conpositions in_the
wher {8 bR et (o i R Bn B D 302 e T gyl cmocged o one of o
pair dieppowigg elbctidiRs,aidldctical PotbhiRd iiGe DGt m&r«%x?ko?teh.n
fl exi bl e conposites, potential to inexpensive
[0055TRNUf ACtHiE Sroperedi ' ' ' ical .. .
sggnver Si onﬁre fi %ﬁsgmgh%g‘%%ld%ﬁg%‘i ﬁé? Fg% %haéﬁ%%tﬁf éorgposmons mn

the nexy gemsiratianof ghotavekigc wellse rSpatificaltyh @eeauss ofithe akidieg toyirbGide these
S may

: aqcryst al.. based .phot.ovol tai ¢ device .
matefOhn AR Y Riier ay CuR LR AR e T Sy Sepu b tichcRmposics,
relati exipigh tiboiatiesl cdereidh le¥fiGieterR w85t RhteRNO! a‘ﬁ\ﬂq{lﬁaﬁ')'il‘i:tﬁ of these

utiljizing nanocrystals as the active conponent, there

materzals, dhege 1 HXRARIREIN thaigrneaystalases/plmsonoltai. dgvicet may revolutionize
energgggﬁé?é{ qiear the theoretical efficiencies. Wthout
Ing bound to a particular theory of operation, it is

eliev . at | t a portion of the efficiency
[0056:])05 ses %sjeéélﬂeat%’ce) e’(ﬁ%‘:tcga%lgﬂs f)‘?cg‘:ta(‘i]ty)fﬂ‘éceﬁfé ferRhotqveltaics Péh%mg
nanocpytdls &OMS activesdnonmtethefe dxiies &IBaLEal ¢86h &N iﬁlptrgveigxheélt, e.g., to

. an el ectron conducting nanocrystal conponent,
achievs; near theibgageticehefficiencies . Withow! heingbayod doe partigular theory of

O R SR A —

systenas geth§ Enosmgoor connection of one of the charge carriers, e.g., an electron conducting

nanocrystal component, to the other charge carrier, e.g., a hole conducting surrounding matrix,
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conposition. It is believed that this poor connection
results in inconplete charge extraction and separation
wobnrasosesnanocrystal s, which, in turn, is bel Pevad21a/028966
be at | east one cause of the |lower than theoretica
whettef fliat be e beanic[c0A&I]inApoymukr myityx. of arjatent weotrystats of a different

compgﬁ ce)ri(flgﬁ 6%}?5@‘24/ @g{ tgl?splgﬁﬁr géﬁnggti(gilggﬁllés\r}glilggogé:p?estg Icﬂagfgg gxtraction and
separSfIH 2oth MR ARG crRiaR! Walch, fltadn, isHeBEV&T 18 bdiat feakthing cause of the lower
. connection. Oné exanpl e of such a contam nant includes

than thperedent tlisicantes. t hat are used in the synthesis of the
nanocrystals and/or that are used to inprove the

[005Mand| i ngcottimglgtient khstone afpetth thernanatioppranides fer ghe processing of
their solubility. | rticular, wthout being bound. .

the nagCrysighp P v erisa YT OBIAMpIUHE miterilg tiab ety with this

conndchigh. Hhe eﬁﬁﬁp’l@ o Bt R EhnSiHA Tt RedI @t SheduphabARtsah R Ak hsRH in the
l'ayer that interferes with charge transfer between the

synthesisolthy seeicrystatp amdion thairede iised te impiown dierdfypndhing ¢haracteristics of the

Unf art unat el wever,. sone | evel .of surfact .i
nanogiSlbacely i P BT o g PP 1ng bR Rt bRy hoory of
opera@ibn liNR HeROREAN SR alovERaditidhed SRRGIahisGRbVYe abhrrieh@iyer that
. nanocrystal is insufficiently coated wth surfactant, .
interfetge Withtchiige trangfgr byjween et yiéa] cAEPOBIY $DG IS SERUAGHE matrix.

th el din ' j 0. ' kX,

ol RN PO 80 T O RS LB ALK esona
handI@WesT thoRarfodGtal Ot peneno nPesificaly, iftheamanasydtal,is itsuffgiantly coated
goal of the present invention to proyide a nanoiai)l/lst al

with wistagient thsm 1t Wit agesessés Wil othgr panoCBitialsigihen hagpgelding good

. i rm.k.t . iy . 4 | _
e e
functivharegenpobitesc tAsenrebulg i is heoalafdle yrssal invastiers®drovide a nanocrystal

popu e et B kSl 2okt o ol P hranccry,

but nHAHNASh& iBedRived) frdRlr&s With 8Mdrsd exttihcBOh BohORe nBndkrystal. As
substantially non-aggregated state, e.g., over 70%

used B@®inpthe@0BGapt of spdubrihtycrsityis tapplésdi tn nanegiryséal popplatiens generally

ems o A0h L FRRASp L RaBP 605 P SEREHB1R) Bl RebbBucd s
e.g., D 7099BEBAr ©B% e ARrRERS Braahiloh gipRditien atdwedt ag@i¥pated with

are non- agqr egated. Again w thout being bound to a
any ofer nPRASKstals etbe yaroe pepdation; prsferably greafss thamAdo predron-aggregated,

o 5B B Y 555 SESIBR UL s punc o

partidt@R Adoy § bBbrseritiony pvebelved that dich lcaytarg requieasehe presence of sufficient

mul til ayer of surfactant_ coating a nanocr¥stal. égﬂ;&]
surfaqtaRigo PrGYide rpmasrare ancnshwet on thr@apecusials tq wRAHES g Di-layer or
even Rl §6 S QAR c@ﬁglglr Saibi g conposi tions for

processi ng nanocryst popul’ations to renmpbve excess

rgani ¢c,nmat.er i al rfl : .
005, 95" crBS Tk e o WsRE D 35 Y GAAE BURE RS g roing
compositioss §oepadcessisOnavctystappepilddng aomavt ekest banic materials, and
_between the nanocrystals in the p_ﬁp,ul altg;éon arld .thei_r

partigplarkyoiie @fapsantoeer 1n Arodugipg opFolebibeige these papylplians i ganocrystals,

SO as g@ él%v?cﬁ! %)ioﬁth?tﬁt%ﬁ&pﬂé & Be nasCUrdpALk i e laé@S s dheir
I Scussion, t

3
uss e exerrpfvgry systemis descpi @"ed in terms
surroafidiagy) bpthliatéron ofcharge extractibmbsd physical interactions, e.g., solubility. For
ease of discussion, the exemplary system is described in terms of a population of nanocrystals

disposed in a matrix, e.g., a conducting polymer matrix, to form a composite material.
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di sposed in a matrix, e.g., a conducting pol ymer
matrix, to forma conposite material. However, it wll
woeors@ash2By appreci ated that the inventi on hasPoTawaen04/028966
applicability to situations where it is desired to
Howelvatp itoviél teheadilyt appeectatahthieheveeantianios hystdapplieabdlity to situations
what ever materi al surroundz}thenl i nc

whersoh e PRt BOPPee S T BUBUDe e eSS s A gy materia
E0&ri X 38 <Ce.gl, bubstrates,
sormo R S g b, SHRE Ran Ry hIE s e e SR o
insulatqs,coreheelite. drorexamgleoit Wikl e readidp appragplled ¢zt inoyide ariety of opto-
nanoc S _oper at
clectriie AR T b iRrs R apBEe A B RC St REREC b e omp fundamenta
pnnc1‘ﬁ’&'é logl cleeBefujdctibh Q)Fbﬁ?d&ﬂﬁﬁ gkt GoardgRntfiiehenhdrtdenge transfer
trix and hanocryst al .g., nanocrystal based LEDs,
betWﬁ'@tl enatfip esdihanoar yytah &r S naﬂ@@f&Stpk@é@&]LEﬁﬁw%ﬁt i on provi des
nmet hods for reducing the | evel of excess surfactant in
[0059& n anodn geneahl, thepudsant iovenbipn prevides tashédsdor redneing iy level of
SsS unbound sur acHﬂ t f.romt

excest NGB RETIRSROE popafion Bt poth FgoRubdsXoss pipund

surfa@int $+nl BfetARturt Bk intRiePhe RIANSdroah1k YandsE@6Viak @fcess Iekels of
the nanocrystals, which is generally referred to

surfacnmt ¢lhat nasy betphysigallsapsecieied nethdbe panosryskds, Aiqiris seperglhyreferred to

nereif S anEre oo tE e e g P ko BYRE' B thamB. “bound
surfadtitt] 4ARSd RORIG MtAlRE toasae ait@hh@Ag busalsh 1rﬁh1deanorﬁeasvalent
Waal s, hydr OphObI c/ hydr ophilic interactions

associaiRes, sHeh greviarder Waakieh y&apf@béﬁ/hxqﬁ@hlh%mfﬁ%}?néﬁéld Blike. Tn
ev
e
nanodry &8l ipufagioh antemovo dxaiss iyphaiung ot free Blmﬁaa;lta:narmd stripping the resultant
nanocrgstals of exggss associ at ed bound. surfac Egﬁt
nanogrE§alg OhAXERT MARGRCS POYG RPN BT ChitEE A WP Brocess-
rior researchers have di scussed washi ng procedures

[006(? or pr oWéﬂ% prigr Tesaserbeysshaye dispussed washing prqggdiesghor grocessing

nanocgprstals 5 g Rk—fugrhlg%%ajzéﬁl)%zw%% glgiﬁi]]()) 392@ d)fggg%‘dj aésﬂljicﬁfeenham et al.,

PhysR&C BdSH(Bﬁ) IW@Q8- 176331(11996))) such proeedyst hive rbd’\ﬂnbd haanocrystals that
relatlvelé gs | evel s of cotam atlgg (f tar{}\/ih b
have Fxiatiyehohih Itk O ceBamigatig SV 55 b O Biend e, Without being
: t tdrab
sounf 118l PERF pbnBRIER T i ey et bmaminaion
at leaptqt’alrﬂlailyl Iy:spomsmdm&m Bedadkduster perfbrodica of ejﬁctpiealfmmma@;lécmcal
of electri or opto-el.ec cal devi c S
devicE 0 P s SRRl ge b ERdr HAOPUPT R URERs these carir

referé?fé&@éﬁebﬁicﬁlly fidElbSethe nbORSIE Fakvbideig ARl @IANE@shing steps by suggesting
specifically disclose the 'necessity of avoiding

that fadikrtwashilg smsrwlﬂ geducepi@ solpbliiy @éﬁm avgrallnpnogrystakeomponent, and

thus i?eglpﬁ% ﬁ;tg}%g%q) éérc{de tgcfl'#ég}z] evpl%ﬂe 319 ﬁ%gxf\é?}g%%kg%e?ures by and large,

such WakiagE ahaddnplyt ﬁbcu%dﬁil bﬂl oagtihy andeislashidg @maqsuamg nanocrystals to
washi ng procedures, and | arge, such

remog AR Sesidyalfseemeisas ﬁ@ghﬁhﬁ@e l%rﬁ‘ap%tﬁséng@ P@gu IEF%Ué(P dtpshing and
rewa¥h g%?{oéésts@ &nd & Ireej%m%ig éﬁ@ ¥Ynd I%S%ugb@d thé Eﬁné%n%ﬂlﬁhﬁs

0se preci pi crysta which 1terative

006t 0 Rt PR Y BETIA RS o B BRI afhFovicctof

the ifRAti6REPEciiRall o proaebifintter pfoctived aammrysyalyuhd ipeadcilariy nanocrystal
it is an object of
populations that have less contaminating organic material, e.g., surfactant, than those described
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the invention specifically to provide further
processed nanocrystals, and particularly nanocrystal
weoamslasdzens t hat have | ess contam nati ng or gaRCT/US2004/028966
material, e.g., surfactant, than those
prevideslgr Sb@dlgﬂnemiy@uabpqpulaﬂé@chpmhbdmm\@d ppdpurhance ehagacteristics due in

part, E 45 ¥el1er:él qg rtlge\éﬁ%gagv d)f %{r(cgreas? ﬁ ger?ee m%#%%lflgrtg%( gi%‘rﬂl%? deSpite the
remolvAlt Ershel é:ngsCRnfacna) tse fhotetal polRsfidng réthia therguisite solubility to
of such excess surfactant, these nanocrystal
be prpegssibletintonibe desitgr deyines, pRRJicREPRSOTSHIEBF ity to be
processible into the desired devices, applications or
[0062]y st ensAcdaddiegly, mcﬁ;husdasrpytythe [pmsantfmvegltloa@ps@des professes for the

e e N e R T

the it8rafiQé Wakighg 6f the @ﬁﬁkﬁyﬁél%bﬁlpbﬁwr@ R irtvidBvek f&eatel ¥€lective precipitation
washi ng of the nanocrystal conponent that involves

and redipwdutian of dheranogeysigise éi}pﬁewaldﬁ cxprss levglsod dregspigpcteyt is meant

that c;frh?? ?18 ?érg rlrgtérrf]%)(% @é@ltﬁﬁ{e offﬁéé’é)u nnog\ﬁgbgcrg{t?lg NRE free

com;meﬁtas lamthaﬁ a0 and preferaily dess taut5i%,maet pagablyisdsahan 1%, and in
the free caonponent is |less than 10% and preferab

ly .
SOmq GIEES, pﬁé@!f&@%@%@@ abpr} %pphthe gyerall gurhaciant pagsent; .$y milarly, the
I
resul39ERriRRER pRFLEEA ke iy AR AR hicckiflogs fol e in a viety
of appHeriony,st @) mamgmmxspdlymmsmameesr eigiéd yanonystapmatices) sbhgd matrices,
d ﬁ {rgo& tes for use in a variety of applications, e.g.,
and tp lig¢-gani ¢ pol yner natrices, m xed nanocryst al

matrices, sol-gel matrices, and the like. [00
(006851 cr i REEMBRAGAN PHBS ARGWHIOT e RY éowusfa%ﬁ%at Cah be carried out by a

SBR[

contgitiag pindacvarss. C]inrliaaldmilangFlgumeﬁ aAtHhslsow b menpesraf Ipdmd; ajh,teratwe washing

Fi gur. owa serl of ots.of ,iterative
steps faghiig n@@é@m atiegpe g %p*m %{tﬁidlﬁgﬂ%sf*ﬁah%% each
succé¥eivB Q&%hlﬁgfsteﬁ %fgtrlmcjﬁﬁﬂfferducegsth@ ROBENt B 26D sSMEEASR %éh\éﬁp peak) relative
washi ng step significantly reduces the anount of free
to thsambergtod bour(ctmffaptapé@kqaddmnmt)u Yellowing Heuranashing s¢gfps, the amount of

free QARG B e B TF st A Bhpore PO Bty 3 ) Seb Bigure 3D

Addlueﬁiﬁt»@@h@ lse gs Je.d.) h\eadham ahy 61 ado it @ Mithe rs@lddtth®Rvel of bound
(See Fi ure Addi ti onal mashlng step

surfamgh@sn icatad by th%ﬁhgbt fbastgninetad thmblpwépe@%&%&gﬁ% 3Fepd3G). The

ot B4R 53 55483450 gty S B, g ompin

areas ilef mba&smamrpewmﬁ tld NT\/ﬂEplo&nd bound surfactant can
be determ ned, for exanple, by conparing the areas
[0064nder t R nHRaPRSAdULE, RAIAKSor oF thd 8mbIMR dpFRE Surfi@af 4 thBhanocrystal
noted previously, reduction of the anount of free
contajging selutine, and thuseoithp ampyrtiatorperatediipongy sesuliingslgvicgnf@m or
systeélé by %pet ofn]altl{]g o'rTa) §€tts }} aﬂﬁ?eirﬁg)’e%%aﬁ% grﬂr@cegg%ﬁ?l{ 1212813/%% g%rctlvely

prec@ﬂatirtg&fﬁithmnmﬁﬁah@rﬁﬁm613&8 stblhabn awuyofmﬁ& mejloﬁ(?}t d)f\/thé y
precipitating out the nano rystalsﬁgr gn of %
contarpingiinHifcLipalactanb fASSRYIRE e ParAcrYHres. @8 Pk ing figrecipitation and

red1sécgelgf§1§§ £ ﬂﬁlﬁl BARE 1evEESH FRR QLML At dH SolABR K ¥&iRH $o 2 88Gred level.

e precipitation an
[0065] In a second aspect of the invention, the nanocrystal population, e.g., that which

has been washed to remove excess free surfactant, is subject to additional processing steps to
| 16



redi ssolving steps until the | evel of free surfactant
in solution is reduced to a desired level. [0065] In a
weeasrndiaspect of the invention, the nanocryst BCT/US2004/028966
ogulation, e.g., that which has been washed to renove
reducexte eyck ofdwusd sirfastaah essofisted tijreseith.t As aotdil bovealt is generally

n ore ound

desis 1 RS LSRR p LR Fiactatf o, et R i saro mpnqiayers on the
surfaB€BEtha lchytatle sy piadll e tHiQincRABE Boil ol Sdrti Af mSQIRR: up to about a

surfactant to approximately one or two nonol ayers on
bilayemef sytfpgtarte At with thegyashingstepyoboveathis/is gengrally parrigd et by a process
of pré#lﬁggﬁlrp %1 é\}tﬁﬁf&;aﬁ&ll taﬁﬁggéehq}ﬁﬁlﬁ Hﬁ)el‘,to(%fgﬁg fﬁtg o \1/(21 Ltei%ﬁ{;e excess
surfatanighaes adlbotiveBr preeigitaed avyy ﬁomrtbeﬂmcgtstaw eci pitation

and centrifugation, although in this aspect of the

invention, it is the excess surfactant that is

selectlvely preC|p|tated away from the nanocrystals.
IL 1. Nanemogsystal Ssuthesiesi s [ 0066] Seni conduct or

anocr ygt al | on

0060 C” by s R blr HBLIE Tl AR bl «RBRibfiEk|RR Rave

prev1eugy beéﬂ. c&scﬁ&fd&ﬁ tgrdﬂoﬂetalﬁ 83*2,23 20U,S. @,a%ﬁ? N22%,322,901, 6,207,229,
829, 6 144, 6 225,198, and
6 60763%é 6#§é8§eéa%¥ﬁ 1344 \%25&95&%&%3%@%&&11%18%@%
f t r
mcorg%frafe‘a h%%&ﬁ'ngééﬁﬁehﬁlgﬁﬁcégtﬁfé‘%ﬂé%? g’%ﬁﬁfﬁ%‘?; @gﬁ ?1?% erg%tent
Applicetioc 66/591,887, gntitlgal Hredéss forigtaupdilleV aemivmndsdtoticdnosteucture synthesis

TS SRR T T
inclul®& Wi@eraBe b OB e RAOR AR alithft 8k R4S ﬂﬁBﬁd’l‘h@ﬂé N ataving atfieast one
as nanoparti cles, e. g., havi ng at | east one cross

crosssedidnehdimedsine 0§ lesnthef abes $00 nam andprefersltl®, lass tham ¢00 nm. These

rancSSEEER! s ost R R o SR ARG M Baingfor
exa gfdu@|IHrV| A6lp U VDadOgro@X BVRérRicoduettds Bt al\oys @F HéBe materials.
- and group IV sem conductors or alloys of these

Nanqemwseaﬂs ey be pehnBaHgldy sheripglyn Baps.bst riniquPntymsglis or ghely may be
elongeaped Sg]?lq‘f&ngfogs Prn @a%nlé)%%e% ?tﬁﬁ%n%ﬂgl\?%th o w5£ﬁ¥at{5§36f EGS 10 or even 20

or md;rem}’(rha}t contprite bramhédsreturds, e, 2 1roﬁanemrapa&)s Sée mg” eU S. Patent
or na corrprl se _branched structures

No. Gridfotls Peipfotisl Naare 494(H773):5%01 BHIOBY Mg eéaszzA%Fhem Soc.
o 07 2 540 SO )A R SO0BL BB s oo

DuanMimhaN a!llreaI425 294-2P8(2008  mactSafowhidl? &(iadirpdra@a-hetedn by reference in its
.%220 and Duan et al., Nature, 425:274-278 (2003),
entirel¥ {7 PURpASEh | s i ncor por at ed hereln by reference in
its entirety for all purposes. [0067] Such
[006Hanocr yBichnaneraystals Mgy icORPESS? HgBle heBleBgRIES egmposmon or may
Yy
comdEATNEEIL AL, TRVCGEII SEIEAFE IRV EILRS i s i
compfositioh and thechell ncuwerahts 4 sh:eomh differem meatdral thas 1nle1£zme9wuih the first at a
. different ma rlal hat rfaces with the first a
definggd by RGOS, B foaaltire DG A BppuHEn ma be bt variabe
size, B@fh@ﬁ hié%ltb@rﬁoﬂoﬂlsﬁeﬁ%é’ Ri{efthd OMod¥RY nSe Bf théfdr@RlsectidnéBdimensions.
or t be nonodi sperse in terns of one or nore of
Likewisei erpqpub@gn o oanashestalsingye peipmss. a single type of nanocrystal, e.g., where

substantially every member of the population is of a similar make-up, e.g., homo or

heterostucture, or the population may be a heterogeneous mixture of different crystal types.
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Li kewi se, a popul ati on of nanocrystals nmay conprise a
singl e type of nanocrystal, e.g., where substantially
\Veummwnmnaber of the population is of a sim | aPCT/US2004/028966
hono or heterostucture, or the

g.
[006§bpu| at hbﬁnm?efaé Casehe‘taélrabgfetmaowstaismmfabnoﬁedi uilﬁg selntion based
ases, valu

proc%sg%%tgl?{yrg{ po% aS&le %g%tr ! ecdé%afgtg bo @83'{&% rgzﬁogé(gté]g of a desired shape

and pize) e%s,&mﬁoﬂbﬁ@br brahdhed mﬁﬁbs‘&‘dt‘ﬁl%@t @81 niRliREheds. 9§ QMshrthQant
produce nanocrystals of a desi red shape and si ze,

medléte& SYn(3eses Navsbesh d@?@ﬂi’éﬂ @dsubaﬁﬂﬁ@,alrd@mlune@g Beng et al, Nature

=@t
S ST AL L9 A TGS
Manaa ¢t alal.uke. @Eét(l 6870'&3)24‘{(94)6’21136211@SX20(1YBH 8t 19 rov1d§s a flow chart that

122(5 12700- 12706 (2000 d
schelgfmccﬂﬁ?/ 1H]139trapgﬁqth ( PSB @xergglg{}gzp}mcrgyggl sm_).d@%](r; m;sn 2

gure 1 prOV|des a flow chart that schematically

[0065 | ust rBrigidy. opd ag §h@¢\§1 infFigye éx@pcmcwanaxmcyﬂstw are typically
g e O TR -

Groupyxﬁtpremrmcﬂomys amitln@dﬂﬂhp@ G aIREdoL ecxﬁ&%@%ﬁl 1i%8ahigh
recursor and a 0

tempégagg% Pglalf}g((r(ﬁoordé Ct)lgl%ép gnt %K@Z),@ g)u@a(jgasaﬁWMg point above a
tempBafFe ASWRIEN thel ﬂi&&lrﬁ)rg‘ Wb &R, g 1 g%d\;e%n Bhe %c%( ﬁ@(ﬁ °G (104), Typically,

coordi nati ng sol vent m xture
such pigiatyi S@anbmtuwbnvled@; ettdmpletm&tdngz&maiurﬂd&ta@tb t9ieh surfactants typically
[ eact

t 200 d 400
inclofl 84 Py hprmpieciinge Gifboy ool Pamphanis At Frdades
tetracﬁtylbﬁ(@s?)hoﬁﬂt\@cﬁr@”@'P'A‘) Sirf@pdany %ctag%ﬁfg) Hco%?ct 204 g)DPA) or

ly include, e.g., tri-octyl ne oxi d
hexactewsz bysphhgigyeiddEBRR dhjsctai of t(ldz-@k):ulamd into the hot reaction solvent

ni.c acid (TDP nd. TOP
xR ORI O oo e S ek amect e Bl e rapid
reducaon Of {eipd?AY assbélhted WidnhOhudl&ioR! AGMIPLY e bR ntt&ﬁpé}gﬁlre as a
reacti on solvent mxture results in a short burst

resultypd thsacdisinmsofrieracaty ¢iérstivelystaps ongisatidns Hepgiay of Heeeaction mixture

(106) rtﬁég'{ %g{hlﬁg ﬁﬁﬁéaﬁﬂ%\e{ic} 1‘1%&&1})%8 S&lif L e%&?@%‘? Sfllés?%{glagy

monodfspeﬂsd: pmﬁclteh&eépd){julatlﬁm The fgﬁﬂ@ﬁ@i&;esseﬂfsfﬂ%htdt el b4 &RRing the
of the reaction mxture g?t hen

temp it S hE Ragli e d LoD o BTG e BinG OF S6¢ dirtidon of the particls
may cﬁﬁlﬁnally’ﬁe é&céﬁiﬁﬁ&% I{X‘%Lﬂ%em ré&ﬁ%c%ﬁm&ﬂ@ ocfltlge %@%grystals from

popul at i on roces en 's
the SOﬂ‘&numlxtgret(h@ t:gmiéSaEaﬂem Naf. 61302,90 Epwsing) 8. g1 18 UfiGlecular weight
ahoh&lOS% Furt her _refi of size distribution of the

U581 (e AL of 9 RS GMOC S BR PP UrseribRf hegrs o change the

polarigebfefié teastid ﬁ]@)&tﬁﬂetaﬁﬁ AR ﬂré&ﬂ%at@&uttnlaﬁod}gﬁﬂg r %?Asﬁlﬁfn% Whocrystals

the solvent m xture (see
are th@ mcgwlﬁlffhgﬁ prgeessing (112)ow nol ecul ar wei ght al cohol s,
during one of the subsequent processing steps
[0070]j escr | Bgathbas ofwtheraypdsarfgenddngstaiolsalio khovin inhke art. See, e.g.,

RookdyBREk: 18093 TP uentb Rry oot piscarser apneorchen surfuetant
cappe8 bl@ﬂl&@}tst&*lﬁoif teris M RERICESEP 9 A} &8dm I (EQJI 1§y51t1 'Pﬁ)cd, &nd Puntes

of other t Fes of nanocrystals is also known
et al. @PP1) §@é101% panocRystak shpe A size cordtol: THeOD89 of dbbab\hﬂcience
201:2MyEr ol ytic single-precursor approach to

sur acfantcapped

18



nanocrystals of transition netal oxides" J Am Chem Soc
121: 1595-11596, and Puntes et al. (2001) "Coll oi dal
woaononyesal shape and size control: The case BET/US2004/028966
cobalt" Science 291:2115-2117. P. Nanocrystal
L. pr ocessNagoaystprRrdeassingi ned Purity of Reagents [0071]

In at | gast $0 ei 1sntea%ceéi fI@e relative purity of the
nanocr yst al e ftated, at least in

[007p&r t, DYn &theast Sbrad ind@ndd4l ihe Yeltivel fiit{BE flindhSerYst@DobBiations will
dsuch processi ng. In particul ar, although tnhe
be digfgiad at lgatt dn Batd buithefelalive peritysofube tajeniatshied iystchlprocessing, In

. ' i.ndi d to.be of a :
PS5t 03 OB FREROER LA L Bl g poceses e
indicatedlto be bf i patictilan puisef sch porifyrie efteiabdRatt NAsRUEH, idis Often useful
t(lgeg r eaﬁgﬁgt s .involved in the processing, in order to
to predefermin ﬁ)uﬁmgt ¢ {ragts W@lfygqi #t thepsoqeesing, tin otder tt assure that pure
tr dt ] . 1. re tha e

oy 3ERE ol kel VSR 10, 845 EubPheLBE g ued
in crysiglsynthesds peet asisiof pureadnelrpréfoaiblPA%atEihan 99%dpure,&5s., as

ur y-NVR In the event that the surfactants as
e S A 35 e i re ot t
desirb@1e@b]1 STfpuBlYy, itfieh pulriRRidNtEJsi €81 1Qh; Sati imati
. .washi ng,pur g}::r ystpal [i zét [ orﬁs’ ggb:“%er%?é%g?wglg%]%??cfnatg‘?b&ﬂ?atwn’
distiligien, giaymasebeaissed te propidovheldesithe lavebofadity. elnehaf cases, such

' n ny, cases, .such surfactants contain )
LD e TN R A S—
ester hyddlieiss Fok ek4if Hmfﬁ)%?m@iﬁﬁlt a@:ﬁclishﬁé}ﬁ@ﬁlﬁj/ 12301174 Emc?’l(‘rﬁgm, Gre highly

phosphoni ¢ acids, particularly CDPA and TDPA, a
suscepiig|tg thigproblnm By ey aretafies renciiskevithassui vadant davelsafftatar present,

' ' ' e level s of ester .present,
o FAEHCS bl ML o The L Sbe PO SRBERSE N e
signifi¢vat plobkpiscsiice ieisiableaaoligeezesh@ tnfiiidanheREABLATBmaking cleaning
e it is e to oligonerize into nultidentate

sin abl ) ITE ant: :
of thesqeftﬂg?%pgg)’chSi ppéﬂ@}l@rghqhﬁécuétf Likewvise siPRQ affen includes both
hospheARCGIMPhadshiRahLil | & afill s ik i se, TOPO ..
P _ Igl?t en i ?c}:ll upzlcles b%? ﬁmg%dsr%ﬁ%dnt{oc‘)agl%éng ng§%§|¥iﬂﬂ’? fies 4ng acid:metal
ratiostdyaing symthéséad to variations in reaction rates and
acid:netal ratios during synthesis. B. Reduction of
Free SB.f actRaaticlidiofired’SufRfdnt Oned repeatedly herein,
0072ihe typi cal synthesis processes for nanocrystals,
L Lg., thdeentwed rpsagdiydsien, thgtyaical $ypthesisprecesses for nanocrystals,
e.g., tARARENHedlab ' ¥ Liovel Yioh&h 98 -
& MUt 6 of aqgﬁggﬁ&&ngﬁaﬁﬁtﬂe&g?%ﬁﬁg? . !a¥l8psg{&%inlg relatively large
amougty of aeitaminsfing sstariafteed, drpariewirtfdetanst asdained therewith. Standard

. ci pitation sed net hods for recovering the
precif{afii PR oS R e eauptronecm Babu o O e et wation mixture
can bdReiBAIVERE tr¥&ViRd sUcBTRVAsE o hihafitsC ?ﬁ?aﬁgﬁ]ﬁl{a'y tgf g)/f the

In particular, a nunber of the surfactants routin
surfactpnésgrontinglyi gkedsiprsttesyesheaeseare bitemirisolsibleu(bt podrbr soehds)liy the
. S0l [ he. precipitati.ng,solvents, thus
precis Qe (g PRt Wi Roecay Gils lnriagh ovepar some
level @fffughergumgicheotedndqfrodddsihhaticsichic %@ﬁﬂw?)ﬁ‘nﬁ&q%avle still remained part

processi ng, such organi c contam nants have sti
of the F@%pﬁggnsdhatthave been previously described in the art, e.g., having free surfactant

that exceeds 1 or 5 or 10% and bound surfactant that far exceeds the partial monolayer to bilayer
of surfactant that would be desired. Additionally or alternatively, previously described methods
of nanocrystal purification stopped short of the sufficient number of washing iterations

necessary to yield the desired level of purity. Although primarily described in terms of
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of the conpositions that have been previously
described in the art, e.g., having free surfactant
woOhats/esegeds 1 or 5 or 10% and bound surf act aRCTHUS2104/028966
far exceeds the partial nonolayer to bilayer of
surfactants asetl alnting nanoowesidl dynskesife i wid e aﬂamtaiﬂ@%baﬂ the gpfactant

comp%eﬁg@}aggstsgpg%dpl ¢ eevrrll Ovl%o lrlll)(a 3%%8@%&1%%) oﬁséq%gfaﬁ&hs employed during
crysta$ Mthé‘sise etg raqﬁgefen@%rams blagnt drefit befEtdmeces SBOPOL or it may

mclu%éa?cqamtggzeg)usﬁ%%f%@'e«i?@%ac?a%e? 5 't%%r@ﬁ%‘t‘l?a‘éﬂg’agﬁat i¥addea Yo the
rysta .

wnoBHRE LBy gt B ARG et

order Itcnpﬂomiﬁe thaentep@ability sfitht aahamysaldghialied ehbmnca@ntegmtion, etc).

crystal synt hesi . a high errper t al era
Exampleg s BHiex wee ahjurtastigt are ﬁeﬁs‘ebe s - ﬁ% Pateh fwligion No.
yyReefe
10/653;9?8;@3&?%?%21{%{ g@ggg gpééﬁgﬁs?%éﬁﬁ r?gagécf/getrgﬁgﬁe eg nce in its entirety
for allepuopaeseged with or in addition to the surfactants used

during synthesis, in order to pronote the
[0073] nt egr ah akidrddnye Wﬁthtobﬂalna@mtsydfttbd piesantt itbiehiidn, following the growth

el ectri cal |ntegrat| |l e this latter
or syrthesis I&PC%&rth%B@%WS Seara g%raﬁfftafggpﬁeanédg’y angferatIvpRrQgges of
P R R P RERUTGREDS i Posbuined
Figure Otpirvétles £ ow ahart fhat memstlce{l@@fl@tratas eacoplatiaproecsagstdf the
certain aspects of the égsent |

invenfie. B eyRpHstre Cpraropee R B AaerPde AN Epmixre n

whlcm%tﬁgl?etl?ﬂlo%g@tafsl £AMRI.RYarfRatidfuptabiBt G sAEB&ENtObre soluble, e.g., as
precipitation, resolubilization and precipitation,

deriverhfrom the shegheasescf Itlm/mnoafysqglﬁr(sqqﬂglsredgt Zhesal verttmjgiuge i3 then

altereg)gg%ﬁmé}s Sl,‘l% &ff%%\év sgzgg E%fnto ﬁltége? %‘98 e 1% gha 1‘If:§luhl.njéé> %‘iﬁ‘%’nﬂlﬁfture and the

precipiRedPRRELAkiaRhrOfecOAIOE I Viss REbSvdr&d ﬁanbsﬁysﬁlssaii@ﬁﬁd résolubilized and
sol vent m'xture in which both the nanocrystals and the

re-presipitagad iRy of tirtea éa aghicvethesdpsired texph &f PAFIEY-sol ubl e,
e.g., as derived fromthe synthesis of the
nanocrystalsl(seéD@ﬂggbﬁpmeﬂWﬁe solvent mixture is

hen al.ter c t.the nang sha
1007407 ot dniA T RLIT  PorBAL T kot & e GRAR carred ou
using ﬁﬁdeﬁ'sb@%ﬁ@brﬂ@ﬁ@@ﬁfay &hplb§s aEslvéR aaixairethat oRdeeadyat 8eb different
nanocrystals are then resolubilized and
solveneqﬁ f.ermgmdeeuy wherehb dre rmoeypels arpsolele &y syffigient concentration
red | eve I
of a niolqp%lallz ?I“rle%s 2 n%r stps%we%y ﬁﬁéthveaggﬁgctﬁﬁ }6%’&&1 &/Eglﬁg%rd; g?,g cient
concd@RUbALF BBINdrS p@ﬁr Edc@dd edltvents Erngledum or gdlubiiziteysolvent mixture, both
process that enp s a solvent mxture that includes

the migre P EAN 85 RO ENE aSGTVE! & SFh BRRE S \erigGO PRy - both

crystéﬁ’g Gh& Jcpa%tsnﬁg [131%91‘?{11% SR b*l‘?plb&llye‘ tl?e‘&fafnb@ﬂyﬁﬁi portion of the
concentration o a nonpolar or less polar first

mixtwelis/bet pescipitated feomn ﬂmcsbbmnt rpmmre dmy eieszaeng tnolcengemtration of the
suff|C|eni concentr

secorgbnafie BOIH SHENHPY BH1eBRE 0 SBF IR LBy 8 obyent to the

point® Whidhfe H%&r;ﬁ@il@ﬁre 2890 R Sol MBIk 2 A sSAlTWR AbFrediatd by those skilled in
present at suc erm ssive concentrations, e. g.

bot h
the axts ths iralessedredinaent mwtamﬂx usedwhoileiihg Barogrysts fave @tlarge enough level
of so{nbxhzmg surgaz%ng gs'séc}iatea th'%ﬁ‘é}]? < é/ Sxtngfcmg %etrﬁ %r@éolﬁlﬁg in more polar

20



m xture is then precipitated fromthe solvent mxture
by el evating the concentration of the second or nore
weoab@ro2znaBvent (or | owering the concentrati on BETMISE®Y/028966
or |l ess polar solvent) to the point at which the
solventanebicy seal might dicta Precipigationdiyibéreasingsthicbhceptration of less polar
eci ated by those skilled in the art, the inverse
SOIVCPHPE BB YSay” al so be used where the nanocryst aI s have
a large enough |evel of solubilizing fac

[0075ssoci dihedreapitrtedranpcrysigls arggn ﬁﬂ’aﬁﬁ TREtac §‘8V‘EH§ réxture by,
0] t

o AgTRER AP RS HARL P 904 0, AR Ol By of v o
mixtypeirawhisb Ith/a&t@ocnysm}semmsmlfwtmt afeCayak] bofh eolpblec iTpistraoesds is
oniop e Sa DB BB, SRR BB gmay b caic
out a kélgﬁed Adb& T %%BQ@ d, g nas afe @i osaal t}%&@frdzd purkth. A@rnatively,

solvent m xture in which the nanocrystals and
and irs cerfaare prefirredraspentfathe dissolved ohudsirystaly ieghgy tdp@gléy phecked for purity,

op onal | epeat ed. t o |e d desir evel
e.2. et etk P I SPint Sp o Bel e iy Shen Bty o The
premﬁi@itl%ﬁtaﬁd IRt stéfs@i @thieR Btiomllg repe@fed&% aeée@m@ uhil the amount
yield the desired purity. Alternatively
of freg sptfagtant i ﬂﬁéwn@ayﬁglg@@t@e itlpes thams KQfo e &Sﬁﬁ}%éf%y ef the gotal
o PR R S kAL i 19 e ottty s
0.1% PO 0t b@buhtof Suffidtaitent |y | ow. The precipitation and
re-di ssolution steps are then optionally repeated as
[0076)€CeSSarne delehts UsEEINAAD h’cﬂhblﬁﬁmg Lee Bﬁéflflt@ﬁb@ﬁtﬂvdzm niik@res as well as
nanocrystal mxture is less than 10% or |ess than 5%
their eeflativiesonesmnimatiensrin gachamixtere va B iypieallyorry densadiaggpon the nature of the

nanO(frgl%chld )aP] re?ﬁr%ﬁg ‘lf:élr}t%]rﬁl‘?l? tttH:?trIs g‘(%?&k}l?ﬁq}e%ﬁl% ‘[ct%t%ﬁ rtﬁ? y¥>e of

surfat@ftd Blesdite BQlerenl, fowsed, tha itdigarsohatoctyiszi p@pLﬂz[td)ns are generally
recipitation solvent mxtures as well as their
solublesingelatively dass enker sply s sueh asdelyens, Pengeae GF hexapgsiagaixiuge of
branc}ﬁﬁﬁ ¥nPEREALLEG s# Aboh Iﬁﬁ(aﬂﬁsg ur R B 1ikD8s %ﬂodg EH RS, 6\lelﬂ)kch while
or gani ¢ cont am nant I's sought e renoved
gene@lly polat Herdlytpelyobssspoldraitinanigs npteseitand Ilmwgﬂshellaad)qrystals are

however he i1 norgani ¢ nanocrystal popul ations, are
Solub&e r@?‘%i’ler)?Iys 8¥&?B1Cén?tﬁ“3ﬁ%laa ﬂ’?ﬂéﬁ/ yfaﬁégﬁo E OLggpig dpgterials, ie.,
surfaﬁt anctg cﬁﬁ’y H&BEmo %rb%vﬁfmrﬂéﬁ%@ﬂﬁ%oﬁlﬁﬂﬁif %hed & &fatllwaely low

d and unbranched six carbon al kanes), and
moletulklewelght alegholsas.gc medrambbm ethdriok ndjin tasegyefmsrtainl yreferred

I . 0.
o BSRSAFFATS 528 P8 e B Bhamol, o e

like. Ql[sgé‘i%b\ﬂt R h&okdnSe wah @e@ﬁﬁ tbpgedtsaf ke iMDERiopoihalesd HERAkSIvent
materials, i.e., surfactants, typical Iigu_favor nor e

portlcpmo%the eﬁwrrt@wwﬁmwrﬂldw@aﬂmplud@ ¢ less pelar galvens jsagh asghjoroform,

I
toluegef “#gg%qeg uI %erne\r/]vef‘ 'ct:lgegélg %1?(9 A, T ?e a]lz)oqargsolve%é&gglq Isucﬁlr%g methanol,

ethan‘é)ufﬁ@@é;ﬁtﬂbls butahslpéalisactfagd, advavte, gftﬁhalhke than two
carbon atons, e.g., isopropanol, butanol, or the Iike.

[007735 @ T ePhd felativ® cafee MM SRS Of metl&sqa@ra&m ﬂlo?eSI&ﬂ&{s*B)thtstlﬂ ¢he
invention, the |ess polar solvent portion of

solubiliing srlverit sitiveswill typicaljpranag fipm shout i1 40 P@é% 3 dowélii particularly
prefegr%!i ;(eﬁ lb%@é%ﬁ?og%ﬁ&%% pr prgaélwttﬂlg’tlt‘xglﬁmggétalsb&ﬂ oflife

re p ort such as
solubitih@sslient mixture, one will typically alter this ratio to between about 2:1 and about

1:2. Alteration of the ratio is typically accomplished by raising the concentration of the more
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et hanol , isopropanol, butanol, ethyl acetate, acetone,
or the like. [0077] The relative concentrations of the
woOesws/psd2ar t o nore pol ar solvents in the sol uBCrius2ewg/028966
solvent m xture will typically range fromabout 10:1
polag oIyt &30y addition efamerepolaasdlyenrte thermixtire At dssalleoptipnally done

' I ;7. recipitating,the nanocrystals
by 1R TR rfiohiof A BOBE Do ¢ ntrien SShebiagan o As noted,
precipytpii@edsloptiahdlgmahbirgstalaizedsel2tibgt ween about 2:1 and

about 1:2. Alteration of the ratio is typically
[0078F conpl Dabethe RYinsRY A1 Grel 6cifi L 93,
y el 11913&?&19, ﬂ{eh/%t(rﬁ %C%Lly%%ﬁagarted from the

. _.morepol ar solvent,” e.g., by additio
liquid gpyremtof the suspensiontbyragy o atnuimbendfsneanst incndinkycenifiesdoipn,

filtraéi?fé‘fc{riﬂ?e%lrﬂ%% g%&gsvé%géegﬁ%%%?ﬁ{lg lar’%zﬁq&%l_ s’rsoﬁrlglggf teif(i;@q shyvent
mixtin® (sgubitiniaklsylveaoiktuyte), ahd teFRectfilB6h b Ese Z)ﬁ_lstegﬂﬁx% repeated

.the nanocrystals are precipitated, they are typic
until the,dgsupd Bukty dhaghiryedl; g‘umow@n@a with gfe resensinspens, tiis typically

: incl udi.ng. centrifugation
L R ORI O W
4 or moee dyakes, insenti sswk e ndte bhevehid Gtméelcy&Bs ofMprétiBltfion and

. (solubilizjng solvent mxture), and the precipitation
redlsé\‘ﬂ‘dm@%gb%rpé ¢ Dthesisgeackipr mizgEat ed until the desired

5ﬁuri ty is achieved. In accordance with the present
[00791y ent i Bt levediof freg purbantany imibamencarysta zentaing siletonahay be checked

i ki ' r adj ution fromthe s hesi s :
s B 1L P4 00000 b SERU Oyht  WA BT Bk v
may generablycearnrrisdent by any methAeNA Ipesyidds the Bfdriatioh rQiRA%ncluding
redi Ssol uf fragmthe synthesis reaction m xture.
but nf’@ﬁ’?@?‘? elg

¥ 1 SBgh ghegling gt be-vsgdtes the hanis famemstinyisgax stopping
iterat hl ' or all of
e B e wat B nE o 8 CORE R T bE o i Qo fypegary o
determine oot i stepsCire okéded toreoacly thealesitddypday.car ri ed out by
any nethod that provides the information required,
[0080]nc| udiGwgehhd namotrykials Ha@€d rdachdd b ResiRd Gvet BEFKI) i@ by having
be us%d as, the basis for continuing or stopping
been {terafiygly precipiiaiedigd sedisselved 2 pessribrd mueher 06 times onby having been
basgld ] ¢ ' .det erm ne
P e A Bl AR AR R L ad Pl gy seeps
e.8., §s0i8aibedirc gretieedetaih beloywskad, 8.gh ahesceeacheilct MR ed88ioh e Bound
Surf Itevte$ of purity, either by having been iteratively
WAl pi t at ed and redi ssol ved a prescribed nunber of
times qQr by having been anal yzed to determ ne purity,
t hey are op 2GR P ntdsehangsiMethed) t o additi onal
rocesg ' [ reat er detail
00 1g o haaoReiive dfpdtss (ot EREIL B8N R RleB patiiris vsed o
reducg@tereveBof frae surfictant inthe Shmghystaboteparitiorx CIap g cbktib 8¢hematically

inusteg e iy st ge Bgnd s oaiatongen G dhaphismscuial sofvent
mixtugd, tHe BRosryEthRGEARECcibRakd %ut’@'ﬂ?{n?tﬁﬁ HachbE Hﬁ%tﬁ{eiqlg %i%l’\l/\}hey were

This procéss is schematically ustrated |
synthesizge (26N owimgiarmete gotas s@ventrsughaas 4 lowl moleculat Weight dashol, e.g.,

methalid!, B8, %te%uﬁ@.spge\c/i%ﬂ%tion is, as above, generally achieved by adding the polar

AL

component at a ratio of between about 2:1 and 1:2 reaction mixture to more polar solvent, until
the nanocrystals precipitate from the solution. As noted previously, by selectively precipitating
the mixture, one can also perform some level of size selection of the nanocrystals from the initial

mixture, as nanocrystals tend to precipitate out of the reaction solution in a size dependent
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m xture, the nanocrystals are precipitated out of the
initial reaction mxture in which they were
weynisiesizzed (202) using a nmore pol ar sol vent paTh/Sa®4/@28966
| ow nol ecul ar wei ght al cohol, e.g., nethanol, etc.
mann@:st@pceztaayiesnedeemmrymls baveibeen geecipiieted Jfroge ﬂersalutgwn the

nanoc’%% %g\é%dsgg%rafeggm{g tclﬂegmfﬁgll)y?g %&%ﬁﬁtﬁ?ﬁga@mn%{ld %Eea(ﬁuﬁ{g by filtration,

etc. (SP&I 8., $ Pé/ 20% and208)| THNRNBEH LTS Yied t&bﬁrdﬂiﬁ@]vﬂdﬁrﬁﬁ Esi palan solvent,
Sol ution. As noted previously, by selectively

e.g., tph@nfp whicseiony et ésten 2k (@2 ghed sakyent) %Wﬁwlﬁwroﬁflwﬁ%nbe@
| evel of size selection of the nanocrystals fromthe
[0082]ni t i alTheipceaipitationsnd aﬁd@ssﬁlygpastgps andhengrepeated (siepld) as necessary

o e rshial B b330 HhhdD BB Ao Reigion .o
abovd) %@ﬁbr@lﬂ;egdhﬁ)é\feawq(i&lﬁlg Ak MAEreSAdttcbBipondriat mmwﬂbetvadeﬁ about 2:1
are separated fromthe |iquid by

and 1¢kless pdlagamasa palad S@é@r&mntlﬂa ghe rwyoqrwtghs mcw}tat%frem the solution. As
with {h%edlelal SSldnt {h%g%egc%%e ess gf%%: c?la &%ﬁéﬁ Qlllcfreﬁfsgolvmg is

en redi ss ' a
typicilp) ¢teied owtht Rasfoimeetrom thesinéinl 2e1h61)or( mﬂxtarenppe&dably 4 or more times,

sol vent, as was previously descri bed) &OO&% Q
in SORE £R5EPP A NS TEEY N i BT EASPY Oeeeﬁsma fs described above,
what se&el?%s‘? ?ntér%gtel? ngt]nde% g?ﬁ@ﬁlﬁﬁ‘ﬁéf of Redhki®e ?re‘éfb‘i‘taﬂ&? btegsdused but the
eve 0

purity Wit h pect to free surfactant
result@nelei¢liof atifatant sﬁollmngﬂmlmst poeipgtatibh ytep.c Menaed p1y,v1ously, the free

st e A ok o SRR o S Bl B ting
procééggs'lé t}ﬁ)ﬁ%ﬂ? e ﬁfa}ﬁsﬁ)% Sf tRE 86drRIl hAbEnt df @ﬂifﬁé’t%tﬁ)@és@ﬁﬂ e and bound),
the dual sol vent nethod descri bed above,

prefemjnu ]ess)ﬁhalp p&c inire prefasablytess thadilde @nd st mage Pgﬂ@rélalb’llﬁgﬁs than 0.1%.

rried out at | eas the ini
As ugitetsi fRpestayat 5 s st b e eehfiell BelEREl Life noam
e.g., BP-NMIRE THeFREcenfides ddiciSithetds, or &a@iplé’[&éﬁeidnﬁ@@omﬁh derected
as descri bed above, what is of npbst interest is
usingrraick 8 sE¥tethyvhen anplyripel 09 my ofaaneqrysaly P%Qﬂé@léﬂué?ﬁ which yields no

detecf El?fqo t%e u?fja{:ﬁgyﬁgegéc?g g{ gﬂﬂ%}éh{%ﬁgusé\ﬁ%ﬁt af%; 1360 gc@ﬁg gﬂ\tnmng a greater

numhef o¥ saausshm rédi® i ﬂaectsdmrdf&ohaﬁﬁnatmgauﬁmm; hsuttthm level would be
nanocrystal containing solutjon follo

expegied ot RAbOWARSHRCHRPIEREST dessriaed ergin .Fe&qlrrf% bioviderplga free and
boung fsu1tf arft 1iPh ?Lulloc IB} epQfatiph T&ﬁﬁ@lﬁ%oaowcﬁ%%lfeg Bﬁﬁeﬁmﬂe washing

prefera s than 5% re preferably |ess
stepst I?arshdx%l, thadevet of ﬂreanmrfacqantelh elueadmﬂl;tldnskep& drasiderably afigs each wash,

ere the rcen es of remal ct ant
and léV’ét“@ﬂY] @Péﬂt? Bichinete ig %Wﬂbﬁétep nf@ The
er cent ages descrlbed herein, for ex rese
mount sSlgeﬁ%ﬂbBFe%}t?fgmsiﬁﬂﬁ t&”%‘%}]é’taélﬁhrﬂﬂ’fé rPo%fﬁ & k}’?‘?tﬁ‘@ the ratios

descﬂ‘é)e(a C}Q? s';\gré &C r@’e%@énsz Bnd1:53etpo aLa? kd'E13% pt Slvert. €TEES may be at

Tree sur actant p in the phosphor ous
the sM}Rle&élt amséldﬁﬁhs Gisst precRitatiomsfep, qrbatmetivaiyibmay bf at a level greater

ns may result in detectio m nat |
i S e S5t iR RS 2P BB B o gep may o be
used 3€h Qe Eagctﬂﬁrﬁg%élﬁ@c%séﬂﬁﬁ dg £4 L1B8Y bR Sl dVer fhie GHAG] Bofyfalar solvent,
provi des plots of free and bound surfactant in a
e.g. wapre@pyat a<bmp,rlelp aptall ot rybtRls\in Agluders hSWisedient piseipitaion steps, on
the ogh&:; L%%i( féli?lﬂfefl Iﬁ’g réé&%ggn%n’%%sdtrlg&iwagoo;fgﬁe dlllaﬁl\églllys&is {:artl?e? than on such
each wash, and is virtually undet ectabl e fol I ow ng the

fourth wash step (Figure 3D 3G).
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[ 0083] Subsequent precipitation steps typically add
nore pol ar solvent at the ratios described previously,
we.2gs/ziesween 2: and 1:2 | ess polar to nore peCaUS2004/028966

solvent. This may be at the same |leve] as used in aBg :
size sefqciign. Heerriipihail ’é‘ﬁn%tnéfﬁnceérthﬁlatl’é’tlﬁfa‘tflni}@le)?daift”lﬁ‘a‘y ed in such

subsec@%ntapreﬁ? ?Atmgtrs?e%ts &ill EQ ﬂg_g,hlz‘tstﬁgn Lr{‘th% Gtk ﬂr@cﬁ B4tfoR:

asbnote ove I rst pre | pltatl on
052 RS AR A S g v

been i@RkiveERtpre@pithted Al pdielyWdt Bpresceibs® numbiér sfeimesldr by havmg been
nanocrystals in solution. Subsequent precipitation

analyzeq Epdetergrng prity they ais aptionallyehenrubicstrddn aAdisena proggssing steps,
c.g. a3fribdc A Broelir ol ety RBERGEIAE Bction B AT R ARG of Bound
Surfactdn€)anount of nore pol ar sol vent added i n such

subsequent precipitation steps will be higher than in

t he initi al3precLiguidatiqomn E{tR084] Maaesl t he

nanocrystal s have reached the desired | evel of purity,
[0085kei t herInmpofhey pignHBEPTEcess. atiqued-jayid bassiseraralipnapygceess 1s used to
reducebtﬁg ie%lgp(gflf?é% glrfggtgl?qul 'tl%etgangyrggtﬁf ]'t)(yulz{tﬁﬂ's% S1%he %Mg' tp?

een anal'yzed to determ ne purity, are optionalTly

nanocityBfals a¢ibprabined with adfisli sol venain wiiiole &&Stangcryttelp sre wluple and a

as described in greater detail see,
sccondalg i WHIh MU o RB A DIl ?ng s@ﬁ%}é}@bg’{hﬁ) fe3Gand second

solventﬁ. iy :pgmln by tdjfoﬁﬁtarfﬁfgttliq%ﬂi %@cﬁ@ 9&11{8] lhelfﬁs%%ﬁﬁind the
altefnative process, phase separation
nanocystsems a wccmielcquucbphaed u«zmpmsheg thewe¢ondfs0fweee asdjﬁteakbta%ﬂatare then
t he nangcryst al uIa In the
separalefdr PO ANGe45 BPBUD PRI T /b8 R D Si? e surfectan
is typiMHySR SN AP Bl b ing s@Jo%d%@ﬂvHﬂk @aring Pﬁaf@tﬁﬁl@ﬁﬂore soluble in the
sol'vent in which the nanocrystals are [ess sol uble
second solent thansod thblneylocrﬂﬂﬁés,famd snorg preferablyntialse itsadimeregotuble in the

coon S B 40 S e b 9 BRGS0 e

surfacRB@EoRMTAMWiEH e nbiregand sol vent, and the phases
are then separated (e.g., one phase is pipetted,

[oossdecant egis 8less 1@‘6@101{21‘[19 %ﬂeﬁéd% BRI a dHife8 $evleDSF purity. Such
surfactant is typically soluble in both the first and
repeatepronehsexg mahbecataertiouts spleeted nambyr eftesatingisuihbg-eay aie kpewn to

vield (5 BRUEARIY S o oncegnpPe e o PSR Sip Eoifig gr more, our
or moe0fiVest mbRgbr éventsheorf hé@timest M Serﬁi@p&ﬁéirdd&@p&d@ the’th@solved
reduction in the anount of free surfactant in solutio

nanocyystals are évmcaaﬂiwhwqeé ey Puritn @6g-» tptsTIping vehether ghe Surfactant level in
L g AT AN R ——
then oﬁﬁélfa(ﬁly ecpaatadiae me«‘.ffssary entilt the mapust.of free asrfartant ko themahaocrystal

S R R A I
prefergﬁlzfesg thaa9% an@rmcﬁX?ﬂ:féth(l ‘?éss RS, 1 468 $he tbih] GRIGHA IF surfactant.
erred ‘aspect's, so ved nanocrystal s are
[0087 ypi c a‘H) %W%Qﬁﬁgﬁgcl% elt és&ﬁéeco%d%ﬁlvetnocaqq;eecrombﬂf‘ed with the first
et her e sur eve In the conposition Is
liquid phifidei cohaiihgy thedinst s$h)enmmtbhmztnoorystaﬂm asthefmanomysdtals can be

and separatign ste
separated from the ta st ﬁqmd phgse (e.g., by centrifugation, filtration, precipitation, or the like),

redissolved in fresh first solvent, and combined with fresh second solvent, as desired.
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then optionally repeated as necessary until the anmount
of free surfactant in the nanocrystal mxture is | ess
woheos/ 02828 or | ess than 5% of the total surfact 2aT/US2004/028966
concentration (free and bound), preferably |ess than
[00881% an@hedirst and eé@ndisdlyeitess welileas tieinsdasive rateost wilbiypically vary
pount of surfacgtant. [0087] repeat the c .
dependiion e St dR-Dar Al ol PHEEE Ao ey goveht to be
removdd! 8., WY p&oPHRmBtaRQd) ipRéseht) Aryphally] fos tleasihy eNinodidic
the nanocrystals, or the nanocrystals can be separated
nanodrystats tthefifst pelvertiwillibe lgsh aelar then dghe sepgndesohvent-f ugat i on,
filtration, precipitation, or the like), redissolved
[0089] n f r edh ofi¢c exstmEebmbodimeaty darsonystale@. gu Rdoif InB} prepaied mdth TOP as

e sc§BRyERos RSP kbR pPifatd e BgBEr G pton with ohene s
the fidsY Ri16&: hid MR SRR HRMENE TR iNRbHA Bo@g thB€the first and second
nanocrystals and the organic contam nant that is

solvents ngétt onlp b émmésvihleundes thy. conditiens yisd. o8- Huihe Asasapae( the
surta 55T B GRSt QAR g and do ot form

separhit)@PhisBEinSie prederitelof SWPO, [RGR] fol twOeigaxiaphabes that do not mix in the
enbodi nent, nanocrystals se_g., Pd or [nF? pr epar ed

presenget of ToPangscanibusbe ysad imaliqyigrigyikerdractipiloggmoye Hansugiactant.
are processed by liquid-liquid extraction with toluene

[00903s t he If isrvearthswiting that dredliquid-tigwid| phass seharaerc piggess is optionally

solvent..lt .S rth noting that the fi.,rst. cqnd
used GiopangtioReuti g g it e b stchndish Ub kBT RRGR the
wash#$8fbthSdsdHescribed il heREQRMD AR ‘Tl SolvbaVanbd’sind ‘Sibge Solvent
renmoved. For exanpl e, although tol uene and nethano

Excharige Metodid. ot exagrmie. segpranapiystalsiran &8 Prosessed by b keasi e cycle of
.. of TOPQ. f i aui .
o A48 B 5 SR 80 o v
o9 A AR ST B A gy o
been ﬁ@r{%ﬁ@?z leRRad¥PE Bi%Scribed @REnbeNaH tirdesusied HaRing®ebn Migdly2ed to determine
W

e liquid-solid extraction steps also described .
purity ¢lrasi are pptiepally tlea subichie &0 adsitins POSSSIINPS; e+ pedescribed in
sections entitled,"” S0l dy - S »
greateL ¢ eiff'lé e%cgz( @snegheg §'> %?ﬁ%&c}vﬁg S%%@é%@&%ﬁ e%{e{ﬂ][;&gion of BOLEd Surfactant ).
nanocrystal s, « ol bX at | east one cycl e of
['iquid-tiqui X ctt-ott—artd-—at 1 east one cycl e of
[0()9231 eci pi hidel tAS 6k Hr&KusROahit ik B¥oved Rty therdabery§td@d.}., following
ce the nanocrystals have reached the desired |evel
the lasf prpeipitation asidtshparatinn stepy thegesBiore nanormysialsangy &en bg fyEher

a prescribed nu fyli o) Vi
proc By 36RO BYBF e IRy B OB 08 BB oy, o
gene@H MheehRfal 6f LAl birtrahnt Broaatsisiunyy sitretisg the bgund arfactant away

described in greater detail below (see, e.qg., tre .
from s yustareof e senesaystaint Beqages thredRAIGUSH iBehyRg! synthesis and

proce%&qiéé %?%lgﬂge dreanic 5?188 Qﬁéﬁ%\}g%en%?ﬂ%e%ﬂfaft&ﬁa@{fr&gglﬁe?urface using

exXcess ee s ant I's renove om
an appeopoiatey@talis base. that is faddcibdainnthe brganicastvepr @nigiing theoranocrystals.

Exangley PRSP AES Pt BLELLHIEE [PLUTERCTRE TAURF BB clude

thoseSWhibR € s Q0beRESWHA aﬁ%ﬁﬁ@étaﬁtb,&hwie@iPu@cir@ aSway!ffom the solution
general, the renoval of bound surfactant is carried

and aotibf thy chémical ¢quglitrhven ganatian s Sere pemigelagdiagetul organic bases include,

e.g., pyridine, aniline, bypyridine, piperidine, imidazole, diethylamine, triethylamine, di-

isopropylamine, and other alkyl amines, and the like. In particularly preferred aspects, pyridine
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fromthe surface of the nanocrystals. Because the
surfactants used in crystal synthesis and processing
woangsresesor gani ¢ aci ds, they may generally bePCTiusatoed28966
away fromthe surface using an appropriate organic
is useBas ehetﬂmaet ad it rexlgy titrhtes the aci@rgu@!mn the meqreqﬂ surfactants, e.g., ODPA,

t.he. nanocr hases .t
e e b L L L
less pg}g,gt E@[&l{s eldlgbl@ge.t hose which forminsoluble salts

with the surfactants, thus precipitating away fromthe
[00932OI uti gn (2hHd 09 {oc@gs &E%aﬁ&@%tﬂ@tha@ﬂweﬂde@ﬁ bHHh&ﬂér@i}} @8m excess
ome particularly useful organi c bases include, e.qg.
free splgfaatahtma: orgaiagain gredyipyed (diep &6 hiapdthen [rm;ssolwdd@ 2 @p@bmatmn of

e AR RS2 ARG LB AT R o

tempé}ﬁt%f ste@do@ppects, pyridineis used as the base as it
readily titrates the acid groups on the preferred

[0094Yr f aCt’[z&ﬂc%lly ech@base@?cﬁled Hpgﬁ)esﬁtocefﬁcl&ﬁhyﬂl@étg cﬁ@{al $urface bound
that are i1 nsoluble in the solvent that contains the
surfaatautodm g&teadlss,uch egcess tigand s agidsidde theorapoerysial coegltagnmg solution at a
nms .of. pypcess, the. nanocrystal
volurp O AL B HR BT il e BTGy | O B dad RN bk rao of 3.1
or resdggrf actant are once again precipitated (step 216), and
then redissolved in a conbination of |ess polar
[009530| Ventgy ?B@n‘%t fon ?t}gze cBsLFh R dufill SR-fAtY, 188 thsoluble portion is
tional cubat eé) evat ed tenperature (step
typlcﬂEQ)amOB/&DByﬂfﬂ:enﬁnygaia(bﬂ @steptZ%) Hsendngcrystidsdnow irex oaxl sobvent, e.g.,

NRCHE TINMIEERARE I8 TR LR Vet e

methARINBEAAIHEA (sfé? nbay. nTMré&bMté@&y@thls%ré/mbﬂ BEpakatd ol the solvent
greater than 1:1, rmretf/ pically 2:1 or greater,
ap

and
and re—aummedaage@heﬂ; e.g.,1es8 po ﬁolserm, BE-» @ﬂ@a@eﬁstep [Zéébﬁ]d SubJected to

21n211y§1l§1 rf(Pl cgpg%}tra 1{)1{1] gltl ﬁg%lfr{%lt Eﬁ% gé‘ tgalreagﬁn %%' Jie%g) ﬁtéﬂgactant sal&s from the
solublYn£H@ert géﬂafslig abhamntist @&padad)frond b pmaﬁﬂﬁ;ﬁ)s?ﬁthbﬁc schetties which
a m xed solvent, e.g., toluene/pyridine, are then

' simplyrsedipitates the nanesyystalsand Y sl fogther fig suhsaqugt washing, thus
preveggﬂé Eéle%ﬂgl!e S8 2113{&(9} of tff maté'f?atl{anm or hexanes (step

ate crystals are then separated

romth ent and Ie-sus
[009({] ess p d‘?saliloqgao/Pli?glﬁ){.lS tbs gen{ﬂ%flx ﬁ%ra'bzés eaccg%?ce Wgh the invention, to
providé Bhi§Ehe6lt QurRb@hysdund i@ theaarfe@nditad hadcarthl ag ispigtdssaty for the
The separation of precipitated surfactant salts from
solubglify agd Hispersatility s rtlyesmaalpgrw@lsan élwersqlawteanataéﬁaﬁ?lul&%n Also as

notec{ pgr@vmﬁs'i?,af fé% b%rgﬁﬂ b@lYéQ/EH a't ld’éﬂg pl?)réﬂ{m la%)artlal monolayer

anocrys n any salts together
of suff@dtarg W eete eiffacsas Iﬂhe"lga.notﬂyslﬁl buene midre thaadboutatve layers of

t f th t . [ 009 ted, .
surfaglagiy? Euéf@la?qrt egergition of hecimdunt oy Srfap i ERsE o adh the
nano%‘(\)/gtgl dltS %@nér s it ac)ut bg thé Bl\éﬂﬁ)@s HLENHHIB, SHI TROURIK. In the

t he nanocr yst al as 1S
contene oL BANMRS asuitdte lspdlutf bbitd/suafadtanti ¥plds 8 ABVIRI spgetaim thagshows a
n their ul t|

smglgﬁl 8 Qg Slﬁ%{liﬁnpp?reawl%}g R;g or; rr}psv's};glé A éﬁ%ﬁ sgolgg?r (%E&g indicating a

pamgﬂmgye}y&lgﬁlgﬁgbumj udes nore than a partial nonol ayer
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of surfactant over the surface of the nanocrystal, but
not nore than about two |ayers of surfactant, e.g., a
woi2b@yes923 Det er mi nati on of the anobunt of surfaeCamis2004/028966
associated with the nanocrystal is generally carried
IV. out by Gdrep 'gﬂmds described above, e.g., P- NNR In

he context of sw t of b
10099 ur £ act¥AROCT) s@ﬂsd%ro%es ysaﬁlé(cﬁ ?@ﬁﬁ’fﬁg& %%89\}%6 e§?1ﬂéff R
nano&?ﬁ@lg 1 RERIE ReRYFER aQH/0R bSUIHEF 2Ot FortH 4D W féhtdre of the invention,
I ght shoulder (likely indicating a partial bilayer;
as dosemppéitjonse sBIRIBGRNG devx@srm@gdmgg qrgwﬂd aReBEbt al s
processed by any of the nethods described herein
[009g]e. g. , Fuaeramnyls} miesclmsaokbmgocﬁmasqm\rié@ arisitbounduding a

ur fact an r ot her ntio a .
popufiion BFp@orbrfRdbePeudt ird T e, Moea o ah aly Bineea win o
total %9&&&%? eetrRIRCKiSH flchudes FOBbukt T bgmrﬁctaﬁﬂ&d:dnaeﬁﬁount of free

of embodi ments provides a conposition including
surfagtaqiih aolution.oTheamownt s fige surdictanbisdess than @bOfut 5%(; preferably less than

on B 5RO N RS IGELL A i Bt amount o

surfal@in %Mégﬁ%mﬁslmﬁe afnRERHN cdﬂfbefdf%ESeﬁtiﬁli}a@ﬁyadhhpe Rize, and/or
sol ution e amount of free surfactant is |less than
compBidan. 5% preferably | ess than about 1% | ess than
about 0.5% and nore preferably |ess than about 0.1%
[0099]f t he A otlated alaewi&erwodsrucﬁtaptoardes a Agmpositien comprlsmg a population

of nagcp%%séﬁuilfl%gg%gﬁré?cg?nqg@ﬁxb%@]e eto 1sso? i Of tso vae J(e d?‘he%ocrystals

compHs@ s Han %rmxaglémrghﬁa@m\amm@ tﬁ@arwam Praferasanfenﬁnmystals
a popul ati on of nanocrystals haV|g%%a surfactant bound

comprrise plqus adnensdayeeer feps of surfpeiantassogiind tharewitha fisciofed prpgiously, the
t I

oGP SR IF DA R 95180, 57 bLf o some
surfaétafiio® edqayred f@r soltﬁ:ﬂ&y Qﬁd/smhﬁpaﬁ@ﬂtty as greaiaab@gstals.

therewith. As noted previously, the anount of
[o106ur f act &adth&GeREkdiPask BEMBOAFENS padaddsh @ngRisRiontifdiding a

zero, since the presence of sonme surfactant is
populagiqn iof e@omrstaé,mnsﬂtﬁ surfagtanilenuad terefpevhemin the gurkctank gomprises less
than %ﬁﬂ%%’l[f %’TE{,)] e im O%Qoguré&gﬁﬁgfeﬁ?)!l}%o r?%e@éﬁ‘mﬂ a monolayer or less.

S provi des a conposi

opul at | on of nanocrystal s a :
1010F 7 o oS it aPROTREE GracaeEa Y THOHEPD §Se§f%%£§e{lﬁ%{hafs optionally
1ncor9b11aﬁ=)d€iﬁt0 VagbuLXapisttionk REd 8eviéaC TADS, (e Bivertaddl provides compositions
onpri ses about a nonol ayer or |ess. [0101] As noted,
1nc1udmgc§1@n9®ymls pp?rcgs,séé b theypethpds ofthtmysntm dipRospdinehpBix (e.g., an
are_opti t r
e oI CSLREERAGE, NP, LAY FRENE, b

condiéibleufiitAg). MBNRConSExAPlal e f Smdo&yrlehm@rﬁﬁﬂémajeomﬁositb ¢hat
invention disposed in a matrix an o ni c, -
Comprises g PREBTIC PO HEATATIX AT Bw%ﬁm i< MaBRRUEE FipRosed within the
Vi
rea T HRRAHEHL o AL R RSOTH L MBI R e st
comprisiiig lessrt’pam s bdayen (0g.gteisorfanint cen corapuisexabania monolayer or less).
popul ati on of nanocrystals di sposed within the
[0102] A wide variety of suitable matrices, e.g., organic polymers, are known in the art.

Example matrix materials include, but are not limited to, an inorganic polymer (e.g., a
polysiloxane, a polycarbonessiloxane (a copolymer of siloxane and carborane), or a

polyphosphazene), an organometallic polymer (e.g., a ferrocene polymer, a platinum polymer, or
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organi c polyner matrix. The nanocrystals have a
surfactant associated therewith, the surfactant
woangresizeg | ess than a bilayer (e.g., the surPaciuanio4/028966
can conprise about a nonol ayer or Iess 0102] A w de
a pallediningtojyrodr), suimaibielegre (¢.g e, Nedighen Npvibis (édh@th’élphen}’l)-

0.0 G RlghE gD (FPPRO LR e SR iy oot
(TAZS, &ng(s h9d@9¥q4§n61ﬁmamam@m OAMbﬁb&ma)ﬁﬁﬁhdl ,Phdndc qeid, benzom

copol yner of sil oxane and carborane

hydrowplwanb spphene) chlamplsnghsslosealines %@1191‘.%%2@@%%) 0f an organic
polyn%eg [@Eﬁég@@g?@gﬁpyﬁ%ygégglﬁéeow@a%_ﬂl’ﬁ{&%oly&{ BerR Al RS Y4By (alkyl

isonithld) a pblmh&whatbl, dNhetmapl4slie polyimyedr gheny pplyolefin, a polyester, a
1, 1' bi phenyl) 4' -dia

polys{l@ol(lq _amobﬁ@m}qn)mge %%9 IPOky’s ey)éq.nl(e-lr-gsl?% ;Bo%véwph]oﬂde, polyvinylidene
chlon’d% 13%1%{.}'?1221%’[9% &fraA@lorofvl btﬁ:‘) Q&h@%ﬂ&s@ﬁiﬁ%’?oﬂ%&r"{@% a phenolic resin, a

benzoic acid, phthalic acid enzo

urea fayidy aamyhham@teﬂnn at apqxiyemnm a pnﬂ]ylucthpmﬁewelm an engmeenng plastic, a
chl oroapl i or chl R obenzoa oreg Ko
polyaBB@eyﬁé)Io YeFish atg;gg% p&° y[l; OW iy éeﬁté)olysulfon a polycarbonate, or a

polyat &M lﬁ’@h@ G}ﬂf%\) polpfﬂey Glﬁbh@cﬁﬁ‘% Q?ﬁa‘i’@%bau@h@&lhl&f}%kaﬁ xﬁblymer (e g.,

isonitrile),” a polyisocyanate, a thernoplastic poly

poly(l(mirgxynaathpm agtd) ekt |ar$1d€a$h|®1®I1yl@§1 @ystalpdungisiels @okesn é(4 (4”

canfiRHRS DMK TSR o ASPHLEIE BISPRLE: gl ipgfvotene

(P3HAY, %gq@m&mo;@ SJ(zrwtmlmﬁylbﬁy)rp-ghéﬂwrm&@ﬂem glva PR¥),

henolic resin, a urea resin,

oly(é@mne amyéqy@kgPH\Qspﬁyﬂ&orsm Pt PekyARIHBE )y §§Fi,ﬁ g ;LITS “Patent
Apph?fgtgc}nﬁel%yad%g)18'aﬁ§t1b/3/‘7 8,20%2{)%/5?1% %211. (?%:%aﬂﬁp‘é‘rdkaéeﬁ%md Crystals:

Four W@llmélphﬁhlééf géy aral $lsyklced (ﬂia)mesaBlfandmpc(lm gl_nller Handbook,
ol ymer, includin in rysta r

John 5@% and é@ny(lﬂglid%%ﬁ% a“p%eé@@a ﬁﬂgﬁ) e D HastoiRers, and

Comédsgyé gfth %El?f?)p hal1cBRAw! ;TFL ’]("eA Qﬁka fféﬁh e~ 019869 Hafldbook of Conducting

yanphenyl’) phenoxy) ) Vi ny er> of a
Polymans d idbicalDgdtey,Méaw (Yerlg apd rsmnga(nm H@ly(ﬂﬁ?ﬁ)dmmok of Conducting

polyrieracatid St R e Bdgnebhensyd ARt s

Orgalgﬁhé/tﬁlﬂlh POWNERE, WilB)Y Wlﬂor OBRYExaR@Ey f | uor ene,

ani T1ne) .g., U S Patent Appllcatlons
07656, hototHBR8 LEDs, and
[010 ndboo‘l%;lﬁs(%té(?jqu @Sggﬁr Qﬁ%;éseétm ucﬁg Set , evéceﬁ > an
other\déVieys. Bed, Sgnﬂ S. IBaoenI Apph«ammes 186508t @and h_(y%% 0b| yner
Handbook, John W/ley and Sons, Inc.; Charles A Harper
[0104]2002) Adesinkaatiss of elbedinests prcﬁlmtaamﬁ{p&sltlan domprising a first
Conposites, 4th edition, McGawHill; Skfat heri{L.
populagion of pOPysERARIASeEARIRY AN HBHWCW% “Fhe gt pulation of
J [8omkn a bil
s G5y SR LG gl Sl e
(e.g., ¥bowt;a mumblm ak tbsAr dtheseda@bpulrtion gbmanocrysidls has a composition

e O i ¢ Pol rs ., Wley-VYCH for other. . .
it AR HsbBoRy el Saratrr g SHBUSIRETGHS Uhe et population n
the c&ﬁg&slﬁdh pﬂi@s‘é&&l%ﬁipﬁlaﬁ@ﬂ bpEsnalll B .coripeis@l 18&th&ley bit@Rr of the

tent Applications 10/ 656,916 and
samemﬂﬁ?@¢ﬂ@9rfa¢two4] Anot her cl ass of enbodi ments
provi des a conposition conprising a first popul ation
[01051f nandBheyisteaipsrsad first asé savnud pmmsvt;&tal oapwhtions can, but need not be,

ano stals. The first. popu
dlsposec{] W?tfl%l a mafrix, e.g., an orgamcpp m&tnlle(l)tnx an inorganic matrix, a small molecule
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nanocrystals has a surfactant associated therewth,
the surfactant conprising |ess than a bilayer (e.g.,
wahousto2zp2sonol ayer or |ess). The second popul aPComsaf04/028966

nanocrystal s has a conposition different fromthe
matrig qrghe gbq;uAdtld@Mar@ﬁy ﬂ%w&blygmaéms mazgrigls a3e kpewn BpiBe g See, e.g.,
e refbie ol RS P ed. Budi EnSRRIR) GO el prgtovotaic and
other debictA¥&d, e @f, U.Bemanmmlcmcfnfﬁvmocpurf actant. [0105]

The interspersed first and second nanocryst al

popul ati ons can, but need not be, disposed within a

matri x, e.g., an organic polyner nmatrix, an inorganic
V. matrix Exampies | nol ecul ematrix, or the like. A wide

ari et 1 i

[0106; ylg fgﬁng 1n%t§ tg f?ilai Eé ?éeﬁ]eg?g && e?ﬁen@tﬁa@%%ﬁﬂrﬁe 1i)t/&gcessmg of
nanodi?it@l@ ac&oi€ing @@tﬂé@ﬁebthd)dmﬁscﬁwéd ereits eldis dndbﬂaiod\th)dtttha examples and

and ot her devices; see, U S. Patent Applicatio
emboggnentgdesggbed hergtn @ﬁspﬂog ghisggt@\@] puﬂa@ee oy gid H‘g’lt yaQus modifications
I
or ch;n%g% 21812 lﬁgﬁégggf r@ﬁ&’%gg‘% féﬁ | s#g?e{agﬂ tﬁ‘?]er & ﬁ1d ale to be included
w1th1d escypiriteahd pareew of th‘13 a@lluatdmrzmﬂcm@bd dfahe hmenéechaimlmss Accordmgly,
and enbod nts% here n arefor illustrati
the falig Syaf%\H G40 AT Gyt ApHRIE b HaR Hvention.
changes in light thereof will be suggested to persons

skilled in tHeme land are to be included within the

[010')3pi rit pﬁj:%g ggﬁfaf’%aﬁlr‘;’%&g &fsm/e?e ?ﬁ%és%ﬁ'a&’ fr@;@g 1S BRSNS ing procedure.

he appe ccord t he oW ng
Due exXagtplaiabiite fohf ensdadtorer td msmufa¢te1;er utfactemts fcur use m the synthesis

t he cl ai med ti Ex 1 07] H
Procq%%.ﬁ&fkll%a?@' PO %Qfg%h%%rggp B%f&%g b rdgmtt%g%lﬂggtaﬁﬂd NMR. If
found & ﬂeq\éésntﬁal{)@@% g)q{'ér fhe sBHGChRts WeSpuiddai washihof WiTCHCl,, dissolution

manufacturer to manufacturer, surfactants for use in
and redrgstalinstivesissngCdCesmd hexapes upiAhe deed gndtyroschigred Once

s LSS58 BB QR BREOR 20, AU
(0.130 kel 1Rl Yo WA, BowNich Ainfelthd SadntlinisRbdtiic@NCaMe),, 0.5g of stock

recrystallization using CHCl 3 and hexanes unti| the

solutigedi¢leding G272 §dMe: iceighein, TRINGeasadiled (i theypixtugg fhe mixture was
e REBIFRLRQIER LAY AT ool e AR PTG St 0 70

weighd)) whs 4ddee, wiieh dﬁiﬂ)Ffdeﬂ‘ﬂe@é&ﬁUﬁ S@lﬁpe(rﬁdl(ewébﬁtwe@n QQO‘lﬁnd 300°C.
stock sol ution includin 32% Cd( t)é in TBP
Crysaiscveta s aloweA o sio aigs rPRorsASELINF S THBSCR HBHF IeGiicbgnixture was

then écgqlg’cfg - ‘?(5*’@1 6 st%gg:r %}ggglsvtgg% eﬁ@ va$ 5&’&%'8 t0 éhe cooled

Ion (e. % vvel ght was ad
mixtine ivﬁhctdwaspmeni splhanﬂoewoteqm vbhmqmevlalls lwlech weﬂaetanderreti gpa controlled

d 30 | t he
atmog Qs ber 1 g kg vep o BERE RSP R gl e
nano&?@t@ls‘:&’ff& e vidks \@Qlemrtg(écpanatc@ﬂn‘flﬁgé@ta@ L3@uonyhd)- Tlﬁoéﬂlbeﬂihtant was

ofl uene was added to the cool ed m xture which
decantbé awsyhid the pelettwas redjesalvedan dmel ofiteluenagndoierigeede "Gne m of

trgnsferred to a.controlled atnmos
oA e eGP0 S FUARET Bt P e e
vortekB&and centrifuged again. This process was repeated another 4 times with a 3P.NMR
analysis being performed after each wash (See Figures 3A-3G). NMR was performed on a
Bruker 400MHz NMR using P31 probe at 162 MHz (proton decoupled P31 NMR, e.g., 1100

scans on 100 mg of nanocrystals in 0.75 ml D8 toluene).
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nanocrystals, and the vials were vortexed and
centrifuged at 3000 rpm The supernatant was decanted
wauwens/asdit he pell et was redi ssolved in 1m of PCoOIUS20€/028966
and vortexed. One nml of nethanol was then added to the
[0108ﬂ| anoc r Fotlawingtthe fastewashistep; thetrielon wsadissolvafdn ifemlotgplyene and 1

ml of P@B 13.%{ gv:jlts gﬁge?lh Ilgr&g ee%slgfb&g?(ﬂ suggzﬁlaﬁf\/lz\;l[ Ay )@éﬁ%?’%%lol‘@fed and then

heate®®) 130°086: Bf hfis. CRIhesRmikhee whi Giehesolddtaioom tiigemnmse,
performed on a Bruker 400MHz NMR using P31 probe_at
vortexiegiangtifren gsnbifogedos cS0Q win mnnwﬁthe@r@wﬂ%gsai Flge giypernatant
0 f ..
conteu']gglf %\?\n %ﬁré&ﬁib% %@% &ec%n e o?f o%%h{'helfe? h}#ﬁf@t@a} EQ&gﬁs S\g 3 Sé)(ljlt into two
separatB vihlH mCthlal&lEHnLreeeti*v@lIWS il Imlaxamfes p/;htdhdjwteplmw eu;tdb&:inetmcrystals
titrate excess bound surfactant. m xture

The nyigfueNEH A S HBRCHBAREAR Ho- SRR o TEs SRSt Fras decanted away
from Hl%?pte hi%h Wak H@ﬂ%e(hss%ﬂfe Qﬁlcﬁﬁjenteoarfd%ﬁlytzgdlﬁﬁrtﬁé &UrBentration of
texed and t en centrifuged at 3000 rpmto renove
nanodrialpr eci pitated salts. The supernatant containing the
nanocrystals was decanted off of the pellet and again,
each vial waxafpld2 into two separate vials. Each vi al
then received 7.5 nl hexanes whjch

[010%]he nadBepsprganic suriRgtapis,spich %9 msgtYllghrlqsa 158 @ﬁt%g) ety phosphine
onacS O] ST pRRpR, o THorRRcARt Ahotppagntiona.
tri- n-bm_lyulﬂnephmm dr}maireyzcaﬂmbnly grb@nmmnmeoﬂtmam@meparatlons as prepared by

nanocrystal s. 109
standghiratalanes SR RRORDT fr st ?‘9‘1@%5@ i %&%T%% B0%-oRpiignally, any
exces? Ia%ﬂly NEra0hA8 rdrdSRDfronh Bx3BREHucRROBRPAAL6n BEbTO use of the
, octadecyl phosphonic acid (ODPA), and
nano&tmcttmesb funekaphlespivrrie teliBRyockationcwishbe IcynClHC@s@ pempepitions

descn(rl)ga Hq% ?g%legf @E)Bﬁ%zipgﬁe E§I6S§ 8@5 e@ﬁlﬁ,g? %%ﬂafo? example by

addinlQs solih bR t8RDrefarid odalal fitst sBREnEMOASESh @h@[ﬁj’str(icture is soluble (e.g.,
surfactant is renoved fromthe nanostructur

toluepg eqcr&ﬂ@pqum) pnd apecond selaenifin M@Mh%@l%lﬁ%‘t%‘i%% nofsgpuble (e-g.,

1sopr%%ar1i1gl)%relbn§er cﬁcrun aPcot‘l?lg né arg%c%ga‘rf% %fe g%g eﬂ‘fejf %:el%@ While the ratio of first

solve{'}l,f)ll@I sde€adi %[Vehbas peB&EDin8RR sol Tt snicare tlymcalljnrzm‘gesjbetfveen 1:1 and
anpl e, addi ng a sqolvent m xture prepared froma

10:1, o e AHEETE oM L RS i i Bt BORBPRS e

Q(/lh , toluene or chloroforn) and a second so]vent in
[011Gdhi ch’ t4ve agdifional guantity ef the se@pd§@l|vgl§|1§th(eg agded ina quant1ty sufficient

to prescll%ﬁa[teo glﬁOS?ljll(élil:lgetg g? t)n%p%relxe sg gllil% e{n?sg fﬁ:{fn flfeesloﬂ’eﬁt mixture. The
p1e01§1®:ite@ﬂénols@uc&@1@§)ﬁh@ thal sepatatedSrqm dm&sbbxﬂ:nt mlﬁtime (s.gl, bgrentrifuging),

m xture typically ranges betvvele1 1 and
therepy &FRQViRGICKEEHS ABIGFYFagFaat fremy ﬁﬁ?l%cstftl%ﬂl{?én QPllsn?ﬂlgfethe
prem@ﬂtéd lclj r@&f'ﬁ'eg’ ban lgeﬁ\Jv %@Hgsc‘il{lé}ﬂ AixAredid dmek aili@ional
vent I's then In a quantity sufficient
timed, e. gpnemamstsaieeemm@s mlaa'udsetrramostmces’e preparation stilheomiipe gg undesirable
surfactants) fromthe solvent m xture. The

quaniiyeRfiexeess WA ost r uct ures are then separ ated from

t he sol vent m xture , entr| in
[0111] Additionally, any excess orgamg/ sa‘lts can e re 0\%21 from the nanocrystal

reaction mixture by performing a pyridine exchange on the nanocrystals in the nanocrystal

reaction mixture, and precipitating the organic salts while leaving the nanocrystals in solution.
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t hereby renovi ng excess organic surfactant fromthe
nanostructures. Optionally, the precipitated
woansgesust ures can be washed with the sol vent parS2n08/028966
one or nore additional tines, e.g., if analysis
The pyetimerkeesgt fgterfoheed Fosampist, by degingphe natosnystl irgaction mixture to
o in n _undesirable quantity of excess surfactant.
150 ((f:foﬁfg idlﬂﬁ Wionally, any excess organic salts can be
renmoved fromthe nanocrystal reaction mxture by
perform ng ne exchange on the nanocrystals in
he na
T e o g E s Ao P tsing two
interrsiakbd poplﬂatiﬁme op procelisaé nancctyatge (dSe pandeoystasland @dTe nanocrystals.

see 1§ Vobes® ArplilZBON D RBI0. Beanpl o 3 [0112] Thi &

exarrpl e descrl bes fabrication of a photovoltaic device
i i nt erm xed popul ati ons of processed

[0113] anocr y‘%‘bﬁrﬁes (Gc%éTﬁ)aCHb&l?%ﬁsffamsT}% HilodRevistsnbicr et witiline.com)

are cl%ﬁm%du gg {) ﬁ%%fe Snlg::p? deQi N%ubé't&{t%%?on daxggpﬁg){)ﬁh?nol

ultrasbhicared il Bopreparee; SJltrhs”mlc,ate‘deQ%‘ Helhnamm deiveized eateedinsed very
usi ng .the foll ow ng procedur ubstrates a

thorowﬁwnqﬁrtﬂw%éweﬁa patepy RS s Yfﬁs%ﬁitﬁ%mcated n

sernicl(')!nhllio’ﬁl h&@ﬁc%ﬁ)nbnar%?fﬁééo Qﬁ&?lﬁ BEBh R AR SRl &propanol. Each

rlnse ery t horough ow ng dei oni zed water,
sonicalﬂidmasf«nn]i Scatreitksi The eulnnmmfe drathereoxygah tptaamro;ilaaactédit 200 W (1%
cond rade cetone and frasonica
reflei R RUE L M an i oo gaRcetita PEETrEa! firoftmately 400

mTOIfrg{tog@agﬂlﬁ%feggmmﬁ substrates are then oxygen plasma
cl eaned, at 200 W (1% reflected power) for 10 m nutes

Y8RP pidakds ced at a pressure of approxinmately
[Ollzg W %&#@E@%@oﬂﬂlﬁ&ﬁhm@%@ yeerfeSulfonate) (e.g.,

BayttBﬁd@ Y’(\3}? AJabky beneli OxsthitkpRERREN through a 0.2 um pore size cellulose
Er enesul fonate) (e.qg., Baytron(r) P VP _A 4083
acetaterfdmr HPEROTSis épm@oaieé oniq tb@ pestretss aildiP0gpm for 9 peseads. The

PED@)E?%}/C? ethélnu Séﬁhg t}%dbél%gatef an&g%%%@g{gﬁ%\ﬁ@%&rﬁﬂo C for 60

minuBEDﬁHeﬂaﬁM@ﬁrphbﬁc t:cbmlincmsr ed by bakl ng the spincoat ed
substrate on a hotplate at 120 C for 60 m nutes under

atPPRSRIAIN oF CaBRAldT0m srysEl BIBRd edlin Oof CdSe: CdTe
0118 crystgle @dseer@d"?é)lln&t}ﬂsﬁ[‘blbgé dothtid8 g%ﬁ%dq*ﬁ-ﬁeglove—box with an argon

bi crystal blend solution is prepared in a glove-b
atmosqnhth: dhlTargoncastrisspheashed b:alﬁ@snlamgdhc;mmt uepeandasiciutating

di ssol vi t he t ol uene and h
them S BRABD  HE A V ot S NG LF A BolyR G ptuene anc
precipiatio$8éth WithGndthaisl BRink<d| WOPSureite treatment, both CdSe and CdTe

nanocrystals are stirred in a solution of toluene and phenylphosphonic acid (PPA) at 110° C for

20 hours. (The surface treatment step may not be necessary and could be omitted, or a different
nanocrystal cleaning procedure, e.g., using pyridine, followed by treatment with PPA or another
ligand may be substituted for this step.) After precipitation with isopropanol, the nanocrystals
are dissolved in toluene, e.g., at a concentration of 95 mg/ml (for CdTe) and 110 mg/ml (for
CdSe), respectively. The CdTe:toluene solution and the CdSe:toluene solution are combined into
a 1.5 ml glass vial, such that the ratio of CdTe:CdSe is 50:50 by weight, and the concentration of

nanocrystals in the final solution is between about 80-100 mg/ml. For example, if the
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precipitating themw th nmethanol 3 tines. For surface
treatnment, both CdSe and CdTe nanocrystals are stirred
wono@/28d28it i on of tol uene and phenyl phosphoni cPatiug2004/028966
(PPA) at 110C for 20 hours. (The surface treatnent
concepigasionwy Gde iptolnaeds 8ame/mhanddbe CdSbin witient éxil 10ang/ml, 500 ul of

T TR R G SRl R bR e i, tih e e

resulking eatith ofeGH TeeCES s 50 fSOtaﬁd tlfdlésﬂt"hh%c&fc@ﬂr&hoﬁ\fo:f %lﬁnocrystals is 102
e nanocrystals are

r itation wth |sopropanol
mgf “311 iﬁ%? Qugen 1§ vogpxekar Zémgmes deatgd oS &fqréﬂurmnu@s, 208
ult
U] g s "Carery alitis el pippgnicfuge vial, i

centrfySut foo Ruweinates at hl@(@jhrparm cmvhiceedifugt o a 1.5 m gl ass

vial, such that the ratio of CdTe: CdSe is 50: 50 by

weBghtoatantftduSeatieanhbayieibleid saneer ystal s in the
[0116] nal SDALICHDACHSe REENRER spREsH e BOd BR /F‘EDOVIOPSS bstrates (in

exanple, if theconcentration of CdTe 1 n toluene is
the glpye ﬁ’PX)a riEb’HlWélydﬁQbull of splukioe mensed fdrk@ctgiteirate 59fh 4 spif speed of 950

st al oI utj,on and 432 ul CdSe nanocrystal
@g.lﬁ 0¥ FQlufion @ﬁ bﬁﬁ&ild? the subptrafes gs yegraved By wiping with
chlor@fb‘ﬁ@ CdSe |s 50: 50 and the resulti ng concentration of
nanocrystals is 102 ng/m . The solution is vortexed

f BvagofitiBh be Slunt@ah 88hades56 C for 10 minutes, and
[o114! t r asopfGah6 y.atgf PEBOT. &lﬁ{e%%ubﬁtgattees E?I%s%ﬁ:rgel%it\;vﬁlll’]odt %xposure to

transferred to m crocentrifuge Vi

oxygereimtq arf ugi@dratcm A&ummm:ﬁ @uriat 9919-99@@?13 lePaRdrite@onto them at a rate of 5
m,crocentrif oating of CdSe: e nanocrystal

.S
Afs uplel fvasyymof gﬁ%gfltﬂ %}18 THE! (egrigickasss of aprreKigrtely 200nm.

spj.hcoated onto the | TQ PEDOT. PSS substrates (in the
gé&@—@@% Typically, 120 mof solution is used for

| L .
[Ollﬁ ach substRagperysial arh;l/qr R OT fipmedh top oD@ ITPraléadrodd Bontact pins is

Q side.of t
remo AR St s P B B e P RTeCHTbIGRFF bins. The resuling
devicEs/ap thicatdharactetized syddiied. cat hodes [0117] The
nanocryst al - PEDOT- coat ed substrates are transferred
wi t hout exposure to oxygen into an evaporator.
Al um num (purity 99.999% is evaporated onto themat a

[0119t] ate OfAlﬁmﬁg dEWABEd B S\S%%FHI]]%I étg‘gﬁsrﬁts I%gu}lcke)élﬁtg) %gg gfle scope of the

0 a thicknéss of approxi nma
clalm{:d)ml/&]ltlcmuy nnahmmie@lsi Ihb dmnldlsme ai?cED(Bﬁlj" litnite® By tigncl &nstapBended
ctro ins is renoved. Silver paste is

hereto gy §p A0 41558 SR B 1 SRPUIAICE rindafimgSH OB FBHen desontiaton, in

holePorfis part@visRnyl, tdifg Eqik N r
e desi ?ed E/Sllpi@ ,&Iﬁtﬁgﬁ%&ﬁﬁggﬁﬁl %gdﬁ%mg%ncg&%e‘%ﬁﬁeﬂglﬁm the art

from pigegipges this disaldsurs that dhmaeys chirges a:roﬁmmfndtdemlcdaalbﬁmhde without

not m.ted .to fhe disclosure and is only
cepartfl B B¢ hBE of [ st bt it 20, s aigocs and
compmsfiéﬂlcﬁiseiésdiﬂieﬂ Rbow cad bR luséPinl vaRoud EHiﬁMﬁ‘étﬁleWAl ications, patents,
limtation any continuation, in whole or in part,
patentgpplications, and@é othet documeniscaied an thimappdication are \mdotpdnafted by

referefideSif thdiLerRFEty $¢ dil Sﬂpb&s td'ie Yihe extent as if cach individual publication,

patent, patent application, and/or other document were individually indicated to be incorporated

by reference for all purposes.
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froma reading of this disclosure that various changes
in formand detail can be nmade wi thout departing from
woheostoesee3scope of the invention. For exanpl e, pariustdee/028966
techni ques and conpositions descri bed above can be
used in various conbi nati dBBAIMSI| publi cati ons,
patents, patent applications, and/or other docunents
cited in this application are incorporated by
What'i€ERBHCE: in their entirety for all purposes to the
same extent as if each individual publication, patent,
pat ent application, and/or other docunent were
1. AWM@@&@QWSID&@I@T@&I}@W% 80BRIiSIAg or por at ed by reference
for 5’}8 ng KL e st%sAll 'X@lrm% vebtc‘ %rﬁ&m‘é naﬁocrgstaléare soluble, the
met R Cli processing nanocrys s, conprisin

nanocﬁzmﬂls thvigg bhetananeai e Elﬁfaﬁtalnﬂaﬁocflhtbd thesolitte niie total whiooht of
e nanocrystals are soluble, the nanocryst al s hﬂvi nﬁ .
surfagiant dpelpiaErHn ATIOBR! Gl 7oe ALT aGHR 58 &b PHORRE AFRERRATY T DOPE surfactan;

t farfty & the first

L SrPAR RN BBl el 018 e Rl S5 i

solvesuofpactidah prqmpeixatmg savém giktoee inavivch thetnahecristaladeti ingplable, to
econd, sol.vent of hlgher polarity to the first sol vent

PrOVIa‘E)P{?FW@Qnﬁn?ﬁr%%? ¥ tati ng solvent mixture in which
the ﬂ%ﬁ%ﬂhﬁ%?&hﬁta@éd%ah@&%th‘l@ lrRm e pREcitaBBg solvent mixture; and
pre i pi tated nanocrystal §; separating the precipitate
nan@lsmng the Ifanm:nysthl@ byrddingiatthird sejvers v whichithsranogtystals are
edi ssQ t he nanocrystals by adding a third
SOIszoﬁo\}é‘?]PreFW%figﬁnqcﬁg aﬁsamocr ystals are soluble to the
preci pitated nanocrystals. 2. The nethod of claim1,

2. THehtded ofclapi il sfuftflert doenpsisiig thd ste pERbeamhgttheprecipitating, separating
precipitating, separating and redissolving steps until
and r@dr}%wbmﬁ?pwntﬂ fheeanaqint gﬁr%%ur%?g%&@sa?%re W t’? ganocrystals is less
nt of
than (AT Bob T Jr A i il M vk Bl IR D
nmet hod of claim2, wherein the nanocrystals are
3. Tleheetked of dkino®j wierein theastoconelsadre thekedfillosogatdepst one of the
. S s to de ermnethe amoynt of free surfactant
rodiSTANIRE A SN 5 B8 SR QTS REFTERCA SEapa e fomopfpled with the
nano&?&tgﬁ.d of claim1, wherein the steps of precipitating,
séparating and redi ssolving are repeated 3 or nore
times. 5. The nmethod of claim1l, wherein the steps. of
4. Therethpd phelping 1, whesaindhe sigpseafrecipitatias) separgting and redissolving are
repeat e nore tines. 6. The nethod of claiml,
repe%ﬁ%’i%g{eﬁle&‘ést eps of precipitating, separating and
redi ssolving are repeated 5 or nore tines. 7. The
5. Theehbithdd of clainail fwhereinhibe steps dffpeecpiepimgodepmatng pd @etlissglying are

separating, and redissolving are
repeated 4 or more times.

6. The method of claim 1, wherein the steps of precipitating, separating and redissolving are

repeated 5 or more times.

7. The method of claim 1, wherein the steps of precipitating, separating and redissolving are

repeated 6 or more times.

8. The method of claim 1, wherein the first solvent comprises a mixture of a polar and a less

polar solvent.
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repeated 6 or nore tinmes. 8. The nethod of claim1,
wherein the first solvent conprises a mxture of a
woab@ro2amsl a | ess pol ar solvent. 9. The net hod s€TaiIS20M028966
8, wherein the polar solvent is an al cohol having at
9. Themsthod wbcleam Bowhereimrthe palar sotyeat issniabepbol hasling ahleast two carbon
atOm\/\,her ein the al cohol having at |east two carbon atons
5‘orrpri ses et hanol, isopropanol or butanol. 11. The
met hod of claim8, wherein the polar solvent is
10. Bl methed of ¢laith 9 hehageiaule gostsl Bhving atibast &mo akbohaloms comprises
nmet hanol, an acetate, ethyl acetate, a ketone, and
ethan@bé%%@anﬁlzofbﬂ‘?@ohet hod of claim 8, wherein the |ess
pol ar solvent is selected fromthe group consisting
11. T:He m&Rbe BP&QJIEIFS "Wﬁerfﬂlthke ar shivent 13§ e1EEED %n?ﬂ(he%r@\iﬁf@o%sisting of:
whereln the |l ess polar solvent I1s selected fromthe
an algpholipnathami, siniacefatef ethalncatalcan detoheyaad@sstomnd benzene.
14. The nmethod of claim8, wherein a ratio of |ess
ol ar I olar spl vent sol .
RaBnp® bl b D R i B Hir Tl silefiBl SRFH 6 rotponsisting
of: C}ﬂafdf&-npﬁndt@ﬁfén@.m ar solvent to polar solvent in the
first solvent is greater than 4: . 16. The net hod of
claim8, wherein a ratio of |less polar solvent to nore

13. Theimethed pldaim $rvhareinshelesspala SOH@%’@ Is¢lested fhoRs the @roup consisting
of: a@alﬂcar?é' h{? Sq ai'IZbFry% oMethod of claim8, wherein a
§s polar "solvent to nore polar solvent in
the precipitating solvent mxture is 1:1 or |less. 18.
14. Tlfteemeﬂabdh oficleiim 8] whareih,a rafie pEliess @olarasplvenoto pole sbivesttin the first
1 | vent :ﬂ? gi second solvent in the precipitating
S°V996F¢%ﬁ¥m7 Rure is 2:1 or less. 19. The nethod of
claim1, wherein a ratio of the first solvent to the
15. 'ﬁ%ﬁ&ﬂo@ ef Vgt 8| \ﬂhehélﬁ aREEE bPlebAbdln%SosRhM@HoldFsytvehEinitie first
1:1 or less. 20. The nethod of claim1, wherein the
solvephisrggeaten thamt:1i s |dent|cal to the first solvent. 21.
The nethod of claim 1, wherein the first solvent is
16. fl%]rggthgﬁi of 5181 ﬁ%h&&ﬁleégrgﬁ@ Bisfeg‘st n%ﬁ% B Venf:éafg&% Qidsolvent in the
medpﬁﬁh@ﬁob&nth@nmhlsthﬁmﬁsn the second sol vent |s
selected fromthe group consisting of: an al coho
avin |.east two carbon atons anol , .
17. tggiﬂ%?lama JVBRIFILRRLO o ess-l-@%arnsgr\ﬁgﬂtodporg|p8i%s¢ilvent in the
preci ﬁfr%'s@l%ﬁﬁnﬁ&&@nglelqr\f(%@t is selected fromthe group
onsisting of: an al cohol, nethanol, an acetate, ethyl
acetate, a ketone, and acetone 24. A nethod of

18. Fhemethpdjobsisies 3, Worueid agaiie attha fistisplyantria tecsependisadvent in the

preciBR%rg' s3{VaHt mixture is 2:1 or less.

19. The method of claim 1, wherein a ratio of the first solvent to the second solvent in the

precipitating solvent mixture is 1:1 or less.
20. The method of claim 1, wherein the third solvent is identical to the first solvent.

21. The method of claim 1, wherein the first solvent is selected from the group consisting of:

chloroform, toluene, an alkane, hexanes, and benzene.
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provi ding a solution containing nanocrystals dissol ved
therein, the nanocrystals having a total anount of
weuodsaetant associ ated therewith, the total ampamusefo4/028966
surfactant including an anmount of free surfactant and
22. "Bhe mabosof geimp éuwae@@rth@eqcaﬁ@ solseq it gedecess| fram dhe graup pepsisting of:
a e
on b 0L FAHE G Bhet 146 arbldh bR byl T 5o Ol 3 Blah
nanocrystal s, mhlch base fornms an insoluble salt with
23. Theembtbod df slaivh écwhmi;n thasecorgh solaert myseldveed finsm thebgreup consisting of:

an gt R i B P kA A RErAnd e al

nonol ayer to a bllayer of surfactant bound thereto.
24. RnetdtEofTeindomhs@icdsh BbAP fabaf RbM nbheerfimy| rHongfnsfnrgee
surfactant is Igess than 5% the total anount of
: s uPTPHiEing solgt@n cpntaining hanpcafstaly dissalved, thm@s temnaneasystals having a
t C than W
total gfégﬁﬁttof%prféc&g g%%ba at?ecf tg‘g‘tewﬂlﬁ tlhg§ %‘ st 0%12’ ﬁcludlng an

amow ef easurfietme ped at Afgurs be bommlrmrﬂaaaﬁt @ﬁﬂﬂhé isblugibn Bating the
nangcrystals and insoluble salt, and decanting the

amoyps /b He§ yrfactang less By d 8% of thaotal gmeunoef suraeaat pel | et
f I ,
i BECLIRE B B ol M RE bGP Bl B R S Shoung
surfaplymu dndie, aniline, bypyridine, piperidine, indazole,

di et hy|.am ne, rlet e, and dj l.am ne. )
S DRRHA B B UHIC S s  HpogRafels direRsa Sy e Solkiga o provide
nano@ttystﬁlsrh%bin% fﬁfm Iﬁ%ﬁl%ai &oﬁ@lﬁ?&rté{ 9 oAby Whirtar bodf ERERo.
A net hod of " processing nanocrystals,
con‘prlsm a) provi di ng the nanocrystals in a first
25. "Hhoanethed p clmm &t whesein drrorngunt of Eeapwfastantisiless thane5% the total
ac%(atnlc"e conprising one or nore of: a first
Or ‘a reaction m xture;b) precipitating the
nanocrystals by addi ng a second solvent to the first
26. Thexhethed bbclping 24, dehereis eleoaaounit ¥t fre@sdrfactint Bhedshikan 1% the total
nangcrystals are insoluble, to provide precipitated
amoh fh ta#l-s: c) separating the precipitated
nanocrystals fromthe second m xture; d) redissolving
27. Tﬂ%@n@tﬁﬁ@@f Yigin2b®, Wherdd Mg éttatlhgﬁx%}% c&ﬁ idels Eéﬁtn%%%ﬂ@%
to the precipitated nanocr?sta s OVI de a
nanogriystglsrand 11@))1@111@ sadty amdydachetingthe nalt(y:rystals thiesdl vedrid the solution from a
dhﬂéﬁ qg 1 rovide a fourth m xture in which the
p BRI SH are insol uble, to provide precipitated
nanocrystals; f) separating the precipitated
28. mahy@bﬁélauﬁ DN Kddein iebdsdisBelektet Fiond (H @dup ERERLANEF: pyridine,
steps d, e and/or f until, when the nanocrystals are
anilines gyRygsIRee BiDeF ding cinfifazefe, dlethylamme triethylamine, and di-isopropylamine.

amant P? gu

29. The method of claim 24, wherein the base is added at a ratio of base to nanocrystal solution

of greater than 1:1.

30. A method of proéessing nanocrystals, comprising:
a) providing the nanocrystals in a first mixture in which the nanocrystals are soluble, the

first mixture comprising one or more of: a first solvent or a reaction mixture;
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solvent, an anount of free surfactant is |less than 5%

an anpbunt of total surfactant, the anpbunt of total
weundsaesant conprising the anount of free surf BCTAISL004/028966

and an anmount of nanocrystal bound surfactant. 31. The

mey) Ipoetipifatio dhemaogrysihls iy addisgaypscand selvgntifoghe firg mixture to

.r.epeated until en .t he nanqcyr yst.al re redi. A
proviig B SRioRe aihore iy {IBEE e OGN A ey Bk S A Bl Bflared
nanoé§&alst han 1% the amount of total surfactant. 32. The

met hod of claim 30, wherein steps d, e and f are
r ep) sepasafingibe precipipied mppresystalh frem the seropd MHXWES | f our

or . i. L re.ti i . .
e e L
nanof1§RAB[ yiravide akdrdchbaied fol | owi ng at | east one of the
redi ssolving steps to determ ne the appunt of free )
s P PartRe e galarity.af e {IHELEHITE [RPAVES 2 GHER BrikuF which the
j ] 3 js j nt and the
nanogryfie o b MOl HRRON S Brek BRalh ot MAEN 27 e e 1
r el sgmodtinigrite pleeipitand oaystwtads hiymabefoughatixheasindt he
first salvent to t recj pi,t at.ed nanocrystal s. t . X
prVFRAEURR stept, ,reoan%? o g"é‘ﬁ% ecagog i ¢ fralispglye in the first
solvedP la¥ @RouNGF fdA&usRGanNds R4 ¥aR5 9% fh ARGuR e EtalishAh&ht, the amount of
nanocrystals to provide the third m xture. 36. The
total sutdstat odmptisingrihs @monhtefdies sadfactenti ang anlkgmoyst efrnangergstal bound
rftthe third m xture conprises addi ng the second sol vent
surfagtgnl o third nmixture. 37. The method of clai m 30,
wherein the first solvent is | ess polar than the
31. Becastos of yei 3@8vhefdie swpé bodaraiordlagd fepafed windy when thee

first solvent is selected fromthe group consi st |,nig
nanogsystatstreredissolipd mdhe Bre solxpntatng ameuntphyitcs surtacippy is fess than 1% the

ammﬂl?gfz%gaq.su& ctant-[.h.e met hod of claim 37, wherein the

second solvent is selected fromthe group consisting
of : an al cohol, nethanol, ethanol, an al cohol having

32. Hie hethsd of vleint 30, bahereh owps dj soplfoparepkated twapomoreaimes, three or
acetagoe, et h\g‘[t:.acetate, a ketone, and ac.eiione. 40. A

more {pgse EPUS T BIoEEHIDES Ay 05 OET FREHI05 SX S MYE UMeS-  addi ng
a solvent mxture to the nanostructures, the sol vent

33. Thedhith8d P8R 30,Reheteih iticSanS6dyy@Rtard EhevkddCdlibieng at least one of the
nanostructures are sol uble and a second solvent iIn

rediseilvials stepe thdatrstinuibe amegniefdrassufagamipl e;
preci pitating the nanostructures by addi ng an

di t [ ent . ¢ d
s S TE) T SRR ABHER e RSty nd o seon
solvdnle nanostructures fromthe sol vent m xture; and

separating the nanostructures fromthe sol vent
i Xt ure. T thod of claim 40, conprisin !
3s. Tharadinn gt thien Abartaron reroobigt Pherinr i b8 pliag prigast the firs
solvent to the precipitated nanocrystals to provide the third mixture comprises adding the first

solvent and the second solvent to the precipitated nanocrystals to provide the third mixture.

36. The method of claim 30, wherein adjusting the polarity of the third mixture comprises

adding the second solvent to the third mixture.

37. The method of claim 30, wherein the first solvent is less polar than the second solvent.
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steps two or nore tinmes. 42. The nmethod of claim 40,
conprising analyzing the nanostructures to determ ne a
wqueostoesae3 of surfactant present. 43. The net ho#CofUS2004/028966

cl ai m 40, wherein the first solvent conprises toluene
38. The méthed of daim 3’44Nheme th@eftrh@@h@ﬂt isIsgliepted Gronythe gspup qoReisting of:
chlorSBS g)seol vent Sanpr seessa rolpanol an al cohol
OHB 9?@ %H@% har twoCarbéh atons, an acetate, or
ethyl acetate. 45. The nethod of cIa|n140 wherein the
39. ’Ehel @hdd of dhitd 37, adaedn tie sebendaheat 1syelkeoré sroaothp rgrcs@sconsmtmg
e first solvent ?nd t he second sol vent in a rat

of: an g abrmthanekyAhaeT 21 ARG oG SR 10 G EMAOmS, iSopropanol,
butanifl %BQh&aﬁeh&thAc\éﬁ[g aThothbrBqaddegk to the

nanostruct urés conprises four parts toluene to one
part isopropanol. 47. The nethod of claim40, further
40. fkmqiyddedfrpgeq@esiﬁg)nmohgfsalqowmplﬁmw exchange and

BB PR Rt PSS oS3 ab B somug = e
solvenBIMOGHiYS tHRl rﬁmoﬁﬁféﬁfréssdra golable @ARIsEdoRE sbiventdl ediststhd ndnostructures
a first solvent in which the nanocrystals are sol ubl e,
alenatrﬁ@ll&ﬂ%econd sol vent in whi ch t he nanocrystals are
| es I i
PR 8 RP0RSEY IME B0 b 2R Uona soven
the a@cﬁu&uﬂ ﬁa&ﬁtﬁyl beinp ehifidieng toamec&pimm theafanbsteetuses fi@m tizndolvent
and an anmount of nanocrystal bound surfactant; b)
HﬂthHéar%ﬁdttl ng the first and second solvents to forma
sreﬁﬁra i O% ql[aH Bt QRS §e nsglxleﬁgmiﬂéﬁl%t sol vent and
he* nanotrys and a second |1 quid phase conpri sing
the second solvent; and c) separating the first liquid
41. Tieasethdd ofmlmlme4&@©nmSimgq@pedtlwﬁEelddm19n, Prhepitaidnadd geparation
claim48 .conprising repeating steps a, b and ¢ two or
StepSEEPOT MHREMEE)  The net hod of clai m 48, conpri sing
repeating steps a, b and c until the amount of free
42. B haab@bt clugn 46 Soniphising kel iag anumbstaictired @l determine a quantity of
surfactant. 51. The nmethod of claim48, wherein the
surfaptaniggesest.-al s are checked fol l owing at |east one
separati ng step to determ ne the anmount of free
T |
43. T RRLADE ol g \WrdR dAHPioh Pl hfihes MIGHEP chltfoform.
53. The met hod of cl ai m 48, V\herel n the first sol vent
44. Tie methoé niclainhd0 seleoeid tixodevent sdl\santremmpnmls isograpanglean alcohol
surfactant is TOP. 54. A conpositi r|3| ng: a
COMPISHIR THP4ed m‘btfw%%?ﬁ%@r%;%?%dag agpta ?o?‘ileg@yl f| r st

sol vent; wherein the nanocrystals have a total anount

45. Ble 1%&'&15@61’ ABm 46 SPkdréth ek donemediktlse ddaed toothahagi¥auetiires comprises
of surfactant conprising an anmount of bound surfactant

the fiasi dolyantzamd g sespn Meensr, ur 4 epgipdgtween 1:1 and 10:1.

46. The method of claim 40, wherein the solvent mixture added to the nanostructures comprises

four parts toluene to one part isopropanol.

47. The method of claim 40, further comprising performing a pyridine exchange and

precipitating organic salts while leaving the nanostructures in solution.

48. A method of processing nanocrystals, comprising:
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in solution, the anount of free surfactant being |ess
t han about 1% of the total anount of surfactant. 55.
woheosmesypsesi ti on of claimb54, wherein the anDuBCTﬂEZMMMZ&M6

free surfactant is |l ess than about 0.5%or less th

abB\Fombining the n@ﬁ@crv%@la,| 2 GRbLAYCTOM Wieh dteTiHpcrySiels e soluble, and a
RS P SRR 00 o ARl BRI B Bl o s
of sukfawtentaasmmteftat&anewnhoﬂnn dotthama@ind pf anfhctahemeiudirtg e amount of free

nanocrystal s conpri se Iﬁss t.ha a bi | ayer of

surfagigpt apdag Amoyat glcranpeiysiehReuadispraciash  The conposi tion

of b)cﬂeﬁhf&é?the‘myaﬁﬂ RedoR8 sBRBAS t Rk Srir SRS d PRask RBMpriSing the first
nonol ayer or | ess of surfactant associate

solvetnh endeﬂw nhndsBystals @mimmond bquid phpreiceompyisiag plagpseicand smvent; and
]&%Stt altg g ur, f ac{ anthbound heret o, wherein
fie R £irsl G rhase frgrn dhe fespnd liqid phase- 59 The

populatlon of claim 58, wherein the surfactant
49. TipTREHSE BT RPMYS, orPRGing\refcatifig bteSsa, beAd cAWO VYRASE® tifhes.
conprising: an organic polynmer matrix; and a
opul ati on of nanocrystals di sposed MAthIn the organi

50 s pribed phelpik 35.(REPHARE SPRASHRE SCPG iPrigd 4 Wt thecmaynt of free
surfa SOSI& ﬂgantlbiﬂh%‘%iﬁclﬁxt LSt Wikaeiant conprising |ess
an a ayer conposition, conprising: a first

popul ation of nanocrystals having a surfactant
51. Heswethad eficlaine 4@ wiliengin theenanoerfy stelsang cheokgek floHbwing at deast one

t han a bi er.; and a secqond | ation of

sepashli Py B ding A gnibo BTG BB { Por ant from the
first popul ati on of nanocrystals, the second

52. PeRUbBbd enclhigl 48] Widr&h ﬂ&ﬁfﬁﬁﬁﬁ)l%nt 1y 16836 ofar tigdn the second solvent.

popul ation in the conposition. 62. The conposition of
claim6l, wherein the interspersed first and second

53. Herisethgd phtlaigndt vdheren sheafitst %ﬁl‘é‘?ﬁbtﬁéaluﬁﬁl% Ehersegpndoradyt s methanol,
and tRE Lﬁi‘?ﬁ%fanf'ﬁt’f(blx

54. A composition, comprising:

a population of nanocrystals dissolved in a first solvent;

wherein the nanocrystals have a total amount of surfactant associated therewith, the total
amount of surfactant comprising an amount of bound surfactant and an amount of free surfactant
in solution, the amount of free surfactant being less than about 1% of the total amount of

surfactant.

55. The composition of claim 54, wherein the amount of free surfactant is less than about 0.5%

or less than about 0.1% of the total amount of surfactant.

56. A composition, comprising a population of nanocrystals dissolved in a first solvent, wherein .
the nanocrystals have a surfactant bound thereto, and wherein the nanocrystals comprise less

than a bilayer of surfactant associated therewith.

57. The composition of claim 56, wherein the nanocrystals comprise about a monolayer or less

of surfactant associated therewith.
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58. A compbsition comprising a population of nanocrystals and a surfactant bound thereto,

wherein the surfactant comprises less than a bilayer.
59. The population of claim 58, wherein the surfactant comprises about a monolayer or less.

60. A composite, comprising:

an organic polymer matrix; and

a population of nanocrystals disposed within the organic polymer matrix, the
nanocrystals having a surfactant associated therewith, the surfactant comprising less than a

bilayer.

61. A composition, comprising:

a first population of nanocrystals having a surfactant associated therewith, the surfactant
comprising less than a bilayer; and

a second population of nanocrystals having a composition different from the first
population of nanocrystals, the second population being interspersed with the first population in

the composition.

62. The composition of claim 61, wherein the interspersed first and second nanocrystal

populations are disposed within an organic polymer matrix.
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