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chem cal reactions. BACKGROUND Mol ecul ar two-photon
absorption was predicted by Goppert-Myer in 1931.
Upon the invention of pulsed ruby |lasers in 1960,
experinmental observation of two- photon absorption
becanme a reality. Subsequently, two-photon excitation
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hot osensitivities of current nultiphoton-
be p%ssible via single-photon excitation by use of a beanlcl) that ?s focused to that depth in

the material. These two phenomena also apply, for example, to excitation within tissue
or other biological materials.

Major benefits have been achieved by applying multiphoton absorption to the
areas of photocuring and microfabrication. For example, in multiphoton lithography or
stereolithography, the nonlinear scaling of multiphoton absorption with intensity has
provided the ability to write features having a size that is less than the diffraction limit

of the light utilized, as well as the ability to write features in three dimensions (which is



activatabl e, photoreactive conpositions. SUWARY
Thus, we recognize that there is a need for
woriotiiplsot on phot osensitization . methods capei/esmwh3/030291
provi di ng i nproved photosensitivities. The present
i nvention provides such a nethod that enables
efficient activation of photoreactive conpositions by
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(b) irradiating the multiphoton-activatable, photoreactive composition with light
sufficient to cause absorption (preferably, simultaneous absorption) of at least two
photons, thereby inducing at least one acid- or radical-initiated chemical reaction where
the composition is exposed to the light.

The method of the invention provides enhanced multiphoton photosensitivity by
using semiconductor nanoparticles as multiphoton photosensitizers. The
semiconductor nanoparticles interact (for example, through fluorescence up-conversion
or charge transfer) with conventional photoinitiator system components to induce
chemical reaction through formation of reaction-initiating species (radicals, acid, etc.).

Unlike the organic dyes commonly used as multiphoton photosensitizers, the electronic
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energi es) of preferred sem conductor nanoparticles
(especially, sem conductor nanoparticle quantum dots)
w@anwsbeepnt ched to that of sel ected conventi onBCT/US2003/030291
phot oi nti ator system conponents by varying the
conposition and/or the size of the nanoparticles.
Furthernore, the sem conductor nanoparticles have
stru¢taneg1ﬁ)rccahmpleab)eidati6mdntriethmibn Ipoabs'ais pihd alrsorption or emission

Cr 0SS:- Se ns and.thus can b address t he
ener RO S E T e TRt S Pl R sty g aucior

nandﬂ&@ck@é'@&h?ﬂtdrh a8k o BEhheRs t%aﬁﬁmfeeleéte@ EOW e ikl

nproved photosensitivities. In other aspects, this
PhOﬁomtretqr |smﬁeralcgmppnw$ bl sarsingshpemnpasipnymeiartbeisipy of the

nan ARG FRERb R AR PRl ko Fude B sk et i€

multiphdtdt @as@@ﬁleﬁtcr@e@bcttmb b@dthus SatbBé adetlite bl dressahe RE&T that we
means having a solubility greater than about 1.0

haveyeeegniged feynmu@ﬁton mege@nsuy@ﬁom methagls aﬁpahéq ¢fproviflinghe
lmp;g)lq,g{{ ?&ﬁg&hglﬁeﬁ&gmo& tion; nanopart icle" neans a
partfrcle

aving an average dianeter in the range of
ab@ubthér mpaasEhBrintcantiabalsd psdAddsar@imiositidn prepared by the
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el ectromagnetic radiation to reach a reactive,

electronic excited state that is energetically
DETAHEBDESCBIBIIONe absorption of a single photon of

the sane energy; "sinultaneous" neans two events that

occur within the period of 10-14 seconds or |ess;
Definifiddsi phot on up-converting" neans capabl e of

undergoi ng mul ti photon absorption followed by
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me&msltfphowhfabsdrppoh’ymearnszt siomltamahiie or seguedtiad @bsorption of
two grr I%%ISE‘! I')hr&ons%f electromagnetic radiation to reach a reactive, electronic excited
state that is energetically inaccessible by the absorption of a single photon of the same
energy;

“simultaneous” means two events that occur within the period of 10" seconds
or less;

“multiphoton up-converting” means capable of undergoing multiphoton
absorption followed by emission of a single photon of higher energy (shorter
wavelength) than the photons absorbed;

“electronic excited state” means an electronic state of a semiconductor
nanoparticle, molecule, or ion that is higher in energy than its electronic ground state,

that is accessible via absorption of electromagnetic radiation, and that has a lifetime

greater than 107 seconds;



"optical systent neans a systemfor controlling |light,
the systemincluding at |east one el enent chosen from
wo edoractedve optical el enents such as | enses, redT/88100¥@€30291

optical elenments such as mirrors, and diffractive
optical elements such as gratings. Optical elenents
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cationically-crosslinkable polynmers (which species are
nost commonly acid-initiated and which include, for
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most commonly acid-initiated and which include, for example, epoxies, vinyl ethers,
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Pal azzotto et al. in U S. Patent No. 5,545,676 at
colum 1, line 65, through colum 2, line 26, and
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nmet hacryl ates (for exanple, nethyl acrylate, nethyl
nmet hacryl ate, ethyl acrylate, isopropyl nethacryl ate,
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desired. Preferred ethylenically-unsaturated species include acrylates, aromatic acid
(meth)acrylate half ester resins, and polymers that have a hydrocarbyl backbone and

pendant peptide groups with free-radically polymerizable functionality attached thereto.



Sui tabl e cationically-reactive species are descri bed,
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chl orohydrin such as epichl orohydrin (for exanple, the
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epoxi des of this type are described in U S. Patent

No. 3,018, 262, and in Handbook of Epoxy Resins, Lee

and Neville, McGaw H ||l Book Co., New York (1967).
wheUReis @liyl ox)anybam;rl mid an iateged ] te 6e ixamnplassira glycaly! ethsmw of

e, utili

polyBya BB et Y%%éfﬁ%ﬁoéw@%“lp giol with arGxCefs e Y
chlofdtyahh Qa5 é)h lorﬁhchr Ele ’eﬂerl'M ly&)d?i &H@r)%ﬁ@ez bis~(2,3-
oxi de, gl yci ci dy InEt acryl a di gl yci dyl

epowmogmhensl)smhmb Ad@flomal examples of @M@saﬁ&xm Bipk ere

s f108 T RS BACRE 21 9 1905 FRRBLLBEE o PRI F22una

NeviPRe! MGTER 8B @RUCS. sSNew ordie(19678hel | Chemni cal Co., as
wel |l as DERTM 331, DERTM 332, and DERTM 334 from Dow

Ch afmeapuscemmergialy jaxsgilablstrpeal eesingican jalse befugitized alrp| e,
partlléalar ;‘/ééggpgiexy#g %%1/1%%? &f%?e 08 z)fta%ec lene oxide

epoX epoxycyclo ene carboxyl ate
epichloeshydxanguyene klde 4@12331 c@éloh@ehaourdeT%wa 6110 or UVR
rom Uni on Carb

SRS MM A e SR e s e TR
undé(i:g{l%fl?%}ig c%gf;ggggl&{s Boh@BLE BpofPE 848 Ehoh PO TN bRT Epon™ 1010

froanss(omtmndmﬁo'ym’anmm@uow EdroteelyySheB Cheinical £k, paveli(E or

DEl% a@ Mﬁ% %b@&%@4%m%{o%¢l&qm@&la% é{lnylcyclohexene

dioxERLFG4RBmb e MRPNL T0E fE6th Rinfieh @&bﬂie)Cor% 9‘ Phatic epoxy
nodi fi ed fron1po|yprop%bene gl ycol or exa

epoxgRyclasy I meity ERA-cpoBYCyElobexuaicatpoguleatsi (u IrrPe) ERL-4221 or

Cyra%glpegmwggqa@ér eépé%ﬁ oﬁ 1(?1?C RtlLdeA' 21%3? %, nl n
metl@bl@lﬂfpﬂﬁxylﬁﬁtlﬁyﬂmﬂ\/bﬁ@@% ﬁfeﬁfﬁl—E&ﬂoﬁ@deﬁe LarbSx1hte ‘Qfﬁf— example,
resin containi % epoxy functl onality, flane retardant

ERT el froradjmian Caghidedarig) @isC.4oemomy: s BwthyleyslobgxyvimetyD

B IS L SRS gt g i SRAEIoh

ethepﬁené)dahﬁliﬂﬂiﬂ&?y@bfrnmm&]ak Chftode €z hkphatiDEPTHV AGdified
NTM 438 Do

fronyPOPHIFh Eoreh (qISRTP XD DSORSHSRIC 30 fpdimion

Carﬂf@ep@&&)? §ERRAY diokHe-(for example, ERL-4269 from Unjon Carbide Corp.),
bi s(3 epoxycycl ohexyl ) adi pate (for exanple,

ePO)E@Z@ChQ@leuadlmﬁRéf@l@&mpﬂer, Eitoni oaOQ]afrbmﬁ/IG(ﬁqafp) silicone

resir P g SO B S A et e Bl oty e SR g ample o

DE}UH‘LM &BFdhishate@DigPhinol WRWEXF tRROXANEISBRXDER Chemical
2- epoxyhexadecane (for exanple, UVR-6216 from Union

CochiiBrarmeol fiefycidilieyier of phoncifo e et de soHalador ravple,
DE]@@OAH 11%1%%NB@I1/3 y%x%?rpﬁ \9’%11 %ilical Co.), resorcinol diglycidyl ether (for
example, Kopoxite™ from Koppers Company, Inc.), bis(3,4-epoxycyclohexyl)adipate
(for example, ERL-4299 or UVR-6128, from Union Carbide Corp.), 2-(3,4-
epoxycyclohexyl-5, 5-spiro-3,4-epoxy) cyclohexane-meta-dioxane (for example, ERL-
4234 from Union Carbide Corp.), vinylcyclohexene monoxide 1,2-epoxyhexadecane

(for example, UVR-6216 from Union Carbide Corp.), alkyl glycidyl ethers such as

-



al kyl C8-Clo glycidyl ether (for exanple, Hel oxyTM
Modi fier 7 from Resol ution Performnce Products),
w@bkdyh10602- C14 gl yci dyl ether (for exanple, HePOrRYINN3/030291
Modifier 8 from Resol ution Performance Products),
butyl glycidyl ether (for exanple, HeloxyTM Modifier
61 from Resol uti on Perfornance Products) cresyl
alkyhCy-€; (dg/lb/mdy]fmher((fcﬁrexemplvpHe],ox MogdiiMr Viidirh iResol6@od r om

PerT 0L PTOoBE bR b ke Sl 6ef PRERBIa: R oy LVt 8
fron&@s@hﬁfdn%rfoﬁﬁéﬁ&rm PtSLQﬁ 9&&1 Bt Yiow Bﬁ&hﬁl@aﬂ{eloxy

gl ycidyl ethers such as di et her of
Modsfierdri dtiimo Re@cblonoml%am‘mgpwﬁmduwmmﬂh glycedylea“iheﬂrr(fnm

R oS Ve PR BB eloBRy R Rt o e

butyimﬂylwayltam (e ekanpBIEe oy davetiSkr 68 fGhyREYktion

et her of cycl ohexanedi met hanol (for exanple, Hel oxyTM
Perfosepnee Broduots), ﬂ»pb@@é@aakﬁlmylre&%whﬁé élgﬂwce@nd@t@)r of 1,4-

butahéc} Sﬁy(%{l\e]#%gﬁ F%PS( dYﬁér (ﬁﬁ?%golg{b cnor nge

w»«

nce

Prodam;i uidg1pdidyltethoretf hybpﬂnt}ﬂ rgqman(eoxt dxiagipls mwxch Masdlﬁ&oss
Hel oxyTM fron1Resqut

fromp e P B sBREE PP R e el gl e Bl bepanedigpethanl
(for @J{dﬂ%ﬂ@tﬂﬁ MyMl)dl@le O RHBIRSold th %M&%ME? ipfd CRIC'[S?L]'

Reso tion Per or mance ucts yglyco
mmdhyjpbatham t(“Ifgbmcgok athet Eor mmm@ wlma‘i“maedlﬁe:%zr from

Res@ﬁ%% s P Bio TR Creb ki ods tRBISER e forgyamele

c@yﬁéi\'ﬁﬁhﬁ& M&n)ﬁes@lﬁﬁon Performance Products) polyglycidyl ether of

9- bIS 3- epoxypr opQxy) - 5ﬁeng gfluorenone for
an absmﬂp pe y0E @hfmnmle dloxyn Pdedifigr $homdigsohuian Performance

Procﬁc&g lf)%h% yco%lg 5X1H? f[{: %)%aingpcf eggxs Tm%\/l (? Pgr%;? ﬁrom %e&glﬁltion

Perfa@nz@bey Biadyitiy; fbydpﬁélﬁ)l amq;ogidw (fdyémﬂm@ émhﬁml 38Mnt Gyorsy
or.nore copol ynerizabl e conpounds | es of
fromst;ib- %@bﬁmﬁ ang,p &-bisf4- @tﬁp@ﬁéprgpw>wpnﬂﬂmmﬂnst®
I d a
ey I 1B R R A PN RE R B, &0
ac Oylhanmgefgl cymxgly&:snm ctmmpr;sb abpaolyx@kﬁse]f aay8t atideswxsyof glycidol

t such epoxi des as.
(such i gipigy arpifts nad BRER MarbsGRp b Bipragt de i pepotymerizable
v1nypécﬁﬂp/du%ﬁ§ EXddgiks of silck 8 eegtﬁ gﬁfé% 18lg g&&y 51'd9ﬁ§etﬁz{c9}51ate

exanpl e, butadi ene oxid ers
1:1 msthyimethacetl gt glydigyacisitats, andJs 62. 6124ek305(mefhyhuethmra]ate ethyl

acryfaglé lggigig%e?ﬁ%@gﬁee Q%ﬁé ! %@? tg[}:ﬂ%{'}%siﬁi «'!I.YIE% S a3 ntain
such(dpekiaes &) epidibrohy@if, SIRVIBE 6Xiakd (for vpiplatdyldnemxkides
General Electric Conpany. These are

styrene oisienalkenpil oxides dfapexample.kitadieng oxglewging gigcityl esiers (for
exarmbib id %gﬁ C%mﬁﬁhave been substituted with epoxyal kyl
e 1 2 '

Useful epoxy-functional polymers include epoxy-functional silicones such as
those described in U.S. Patent No. 4,279,717 (Eckberg), which are commercially
available from the General Electric Company. These are polydimethylsiloxanes in

which 1-20 mole % of the silicon atoms have been substituted with epoxyalkyl groups



WD 2004/ 110607 PCT/ US2003/ 030291 (preferably, epoxy

cycl ohexyl ethyl, as described in U S. Patent No.
WG 200831846 (Kessel)). Blends of various PCT/US2003/030291

epoxy-containing materials can also be utilized. Such

bl ends can conprise two or nore wei ght average

nmol ecul ar wei ght distributions of epoxy- containing
(Pre&mlyimﬁmgy cydetexythydyasniskathetd an UseiRgtent Noeb G08.300)
(Ke | ng?r nmedi ate nol ecul ar wei ght (about 200 to 10, 000),

hi gher nol ecul ar wei ght (above about 10, 000)).

Al tEIERBLIf veliyuss oﬁ?—@bﬁt’aﬁxﬁkﬁé tteribld @a® BIQY Ye (1EHZY. GRdh blends
contain a blend of epoxy- containing materials having

can gpmpiEseciio & et swsighi averpesmplogelar welghi diswlbutiengefgepoxy-
conﬁfn?ﬂ'%&%ng]%csungg }‘ﬁlgl? gsc é)?/ln%ni&ﬁlﬁfwg%gg @)teﬁ)&ve 3a1rnte§1qlgd1ate

moléaﬂﬁhvdight\(afmdt 260 tteI(?;O(aﬂ)dartdlﬁglhdr log)ledidatr v@dghtt(aml abyut
incorporated, if desired. Preferred epoxies include
10 %P&na‘}lreenaéwl@n Qydigionalive she SPOXH 18540 EAMEORKMF Ricnd Sf AROXY-

co A B ULy e Penial hALERERy 3 QUL anf Upmago

or fmcaoh:dhiee (fuches pbiaomdGambpalar). Ofher tatidrecally-reactive polymers

(sucfhgﬁl on? hgrs 3ct [ ve%sé e%@es al s%lérq%%e \Flisl?)(/]}e et her
ex @'?Pﬂeﬁed BEIxig 1thfﬂé/ hrofifaRl€ rglycﬁiy'l‘ ¥ﬂ>ox\{ésrt¥1|,1che<{sriﬁé Epon™ resins

tert-butyl” vinyl ether, isobutyl vinyl ether,
avaijablefroml Raselytige Berfeingingg Prastubis) ar(dfza@ilaa@phaﬁrzl\ﬁpomi( @ich as

ab | nt. | Spe ty Products,
ERI?M% dl\ﬁ%]f“ 49?%’) fa%l}la%?%r %%Ihga"t%(? inyl ether f
( TNRT‘A{EG catigrallptftilve opacRAIsoGaclRde vilhletherGhontners,NJ) ,
and the VectonerTM di vinyl ether resins fromAllied

oligamgrsapnd reagtivepakpnes (foyeramnie mmihvloney] st eshd Vil ether,

xSV D I AEASRLT 4050 08

DVE;3>,<tavmlabletﬂ‘mn doémaBbresd 8pecifliynPradyctprWpntel NOY)) of one

. or re vinyl. ether ' and/.or. qne Qr € epoxy .
tirmpibg eropgig hing hether {Tﬁffig&vaﬁ% E&?&} ﬁé@%ﬂm Olive,
ND)! rﬁ%‘dﬁiﬁé Q’Eectofréfmﬁhlﬁﬁg &H@reregﬁ‘ £bmefed fognal ?5%&1‘&)’16 in

Pat ent . (Kai_saki et .)) can al'so
Veclmnaﬂr | PO Vectomer S?ﬂﬁZQaVccmnw Woéﬁmuyl Vmﬁcﬁ W2 hnd
t her - f nct i

e it M aE ol oot Badirt B0l AP GRGERSRor. Blends
(in z&@ éﬁ@dmér}ﬁ of @88 oPfokdeih PPHRS rbkI anfifdréne @F more epoxy resins
cal -induced reaction. Such reactive polyners

can rclh@ b ylizedo Pobshaisixe; fua@fm%@ateﬁgbl(wh@s ;ﬂmsy gegosibed, for
exaﬁﬁ 9. Seﬂlt?nt é\% a?sglgl ep. %1 nVﬁr 1i)g gtlﬁged in
oto enera acr to aqueous so € acrd groups

con{bir@hoﬁ)mﬂhmpexy—pmﬂ%(r 4irtye emebﬂir@wmmmammxyst yrene).
Non- cur abl e species also include the chemcally

anpYanFsuERP1R pReCiss daglades @@émplﬁe@aﬁﬁvaolmewwl&se sqdubijjty
can ¥&ldctakda up\% id- 1k PRPE 9B reaction. Such reactive polymers

include, for example, aqueous insoluble polymers bearing ester groups that can be
converted by photogenerated acid to aqueous soluble acid groups (for example, poly(4-
tert-butoxycarbonyloxystyrene). Non-curable species also include the chemically-
amplified photoresists described by R. D. Allen, G. M. Wallraff, W. D. Hinsberg, and
L. L. Simpson in “High Performance Acrylic Polymers for Chemically Amplified

9.



L. L. Sinmpson in "H gh Performance Acrylic Polyners
for Chemcally Amplified -9 WO 2004/ 110607
weEFOnAWEBO03/ 030291 Phot or esi st Appl i cati ons, "POT/UNV®03/030291
Sci. Technol. B, 9, 3357 (1991). The chenically-
anplified photoresi st concept s now wi dely used for
m crochi p manuf acturi ng, ecially with sub-0.5
Photpiesisb Appligationst J .SVis- ScQTmlmp B, % é%i7u(r1@§1) ITheghempically-

o6 BhER T ep R B ST HeoR R et B Biind, o

espetidlyi et AbIRS HAEen dr eQB@ gitcap rhieam) fefses. Thisacl phatageist
occurs_ when hydrogen ions initiate reactions_ that

systegsy eptalysic ﬁmceesﬂw@g@ nhydspEend pns Ca e genegted Eqb #Eqd@agion,
Whlcthqgé!l?ca a?{gza!ié Bpl%gfghu{:agﬁ%h&ﬁ ﬁﬂssecaé pho% or esi ISIEMRIIO%@A

ions $nighte ﬁ‘Sactlﬁﬁd tlhdlegdﬁemd)metbth)dmgeﬁmﬁnseoramhiﬂr acidic spec1es thereby

f.- but oxycar bony| oxystyrene .resists as descrjbed in
amplifygg Wﬁ?@ﬂfaﬁo%@n@@f of pepical aifga{adyzsg ybealﬁlcethpsnphﬁed

L.
photFELRACIEN T Felu A0SR EBIA 15 hambld, 1 DAY SRS LS
resists- dsLdeyctrihedhlchS yHatetne Noad, éll 6@8 -aetralydropycin (AR hosieacrylate-
escrl e R. Al |l en n,.Pra SP 438,
base] Syarialg AP ol materiats Sich s o hasse S i 5 Bt No.
3,779%88 A Kutyl rﬁ&hé/d@? aaéa@écﬂﬁlabéﬁﬁrs%aegs fiBcedds ik by%@ob Allen
rearr angenent or exanp materi als based on the

et alpindaes|S a&&&ﬂgén&bﬁ?&%)and@@hm) depelysuerizatien éfpé@xaé@le

N e

on tHeflihddoh abran @)nitiator system and whi ch once
oxi di zed, exhibit a visible color. (Oxidized dyes are
- coliselafinenrcyipble specigs alyhiapiuda lyiee Bushe whish terdyierbe; Golariess

o BSABBEA lfa) ALONEEL ESRSEIT s

whiqht es@nixidines eEhibit aaistble koke. (Oratlizeddgesraactlored byrvirtue of

oxi di zabl e _under  noder at e .oxi [ condi tj ons and yet
their A0IPARE FLUENSE (] BATLS REIR of (e L aPTRERTHI P Bon

(appﬁﬁ(‘ﬁnﬁ@m?ﬂo SR ELQ Syes TREULINALE pFBAY ifMfflon are those that
chem cal classes of l[euco dyes knovvn to the imaging

are rednsive ot oxidinable vagersmodazftg loxalizing eenditiensspd yeiedal ave npieso

reaef R e e e R PR el RO B PR A ey sl
chenﬁleﬂr&m&t&de&w %rhﬁkndii'r[ toahe imhgih@emathise. R1 R1I0O RO R2

NXRS RI R5~0 R6
Leuco dyes useful as reactive species in the present invention include acrylated

leuco azine, phenoxazine, and phenothiazine, which can, in part, be represented by the

structural formula:
R1 RI10 R9

|
Hz,N X R8
R R7

g PO

-10-



-10 WO 2004/ 110607 PCT/ US2003/ 030291 wherein X is
selected fromO0, S, and -N-Rl1, with S being
wee@iarwed; RL and R2 are i ndependently sel ected/ismn3/630291
and al kyl groups of 1 to about 4 carbon atons; R3,
R4, R6, and R7 are independently selected fromH and
al kyI groups of 1 to about 4 carbon atons, preferably
wheneih B/s; se]éstedirosleDeStmdi—Nﬁf*h withyd bajuppeeredl; | to about

R obf g e o e et B R e spitosted Yo o Feafon

atordd; WTBR* RBakFRE &L %ﬁeﬁ%cfeh@%el&l(t&%ﬁpﬂ[ andlalkdl B6lips of 1 to

groups of 1 to about 4 car bon atons, wherein Rl an
aboit eareori ﬁ@@pemd@mwyméiybd% dsl sdcﬁecﬁﬁﬁmwl@om@fé to Bhout

o I b SRR AR S, i B oo

abostelcagiissh t6:08) R Ikyéleaé@ﬂeﬁl oN(Hh @m’-) afbomylf,l;r&@fsbm to about 4
atons and aryl groups of up to about 11 carbon atons

carbop agarey, aiejein Bhang R’ giedogeppndently splsried wnd definedras abovis R

and ;@“e?@é@%@e&% FF@(%&%‘%%‘%%? ﬁﬁ(% %é)glié? i)f ﬁq at\oﬁf\g k:/%r\)mb
atonis @ﬁ@ iRd me]lebted Irbni/\ﬂkﬂ@édp‘slﬂ GQ4 aB6 AUSPEMN3 1630 28d arPL

Et | Et Et Et-N, Et O her useful
groqpé @é apa%léoqtr%& |Ca@en a@ms @rederably: phamy! sigupy, The delpwing
com?&?ﬁids?éxe éfkﬁhﬁ ?"fd@"ﬁé}“ﬁ %fl%uNcolél-ygl met hyl aniline)), Leuco

Mal achite Green (p,p'-

benzyl i denebi s- (MR k| ine)), Leuco Atacryl

o
Copichem il

-11-



Basi ¢ Orange 21, Conp. No. 48035 (a Fischer's base

type conmpound)) having the structure MMe M | Leuco
wae@enyieoBri | | i ant Red-4G (Col or I ndex Basic Recir/iig3003/030291

having the structure M Me Jule M CH2CH2CN Leuco

Atacryl YellowR (Color Index Basic Yellow 11, Conp.

No. 48055) having the structure Me [/ | / M M OWw

Leuco Ethyl Violet

(4,4 ,4"qre i etris-(N, N-di et hy
Victoria QO ( LRdex :-
Ng 4, 4. 4" -met hyl i dynebi SetN,.b

' e)-4-(N-ethyl -1 -napt hg
t T chsi ne Crude
(4,4 ,4"-methglidynetris-aniline). =82 WO 2004/ 110607
PCT/ US2003/ 030291 The | euco dye(s) c&n generally be
present at |evels of at |east about 0.01% by wei ght of
the total weight of a light sensitive |ayer
(preferably, at |east about 0.3%by weight; nore

pr efiesrakbmul leato Hpashclaly but d¥mbylimited i, LenmsCrystal Violet

pr eferably, at |east aboqut  2%to 10% o ,mge b)[/) ,
(4. Augi-giethylidpaaias-(NRt-dimeshdanilion).d€upp P/Baé?‘iﬂ,te reen (p.p’-
bendY AR AP AR SE LEne ARG LOM | GBI
Basicidkangadl, Gingn Nee 48035s(@ Hischer’ § baseltygghtongmusd)) heeing the

| ayer. If desired, mxtures of different types of
Stru¢teigct i ve species can be utilized in the photoreactive

conpositions. For exanple, yg xtures of

free-radical | y-reast'(iy¥e speki es and

cationically- rea ; N, mixtures of curable

all e sp

speci es and non- cur es, and so forth, are
al so useful. Me ;

Leuco Atacryl Brilliant Red-4G (Color Index Basic Red 14) having the structure

NMe

CH,CH,ON

Leuco Atacryl Yellow-R (Color Index Basic Yellow 11, Comp. No. 43055) having the

structure

Leuco Ethyl Violet (4,4’ ,4”-methylidynetris-(N,N -diethylaniline), Leuco Victoria Blu-
BGO (Color Index Basic Blue 728a, Comp. No. 44040; 4,4’ -methylidynebis-(N,N,-
dimethylaniline)-4-(N-ethyl-1-napthalamine)), and LeucoAtlantic Fuchsine Crude
(4,4 4”-methylidynetris-aniline).

-12-



Sem conduct or Nanoparticl es Sem conduct or
nanoparticles that can be used as nul ti photon

wWEb@tosensi ti zers in the conpositions of the PCWES1008080291
i nclude those that have at |east one electronic
excited state that is accessi ble by absorption
(preferably, sinmultaneous absorption) of two or nore
phdihensuco I@ye(s@ babgqnerdlllyéer]mﬂenmtﬂé\@llsasf ait&st about 0.01% by

weill o8 B bl metatd 85 & Peftstis i layen B By aat ast drout Pad by
wei RNABRY frbfel sy, o féﬁﬁra%bﬁﬁ/ 1968 R éhtsﬁbktqiréf'eﬁa%lﬁi Bt feB& about

reactive Specl es that 1I's great er han "about
2% fretQ% nt mopy bywieight). (Phefmatatily su@raéénmiers, Iplaastlawsr,t 2.0

SR RE o 6 AP B0 R PR B i o

alsoQﬁrp@ézseﬁnhSh@hgﬁtf&@nd@Mlﬁy&aCt Ive CO”DOSI tion. The
nanoparticles are preferably sufficiently soluble in

t hdf desited.i m@ﬂturgfp léfgrenhtarpe& #@@@qﬁwp Spesaestdande utilized in the
p I [ b
pho uér]ég{rfl% éd n? EPIg‘g!r?a cl)egar %Mb%l}re\eéhrgié\fg?lﬂ%}(ea&n% speCJes
and autﬁfrﬁ@ﬁydbmb &pediat welred bDblliraﬂle I%m:m@sl’rsdldai@ﬁ%rﬁ)@@sp&mes
ferabl , the nanoparticles have an average di aneter

and é? ogth. peedto ussBut 1.5 nm nore preferably, at |east

about 2 nm The nanoparticles are preferably no

greater than about 50 nmin average dianeter; nore

ﬁgmmmg__wclemter t han about 10 nm Nanopartl cl es
ha a ir arrow size distributio are referred
~Senthathab ol tnePAicBR I i B0 has e Sengfizers

in th-Efb@n@)@ﬁﬁBﬁii bf thk @fvehBSh FORRE tRRe B h¥¥e MRt one electronic
sem conductor materials. Useful sem conductor

excifpghséate Blatisi age¢saidpds byt drsomiiambpreferdipspmaltangpus absorption) of

o AP A BT e T
subsEimidlly hoh-aysloddraféd) 20 0/ rdd0i60 Zpé%ﬁe'E/ eened Raddadicles

sem conductors (for example, GN, &GP, GAs, Sh,
genqraly extypt Sqlﬁm;l}ty in{kpreaglfvegspeqipspihat i) egppter Apay, abghil P percent

by wei %ﬁ )(%re@'r&tlg,) é’rgatgft'oﬂ h&u 4 Qr?b‘i{r_ ?tooﬂézgcrﬁglg glﬁrodﬁ E’?égr@s?ﬁ](yf g'lr%ate§{han
aboﬂ)ﬁahpﬁref;ntpbﬁeda]pdn ttheetotail kejght af Mby&npdsnemaﬁ the pitotbreactive
m XL ur t her eof, (for ex e, ern ternary
comppSifig- eKye B¢ nipppmdcls dregthe EOR R GrnCy éor@ﬂsm fhereastve
spec?&ﬁﬂit'tﬁeeplﬁ)t@e%’cﬁle c\fnﬁbs@oﬁsﬂ#ﬂﬁcﬁﬂly Mlaalsﬁl‘i@n‘:‘ﬁ@\g&%ffhe human

(nore preferably, G oup II'-VI 'sem conduct or;
eye.preferably, a Group 11-VI sem conductor conpri si ng
sem. conduct [

zi Rc..or. cadmi .. Usef nanppartigl e

nofifle fRuRalt R soioly pRERE SRR BIRPA el 1
and Whdue BOP Ll eFrafelably) QN@ndn@ﬁdtrhcie@ 88vd HedVeRige Ahdtert o7 at st

bul k exciton Bohr radius of the
about 1.5 nm; more preferably, at least about 2 nm. The nanoparticles are preferably no
greater than about 50 nm in average diameter; more preferably, no greater than about
10 nm. Nanoparticles having a fairly narrow size distribution are preferred in order to
avoid competitive one-photon absorption.

The nanoparticles can comprise one or more semiconductor materials. Useful

semiconductor materials include, for example, Group II-VI semiconductors (for example,

ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, HgSe, HgTe, MgTe, and the like), Group II-V

-13-



sem conductor and constitute a class of materials
i nternmedi ate between nol ecul ar and bul k forns of
wWOoredotar10607 n quant um dots, quantum confi nement PET/81003/030291
electron and hole in all three dinensions |eads to an
increase in the effective band gap of the
sem conductor with decreasing particle size.
semdondeders ol gxaryle NGANeGal IGaA, ﬁaﬁb,ddglehﬁ; dnA$dnSb, AlAs, AlP,

ARG Bl SREF OB Y Sepisna REPraer SRsibip: e e b B ko)
Gro@ TV $emiddidiubiaed Gféﬁ&:a'rf[blé @ﬁcq aﬁa aR m@s QMNbySdhbred®, Maﬁ

particle size gets snal effect can be used
mixtugesgbiprget (fetrxasile tarnany aml Qdaﬁm@n’ rafrdures)d Rrefeomd semiconductor

nam?p%t%ﬂés c%r@%ﬁra a rggfy) Z’{olt | Cﬁ@g&ﬁ%&ﬁ{;@%@a | eR@Bprrgtsefably,

Gro@@lﬂVDéeﬁnSond@ﬁﬂoS Sthodt paerdRbRN g Gsup O-ViBdeglicdd®actor comprising
._absorption bands of other components of the
Zm%é’@@iﬂ%ﬂ)r ator system Particularly preferred
se .
or DR SHEL B AIIRALHL LS E AP bl nfiBb Sreea i ayptom
dots s/hﬂ:lhl plefofably Ieve ondli Renihaworleqiabio thebhikreixaiton Bohr radius of the

her ei naf ter ‘corel/shel |l " sem.conduct or
se H%lgféﬁ*rﬁné|08g§ﬂtutmcl%sa pf B@F?aaahgn@ﬁ@ﬂlaw REveen Zroleaarisad bulk
fornSd WS RAHtet. om@ﬁﬁm@ 480 @@fpgnﬁhpaeoomel%&%n Aq ﬁo'fﬂ@m all
core nate When ance um nescence |I's desired
thre¢ Hiandpaiods giaéstoemdnbxaast ioftheseffesting barhlegaparf eheszhaahbomlacuor with

can be osen that it i n etically favorahl e
decrf g pariclgsie, Copscliientiv bahyBe risdriioniadef pad thesiission
wav¥RB£th & e eek1ey iR highdt Rbrttaied SRPREFHINE @crdabiein

el ectron-hole pair is desire t he band gaps and band
elecypn aiindty gpd invecase iejosivatipn p@tﬁntwd)ams the patigleesizesgsts nealer. This
effe&r:t ecah e ul‘saeQietr eful ﬁéﬁeﬁg%taﬁy t I%P @ retcﬂetloergéo Exiglt?atrl]%(t%fothe particle

(seecfor exanyple VB1iS, N #h$a. C%rmfﬁfmb)(w@l)) drgiasttuige e phiitier’ Of
.the surface of the nanoparticles is nodified so as to

CIisHQ Wveiongths Shpaishrne pbsprriinm Randpel dheiqomppneits of the

hot®RlitiRbd dyknff the nanoparticles in the reactive
P Ospém es. Hps surface nodification can be effected by

vall’iarmgladwfp[r@‘cnfﬂd semeichndistdr hatoparticleslobmis2 @ 0'ddrk1 6660k or
[ US2003/ 030291 . known i e art,. (see, for .
morg St SRRROR R R eials RBBTHELPY botelz R Sérond femiserdisior
matddal (HBEdiRdTRE, ‘@bréidhell @eé&bﬁ‘di&?or%ﬁﬁ%pag@c]@sz( 99 &Hé\,ﬁﬂh&)’shell
Wiss et al. in US. Patent . In
mateyish eanelde, choger tiave g0 afme spacéng dlesstto gt of thecorpmatedalatWhen

oS55I Yt by SRl LR o

can 5 etlisén 20 thgt HR @kygetlcandfaa@rab@af&t b&heledRbehid hdldto RaRle in the
an affinity for the sem conductor surface (a |inking

corenpY kanyaphamsigr paphability ok Fhrgemtsipataien of ﬁ@leimﬁonﬁ@b@aamﬁemed
the B:aﬁﬂgﬁbsszﬁld‘%tanh 68Lts QP e LRGHER paﬂ%aﬁ be chosen so that it is

energetically favorable for the electron to reside in the shell and the hole to reside in the

core, or vice versa.
Preferably, at least a portion of the surface of the nanoparticles is modified so as to
aid in the compatibility and dispersibility or solubility of the nanoparticles in the reactive

species. This surface modification can be effected by various different methods that are
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that is available for interaction with the
sem conduct or surface (for exanple, noieties
w@owpni®ing oxygen, sulfur, nitrogen, or phospPOF/US3003/030291
Exanpl es of surface treatnment agents conprising such
i nki ng noi eties include am nes, thiols, phosphines,
am ne oxi des, phosphine oxides, and the |ike. Such
knOWh mkthn grin(deet fioe sxanbplacthe swfickenaifi¢ation decshnispues descebed by

et oty e 260 0 P s Y MLl 8 BFS g e
5999h;g§phor us atom of the |inking group. However, surface

treat ment agents conprising linking noieties that can
at tmg¢nera, suable @wffa@etr@tmcm@gﬁaﬁ epaptisecit deast medugﬁty that is

c al nd f of. .8 | e val ent.
selec% %g) 9{8%@? 5918& 11 (aFehaégj 190 §pec ab suoélll]blﬁﬁﬂg OF %zmg moiety)
and hiTe it 364 ikt it ﬂéssal dfﬁniﬂysﬁﬂ,thea@nﬁt@mdtoabw@e (dunkiage

t r eat nent ent(s) are preferably used in_an anount
moiefyk KSuitahle lagﬂngelagxetlas inglyde thase Grat corBPEIGAL Mast Qffe alersron pair
that W%l% '.fd"rln?t%ra'cﬁ %&h@ %n‘fi%ﬁuﬁt?%ﬁ%et(ﬁar e§§1‘3§{ Haﬁatles
nanoparticles su Pstfantta y SO e reactriv
comprisiag esygenhanlfuestitrdgeng osphasphardsic tExampiea d lsanfideai‘e(aﬁnent
have surface- gt@f(%hed or surface bonde o%?aﬁi C . .
agenis eRIPRIISING fuch dneietesineRds ARBGYHRoEaehospRINGS, amine oxides,
pho%q&me%%de@t Méth@ﬁké Reich ﬁﬁﬁag i dih é@%u&\éﬂ @ th@§é3ﬁ@b1§ductor surface

ssivating |igands not on enhances the solubility
primpfily theoughropalinate baslingof the lonemmon ealspetuhe suttngen,adutfor

further serves to i mnate ene eve
onyty PEgosO ottt IPERE Easph AfoNavEr qpttrrepgent agents
comBisihg Ghkiad mdletie it ¢de BrtatARo e JubRc&6f Be nd; il thameh
energy states act as traps for electrons and hol es

other kipes plehegnies Rauding éfor arampls ceonelent handinerariienjc §pnding) or
thro %ﬁy@f&g}lﬁfe%ctﬁﬁ ﬁh be REH 39&%@ )tS granoparticl es
§ exa CDToefenent S sem con ors such as

Si |Siuff9<fb matlgaltr@emtwpawptefwmpum if aag0ALRich tisat atiehst a
| nP, CdSe, or ZnS) can be synthesized using

as
Port%?nwétthec%ﬁ%eﬁ thg Pé’é‘&@gl%%%lé gogifiedsyffirasnilydarensden the
t I A
nan%%gﬁesgﬁust uT,ﬁlg SHRBRS e e;‘/))é?%tji\%is{pémé?vﬁ# learmﬂgf&ﬁebﬁ’ducmr
nanqpaetmlﬂsstmws smfacbhaaeimdl ammfam:tlmnd(ed orgapicgmpls,

2S [ . .
co SRR B e iaR Qhptiact A At pmoparticles with
orgal él*vzﬁ HAals & dn éﬁh%né& ROty oFThdManoparticles in the
2004/ 110607 PCT/ US20 3/ 030291 growth and prevent

reactiye)spsgigs b@tnalsﬁ further seavespa climinagssenergydevdleat thg awpics of the

nan Bl it B PP onRip L b ot e S P pctle
ener@f Giak attusPrapy Esttelddtroft RAAThaAEs BH diatdegﬁdethetlhﬁnﬁs@aﬁcag
nanoparticles, the synthesis is generally carried out

propierfies o thesemicondpeiphmaieriok or exanpl e, a ni trogen
at @Q&E&%ﬁ@tor Iﬁ'ﬁoi)é]#& o8 f'o}’ eQ ']f: Ci%lmco%ﬂﬁeg{ Ike‘r?]ﬁtcﬁlgductors such as

pr ecur sors eralT’'y resu
silicon or germanium and compound semlconductors such as GaAs, InP, CdSe, or ZnS)

can be synthesized using a wet chemical process based on standard colloidal chemistry.
The general synthesis involves the rapid addition (for example, by injection) of molecular
precursors of the semiconductor (for example, Cd(CHjs)2) and (TMS),Se for CdSe) into a

hot coordinating solvent (for example, an amine or phosphine) that can serve to control
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formati on of nonodi sperse seed nuclei of the

sem conductor. As the precursor concentration drops
whedoamidshe nucl eation threshol d, the nanopartiPCEESH0D030291

by deposition of remmant material onto the surface.

As the precursors are depleted fromsolution, further

grow h can be achieved by Gstwald ripening (larger
growthiaog arevent] aggregatbon afthe eartdpertihmsl (beer for ramoplar Muclagst al., J.

am. Ehiiori (% s GBI urt KB o afhe bt ot phfe precursor
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medi um containing a erent surface treatnent agent
120:6347F (19280 Nepopartides of 4 partichlanmifeame berobeimelity stogpang the

a co ed s nment agent sol ution).
gro“ﬁhﬂ’é?‘?ﬁse Clillﬁ%{’r?b %llkel %ﬁdlt&%efg—@ Aynt hesi zed, for
eX aRPB k@ ulthy nhafb PO cARaEGhted BB eipRstidyusing 2
Hi nes e;l a - Jﬂal Phys. Chem EOO 4@%&? 6)) gnd using

non-sRiFeR Y g[’he@gnomrtlcleS(c\;m tlp:qm}}@ rechsnersgd 103 Ve o( sggenty and
I
R0 P8 GHEIBNR W SR W et g

- any)ane®h the QVithéssd. 'Y hen & buii$dce tRatthe® agiit hay bavatueilized )htﬁ:l&ﬁhltlng
precursors capabl e of thermal conversion_into a_sec

nd
Surf@émt%mtsbwfam@#%grquﬁf panebecRsRbh iRy repkacsd iith ditferent
gr0u§§' &f G&Weg tnlrp%lc%fg $EUmEBRdRSor th&ﬁ&@?fh@& Irf'édlum

eratur cient to convert t precursors i1nto
contalhmm«h&anbnt seface Oﬁatment;)agelma(fer e}admply,eltneanlsqjﬁcﬂ swifasettreatment
i fi.cant gro of the .sem conduct or

wt h
agery, S & B EP B el BT Heatiatepaeng fol g e pug

se @o@é?ﬂiéﬂ%ﬁé HBI& éaﬁ'be%?ﬂﬁ%ﬁkéd/ f&%{ﬂﬁlﬁ&n b%'] hﬁlovﬁﬁg §§neral
of the first sem conduct or materi al i ckness of

methdde dsyrdopeddwriiines @caﬂmt(rfdl’h)QdCbgm K9 468t(LIRP)} sl @&@WN@? al.

e S s e S e
accoﬁﬁfﬂsﬁé&‘%ﬂﬁlh@ﬂudm% gemalondiRast ﬂdﬁbﬁﬁtl@l@%ﬁte\s at@fbriviida ke h
ar e

an i norganic gener al Ify somewhat nore robust

semichaducr gasera) wlma%w&@wbka? tthermak copygrsifaniato sagond
semidRY, Cgl f‘%”ﬁ?a’éé}%u %%B natt?l %BRr@ﬁte T2 &&%&E@g%éﬁ ﬁ'&&g be

COndI T SRE S &Y el'r ~incor porat
maintained at a temperature sufﬁcient to convert the precursors into the second

semiconductor material, yet insufficient to cause significant growth of the semiconductor
nanoparticle cores. A shell of the second semiconductor material generally forms on the
cores of the first semiconductor material. The thickness of the shell can be controlled by

adjusting the quantity of precursors capable of thermal conversion into the second
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medi a (such as the reactive species used in the
phot oreacti ve conposition). O her nethods for

w@e@parieny suitabl e sem conduct or nanoparti cl eBCT/HS10081€30291
those described, for exanple, by Murray et al. in J.

Am Chem Soc. 115, 8706 (1993); Katari et al. in J.
Phys. Chem 98, 4109 (1994); Peng et al. in Chem Eur.
semigondic{or 2)aterd85 Paiold pagsinditedt widh pushemndnorganic lshelbimg;generally

61 1989

som G sERafns oo p e e Lican iRy e somewht

greafe? 838 hncd1arihé pRIBeRing@bonditiBndehed fMiﬂheﬁ 1nc1)2pc(rﬁ?()n: infoAdrious
(2000); Dabbousi et al. in J. Phys. Chem 101, 9463

med{al(gtgzh) as therRgciéye wpecics wsed in e PhOHEPACtivESEMPAsion)7019

%é@%ﬁ?i éreﬁ:!mn& srl!ut’[lble E&%ﬁ:&ﬂ @&aﬁﬂ?mqéggmclude those

descﬁﬂ:&ﬂ %r extaipis b@tM@ray ¢tra1 Jn J mas Chéinesoc. Bli@,%fﬁﬁ%) Katari et
Ni kesh et al cond. Sci. Tech

al. HBIafh@(Fé!F}n 9% 4109 @Po4 PGP&etJal @&Hﬁ@é’mg‘sgﬁ@gé§5 &02) and
t 9

the Iﬁ{e&%ﬁc??{lh%fel\rg E@ﬁ%eﬂngg gl%jhéj 4%&% %95'819%6% (5@@2 %?bl Mvﬁidcet al.

in J.alm Qhem] So@hiid, G#ﬁr(ll%g)o Harddon e(tilD%)A,va\Mtatec lét(#ﬁ) 12B n

(2008); ﬁhg@sj?ﬁ%gm?gpwyﬁ% Jo?gﬁ%qst QU8B ‘e & oy iﬁ%@hem
Soc. %9%0199(199711)2%11&1&%3)1 1 s, F@ﬂldﬁesmﬁt 464 (1908); JRerﬁi‘asadu et al.

, 3743 (2001). er Components of
in CNmt Gomin. (18T (1989 t BimeTiecnl Go ﬂpBl@,}rSt Coemt Bd02; 564 pAN) e Nikesh

oty SR RY SeETelinbliabr SR EBRRT T o i ICHRE 14 55 Tfoso)

Aliviatod e HIE HCUNMP OPEdH: Nod 5,509028 0 ViGia@nhl. irdA. B L. 75 (#4), 478 (1999);
t hr ee- conponent system One suitable one-co

Guzeljanies - it brihys $dema 1o JR b2 FEPoBaMisic gt alekan ) ; ?/’Eysdﬁ%lem 99,7754
0 apha

1993 QB O BT B, RO AoPO R ettt TPl o€hem.
97, 172409831 ted }E’[lmeﬁettahmcl /et €heranSdranai3, 651'743 I(fH)Ol)

sem conduct or nanoparticle (that is, a conpound that

i s capabl e of absorbing the light emtted by the
OthECChIANAL A PROMARRAII USR] generating a reaction-
ERURY of such conpounds
i ndhe demposeom &xat Bahpqtﬂm@hntwaqtlago\nél thi a«trmcg@dm:tcat e a

ource an ot oi n tlators

nanqraREnStE TG Pl e natsiy Al nBR s et it “pScimpaint. a

two-@5ﬂn§§ﬁen‘t\hﬁ‘% tﬁfé@%ﬁ@oﬁ&t kpdmat 028 shRdble endcopysleangisttm
inthe wultraviolet or visible portion of the

comptisasterphetaghemicelly pleqtive mnougte@flﬂt lgapieqnerqaginhigion photoinitiator
that BES ;% Oélg%t}on% :iﬁ% ?reotllag Ibgﬁi tq pegﬁﬁg Q’%Q%g c%ﬁ%&?ela I BR1c

enzol

ermﬁtdﬂﬂfaﬁd ob ﬁféZsleimd(ﬁtladtSn ndnbpﬁ’lﬁal&t(ﬂmﬂﬁ$a cerihﬁodfﬁ) that is capable of
2004/ 110607 PCT/ US2003/ 030291 chl oroal kyl tri azj nes,
abscghing fhedlisht Pedticd i the JemiGPRABEHIT SBIORNHG)E PRAMETISHNGE dasaction-

1n1tlzatmg;s%@é19§5‘ A le@%‘? 9\5%1 oﬂgJohﬁds HELGEREO, C@g@ﬁm&mumors that

nes,” azo orr‘poun rgani C per oxl
generate a free radical source and cationic photoinitiators that generate an acid (including

either protic or Lewis acids) when exposed to radiation having a wavelength in the
ultraviolet or visible portion of the electromagnetic spectrum.
Useful free-radical photoinitiators include acetophenones, benzophenones, aryl

glyoxalates, acylphosphine oxides, benzoin ethers, benzil ketals, thioxanthones,
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and m xtures thereof. Exanples of such photoinitiators
are described, for exanple, in U S Pat. Nos.

W@ 200351882 (see columm 3, line 26-47), and 6, 0Bd1/082003/030291
(see colum 16, line 58, through colum 17, line 7).
Useful cationic photoinitiators include netall ocene
salts having an oniumcation and a hal ogen-contai ni ng
hloceiigleiziaes, bisididaaolks tahcylimiderbkes) mirgliuicbapousdf sulfonium
cationic, photoinitiators include iodoniumsalts and

and dpRigH} AHPSBPECAPLo SOTRENGS. GUNRASATACFOBROURG. CESaNICRAF P des,
and ﬁ{\‘)ftﬁfeg AL ﬁxlafn%ﬂe%%%h%ﬁﬁﬁlﬁﬁto?ﬁé}e ﬂescnbe? for example, in U.S.

ogen- cont al ni ani on of
Pat. h@saﬁl T3 @BQ( (ase éozlnmlneSr hde%#?badd 6064, O@Mmplcelunmld,ﬂﬁe 58,
, 138 (see, for exanple, colum 6, |ine

t Nos
thro%gwotl dahlr& um 9, |ine 45) and 5,238, 744 (see

colydsm dftionkd ]ﬂﬁ)toﬂlﬁlatdrb [rRHAB nEc@AII¥Bneldhlts |h'a{"iﬁg§n on1um cation
M xt ur es of toinitiators are al so useful.

and f helegq:ramréamqgrmrmlm am@n @frasmatraboma@ﬁaﬂmde Other useful cationic

photlgméf\],\ﬁorrs] r%rtu;ltlﬁ e 10?&)&1@%&& cgsuétg)glu } hg; %Sy el ]inglb lgcene 88t

hav1% B bregdbinafalle @Jﬂﬁﬂ@)@fﬂﬂ@ﬁ Qhd a SyIdEerBon AR d cﬁﬁmyﬂék anjon of a
ectron donor conmpound_ or, alternatively

metad jop getableichiee dpthsy dessmbediar cxarwle i Lap Rat. Ns- é&ﬁbé A& fee, for
t I
exanzefllé cl%mr{u? ggﬁlgécéﬁglg}gﬁélggﬁg%nﬁ r?eﬁltléd ea?ﬁ%%&%%'mg&r%hﬂﬂg 10, line
12, thWIIngh @nimmem liand. Nlixeeecaifhotigmtia®ysire alsowoefpl.i se
emcally effective anmounts ast. o
e"suﬁﬁ 3{68 ] a‘%‘ﬁ%‘&%ﬂ%ﬁ“ﬁ‘io d RURIR @ﬁatﬁng\)l%teisraaﬁ i@tho‘ﬂ for

thenaﬂ} ritdrOfe RAGHN i de aRY WhAPEe BihheRRaliPa2ARME! ¢ ed

el ectronlc em ssi on band of the sem conduct or

n ammumhle pnernomp@jenesitstears cmpise hn efecorn deartorlcempound

t th

or B o B eran T Supouity OB Suspls 8P <risremisam
com@h%étbbﬂﬂaﬂ dleéfored et EQRpSmEHGH b @leéiréﬂi 8cc@ptol Bémpound.

one-photon photosensitizer (preferably, an electron

doft er@@@ﬁpbmomwrwgt @ml BCeFQEINGRCTH G BB APMPESRat | S

phot%lﬁe%gaﬁlhﬁ gx}f;%gﬁcg éxglé) gﬁ ?t fe?ﬁ " ropg gﬂ@onk)ﬂottolgé}n 1t&

hav1pg’| ah eleﬁﬂrémahbsrormorﬁlbﬁdttlﬁan Rvatape ptith arcgipaivetied hlattrmﬁc
j{ape of being _photosensitized by accepting
ennséloé‘

8R! feskmirPrdheert porpYtigie pe ! >§tﬂ§fﬂe0rdﬁroﬂ% ﬂ%<1b4’féeast
one a@&%&pddﬁt&?tz&ﬁﬁ&ﬁicf diffefent I‘@Iﬁq d bﬂ@ (gﬁ Biot roa%dOf
| east one free radica / or prefer a a
capabwmfcdonamngamcleamrﬁotaa ceblefctrom: Ehcateglrsdmp of:tfmnsmsmhn@nof
[ su fon| m salts, di.azonium s

photg e Tl i EEE: JRAOR LDV iBetd Cajption potental

that §s’ @z[té’xl thi Q&é‘%b{ los6 kAR 03 beual wthm%ggﬂﬂ&ﬂ&@@&zene) and (ii)
PCT/ US2003/ 030291 (1) One Phot on Phot osensiti zer's

at least one photoinitiator or electron acceptor compound that is capable of being

photosensitized by accepting an electron from an electronic excited state of the one-
photon photosensitizer, resulting in the formation of at least one free radical and/or acid
(preferably, a photoinitiator selected from the group consisting of iodonium salts,
sulfonium salts, diazonium salts, azinium salts, chloromethylated triazines, and

triarylimidazolyl dimers).
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One- phot on photosensitizers suitable for use in the
photoi nitiator system of the photoreactive

wewposicdi ons are those having at | east one el BCT/DS00®030291
absorption band that overlaps with at |east one
up-converted el ectronic em ssion band of the
sem conduct or nanoparticle. Thus, the selection of a

onéb)Omx-BhotonMndesensitizersr wi | | depend to sone extent

¢ e BB gR il e Gl e 5O B Ol SRR R i e

phothéﬁQc%rdohfﬁo&tl@Hé #8itRdse M tink AE1RG OO SRBEbiL ABSorption band that
absorption can be fine-tuned by adjusting the size of

overtape withrab ba@sttqn@u@ -coryossdeglectionic @pissiphbershof the semiconductor
t f
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overtaR s s @ngparaﬁl@ enyerden giddbe Pb%P%nSlﬁé?fv@éﬁfP&BB Gén Befine-tuned

by a ﬂgm%gtﬂgglz gptherh%ﬂ aés i{ow@\?elp{] on —rpﬁgtoai%ﬂofo%&gslﬂﬂepfs

ano es gener em t
prefevabig|cepeplasf light eb&ﬂrpmiwsontdvﬂlemmrﬂmhmh@mnge of wavelengths

hot ose tizer ubstanti al | r
betogmeprionsd pid Siout B paseiiers CaBERHEN DY Peveeabars0 ad
about7bh nﬁﬁlﬁné't@@catddoﬂlo% rEfé?aHlye%%ivbééﬁ aBBRCI5OInd laBo®@oyb! €
in the reactive speC|es I'f the reactive species is
nandniejers)d ps prefarssdcompenmidbtter wmpamh]@s gerxrallyenit dighcofench
alnd tﬁd th any binders (as described below) that are
Wavelid§ttied in the conposition, and has a |arge

onereﬂf&@bltynth@Qﬁ@rpabaoarph@@ﬁéﬁsits:demtsuégmﬁﬁu free @ furdBiobilities
100 M1 cm 1) at the em ssion maxi mumof the

that giepdesyhsfertiably lﬁtarfwathh regeactipn of the|reastiye epasiesets sohile in
the rtegb%ve %g %1&% ﬁ{tﬁ)@re% ?ﬁ% S 1 fd) I?)?Ys cO) ﬁ%ﬁ%fﬂ‘? ﬂe%ee{&?we

n absor pti on a
specllers raﬁcﬂ ixadhi 208 bidesd (ap ﬂaifcﬁbabbeylow} that ﬁﬁénqlﬁmidaﬂ the composition,
hot osensitizer is al.so capable of sensitizjn
phel QiR om™ at

and basrAlprap|ong RSO KNPETPHAT 6966%??%%@%@%@&?
the 1A b HAXByurh bf &@'s@ﬁﬁ&ﬂdﬁaoﬁg% £liERIThs hRB gﬁefw@& that the

overlaps the single photon absorption spectrum of
one-ph@op thosenpllm@mdwn substangially 80 ngd:phqzthmabsomnhe 0 n
. th st, procedure, desc
wavgieath b B giolts Mks besferh i3 o Bh B B C5 st Episatso
capabR! sk @it¥aing jSﬁ’éthﬁeéﬁﬁ besttRicRRr&iRéthy189d-tAbin@8nde® h@WRioud
standard test solution can be prepared having the

irradiagiondnie rvgavebngtbgamgedhat ozyetlapsﬁhﬁ; sigglefphatonoabsquptig spdsyrum of

the o[{xglpglgﬁn 6{9?10 Q \AgnSétﬁer laan t E@cﬂsgg/aﬁ oaé‘tbdn cio%&hg npgogsmg the test

procB@lr¥ dedtyibedint WISaPaf, Biét 3307, Mligmlné\@ﬁﬁs’ﬁﬂ@/@)laﬂ&lé’vmﬁQElhﬁ
trimethyl ol propane trinmethacrylate; and 0.03 parts

that festantpp|cagied-oup psfalloshl or onet hyl ) - s-tri azi ne (see

5 Oéﬁ%{'%%stgg%ﬂﬁé%%g? 8%%§ %%%ng %ol 12)91@@ éomposf'ti%)nypo

parts of a 5% (weight by volume) solution in methanol of 45,000-55,000 molecular
. weight, 9.0-13.0% hydroxyl content polyvinyl butyral (Butvar ™ B76, Monsanto);
0.3 parts trimethylolpropane trimethacrylate; and 0.03 parts 2-methyl-4,6-
bis(trichloromethyl)-s-triazine (see Bull. Chem. Soc. Japan, 42, 2924-2930 (1969)).
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To this solution can be added 0.01 parts of the
conpound to be tested as a photosensitizer. The
w0 e®uyhitieny sol uti on can then be knife-coated oP€DUS2003/030291
0.05 mmclear polyester filmusing a knife orifice of
0.05 mn, and the coating can be air dried for about
30 mnutes. A 0.05 mmclear polyester cover filmcan
To this sobitieh ghn e pdded & lopeets of He amipound it bsestedand t acky
coatin Lth mini numentrapnent .of. air. The r It|n
pho§3hiinen b Pl herP BB TB A8 e Fphed aniout OPhkh
poly@bterHiRS udifg 4 RAifO 0RFitASE D5 minf Gind €Y cdatiff tarl hOY @ried for
tungsten |1 ght source prOV|d|ng light in both the

aboy;39)i tpingteand 0.0F mmagiean palyaster gever KMo ds@aedulty placed over
the cﬂ'ije rb&% ﬁdr)fg gllslJ %ck}a ea’rt]lgquglgrﬁlanérﬁl.\glcetnw ﬁﬁianta%pogg_[rehg rgs% mg

sandWielx Q&I&&dct&frﬁﬁtﬁ théh B epossal ot thued mﬁrmtes%tlen 008 DOS ld>f e
the_cover filmcan be renoved, and the coat i ng.can be

incigdeng HeRdrogn afungstendigh seires Ef@&ld&ﬂ light an Dosladies visiblecandas
' |
ultraﬁf}](ﬁ%errglg r%%ﬁt &%aéttsng d%&ﬁgﬁg&%). Exﬂés%ge can

be npltlettinsegisa tteaa@l so 4shte prdma‘iemtmyécbdmlrmqaapmsed areas in the

COHS}UI[UIQ{J'T%IE ggﬁsgeg(gygse ggtg;gcoggr %\ﬂ%lcqq lgeﬁ]rg ed c}qggtgg gan be
treate@ Wi fndl @fﬁdéﬁ%o&r&@?@dfﬁer Aaen Rk %Qbfok @Aﬂepbe&rﬁém&ﬁe Spe

triazine. |nce the polynerized areas w |
con‘eememllyalsw int xec@grhphse, If thedegtod wmﬂotpld\naephowmsmzer the

. selectively.adhere.essenti al nly to.the tac
wim R o et BE IR TR FoRuRt vt S ettt [dipgrposed
areab BREYE 1 Ig@ﬁdi’@t@d iffeg rdddcAlBbmi the DhigetBleNEblis(trichloromethyl)-s-
Pr ef er abl one- phot on hotosen3|t|zer can al so be

triazdg. exinesthd a@,lé/alerlﬁecg%rp@s mi e esserdiatly sackpirge; the colored powder
r I r

it SPUBAAS) SIS LI o SBLSALR Che 030 L

pnnmﬁnghwuhahnm@acbnmgoﬁmﬁgh@ﬂmﬂhﬂhemednlas mell as upon

ces of electron donor conpound, and/ o

th
ph%t““cf?‘ﬁ‘ iyp 4 0BF-photap Pha9FnsHiter W&ﬂqbep%ﬂ?géﬁéﬂ ippartypon
shel?gtﬁblhg}réo%gﬁgrahgné 'Xckb‘ﬂ &2%@919%011 H&laxf &%%er can

categori es: ketones, rin yes or ex
depdagtto Gmnﬂaxuenis)ponthpatm‘:ldar wyEse sg@m&tsdltﬂaedi fwsyell as upon the

L hi I d

chogg & o R SRR hE TR e AL ot 1 6
polsyigxslk be-PiEtoR 93&6%}%&@&%&%& RnaXi& 8sthyélds in the
ket one conpoundS, am notri ar%/ nmet hanes,

folloveing e§tagarive’s ketogesaequmnain dyesgfor @y@mplﬁekedm,maalm), xanthene

dyesD %Er‘uﬂh@ gﬁ‘p t%}/a% Ien gggttﬁggge y 81( %%%ncbz%g z{%}ées ls( eag‘fgrq&?etone

tones o

dye§§ 9bm9ﬁﬁ@mdmsatlcmma1ﬁo/h§tﬁbmlaﬁms p«@lﬁbsﬂuﬁé&)@ﬁrﬂnbblﬁygd ketone
am nostyryl  ketone conpounds are preferred one-photon

coms%tdés?éﬂ%lpmaﬂérraethameﬁ,traﬁregya@ﬂnesmg@rdgem_sdw ZgpBing gfes, and
P yrlgléﬁgn ? %Vsl t%gnﬁ?e?l ¢ dgé:s Lher a(;i}{ést% ? eg ggkz[ﬂloﬂ g,nrg{)%}cegmes of
alphavnitiepdnet o keqob@tmerssarhmbenylmme@,l anidpgsubsfituted| antihoytyryl
ketogg Icgrtn%)/éunds are preferred one-photon photosensitizers. Mixtures of
photosensitizers can also be utilized. For applications requiring high sensitivity, it is
generally preferred to employ a one-photon photosensitizer containing a julolidinyl

moiety.
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-20 WO 2004/ 110607 PCT/ US2003/ 030291 A preferred
cl ass of ketone photosensitizers conprises those

wo epresent ed by the follow ng general fornul aPCT/US2003/030291
ACO(X) bB where X is COor CR R2, where R and R2 can
be the sane or different and can be hydrogen, alkyl,
al karyl, or aralkyl; b is zero; and A and B can be the
sarfepusiergiddlass ofiketonmphasesenkitizers semptises dlose iepreseytedrivy the

. oI terferlng substituents) or

ﬂﬂkﬁ%&%ﬁ%ﬁ?@@? n'laryl al kyl, al karyl, or aral kyl groups,
or together A and B can forn1a cycllc structure that
can be a substituted or unsubstituted alicyclic,
aromatic, heterodt@l&XhB, or fused aromatic ring.
Sui t abl e ketones of the above formula include
nonoket ones (b 0) such as 2,2-, 4,4-, or

whef, X-isl Otyatr OR e nhapRnaa®? cdi b2 tipysaindydr dktéremteand can be

by ARl LTl BaIREL b Ao NGB Gheh (P o000 eton

and EluPQé ﬁ[b@ﬂ&utedz(hﬁﬂh % bRt bt ﬁ&%rﬂdﬁ%ﬁerfﬁo f g%&&ﬁﬁf&ﬂ&? or

benzophenone, 2- acet onapht
unstﬁ)sawwirahu]hyhaﬁqu @-aralByl gmul.% anmgyﬂhphAmadm;mﬂann a

R NI T W R

beteRSROMhGO RISk aroRiictifag, | | ke. Sui tabl e di ket ones
i ncl ude aral kyl di ket onés such as ant hraqui none,

phesmlsmblh rkéﬁ)@thfntbﬁ ébova-fonmla arvduds-rdpraketopeh e sech as 2,2-,

4, 4- O %4 éi%‘h(ﬁlmx élilzog (F]D(O‘F?a’l ;glpyridyé ketoEe éh -2- ﬁ%anyl ketone, di-2-

thloﬁhel@} ldetaﬁ@byﬂlzilﬁﬁ fﬂu@i:‘dhﬁﬁe caiidoid)lichlek€ketShl, Ral@o-9-
pha- di ket gnes gb 1 and x= CO include

ﬂuogensn% Fretegtiierantipns, acgopbennag; ymeopiEngng dx ahddi one,

acetgl? gﬂlhﬁ}ﬁ@ g g Oﬂgl?thgﬁ %neh 8p Lape g 'aggt?lpil)lgn ;ghltlf}’@ﬁ’% ’@fgcﬁiq{ygd'lghe_nyl,

oct ane oct’anedi one
prol;ziopheéplzﬂé nehutyrdplenph& enlkirdphehoud, 25, 3dior 4-acetylpyridine, 3-

o RO BBl el 9 1 OE b Taepuch o
anthlaq%irﬂﬁ‘l@hﬁﬁéﬁ%hféﬁ@cﬁnn@}fée@—aHhta‘ﬂag)udlﬂ&@ﬁbelﬁgge tihe | kkg. s,

Preferred ketocoumarins and ubstituted am nostyryl
1,6- kbf/oatgile&jd@gqm]@gphthaimq; dé-, 1 8 and 9,10-diacetylanthracene, and the

like Sflgabqe gl?)h h—¥1 kaeg}ngs? 8): rc‘{DxiC)O) 1n8{1<riree 5 g}{)uta%g]dlrtl)gg ckugar n,

pentdhél‘li‘(ﬁﬁby Q@ﬂhdi@ﬁémn@MLﬁeXZnéﬂlé'fﬁt Q,Bl-he@fﬁhe&l@ﬁ)él Bet-héptanedione,
3-(p-di et hyl am noci nnano di met h?/l -am nocounari n,

2.3-etsdinne hytomndennRanBy 27 a e ho | disdmssibowa fuil di-

L T
cycldh@ctahyd@lfﬂ ﬂm;mztph&mthl))né, aZerfhpﬁt-hh@hhaiby dndthdikeH, 1 OH

1] benzop ranof 6, 7, j1quinolizine-10-one,
9- FAeigir WPWﬁ ﬁﬁ%wybgtuqte@ aminps Y kg tapg cgmpounds

include 3-(p-dimethylaminocinnamoyl)-7-dimethyl-aminocoumarin, 3-(p-
dimethylaminocinnamoyl)-7-dimethyl-aminocoumarin, 3-(p-diethylaminocinnamoyl)-
‘I-dimethyl-aminocoumarin, 3-(p-diethylaminocinnamoyl)-7-dimethyl-aminocoumarin,
9'-julolidine-4-piperidinoacetophenone, 9'-julolidine-4-piperidinoacetophenone, 9-(4-
diethylaminocinnamoyl)-1,2,4,5-tetrahydro-3H,6H,10H[ 1Jbenzopyrano[6,7,8-
i,j]quinolizine-10-one, 9—(4—diethylaminocinnamoyl)—1,2,4,5-tetrahydro—
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3H, 6H, 10H[ | ] benzopyrano[ 6, 7, 8-i,j] qui noli zi ne- 10- one,
W®2(04410607 PCT/US2003/030291
di cyanoet hyl am noci nnanoyl ) -1, 2, 4, 5-t et ra- hydr o- 3H,
6H | OH[ 1 ] benzopyrano [6,7, 8-
, ] ]1-quinolizine-10-one,
3H (Q{ (1QHHII]bmpmahqﬂWﬂgqumnlazmwﬂ@@mﬁ,@ w- 5 tetra- hydro-

diey3ogtplocmAGRE PR AL bt Dl IO PE b eaobomofd -

i, uhlﬂl(ﬂi ﬁrw—mﬁbﬁé’ ol amPrdRy L , i
ij)- dl z HBok ahy%?%@%aﬁﬁ%ﬁﬁ ﬂ?ﬁiﬁb‘ifﬁ 193] ﬂ}@ tetra-hydro

3H,6H, @@Hﬂdb%mapﬂ[aeom 8- n,J]yquqmlﬁmerlﬂ oree, 23-bin@- 9-

Julolﬁ}ﬁﬁé%&@ Qﬂ{é e,? %b s(&]]xélgfl 1%?%§c1§g SnIEIirg)lflls I_%h[)xycarbonyl-
1,2 zes(tetrahg}d@mjémnmlpqaanleopwaﬁ@)s 74,84 ﬂqamengne 10-one, 9-

-di et %Ianlnoben I 1di ne - |1 ndanone

ethogy%@ryﬂ—l@ SAetabydror HhpHs E)}Ig)[_l]bqqlzopyrano[67 8-i,jlquinolizine-

o SRy ) S o i

indahween 2eqoytybi 2, 45 TetBrhiydio} SHUGHOIOH il Thenzd-Py@ane]6,7,8-1,j]quinolizine-
rovi ol ant hr ene, _and

0-d 12,16, 17-
10- %e’i%a%ﬁtﬁf ﬂ%ﬁ tf&fafisefrq%t ﬁﬁaﬁfldPWPBﬁaﬂ?[ﬁr Teftrel 1 aBRalizipgs
10- dnb ke10- Hﬁﬁdﬁuizafé Y7- ch%f&éi%@ﬂn nggakfg 9@% dletkll%xy—n ,16,17-

phot'osensi tizers i nclude rose
trlchllorﬁvmamhremer andhtlmrldie 2',4' 5 7 -tetrai odo fluorescein

t 2- 3. . .
L PRI BR rprelrgd S ?%Ot %%}%S%S%*Z%ré nrddasohengrlaa
4,58, 74anRRhRFO R 4 sew{elraibdaﬂubfaa@@ﬁ his@afabm é’eﬂﬂ (mns 63H-6820)), 3-
canp hﬁ@EU|none yoxal , biacety 3,

methsay UHBORY By anesHebbei s a0 2G1)-Yidenedprop-1-enyll-1 3
o T M LR ML 185 3.

tetraﬁleﬁiyl@clcﬂrekﬁieﬂ&ﬂiel hsl m-.e&amymbzp@ Qt@dﬁihapladeb@dﬁ&,, 3,3,8,8-
di pi val oyl , benzi], furil rox bhenzi

tetra?}@@ﬂ% 3t?aﬁsé?dﬁ>%tﬁéled@ng Poht 3% ylol, %syﬂe%%aar@ﬁ@ne

dipivgalgyl heerail :glh? 'Tfé/droﬁ(yﬁerﬁﬁpﬁ ar %{n@@ﬁne 32 4- p@&%&ﬂ&‘ﬂ% 9Re,

oct an - octanedi one
hexafne@ong/cﬂ @hemnédn@rié -h¢iR3neBiomet 3 émemancmom Byootatedione, 4,5-

ctron nor nds useful in the photoinitiator
oaagvﬁ k%ﬁg$@3@3%tlve conposi tions are those
conpounds (other t han the one-photon photosensitizer
itselfi that are capable of donating an electron to an
el reldom of the one- phot on
en tlzer ar 0 xcited s Le of
PR oo Smesn B Pt A LOR RS ey be
photUfeactivefdmppRaiony aretthoge rc@icﬁp@l@ndsl (BEeLa8h thddet pHos ON

photosensitivity, thereb educi ng the exposure
photp%eaél.tllz@rdtaeﬂ) thaf a@@ﬁp%@%@a@@g dhelgetramie apredrcsiopigerrijed

stateSRTROG - f%k)?(cﬁ% gltfo%os%hg bR tf&’{%&g&%ﬁ@@%‘t@ stad ?‘f e ably

have an ion po ent 'S grea eér than zero
semiaoutucas ahdymnticle. Saphedonipdunds may be used, optionally, to provide
increased multiphoton photosensitivity, thereby reducing the exposure required to

effect photoreaction of the photoreactive composition. The electron donor compounds

preferably have an oxidation potential that is greater than zero and less than or equal to
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-22 WD 2004/ 110607 PCT/ US2003/ 030291 that of
p- di met hoxybenzene. Preferably, the oxidation
w@oientieal i s between about 0.3 and 2 volts vSPCHUS2003/030291
standard saturated cal onel electrode ("S.C E. "). The
el ectron donor conpound is also preferably soluble in
the reactive species and is selected based in part
that efgedinstteixiybetzahé.| Pieferaipshel exidatiamgoténil ddwewedneabout 0.3

abave). Sujt e donors e i «capabl e of

and Fyiodlies o Suprabed Gloned] FRoBRRT 8 G Hnde densi ty of
a ?ﬁ@él@étﬁﬁ%uﬁc&ﬁﬁmﬁﬁh& hIQH pHRRELIOSPRBIY 8 thdrchb@ftspefics
the desired wavelength and preferably do not cat alpyze

and ig nelected basee lrsp@i‘eupcemhelf@tabﬂw tonsidesations fascdpsenifeadpbove).

suitdBfdemgts e R e & Mt aBE b PeRTo! ¥k R,

densit} 6f £pRSbeBE VEUIRIPOCRIGR APHislexposuiefio SigBNd{fth€ agkired
basi ci t%? can adversely affect the_ cationic reaction.

wavelenggh andgprefoxahty de not ¢aialresmdssrable Side wadionsayihibe No

man et al.) at colum 7, line 62, through
Semlg%r}%u%rgr%)égsnﬁ%e 49.) This caveat can also apply to the
chaites walkiag Witorndugically-practivecdpecias) dhaze skillet ae the art w111
treatnment agent. In general,_ electron donqr co
Tecogilita thaf the F’&th% éorwrtcﬂm,saﬁntq Lt srengirant Baskiiyy can versely

S t
affed? E{étcglﬁﬁlfﬁé ke BB, Seéefg;g 9%@19 tRE ARANSRATH TES SSaterRNG.

tiators ected by conparing the
6 02@,4@@ @bxrom etradl) aem]nunn Gnligo®2s tiroaglscatmnifelingiA®e This caveat

“can 5 SR Qe e o e ool Sarid AR ruhite s Bmanh ASEHl

negﬁgehem Géldé%h ra%ﬂ&aédmpoﬁﬁ@y suB4BIEEbEuseBYith fatioRhhads
described by R J. Cox, Photographic Sensitivity,

phot@halmtesenalszermamnduaoes@opmm; )angpheteinifatogtagibaed

fr refer e
slectl o<l Ui B PR B3 sPhockon PRCBIS Be e components
(as déeeibed Cfdf-‘éx&ipl@iﬁ‘m SiFayent Mol 4,859,679 (Fyrid araﬁ))CSuKh pdiauminis
and K. K. Barnes, El ect ochem cal Reactions

- can IGJREASHESS FEPSBERARY (fszgﬁm}npleméf thymgthops fescribed QX:B J. Cox,

PhotPg @k \S@nﬁpﬁf‘,\% BChra?‘Jei"‘tlS O%iamétpﬁc}?? @97}30)2 gl; Uaglgc?’[t;pdgigz}]lﬁé@from

refersmiee stchoas: N \Mé\ﬁembergoﬁé Mpﬁfﬂmm s Part IT

rer S5 SICH I AP, od & KM GRLEK BBt

Elecﬁ@éh%ﬁﬁ&a@ ReQEtRink 3 NohkdMbus Hstdnke(197@). PitRtfentials reflect

photosensitizer of sem conductor nanoparticle has been
relatiwefenegytrcia@onsmpg hed cambs esedliethel folloring| mannehto guddaediectron
d grﬁg ng ecul ar orbital (LUMO) of the one-photon
OnoﬁﬁBWBg F49°U8F- or seni conduct or nanoparticle), and a

Vanaahd Snd-fiidton Predtbdedsitivertdn SeriRbe@udid@nagdpurtiak id i an
initially occupied. The photoinitiator can accept _the
electronic excited state, an electron in the highest occupied molecular orbital (HOMO)

of the one-photon photosensitizer or semiconductor nanoparticle has been lifted to a
higher energy level (namely, the lowest unoccupied molecular orbital (LUMO) of the
one-photon photosensitizer or semiconductor nanoparticle), and a vacancy is left
behind in the molecular orbital it initially occupied. The photoinitiator can accept the

electron from the higher energy orbital, and the electron donor compound can donate an
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el ectron fromthe higher energy orbital, and the
el ectron donor conpound can donate an -23 WO
wWQ2MN1b0607 PCT/ US2003/ 030291 el ectron to fiPeT/UB®03/030291
vacancy in the originally occupied orbital, provided
that certain relative energy relationships are
satisfied. If the reduction potential of the
electpdob dilhiht ivadanry irsthe esigimily atcupied abitaopwvisled ithdt wesfain
han that of the oneagio on photosensitizer or

I
relat%’@ﬁf‘%rgﬁa‘?}@f%’ﬁhwaﬁ%%l ‘e, an electron in the higher
eNERY re@liRidndotGiial HEHE PRo1BIEA6: BIGE ASLRNE(bZBbreYositive)
sem conductor nanoparticle is readily transferred from
than thaé oHthe-opbrphoionpiotasswsiitzier prssmiepndugionpamnpdtiteie en electron

i o RRRRE Bl ) R PR B B TR B
nanop@RIcRSS Riadil A fraffeir&E friinth® bR Blcon P@bsdnbitiziicorpr ocess
is instead slightly endotherm c (that is, even_ if the

semigerflietor apnqpettioly fodhe drweshenasaenipharolsulap Rt dddMQ) of the
g, i t i . t 5 ¢

o B, SR BRRE R R okl By oo

instehd el gty eadbthedhic GthacBeveaatiht yeduetor porentidl ofi the aiegihoton
barrier. In an anal ogous manner, if_ the oxidati.on

photRsnEiEqTAr SeFICORILPRAIPRHUHEAOYD oo yBlimpre Bogagiv than that

of the ﬁbﬁoLn‘ﬁ‘fat&ﬁ ran@n@ HReQat dKe B3R réeﬂfﬂg RErcbBf such a small
one- phot on” photosensitizer or sem conduct or

barriaanoparticl e, an electron noving fromthe HOMO of the

| ect d d to th i in th
o PR e S BB B st BEGPSY adbet e
comPRMARRTekd FdstiiveS(oFBIrE BedatiPdN tRarihgh6 thé BnéphStoRT
whi ¢

potenti al agai n represents an exothermc
photpsensidizer. or Egmisonfugtorengnppartiels, anseleqiioghneying fras the HEMO of

that s, even if. .t ' ' ' "
e 90 b SRR} 08 P PR BOBE L Bho  phOBssier

or schabeHIRt ot Ghdphticlistriovingd frvml 4 higitgreo pOsidripoeentiah whidhat
of the electron donor conpound), anbient ther maL i
agaip FYPIGSERES 3R CERARCTIHE BIIcGso PR e RQETSS &5 Lekily endpiherimds |
[ ' ' N [ ; ction
R R R G S
semisenductn duwodpartidaisapantl. cvat insreymsitiveGhdn thel ¢f thoelectron
negative than that of th hotoinitiator, or. the
dongS e OGN, HEDERL Pa At HEOBAS BRGLEATrEHEE Slebrotall er
barr@f. sem conductor nanoparticle is up to 0.1 volt nore
positive than that of the electron donor conpound,
oc Slightlyrengotheymicrrsaciivne in whigh tletf redectioh paretinkef théene-

oo BB S SR B IEk FATESHR Gy v
than$B4tIo€ eecihetoRitinRRQRaRd balRidnpotdnsiabafiht 6fe-phatbe. Wien
phott)she%sitizer or semiconductor nanoparticle is up to 0.1 volt more positive than that
of the electron donor compound, occur in every instance, regardless of whether the
photoinitiator or the electron donor compound first reacts with the one-photon
photosensitizer or semiconductor nanoparticle in its excited state. When the
photoinitiator or the electron donor compound is reacting with the one-photon
photosensitizer or semiconductor nanoparticle in its excited state, it is preferred that the

reaction be exothermic or only slightly endothermic. When the photoinitiator or the
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photoinitiator or the el ectron donor conpound is
reacting wth the one-photon photosensitizer or
wa@emaowaduct or nanoparticle in its excited staper/us1003/630291

preferred that the reaction be exothermc or only

slightly endotherm c. Wen the photoinitiator or the

-24 WD 2004/ 110607 PCT/ US2003/ 030291 el ectron donor
electtanpaon dompoureiis lremgnngmh thhmaaplm}tqnhplnqmsensitizer ion radical,

hot.osensi ti zer ngglcal exot herym c .reacti ons %re

exotBgiie 3P e il Btorh P SHB EotE KT P if A aRr

exPe‘éﬁzﬂ iR Shan§ ReHET ol d&cﬁ&a niyhds Nk @aﬁeﬁoﬁ Potefsiedl lof thEAS.pholtd
reducti on pOt ential of the one- P hot on phOt osensi tI zer

photg$ens1émmmdmmooduqﬁenmnapamc]e@an anupédo 0 volt (or moya)|more

neg: % 4RI o Bstromriatack PrfaRRiR oS br (i oRitorign poigptial of the

one-pR&tBA bh@bsedbitizéieor <ORR-oRHaEeNn B ﬁlﬁaman bk agto 012 volt (or
sem conduct or nanoparticle can be up to 0.2 volt_ (or

morgygpeip peifize Husitedtwé aserondttpagach plegirador cOPPPEtk t
0

o SRR RPRRS SN FSLERHLN ey

F. EEton EﬁAdﬂancles A@?&ﬁilf(mhﬁnmsmrv?b@tdddim Béhyn eteﬂl Ned}dity 133 pp-
oman_et__a Vol ume 13 427-488, John Wl e
427@%%31 ohpdileysind Sersgisw Yigyk &?r%éh bytOxgpan giyal.up &.S. 0.
0 t ;

R e e e
5,546 @176 ancadymh |4nhneLII4 tlinou:g]ngdmhunﬂl Gniines] 8. | Sumh e]@trosdonor

comShSghioRionar.. Gorpeunde Lnclude. amines, (et vdi no

diaz&bigf AN 2ybahre, Zipeatlaaiife (ahﬂ iR %@pﬁébﬂ@hﬂ@hi@%d' ts

trlphenylphosphlne and triphenylarsine anal ogs),
triphgnylatsitiechahlpge)s aminedldshydrssinideameiopsilaaps) densides faeludingg

N

acids and sheirsalkd, Sal@fofff@iéoyayidn] AeorbRseal Riditwxaits] dhibdatbamic
salts, dithiocarbamc acid and its salts, salts_of

aCIdﬁaﬁ iR 4liss Salls ff xanthten salfy @hrdbenedinpinedetrangeli 3cad. saltyof
(alky°1§1 é&?l&%lﬁ(raﬁ%@hmrlg]r? ﬁ(4 gt)f{r%egp}géﬂn%ﬁuﬁﬂgﬂts{pééfc&%@ various
organomalaﬁmeioaiﬁoundmmp @sIfdRy scnmpmmsls Gniivte earipR imniddeentiently

chosg 108 oY GRGH (EarirE i, penably Y i ke Egpups) for
exarﬁﬂil@ Us%%ﬂ c&%und@é@ﬂmgﬁﬁﬁ% C{H]Pﬁ%]g Hgﬁ and benz(yl)Sn(n—

al | enzyl ) Sn
CsHOS)—Iff)r@cpnef, enql thaéxk@ arairmmtms thekf@f Eh@lelmtmmd@@r compound
her e The el ectron.donar. co ound can .
can by BB o o R e PR O PR e rihe o
subsfi@fentsn tPartfclarRGrefSHBS blebHEN &é?nor Raimbbéitls @bhimintinedldtond
el ectron donor conmpounds contain an el ectron donor
donegrabem ($gh s agitepgait exygen, Phosahgess; ophiblip Avmiand gp
abst ag%aéﬁghg;ﬁgog%@ aﬁ)@ﬁjb dedqg itcﬁl%%h %p %1?10{;'&/ Qt%ﬁ‘lgaqgl'llaatloqm ng&go%d

or Si ICOI’] atom-al pna ectron

donor atom.

Preferred amine electron donor compounds include alkyl-, aryl-, alkaryl- and
aralkyl-amines (for example, methylamine, ethylamine, propylamine, butylamine,
triethanolamine, amylamine, hexylamine, 2,4-dimethylaniline, 2,3-dimethylaniline, o-,

m- and p-toluidine, benzylamine, aminopyridine, N,N'-dimethylethylenediamine, N,N'-
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donor atom Preferred am ne el ectron donor conpounds
i nclude al kyl -, aryl-, alkaryl- and aral kyl -am nes
w@ t@n/1eeanpl e, met hyl am ne, et hyl am ne, propyl BeN/182003/030291
butyl am ne, triethanol am ne, anyl am ne, hexyl am ne,
2,4-di nethyl aniline, 2,3-dinethylaniline, o-, m and
p-tol ui di ne, benzyl am ne, am nopyridi ne,
diethiyl] eth ylehetiztninge, 6 ,Nj/—ldﬂmﬁziylethy]nmdi&tmﬂe N2$-d@h P37 110607

proD YR QKD L) e A RNl PR3

hexaﬁécﬁ%ﬁ%db ?Ei'aﬂi%e Ny Nrmi@'tk%ﬂéiﬁéﬂrp?pe@iéﬁrﬁ:nﬁ AlethyRhédTpMBridine, p-

6 hexanédi am ne, pi per azi ne,
N N{ﬂ;methykanmlppmxgﬁ@qolmngeqﬁN cﬂlméthylannnobenzomtnle)

b]'q_e%}l(#éﬁ?; E)%%IP@I pehlle]ﬂ é{i'lﬁl thg}'anuncépenzaldehyde p-N,N-

dletrmd}mﬂbm&mmbmn@maE@ﬁe tarbbejldenyasianaal dehydes (for
exanpl e, N, N- di et hyl am nobenzal deh

momoépﬁwr@ﬁladﬁmﬁiéhzﬂaﬂ @erResdanag (fqyleéﬁmahenél%eahﬂaiéém@waee

ROy o nes (L

tris(difmeti3ldiyins)rhathylsife@e ) M jNvdiethylaminotrimethylsilane,
bi s(di met h%}g)am no) di ph [

tris(rPUBIATED pngﬁl}?gﬁ@ﬁeny@y \antine, tris(dimethylsilyl)amine,
bls(c{\lﬁ%gh?gﬁkgxt alﬁ?ﬂ gg e M{yﬁﬂlygﬁlgﬂme N-phenyl-N- :
dimetthylsi{ydmtitind, sid N, I)Iahmatéyl Nedigiethyhehytaphise) ghd mrtness thereof.

Tert e BRERC S FRHS) PO AR ioac PREBR BHsHt Rpe elecron-

Withdﬂaﬁﬁlgg“'g‘ﬂoﬁg lo¥ i rbA€e rigB thave been found to provide especially good
-N-di mret hyl silyl am ne); and m xtures

- shelf sty . Tertl ary aromatic al kylamines, particularly
PRl e Blect B 8ot aSmBRaTiRlua ;1\&3.9{)@%)?1 AR,

e arofma een oun
N.Ne&lifieginedidritidg CNdnetBil&N fpthﬁ}dbcteltarﬁlyle HexemethyBHlogphiotkenide,
el ectron donor conpounds i ncl
hexaﬁrhmlr&iomlt%@quéeelteéﬁpreeylphwmomné%ﬂl@eaihg}%@osphme oxide,

]&l@ﬁg g g@m] thddgg@amet hyl phosphor am de,
trlplﬁ%{gltéﬁbf%osp oér a{fin&e Eegxapr opyl phosphor am de,
t r Praferpdibdlkylepytiosghisales ioxlude,  tri pi peri di nophosphine

oxi xjfures thereof. Preferred al kyl aryl borate
Af@aﬁ?@? 3{&]&3 Ho Ar 3B(n- CAHI) N( C2H5) 4+ Ar 3B( n- CAHO)

Arﬂj}?é@%@ﬁgﬂ Q‘Mﬁﬁ( gG(H:igl)ng.N( n- C4H9) 4+ Ar3B(n-C4H9) - Li+
ArsB(n- C4H9) N(n- C4H9)4

Ar;B(n-C4Ho) " Li*

ArsB(n-CyHo) " N(CgHiz)s"

Ar;B(C4Hy) “ N(CHz)3(CH2)2CO»(CH,),CH5"
Ar3B(C4Hs) " N(CHz)3(CH,),0CO(CH,),CH5"
Ar;B(sec-C4Hyg) " N(CHs)3(CH),COx(CH,),CHs*
ArsB(sec-C4Ho) " N(CgHys)s"

ArsB(C4Hy) "N(CsHy7)s"

Ar;B(C4Hy)  N(CHs)4"

(p-CH30-CgHy) 3B(n-C4Hy) " N(n-CsHo)s"
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Ar 3B( CAH9) N( CH3) 3( CH2) 202 ( CH2) 2CH3+ Ar 3B( C4H9) -

N( CH3) 3( CH2) 20CQ( CH2) 2CH3+  Ar 3B(sec- C4H9) "
WOR@HB) @BOCH2) 2CO2( CH2) 2CH3+  Ar 3B(sec- CAHI) N(BBFHIIS043/030291

Ar 3B(CAH9) N(C8H17) 4+ Ar3B(C4H9) N(CH3) 4+

(p- CH30- C6H4) 3B (n- CAH9) N(n- C4AH9) 4+ -26 WD

2004/ 110607 PCT/ US2003/ 030291  Ar 3B( CAH9)
ArsBNCOHR) B(CHRB A, @HB( n- C4H9) 3 N(CH3) 4+ ArB(C2H5) 3

( 3)4. B(n- C4H9) 2 N(CH3) 4+ Ar3B(C4HI9) N(C4AH9) 4+
ArB G NW% ArB(CH3) 3 N(CHB) 4+ (n- CAHO) 4B
ArBNBH3) FtCHAY, 8B( CAH9) P(CAHO) 4+ (where Ar is phenyl,

naphthyl, substituted (preferably, fluoro-substituted)
ArB{n&iflo): NéGHaki t ut ed napht hyl, and |ike groups hla?/l ng
eat.e ers of fused aromatic rings), as we as
Ar3]§t%gf]rqgn§(%}?;§ﬁnoni um n- butyl tri phenyl borat e and
ArB BCARLYl ammoni um n- hexyl -tris(3-fl uor ophenyl ) borate
avai |l abl e as C3 437 and CA 746 from Ci ba Specialty
ArB égﬂ(g{%r poration), and m xtures thereof. Suitable

- - ron donor conpounds include
ulcﬁﬁﬁsgaﬁgggkoxybiphenyl, 1,2,4-trinmet hoxybenzene,

ArsBICH  BEG ghyanet hoxybenzene, and the |ike, and
m xtures thereof. Suitable urea el ectron donor
conpounds include N, N -di nethylurea, N, N

i - g t et byl LR a,
T e U
substifui¢ddiaphthiyliaydl {iké gronpahavid\zredier nutbéry bf hisediaeaatic rings),

di ph hi , . )
ot R ERRRRY B 3 bronyreertbpese geeyiknivnar
hexymris(3Hl@8rdphenye Worat&(LhRAN S EGE8T Ry 861946 HRRPEHAdS

for free radical -i nduced reactions include am nes

SpeciahyiChesreals Fomesation),mod anigies| theteoly| noi et i es, .

o LA o A TR L SO B
1,2 detompthoxybedene, 1,2,4,5-tetramethoxybenzene, and the like, and mixtures
thereof. Suitable urea electron donor compounds include N,N'-dimethylurea, N,N-
dimethylurea, N,N'-diphenylurea, tetramethylthiourea, tetraethylthiourea, tetra-n-
butylthiourea, N,N-di-n-butylthiourea, N,N -di-n-butylthiourea, N,N-diphenylthiourea,
N,N'-diphenyl-N,N'-diethylthiourea, and the like, and mixtures thereof.

Preferred electron donor compounds for free radical-induced reactions include
amines that contain one or more julolidinyl moieties, alkylarylborate salts, and salts of
aromatic sulfinic acids. However, for such reactions, the electron donor compound can
also be omitted, if desired (for example, to improve the shelf stability of the
photoreactive composition or to modify resolution, contrast, and reciprocity). Preferred
electron donor compounds for acid-induced reactions include 4-dimethylaminobenzoic
acid, ethyl 4-dimethylaminobenzoate, 3-dimethylaminobenzoic acid, 4-
dimethylaminobenzoin, 4-dimethylaminobenzaldehyde, 4-dimethylaminobenzonitrile,

4-dimethylaminophenethyl alcohol, and 1,2,4-trimethoxybenzene.
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also be omtted, if desired (for exanple, to inprove

the shelf stability of the photoreactive conposition
woeooso1esodi fy resol ution, contrast, and reci prect/ugl0n3/030291

Preferred electron donor conpounds for acid-induced

reactions include 4-dinmethyl am nobenzoic acid, ethyl

4-dj h La,nj nobenzoate, 3-di meth m ngpenzoi ¢ aci d,

Co I €ms
4 ,
4- r ]
. ggﬁﬁlé‘}ﬁh&mnﬁ%&g %tt“ﬁ?t: 15 étlélschn)?;} ggﬁiﬁeérgoﬂ'}ﬂoﬁﬁas??&ﬂﬁé‘ edale

specR Of e IBaeRGTE mp@mmoz@ude {h8¥e Rhbare capableatidresng or

nent nd Thr one itapl e
photgy IS IRAY BT SokspBRE smelbeticn Tah g8 SIRHONE S esk il R B )
photBﬁ’ bhétdgensRet ¢ bﬂé@nﬁd)ﬁﬂh&& Mnoﬁﬁl@ic&hﬁ%ﬁ’lﬁﬁ 261t théGormation of at

onpositions include those that are capabl e of being
leastpmtftﬁf;éﬁ@mlu angd(@r psid a Seepphaiginiintas delydsiodandemanlts (for
C [ f
exangé_}g,tc%ér&ﬁg??nﬁﬁzférs&?ss c“chtic%%lene&l latt (gtrrﬁgglﬁ% r%}%grllpé?, 2-methyl-4,6-
bis(trielslotdrhatyl)-8-tiifuind, Qrmtrisoﬂmcmfor@hethmashazme, ahd @earyl-4,6-
radi cal and/or acid. Such photainitiators include

bls(trlﬁléﬂ@mfﬁ?ﬂ%lé\1stt§37(ﬂﬂf‘ér diagoparp sells dprargmpl BhtYiHiazoniy salts

OPU‘%ml?tsﬁ?ggﬁtﬁ‘Fto‘? gﬁntg%ﬁél{ﬂs ?éél?fsfaélgl oﬁlkw E{Qﬂo or 1‘?1&3)3 sfbrittmatts

(for 2xatypile ttnrauszqmlﬂﬁonimhnsadmephqﬂa)lysubmtmd meth adind or alkoxy groups,
trichlo s-triaz

t hyl
and Grebly Biiaa il oLy Biones UGS MORESHs ot SRl hnegiaiurg salt
(for @)@J.Iﬁﬁl@ adn! N—aﬁ&ﬁ%ﬂ'ﬁdﬂilﬁ& é@dtﬁ rétng Eﬁﬁ?ﬁmﬂéﬁ&yﬁ&mﬁa‘ri‘ Qﬂreferably,

or nitro foniumsalts

24 %Kmhpzﬂlmtdﬂzdlwflﬁmﬁsg aﬁﬂ ga‘ﬂ #A55 ép{tqtmph‘tnyljr-l 1sluﬁsltrmdm0é¢i
o8 B B OO AR 200 R B o

mixtaZdsnhdrgdpsal ts (for exanple, an N al koxypyri di ni um
salt), and triarylimdazol di nmers (preferablc%/
2,4 hspb?ﬁogwéﬁyll mm@w@wpﬁie@r@e Kgehvesspecies and is preferably
5
et b 4t e LABRER b AT e spcics
whealisoxdyed therdmairﬂhe: pmm:hcbh)é tHel h@tosansitizen adduhe slettren éafor
The r js preferably soluyble in

h he
comp c%r g’c,ghye elegiipniod 2 pagcy a&mh9t01m§;ﬁ8§ ¢andeppipdyto some
exteﬁtt h th@{)arqaﬁ% Radtive RPQL AN MBSO IRIR MRESHaFEAE tﬁh@fbs&fsmzer,

reacti ve species when dissolved therein’in
and @iﬁ@snmxmoof:omp@lqdlmbweaﬁsdetsm@d@bam Hitlee lslaetmer&pncles is
ound cC rdln hect on, o

capa PR b 0 FudnSoinjatggis an

oniuHPRN (félféxﬁﬁbld quioabmhﬁlagﬁlfotﬁurﬁp&%@ﬁmuﬁﬁ galgonduct or
nanoparticle, photosensitizer, and electron donor

c oﬁp@@hi@ ioslepiensalta dnciledhossalgserihsd by Halazgoieo etedhdn iU/s.
Patc§AE £343 876 SABRM, Hnct HIRLALIOE AR DMt A B atso

'Teact on hien
descabBedin B &, PatchONo£3FD383, AM I MQQBLSLI)B]OOSM £ £0)038andor

di azonium salt).
4,394,403. The iodonium salt can be a simple salt (for example, containing an anion
such as CI', Br', I or C4Hs SO3") or a metal complex salt (for example, containing SbFg,
PFs’, BE4, tetrakis(perfluorophenyl)borate, SbFs OH or AsFg). Mixtures of iodonium

salts can be used if desired.
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Sui tabl e i odoni um salts include those described by

Pal azzotto et all, in U S. Patent No. 5,545,676 at
w@odouirme?7 |ines 28 through 46. Suitabl e i odonP@USENE/630291

are also described in U S. Patent Nos. 3,729, 313,

3,741,769, 3,808,006, 4,250,053 and 4,394,403. The

|odon| umsalt can be a sinple salt (for exanp| e

c oM ATRISS 9F asefalArematicsigdpngm qenuplexssalt phetqjpitigtprpinglyde )
dlph%'@%ﬁ)digﬁfﬂ te ﬂR&r@Eoré%l bic4 fn%rthﬁ 1y)fodoﬁfam t%trﬁﬂﬁ&o&?&%@:r

, tetrakis(perfluorop borate, SbF5
phemyl- 4A$15ﬁy)phthddumam tafraﬁhmiobma’m dﬁ@h&my@m)ﬂhomml f

4/ 110607 PCT[US2003/
te ra%ggmogage ﬁédgg? Kﬁ)@ﬁﬁ?lp’@ ‘i‘e&‘aﬂﬁ‘?fﬁ 8 F’ (3845 al t
chlo%}@)teg%'l?bﬂélﬁﬁﬁr}ﬁxhﬁlﬁiréﬂ%sﬁﬂa@é‘ Hbp Iﬁﬂfl bd&Rium tetrafluoroborate;

tetr uor obor at e; 4-met hyl phenyl )i odoni um

d1(4tteﬂualfomdr}émﬁlﬂ@dompmetnmﬂwmrhty1 dibberplipderinmum

hexgeiof ot i e b bl RS ARATk bR AN R

dlpﬂéﬁﬂi’cfdoﬁﬁfnﬁ) phesinbRbRenAé;(HEA- ;ﬁmn ﬁylylbmmﬁdmni um
hexaf | uor ophosphat e; di (nap odoni um
tetralﬂ@pycg)pra‘g@ rRlyg@fla}@ienyhodomum hexaﬂuorophosphate 3,5-

s AT R AL Sl
hexﬁlt(oﬂeamhfvylhiﬁh@,ﬂyﬂ%ha@@wﬂuwuhm&ﬁﬂmmomm@smne

dwhﬂc%r%ﬁf%%f' KRR OB ;D BrisaPpYHaapium

HogpHatd,; %HX'rhé% H%ﬁﬁé@éﬂﬂ&ﬁ%@%%%b%%ha% At(3-

di rret yrazol yl -4-phenyl1 odoni um

carbbeyqatfelnubmdpmowmaﬁuordplphph@w,u dPomithoxycarbonylphenyl)iodonium

nex oo RO i e e S BR DY s REr T hersrhargpace:
d1(4h&%¥t@fﬂ1 ﬂ{lﬁﬁ@(ﬁﬂﬁlﬁ heﬂdﬂlﬁr@lﬁw @Y@)Heﬁﬁ’&ﬁieﬁ?ﬂ)lodomum

hexaf | uor o (Shat e; (4- met hoxyphenyl )i odoni um

hexﬁbb@ml?h%]?f@@a@@ ﬁ@h@nylwde@unbmmﬂugxsh@ﬁw)% @B thenkike; and
mix El!arlé ORH)?I’? m complex salts can be prepared by metathesis of -
i (3-ne pq'] Iiﬂs)l §

oxycar en -oaoni um

corrb@\éﬁﬂing@rcﬁﬁhm&pﬁ@ﬁﬁn simple salts (such as, for example, diphenyliodonium
(3- et hoxysul f onyl phenyl )i odoni um

bls“#é’}?éfl} %P@aﬂ%%%ff@ -teaq }n(g& 0£§§flaa%r&5 Blrdn - CheB S 8L,

342K@<5@?I uor ophosphat e; di (2-benzot hi enyl )i odoni um
exafl uor ophosphat e; and di phenyl i odoni um
hexaéferred oalohiunsaits mcllah:diipﬁwylibdmﬁura nalts (suoht as»r es

.thr.ef.Armaic.iodnimco I ts.can

Giphs e Rinh RS, e Es b PR R PR s |

di Heﬁ?l%ﬂdﬂmrﬁ téﬂﬁhﬁo&%ﬂa&) (cﬁbi?ho&%uu&%xﬁlﬁﬁﬂ@inﬁmonate (for
9Idon| um bisulfa in accordance with the

examp)&cﬁarﬁ?gg (ﬁ,‘D B@H plfeineé frogi artanerﬁnmmpz}nan@;m;xtum thereof.

AT R R Gl RS A GBI 5 v
3,770 78I (Besth o bpm R hub @) Hine1 188 ao‘vhluﬁ Rpkspbat e, and
bis(trichloromethyl)-6-methyl-s-triazine, 2,4,6-tris(trichloromethyl)-s-triazine, and the
more preferred chromophore-substituted vinylhalomethyl-s-triazines disclosed in U.S.
Patent Nos. 3,987,037 and 3,954,475 (Bonham et al.).

Useful diazonium salts include those described in U.S. Patent No. 4,394,433

(Gatzke), which comprise a light sensitive aromatic moiety (for example, pyrrolidine,
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di phenyl i odoni um tetrafl uoroborate), diaryliodonium
hexaf | uoroanti nonate (for exanple, SarCatTM CD 1012
wo@bdoaitnsa? from Sart omer Conpany), and m Xt ur esSPCTES®03/030291
Useful chloronethylated triazines include those
described in U S. Patent No. 3,779,778 (Smth et al.)
at columm 8, lines 45-50, which include 2, 4-
morphaliney anglvhey lamlrdiphydl})l afime tWith ansexternalalimmnium group (-N*=N)

ana B3 G5 KRR OO Ve SRS, RShd e T

tetra‘ﬂ'uBbUbB?a't@ R4 b1ﬁpEﬂﬂ*u@l?daﬂﬁr%u@oﬁﬂbﬁétﬁﬂiebﬁas%&ated &ﬁ%@mh
Nos. 987 037 and 3, 954,475 (Bonham et  al

Exagples @ﬁ psefilsdazonivm catiode Htcﬂmbel -diesefrapdinobpnzagng N %ﬂ@zp—

24-Qiecite et natol i Fieg® G Sie RN B8plipd Phugee -
diazo-29 b A0RiNG-2OB BiétHBEY be#208 -§i3e2 9 5- dlﬁ@ﬂb@fﬂ phénye,
ani line, and di phenyl _am ne) with an external

morﬁh(dlzl@nilﬂrﬁzerlo@’@%hmmhpe alnélaaqu\gwrcgme@mﬂmlg@ahﬁpa@o 4-N-
metllylN g#r{iir%x?rétg% ﬂ{ér %%{h? ?}gght hal ene sul f onat e,
bi &{spfa ﬁlhllfrmmalsklysl mulhlﬂeﬂy)bé mast:ﬁbetem)U,Ss BaehENed 250,053

ere anpl.es se di az nlun1cat|ons
(Sm{t V\qé‘nin bi lglfﬁthé‘?ﬂ g’d’é‘h;’elﬁéf 2, Nphich efnpsgepresented by the
ﬂnn%ﬂ - di met hoxy phenyl)pyrrolldlne
I azo- 2, 4- dlethoxy -nor phol i no benzene, 1-

dlazo 4- benzoyl am no- 2, 5-di et hoxy benzene,

4-di azo- 2, 5- di but oxy phenyl nor phol i no,

4-di azo- I-dlnethyl ani | i ne,

]:;ﬂ N-di met hyl ani li ne, 1-di azofiJ\

i&hydroxyethyl ani line, and the/fFLe Usef ul

sul @nlun1salts i ncl ude those described i’n U S. Patent

No. 4,250,053 (Smith) at colum 1, line 66, through

colum 4, line 2, which can be represented by the

formulas: //R1,' R°'R3 J R3 X_or wherein Rl, R2,

and R3 are each independently selected fromaronatic

groups having from about 4 to about 20 carbon atomns
whefefimR | eR 2pideR 3 snalesth indepsddentlynedag bedtfranm arsanatiolgeeypls having

napht hyl, thienyl, and furanyl, where substitution can
frorrb@qmt fHio 8l 2§ rsé@sg apgns (éwrl@es@lpl% PYBsitUEdo0r uasyhstifjtest
o A SR, . S0Py S

alkok ealltydthio, aaylkyb, 'haldgeh uaﬂﬂSulf@mhmI artdﬂoddrthj dadl alikyfl @roups
havigg gcgpg;(g :to Sbuo?l% E(I) tcalflr grtlj atvc\>ﬁrr1tsh Ssl'lucsgd Bere ut 2 torm r;1ﬂ<y(l) D SCtudes
substituted alkyl (for example, substituted with such groups as halogen, hydroxy,
alkoxy, or aryl). Atleast one of R, Ry, and R3 is aromatic, and, preferably, each is

independently aromatic. Z is selected from the group consisting of a covalent bond,
oxygen, sulfur, -S(=0)- , -C(=0)-, -(0O=)S(=0)-, and -N(R)-, where R is aryl (of
about 6 to about 20 carbons, such as phenyl), acyl (of about 2 to about 20 carbons, such

as acetyl, benzoyl, and so forth), a carbon-to-carbon bond, or ~(R4-)C(-R5)- , where R4
and Rg are independently selected from the group consisting of hydrogen, alkyl groups
having from 1 to about 4 carbon atoms, and alkenyl groups having from about 2 to

about 4 carbon atoms. X~ is an anion, as described below.
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al koxy, or aryl). At least one of Rl, R2, and R3 is

aromatic, and, preferably, each is independently
w@e@aalice? Z is selected fromthe group consi seCHySmWH3/@30291

coval ent bond, oxygen, sulfur, -S(=0- , -C(=0- ,

-(O)S(=0) - , and -N(R)- , where Ris aryl (of about

6 to about 20 carbons, such as phenyl), acyl (of about

2 tSwitale @apions, X afdyeiessulfonivim sadts ( oy bithe ottler typeslof

et ol el s PPN B R MR 8 o b e

bordi QRr&d) phbshoRhsQenaydr Qﬁﬁﬁbnyade}ﬁwrecg EdRR-cehftYdd) and
from1l to about 4 carbon atons, and al kenyl groups

alurpigyirgnicFghd@iut 2 to about 4 carbon atons. X- is an

L ki b
inchgc#:l @Fﬁggpw ggi@ﬁ?%@g g@%F ,S% Sé% ;%S)egf such
<CF§i 3BR: @E‘?@?ﬁ%ﬂ?ﬁ% SRS ﬁf@ 2‘3"3%%2%46‘%302)1‘1 -

rsenic-center al um num cent ered_ani ons.

((Cﬁa)zlﬂgana‘i(Pxx)éN H&}Fsmcﬁzt%%qn@? 2%Ems €550f suitabl e
i mde and net hide anions include (C2F5802) 2N,

b1s(C?E)§%§S@QN SO® ngwc(_gcg%‘%@%)(%%{é 'SOZCF3, and

the ]QIQFSBEE)réd‘AEE)Sm;F fhis typd inChdy ANG2 FebBERh@Nby the formula

(Rfsg}%g%glgég'dr ggg&%%ﬁ)%y% &q‘;édé%é@pg %éﬁ Q?out 4 carbon

atontOHOSO2N- SO2CF3, and the like. Preferred anions of
this type include those represented by the formula
( Rflmaﬁzn)asw, but nhidimiting Rixainples of enitabloberaniegntered dintpal include
ving from1 to _about 4 carbon atons. Illustrative,

F4Bbd§ Sries(COB M 6 ne B dCahplBs, GrCEfaHINE . kBT SHaCe RudtBe (-
anions include F4B , (3,5- bls(CF3)06 (E@l

FCotigaes) 486E )6 (- IERBCaide s (0-CuklodB3 4)3(GsF5)B",
FC6H4) 4B-, (C6F5) 3( CH3) B-, (CGF5)3(n C4H9) B-,

(C6E533@B©€6H)S§3.((C6F§))33 CCHZ()Q@FGEW4)ZBCGH%F§ISG@E§BH3’JO)B
'(CH3) 2(p- CF3C6H4) 2B , (C6F5) 3(n-C18H370)B and the
and fhedike. Birefered baropueaieradeamnians ganeiallppentea fegrangrg halogen-

r t d
s 4l TR DR USRS I G0 AT e
mosbpﬂeffgreﬁhﬁlog@fﬁs Tihperefied, bethd dindgey) .exhinples bf aielprﬁerrwhnions
not limting, exanples of the preferred anions

inclidvoBifleis(CF 5CbHS 1B 3)gFsiB)BIBG 6 sRaRS)4HR)B", (CoF5)3FB-, and
(C6F5) 3(n- C4H9) B-, (C6F5)3FB-, and ( C6F5) 3( CH3) B-
(CeB){CGHILB-ani ons contai ning other metal or metall oid
centers include, for
Suitable anions containing other metal or metalloid centers include, for

example, (3,5-bis(CF3)CeH3)4Al", (CgF5)4Al", (CeF5)2F4P", (CeF5)F5P, FgP”,
(C¢F5)F5Sb , FgSb', (HO)F5Sb', and FgAs™. The foregoing lists are not intended to be

exhaustive, as other useful boron-centered nonnucleophilic salts, as well as other useful
anions containing other metals or metalloids, will be readily apparent (from the
foregoing general formulas) to those skilled in the art.

Preferably, the anion, X, is selected from tetrafluoroborate,

hexafluorophosphate, hexafluoroarsenate, hexafluoroantimonate, and
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exanpl e, (3,5-bis(CF3)C6H3)4A1 , (C6F5)4A1 |
(C6F5) 2F4P , (C6F5)F5P , F67, (C6F5)F5Sb , F6Sb-,
W@ HOWERBh? , and F6As-. The foregoing |ists arerP@DUS2003/030291
intended to be exhaustive, as other useful
boron-cent ered nonnucl eophilic salts, as well as other
useful _anions containing other netals or netall oids,
hydggxypepailpergantimonatpdorerample; &rnush evithf catiogionliyragetier splecies

I . those skilled in the art. Preferably, the
Suc%%%%cfx?’%?léﬁsel ected fromtetrafl uoroborate,

h e Xt dnye o phla bl foriax 3hlk RGOSR itlude:
hexaf | uoroanti nonate, and -31 WD 2004/ 110607

triphenyludonyar wg8dvarobeipir oxypent af | uor oant i monat e (f or

. it n ponically-reactive species
me@zl?mggylé‘%ginﬁ‘@g%ﬁ nsB) %O%g%?ml es of suitable sulfonium
dimstlytphphyisaifoiemdenaftuorsphosgiate  t ri phenyl sul f oni um

. letrafl uoroporate nethyldi phenyl sul foni um
trlp{leé}yﬁsgﬂpgl&nb ed‘ragfl%rogg‘i’%ﬁéftﬁyl phenyl sul f oni um
trip ARG Rl RRAPRIGRNE I Sntihbddpeny | sul foni um

_hexaf | uorophosphate triphenyl sul fonium
diphvaylhblbylsalionimiexaflucdogybmrigl napht hyl sul f oni um
. hexaf | uor par senat ritolysul fonium
trltq%%ggtfppﬂg}gwﬁggwgﬁ%sphgﬁi syl di phenyl sul f oni um .
anid?ﬁﬂﬁlién?lléﬁﬁalﬁlhhimaﬂ@)roé}nﬁhﬁrﬁ&yphen)” di phenyl sul foni um
tetrafl uoroborate 4-chl orophenyl di phenyl sul f oni um

4-baxuthenpldinyrad pHianium tatiaflyossherséxy phenyl ) sul f oni um

_ . i.(4-¢e enyl ) met hyl sul f oni um
4 Clﬂ@i@%ﬁg rlgggrh&z%gkt% }éﬁmﬁegéfel?%r%&f&r%g%?l di phenyl sul f oni um
tri(4-ghienak i plenohan fintim hexafluorophosphate

iR B horsoroasenase
_acdi f oni um
4 ac%te({r(lgﬁhgggrﬂggﬁ‘% {lﬂog%goggﬁﬁ g%t%ﬁlﬁ{)%lﬁ%gg nyl ) phenyl sul f oni um

4-thimewethdyphesyidiphendduéfonium hexafluorophosphate

dl(@?éé(ﬁ%%l%g&gfmgéglﬁlgg@¥iS?JE(?I’EIQXJ hselilcla gor}i)elljnrgmonate
ditohrdeh A RABERA i PERMoRUL iRRAUE et raf | uor obor at e
na

_di met hy pht hyl sul f oni um hexaf | uor ophosphat e
di(cambpiethoxgpranil)mgthytsatfohivm fexafluenopkesphite uor obor at e

4-acetamidophenyldiphenylsulfonium tetrafluoroborate
dimethylnaphthylsulfonium hexaﬂuoréphosphate
trifluoromethyldiphenylsulfonium tetrafluoroborate
p-(phenylthiophenyl)diphenylsulfonium hexaﬂﬁoroantimonate
p-(phenylthiophenyl)diphenylsulfonium hexafluorophosphate
di-[p-(phenylthiophenyl)]phenylsulfonium hexafluoroantimonate
di-[p-(phenylthiophenyl) Jphenylsulfonium hexafluorophosphate

4, 4’-bis(diphenylsulfonium)diphenylsulfide bis(hexafluoroantimonate)
4, 4’-bis(diphenylsulfonium)diphenylsulfide bis(hexafluorophosphate)
10-methylphenoxathiinium hexafluorophosphate
5-methylthianthrenium hexafluorophosphate
10-phenyl-9,9-dimethylthioxanthenium hexafluorophosphate
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p- (phenyl t hi ophenyl ) di phenyl sul f oni um
hexaf | uor oanti nonat e
w@2qophewyt t hi ophenyl ) di phenyl sul f oni um PCT/US2003/030291
hexaf | uor ophosphat e
-[ p- (phenyl t hi ophenyl )] phenyl sul f oni um
hexaf | uor ganti nonat e

10- mmyb9wﬁ@mamhie@iyﬁetﬁwﬂwﬁ@wﬂesu| f oni um

> ngéﬁf&gflb %@P an Sﬁa%n%mborﬁen | sul fide

~rdetlty¢-h G)mfdmmknamhrelﬁmmahebaﬂuérophosphate

bi s( nyl sul f oni un) di phenyl sul fi de
andtﬂ‘% 'g‘FEBgrophosphat e) 10- et hyl phenoxat hi i ni um

%feﬁ%ﬁ @ﬁ’l@@rﬁﬁ’ﬂ%ﬁl@s inelull® b L Rineaa&RIt Mch as mixed
exa | 'uor ophosphat e
triaryGsupforiwy héxafludioamtirhgn dtd(foxartripde)i WV —6974 available from Dow

CheBRal G353 b3 DL aags inBit PSRN SRl & SxAmple, UVI -
6990atzwﬂléiﬁbﬁh%atﬁel%wéﬁtbmbaﬁﬁ %Jérmsaﬁéﬁlﬁﬁm um

tetrafl uoroborat e -
hex@l@rgp&msphzm sde @on Q}mnlpl@( éﬁlt(l&br oKf&ﬁsq:mdaEde frandSartontearr es
COI{I r? Preferred sul foniumsalts include
e -substituted salts such as m xed
tr |tageﬁlsauinﬁmﬁlsm inemad ihees aBtbEPRAL S, Pit@ﬁt eX amzﬂ9%72
UVI -6974 avail able from Dow Chem cal ng , m xed
(Fagd Ffe?rly 126 ELERiSy Hith 2k doush eplHBth ine 401 whic wﬁiﬂe@n agigiium

f W a
mOIthyy?L%(i)ll a?\éﬁiyjnﬂﬁh ex({al ul??ldpﬁ}ﬁg}]ncﬁ?ﬂe‘l %q& q-%k azf’eﬁ%(uarlnng}mety
can Saulwet ot d hid e anoaiatia bings, ftypital Bacdrbemstlic ﬁ@[ﬂh&ﬁ Yihgs (for
Usef ul. i.niumsalts .include those described in U.S.
exa@ﬁfeﬂ‘t‘m%‘lmﬁl @9@“‘5‘712‘”“1@:9?1}28 iggingm, angmaplfegipzogiumi ne

moietles) A5G %Bﬂﬁﬂmgmné | R uﬂl@rm%m% gllibshﬂ%hygfa fitlogen , atom in

azinium noiety, such as a pyri ium diaziniu
the azinigm nngieantmi releysed Ehe fzcz:lrmcihuah upoh etegtrow ansferdtaml dleo ne

elech 53%2&%(9 3552%2@5{0'39 %318 Eq#@%?%%@?ﬁ%}nﬁq%? ﬁ\gﬁtommator
In oh€ Prestaizfiortn Uik qﬁﬁ&nfﬁ@iﬂb@ﬂﬂu@ﬁﬂ@ K Bky E%sﬁideﬁts)’l“hefdk%/e d

wth an aziniumring. A quaternizing Substituent of
Sub&ﬁit@%g&Tawah dHaternives a2inginilEeganrigorn i tlmeazrremremdy@gn be

sele@tlezl 'ﬁt%?% %@gﬁ %X 4 %@g Ot {%Ja ehc@& ‘%rn%gﬁlfegtr #g{sﬁﬁgtltuents. The

moiplyll eme feickhmple, boart HRylazdidhl Bﬂl(@z@hﬂétﬁyﬂ etayI0butyl, lafd e6e
erred for t he quaternizing substituent is an oxy

for“%u?f}é? ksEngicai! bé)?&}bsuéll}%t Ferrxample, exalkyl ¢for gxpople, benzyl
and gﬁa{ea{e;m muﬁoalgygg& AR sﬁ’fcﬁﬁétﬁ@t) Hh‘?cfa?széaﬂ'b% Al eﬁy

an b sel ecte om anbng a varl thetl cal
anothenfoem;, €rcan bx yn sey sddi¢aliesntls as éﬁheOC(O) T! rad1ca1 where T' can be

any of the various alkyl and aralkyl radicals described above. In addition, T' can be an

aryl radical, such as phenyl or naphthyl. The aryl radical can in turn be substituted.
For example, T' can be a tolyl or xylyl radical. T typically contains from 1 to about 18
carbon atoms, with alkyl moieties in each instance above preferably being lower alkyl
moieties and aryl moieties in each instance preferably containing about 6 to about 10
carbon atoms. Highest activity levels have been realized when the oxy substituent, -O-

T, contains 1 or 2 carbon atoms. The azinium nuclei need include no substituent other
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noiety T can, for exanple, be an al kyl radical, such
as nethyl, ethyl, butyl, and so forth. The al kyl
w0 awisaaleoTan be substituted. For exanpl e, aral kRgT/U§5003/030291
exanpl e, benzyl and phenethyl) and sul foal kyl (for
exanpl e, sulfonethyl) radicals can be useful. In
another form T can be an acyl radical, such as an
than-tﬁae:g@temizmmbetauuentmweem thepressace ghgthei SUPREUGAES isgifd

detr%aed-%fql t% ﬁ'ld aflVlggéil tges%%}]l%?c!ﬁm?&)?sc ribed above. In

radi cal, such as phenyl
or R tiathlimidagolgr &iknemmhﬁb tizaa deseribed im BsS. Patent No.
substituted. For exa

be a tol r
963N CErout t lyyoF ol ToBesal $125- TBE S dfrduee o Extmple, 2
[ i Chni_ nce
o-<AREGRR 2 Pristth bRabhertB) £ Pimi OB R BRLATCS
chlor®piehi/Bet,4'15, Baethaphasylan tebipnisheelaping Lhiste- nhlng)Péb@Bdi -4-
to about 10 . car.bo ons. Highest activity levels
[34ﬁBV@ﬁ@§&W“W¥ﬁﬂi%3HHWH§ﬁh?he OoXy substituent, -0- T,
Corﬁr@fgﬂéd h&binki &S Pt Rlieddniuhelte@hdt P@f&ldﬁlyebryﬁaﬁ&uum
inclu substituent other -33 WD 2004/ 110607

saltd?CdIﬂbJSﬁ&ﬂﬁﬂﬂ&DtZlemes elarytimédagabl dimners (Ingresuipfstabli et -

f h
L R
ary 1iésbitim bd1ds sl briofietlsZ0¢d/ Iriading® ra8d itk Y Gariphastimidazolyl

descrlbed in U 'S Patent No. 4,963,471 (Troyt et al.)
dnnaxs (wﬂhmﬂl@iomum@%ts 8d g trigripebengBPY HEETEHe, for

h hot the electron
alrgﬁ S(l)I're(d) Hh?t)omitl%torb Ihse(or%e mtl olglon XR/ p())hoesﬁry} ISIZCI' 1e ebl ron
accé’[ﬁb@ and?’oﬁthe bies{ron donor can be physically or chemically attached

chl or ophenyl

(predergbly; she@iugilfy f@wﬁ%@)gﬁ wéa BF% %61&108??&??9?{' 3 dazﬁ%r‘ Ffo
enhaﬂc ]the 'aﬂ:l Wera? theh ?é’a"cﬁgn-ﬁ’fhﬁﬁtﬁig{ﬂlp%l@i Ofichi @ Bént can

on b re preferably, odoni um salts),
be sffdcmdahmmgly tlmttsd ofa t@hﬁrmgenﬁqmlsiﬂm daﬂ@ma/momm’é%does

oo RGO G Ao B L B

pho%s%nsﬁiéfl #he @Reﬂrm&@b&)ﬁ th&BeaE I @nay, st tHersemidondactor
and the 2,4, 5- triphenylimdazolyl diners (with
nangpaiticled Fnéfarsblyafthedetheing tgent eqraptses 8t I5ast A frgrapoordinate

car qglga{tgﬁg?%?qmgl\ o‘fl %g'efﬁl gthgxtelgg ?{gﬁ)&t 191 lﬂhé hRtBbve- Hé‘s%nbed surface

308 Ens| ectron accep
treatifiEM tQigeitd @n@ tRatkepds wielhay the asthdringpizgsts (da$dr1§oe«bm U s Patent
chemcally attached (preferably, chem cally bonded)
Not4p93helaOVrightet 8k)-t he seni conduct or nanoparticle to

enhance the probability of generating a
reaction-initiating species. Such attachnent can be
Pr@faﬁ‘ﬁﬁérﬁdf letomjhtlwéiomsmfona t et her i ng agent

rising a linkin t hat doe

T ghhe Feasti spesies SO RU R DA oS CPRPEIPR PBPopFRgitZer.

ele& Rt EbAbRnds [ A8 tpﬁe%lrﬁﬂ%ﬁﬂor Dhatasfasptbi @cﬁﬁ;;}ouhh@ can
ectron acceptor, the el ectron donor, and/or t

be pnepmed gl tilot :methods described above or by other methods known in the art, and
many are commercially available. These components can be combined under “safe
light” conditions using any order and manner of combination (optionally, with stirring
or agitation), although it is sometimes preferable (from a shelf life and thermal stability

standpoint) to add the photoinitiator last (and after any heating step that is optionally
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nanoparticle. Preferably, the tethering agent

conprises at |east one tetracoordinate carbon atom
wax@aplws? of useful tethering agents include tP@r/US2003/030291

above-descri bed surface treatnent agents and the

like, as well as the tethering agents described in

U S. Patent No. 4,954,416 (Wight et al.). _
useptefrailit disseintipmet etherxomppacrtyhdbein alynberprefarehie tq fiwst add

Cl ' r icl .
e SRR P GAREL B RS oo
phqusma@iva icbingbsgfim {rowhieh eet rannpaticlep trermasd sploblegte) mixahe
e prepare y the nethods descri bed above or by ot her
resyEp SRfabIRARRIUNLH theeangparticles are ﬁ?m‘jetsle/éh%w%raadéﬁ?rw add
L L e e
chosemizi asabinotrepapppraablyywithvittercostponets gf thercomgositivn.ofitable

al t ho it is sometines preferaple (froma .shelf,life.
solgis PHEA PP ST PTG CAEORA TS AP At ppge: [he teafiive
speBrRotigdINEdn ANonleBifes 6ARE asth k&lkemTyr thedtHeR BombSinidlat

is optionally -34 WO 2QO_4] 110607 PCT/ US2003/ 030291

us elihe corhpanehistof the phiotadnitiator systesn agst present brihwtesherjcally

It. can al so be.preferabl | (St / s
ctiecting aBmato e Bar o chele el FRRitpasti® spmpgsiion can
. conANRORENB0R5% (1Refrdl Y HERA BBUCIDIPaRbeipdsTeiablyhi lehst
t he nanoparticles are nost soluble, to mx the

abqug 3Qod PR EobP AL odry Wirieht oftoRe On BIOBDEAEH ¥ Wecigh: @t least
abce? Y 84 %%f;&g@np SRR b @R 9. %ﬁﬂgfeqllrg@%glg& aﬁ&a& WBb& 7% up

conpone vent can be use ired, provi
to dboat 10% €preferabéytupits abaltd¥emaere pasfetablynop to gaet 2%) by weight
copposi ti

appreciably with the conponents of the n
of saieongEior Sencvaicls™: el st Hopp @%@r@m efidfgst about

0.26; G0 E&'ﬁi&lﬁ Ng.leANEhRE 61398 dp'tblaBout 36, (REEEbIE [P to about

species itself can also sonetines serve as a solvent
10%pmotdereferdbdy, updopbos 3. of Theecarapnssivarihaf in¢apahle of interacting

iR RRL BB LA EOSF Bt b PRSI BERAY R babis
© phonafeAaRd ink@atiBREMpbEiAtN GRtMudeS @héphotdh phe@sénsabet)the

5% (preferably, at |east about 10% nore prefer abl%
phoferepesivetcomppgition ogugengrllysontssLet 1emst Famt B 1 Heipgsierably. at

T I I e
to dbeass%ahoud préfe2f8ly,wp to bbowr@itbylweighiofehe oabloye ofihe oae-

about 5% nore preferably, up.to about 29 b i, ght
phejen RO seHpitizes mndﬁ&h%rﬂgrhqﬂepfg@ “%W&%SW ﬁl?aé&rg%%@%% up to
r.ef: Q
o S R BRSP bl ol S Al e, o
aboup Od%rmdue prefepblyofraimoaiout A.0% torabpet 39 ednelr (@ frpm ahout 9.1%

o L Ot ioF A5 PG ORI C SIS RpAR S Orederply. fom
abduR0Moto dRRBEpne reaction-initiating species.

When the interacting composition does not include a one-photon
photosensitizer, the photoreactive composition can generally contain either or both of
(i) from about 0.01% (preferably, at least about 0.1%; more preferably, at least about
0.2%) up to about 10% (preferably, up to about 5%) by weight of one or more electron

donor compounds and (ii) from about 0.1% to about 10% by weight of one or more
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When the interacting conposition includes a one-photon

phot osensitizer, the photoreactive conposition can
w@emwenaiehy contain at | east about 0.01% (pref ePEbUF2003030291

| east about 0.1% nore preferably, at |east about

0.2% up to about 10%(preferab|y, up to about 5%

nore preferably, to about 2% ght of one or
elecﬁmﬂeacéﬁFPt‘PIW@Hmemd forblyh épﬁs%t gll %ﬁ%ﬁboﬁhﬁ%blqr her
an&%at&gw“%%fpgg{o}ea%ﬁﬁg o Rion e Riaf 6@ BbYuc 3191 % Qpreferably,
at lepopsown 09 %; it eredlihly, atledsealsdut 029oUp 0. abint m% Qpreferably,

refer abI from about O. 1%to ahout 5% %ﬁ from

up t@%h | weighhshRne orgugTs P &@F@H%t%?owngF
e SR PRI AR col ot
0. Od:l%ets ahot IIOI%:I)de’elght mfrmtemmmm regohivt speeivs i(priefeeably tfhem about

035 BN b ot PGP O WS preri SR L Pty

froﬁba%Hﬁt £ 15/5bdP '1@%? rehe ﬁlﬁﬁ}le}’mteétpefcgﬁt% esaﬁ@ Yhsed QpdftiheltBtal
to about 10% (preferably, up to abou by wei ght of

weigheofowolide(thatas, dlast totah weight of C@cpmmhfarﬁ n( sal\)ent)r om

oY 1587 B N e BB Sy

dep”eﬁdﬁﬁg @F&s theRle§itar adlaluge. Btigapl@bdiuvan®s thetutde selbents, cﬁﬁﬁmts
ternatively, the )é)hot oreactive conposition can
feS’élé’rhlaqiqiiS PRasHEIAGSLRIZDEN)S }(E&rléP@%lBlOy Orgaatc IPRAEINgB Ut
extg%d]hb{& flq%{}% t E&{elgécg%f]guntggf lﬂﬁ)%l?tl ou? @g%eo oy i Hpbﬁﬁgd o? the
totad veeight offtiecopipobition), thlﬁcbthm a)g‘qntn,l nﬂﬂs;catc\t\lﬁl,enhlbtters stabilizers,

reactive species is a Jeuco dye, the.c tio
ul tr@&@iﬁt apsopb e@%ﬁle@&ﬂ%ﬂﬁ df?r flea 1@%&%’&% %'aa thedige-
Th@xmwﬁtg B %esoafesueﬁ adfRUnté SRCHEY Sn2R6CIERA{HRNS6 Bfeabl V.,
fromabout " 0.3%to about 10% nore preferably, from
coralbmsu,tlon;t%lﬂdveédmﬂmar tabpsensgiiedpn gliecaribl y,  from about 2%
bout hove-cited ent a
L poll T BTG foobgar BT ISPR BT eI vE hE RS Pinders

in thE t8MboRfioEAABRIZE ThiSexint}f2¢, tb Batrdl Qls¢6dity)andAo Prdlgde film-
variety of adjuvants can be included in the

forpiing properties. \Ich pabdric ipders caegraailly he ghewenttn de compatible
w1t§ﬁ§é ot 1V%r§9eclilg's Fo?lé%t X der%&%]&\a{épﬁlﬁeﬂs rt]ffelt lépeesloﬁmlé{ flﬂ'hg same

Fesi ns I'Clzers

solgdte $hat nme@ fatithe RhcthregpBties, nad i aei frg afrfuncenohelrgioulg; that
fillers (at %r eferred ampunts. of about 10%t o 90%

can VRSB0 FOTHO TR GdhETeacore SPHISY SRLBE P L)

Blrﬂﬁf%ﬁﬁ @Rk ﬁ {8 weli %‘ﬁ sﬁﬁ‘ﬁlﬂé B abdhmb *alastn%rdsfﬂm-fornnn

i zers, traV| et absorbers, nedi canments (Tor
propraiep hwd sdlmmhthmle gy (fooexatepdy, malachlatveciphtk betweehabout 5,000

an(ﬁmggéﬁq 3%%’“% Y r?t%@% g l%\%genaa Olill\'[/ ?8,680 ({j 5(56] &H daqt%gg emore:
preferably, between about 15,000 and 250,000 daltons). Suitable polymeric binders
include, for example, polystyrene, poly(methyl methacrylate), poly(styrene)-co-
(acrylonitrile), cellulose acetate butyrate, and the like.

Prior to exposure, the resulting photoreactive compositions can be coated on a
substrate, if desired, by any of a variety of coating methods known to those skilled in

the art (including, for example, knife coating and spin coating). The substrate can be
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conpositions will be famliar to those skilled in the
art. It is within the scope of this invention to
WO padsononr eacti ve pol yneric binders in thePCT/US2003/030291
conpositions in order, for exanple, to contro
viscosity and to provide film form ng properties.
Such polyneric binders can generally be chosen to be
chogemisemiapVide vagiety of fidms shetts\iad s sefacesaiependimgiign the

rrBET R S A B LB D s

are igbdralty sufficiest]oflatftt R4H10 BRl prefRatih dfadhyer GAPhSEMAESR] Y
affect the course of reaction of the reactive species,

COI%%IU@E hayipgiad@iform phigkrass Eerrapplicasiong wheteeaoating 1dessght
f
desSbib 3B PGBt S S Conl A SO ARG bl P,

betvveen about 5,000 and 1,000,000 daltons; preferably

E bet ween about, 10, 000 and 500, 000 dal tons; nore
——%ﬁ%ﬁ%ﬁﬁﬁﬂ?——géﬂﬁgﬂh about 15,000 and 250, 000 dal t ons).
Sui U%l%x@@éu)‘%s’t&nﬂh@ﬂﬁé §t le ﬁ Ohé! ﬁght s;oﬁfce S48 IPlest one

ol ystyrene, poly(net acry
optigal gi¢mentr érme')ll-gbbsou(r@acuhyﬂ p‘mvﬂdes $uddicientahiensins ¢oatfetat e

o E i Fipren of S s b bhgisarite GHabE sicdied wonipenugio

nan8paritle$ tfoAé:Rmpld, adesiel@gih MYt ig ﬁﬁté'hfed @vﬂlad' ﬂoﬁ% vk length
coating nethods ’known to those skill he art

visiblerps ngairinfrarel gbs@srtempband cn‘rthtf @arxp@autlpl@g canbb eiplized. Such

eSSl TR ke B AR R PG
frothiabote, 606 be syt 1200In@t hote §ﬂéfd°r§bl$2 Srorfl @GN G500 AR 106@nm.

E%gtlcular application_and the nethod of exposure to
Hlupination cay peicontingpas oramlsedios cambinatipe thesaér al | y

S u@dlt%bl%rlglgysgdr@ets b Quf 3 &a Bﬁeégél'nﬁegé’c%d 8‘?.3: Qhigrel BYEFum

of photoréactive conpdsition
sapphitecdsnidlators (Ffo:r exappllé, eatohersnt Mier @ptmmat){)w) pﬁmbecssy an argon .

'qu (irfable { GpOtoB]glg‘Ctl 1 ostlons can
lon HATPPBI% 2 (O BLEBEV PN B I ROFpsFaling,ah 6Q iz, has a
pulseWeidgrorasd tﬁ&@d@f@m&&%@éﬁds ei)é Bﬁﬁereoeﬁyéetnefm anfl @ISP 4%, 3hd has

| east one |ight source and | east one optic
aveggge pewer upNayl .4 Willts. ijﬂ:@hetilﬁ‘ﬁt Y|6|Colasfu‘e $fos extdniple.endpectra-

PR SREbR IR s w8 e G203 Barilt ononsieer
Physiaf Sipati purBpeRiSb 4 Spectra IR Q@laﬁﬁ%&{y@mr ah @ svifched diode

mat ched with a | ong-wave |l ength visible or

pumpeddasersf(faa re&mknplasm BpédtarPhyaies FObat Y Yranapa bt u€iliedd. ak
be in the

et AT s A I3 R oo ol Sl
Sl SERAS O SR SO AN Yo

contrefemedlight sparcseidcinde acarantvamed piilsed tases dafing a pulse
length less than about 10® second (more preferably, less than about 10 second; most
preferably, less than about 10! second). Other pulse lengths can be used provided that
the above-detailed peak intensity and pulse fluence criteria are met.

Optical elements useful in carrying out the method of the invention include

refractive optical elements (for example, lenses and prisms), reflective optical elements

(for example, retroreflectors or focusing mirrors), diffractive optical elements (for
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Sui tabl e Iight sources include, for exanple,

fent osecond near-infrared titanium sapphire
wosoiiii@mdprs (for exanple, a Coherent Mra OptPOEUS2003/030291

900-F) punped by an argon ion laser (for exanple, a

Coherent Innova). This |aser, operating at 76 MHz, has

a pulse width of less than 200 fentoseconds, is
eX3rpplangralingst Ditee mpgis, ardihdggramy). pakuizingoptigvledementp thaer

exdifoib Qinkaf pdilel afd WY ERRS PKPCPRARISIG! Shyeguiges

wam@laﬁg rgd bird&%ghmsligusd ér&ﬂﬁl}gﬁaﬁﬁhﬁé ﬁlazjasﬁh&%i%@;}l?%ﬁé’rﬁé Q%
i r unpe .Spect r a- Physi cs . Quant a- , an
“S%ls‘?([ fdgﬂgggsgﬁee%‘@aellﬁ%ﬂp%@frﬂa@é? ghaping; pake, ﬁﬁ!ﬂpgl}g, and pulse
timBRe O ATy 8biEBink ;o-fé%tl&ﬁ %leﬁﬁléezl%t&gé)g&{uh%%cng 8ﬁ:%lr(

intensities genera e at
apprperiaip pernbinamerns vall belrecqenized b lthosackilled $n the et dt is\often

des‘f”%]{ qt ed by. the_ abl ati on threshold of ¢t . )
pROtoP gi\ec?l%{\?é we PEPSHCE SPETUF fR BTV Y shlytpeused Light.
HoivBGeriatey at@indti¥nl FopHc A elchRbhtd ARGrSvidavd H&ix%«f;l %E%ﬁ?t})/ profile

| ength | ess than about 10-8 second (nore prefera
(and spafial plageraens therad) casescwilized mbet exapipdd, dheadippsurk egsem can

incB29 SR A8k 3500 g5 RS AL SABER 600 5

objestivefiibise26X Fange criteria are net. Optical elenents
useful in carryi n(% out the nethod of the invention
i ncPeREally. sKposerg idhe photerspctbiecommosition 6an bx earpieé out using a
licHt& | ekl | ve ' elements . (for
R OReE (AT P P S HER e PR rof
congiioflingzb¢ three-diptensiahalespeti dissrififtion of HghiibeA0Rdvith6AS

PCT/ US2003/ 030291 anpl e, gratings, phase masks, and
cOp Y Pare) S 0ienhs R THpt 2 AT RN BAY SOy Pased lasearpn be
pas(b:édtﬁﬂfugﬁ @'f@éds_ﬁ%r 18ns3R% NAURP LI%QEat'tlaéj{)o{cr Thtis “Et?ﬁl(t%%s

el l's, 'wavegui des, wavepl ates, an rirngen
volypng of thecoypppsitien. Ehelfachkepdintaan bSycinnep vi tradslaédienthsee-

. | .for focusing, bea el ivery beam node
cinifSon 54 L8 LohS5HTG BEAM Gl VELY, beagLIede.
dineosibhal dinb Nt thé desdeti GRApee ITRIRRRDSse8 P ilREniHkl hERithe N
ot her appropriate conbinations will be recognized by
conmppsdionsRR pe egnne ¢ither By moving the cempesitiondisssilf erbiyemoding the

. j i . [ .aperture to provide.
L e T
expogxdi qo.aipoeﬂtieﬂgm be $L’_rb§fltct@T t0\4i pﬂBSe)@oﬁlﬁ‘é ihé%ﬁ)drd'aﬁhﬁ{g,si'tf disired.
rofile. (and spatia acenent thereof) can be
0t 1 1ot o Rismemblen s ¢ Spetraneais tha produces
a mhiBhUSIR SRR @Haﬁ&@hﬁ&ﬁgldi%rgﬂt(?%? El%sé Bt %%M?g? e_%}es,

equi pped with a0.75 obj ective el ss
the EsWeInglihgge exppsionalydie ddvelopbdby rexanting/ dthee HRaxipbiedror the

can be carrjed out ing a Jlight source (as described
ane SRR skl i P fariatebiet d caetpling: Popthorar-

known means. Cured, complex, three-dimensional objects can be prepared in this

manner.
Exposure times generally depend upon the type of exposure system used to

cause image formation (and its accompanying variables such as numerical aperture,

geometry of light intensity spatial distribution, the peak light intensity during, for

example, the laser pulse (higher intensity and shorter pulse duration roughly correspond
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controlling the three-dinmensional spatial distribution
of light intensity within the conposition. For
wex@aplwp7 t he |ight froma continuous wave or PCI/BE82003/030291
| aser can be passed through a focusing lens in a
manner such that the focal point is within the volune
of the conposition. The focal point can be scanned or
to peakdipdt atedity)), @& wdil mapoaiith@nmummé Ithqxalmmmitidnffacposed (and its

con iR 3F RERS AT He B BRTERY HUCT FaiprEEe R End
Gen@?élﬂ?slﬁghéi é)ehﬁ lisninR@h Qs lﬁ(ﬂlléh‘é?loﬂg of fiRus ERGPOS drleP B foBire
be Scanned either by rovin he conp05|t|on itself or

timesyevierything etsh é)emlguegml d dmaag engl@g o NG’ spaessi gegerally can
be a{e)§;tg§;t8g%@,oﬁhg xt%flgﬁecgg% u%m,cr; gLé&tér&oﬁg Wragg gasgr or%smg a pulsed

laseP@§h a8XL0 mgedllnea&n bf aruneot to 10‘15 deint eplrefdrﬁblymohi ot to
Lnduces or exanp a reaction of the reactiy
sﬁi‘é@n@§ndtah‘é‘it 16 émw; é&ﬂseapﬁe@eqnda@r%r@bkyg akgyt dB. 101 40
puk@?@&%@&ﬁf stlcs different fromthose of the reactive
't he resul ting image can optionally be
developed by renoving either the exposed or the

unexposed regi ons througg usg of an appropriate
sol vent, for exanple, o er art- known neans.
or e(ggec@ﬁﬁré'd%htaéeg‘ be@isdhiEash aRalriRRiifktsted 8§ tlp;efollowmg

red in this manner. Exposure tinmes generally
exardplpe vt thp partitider mytpdale Andxposiy téelsy%neelmdus dhbse exampless a8

Wel];f§ ﬂ%ﬁfg{z)r{dr{%}nls gﬁ%&%ﬁlfs shoubiaerbo(lfrggp o\éﬁ?ﬁfﬁ%ﬁﬁ%ulégemlon.

spatial distribution, the peak Ilght intensity during,
for exanple, the Iaser pul se (higher |nten3|ty and

Example de Mgﬁipbethwmtpnﬂymu@mlgn Ushze §pdrR)ZngdNagoparticles
20 I
%gﬁlé%?&?; pﬁgééégﬁ)gg%tgglgga%]etf%égﬁ g‘?ﬂé ﬂhgn):lwgator system
consiﬁtmgaﬁ“ iaddSe maemcﬂds Ga@Rnghihé ye ©aaphoionphbosansitizer) whose
photosen3|t|zer §£ hotoi niti ator,, and eIectrog aggor
absQIBHRILRANY)cOTTeTRAREe Wlltg theglyHescepreeistighbandramdhe
nand 1(51@89 bQBRc &%9‘9‘(% r,3hl 9%16%!?915 160r XR]S WhfopattidiBSwere
erything e ng equal . Linear imaging or
preptwdi asidescribsp bekbs/, gengralight m«achflbmoamﬁmm @nthntsﬂs Qes@®ed in J.

PS80 11008, BnRETUBEGH S Bub AR s iy
avallé'l))icsfrél‘iﬂl Afridibcaesradcoprafenkbd ywiabout 10-11 to 1014
second) and about 102 to 109 pulses per second

(preferably,_about 103 to 108 pul ses per second).

e and ;gdyvant ages of this invention are
P$§i389%§—g%e foll owi ng exanples, but
t heorgadﬂthqub@pl Ismispmmabﬁlda (DOROP (BTREMNEliceaitals @¢eviiRtlyport,

i n these exanples,
MA) was dried under vacuum at 175 °C for 4 hours in a 250 mL, three-neck round bottom

flask fitted with a temperature probe, condenser, and septum. The TOPO was then placed
under nitrogen and the temperature raised to 350 °C. Into this was injected by syringe 16
ml tri-n-octyl phosphine (TOP) (Fluka, Steinheim, Germany), 4 ml of a 1 molar solution
of tri-n-octyl phosphine selenide (TOPSe) in TOP and 200 pl of dimethylcadmium
(Cd(CHs;)2) (STREM Chemicals, Newburyport, MA) under vigorous stirring.

Nanoparticles were grown until they had a first absorption maximum of 523 nm
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wel |l as other conditions and details, should not be
construed to unduly limt this invention. Exanple 1:
wo/Rdoilptsor on Phot opol yneri zati on Usi ng ( CdSe) ZPSI/US2003/030291
Nanoparticles Miltiphoton photopol ynerization was
effected using a photoinitiator system consisting of
CdSe nanoparticles, a cyanine dye (one-photon
(indpdative sfaalsappmam)atelm& sm avatrge dpmater; badunay eedpdndimd Chem.

d f
SocpbisoR At riopdl TER EBrgePloadRs Bt ook na Adus o gH of
but48N OT'he fadlSFaraRS %fet fheh ROINRIS pre&iRAIRy RS nid@masl. bed
bel ow, using a slight nodification of the synthesis

deSdeingaeparticles weramverhaind withio nomival g ef em}ayers (up to

sbolf PR T BANED SRS R e e B el R RUE Pyt at 175
°C {B¥ £ pauraid #05@nI( EstPeedr ouNdnopamt fisk €8ted ith Déondenser, an

tri-n-oct phosphi ne oxide (TOPO  (STREM Cheni cal s,
addmmmrvbﬁafd Withya)SepiiE, @reIBRPTAHERRI oD A hsgptuny 5T<t:fhfSoWas
addéd Qﬁé&! He kdtil ﬁ‘o@?&tﬁhxn tgY ffad] %g kasoun gx e 08k 8f‘fsol feask

? (§1 H enper §t ure proboe condenser, &
naneexpdi cles. Ilﬂ%dl&:f%)vmm%dvem ugﬂ;&a@gdlunu moﬁﬂ"Crmnﬂ Ithm&he seackion

t to wa ,

vesieh et PRy RIh Goggn. TAF oPTEoHinge g Bhanp 66 mhelishy]
Zinc (RS el (Retan SR RATOSRS eI TR e, |
SteiligPma GerRay) Weod locadmamhydt gyathge imn Clﬁdb(om-ﬂ}i@ )syré@‘émm then

o R SRR o i PSR 50 Hh 8o
septafiS OrtsbRifi o Bogs TR aﬁifde@aﬁ) Qe to 3k B APOPOIHARIA at 155 °C.
PCT/ US2003/ 030291 (i ndi cat ive of an approximately 3

TheripmpgramegEaghaaiavesred a0 Wy rﬂﬁ‘ésheéﬁﬂléqmg sofutionyiy asCitiater
ovel%? t. %flng %eg&agg &g‘jl%gg%% n Tgb%tgﬁagvﬁ anoS|% alt'édjz%rlna\ﬁgtea hl%l/e and

dlspﬁﬁﬁ@ﬂﬁITOIUeﬁé.eS were then isolated by precipitation with
nmet hanol . The nanoparticles were overcoated with a
nom nal shell of 4 nonolayers (up to about 9.2A

Pregaidtitg dhsodineZDR as fol lows: 60 g of TOPO were dried
under vacuumat 175 C for 4 hours in a 250 ni,

f odhe peededymsfatisymehasisral Bt metky ) 24 (ER N 1-(3-metohd Srsarothiazol-
2(3@?&&%@*&6 . ekgtg qe’;—bgﬂ {h%‘zo 1qu?§1‘a? Eéﬂgwe% Sgenergg% ahaé

'S wa

outllied anB 1(ﬁ:ﬁémtstggrl39 BmIS?@l wmm@mﬁlam bf Q—fm&hiﬁbenmt}ﬁhme was
formof isolated nanoparticles. The hexane wa

cattied A3y RY CUR I, SEM e R0 AR RIS OrtBbeinghyliodide in
applg)gﬁﬁn?élg?@%r@' xﬁ%t?%l%ﬁ%flﬁgg i 2'1{51] ef10% il g ozgﬁ{ﬁ%ﬁ’ VEWRRR L R Pwas

procﬁiiceal mhfebmnzoﬁmznhmyl)mdlda shlf) {138 $asisolated by filtration, yield, 9.67g.

(trimethylsilyl)sulfi (Flu
Thigfig Re g e reinledipdarm theshiey mggteeﬂsﬁaffoatha?%r@ass in f¢flxing
pyrid¥e! TIHEO ¥R of BfModide salt was combined with 5.8 ml of triethylorthoformate in

20 ml of pyridine and refluxed for approximately 5 hours. The resulting product was
isolated by filtration and washed with a cold pyridine/water mixture. The product was
dried and a yield of 6.6g of the desired dye was obtained. Nuclear magnetic resonance

spectroscopy (NMR) was used to confirm the structure of the dye.

-40-



renoved fromthe drybox and its contents injected into

an addition funnel fitted with a septum The solution
wor®4tiiesn added dropwi se to the CdSe/ TOPO sol up¢DOSHD3/030291

155 C. The tenperature was then |owered to 90 C, and

the resulting solution was stirred overnight. The

resul ti ng over coated nanoparticles were isolated as
Preparediieraofah] o-mm: ogs sed in tol uene Pr epar ation

gf n@tgfs’; IQII} '8? (?é fe%%tegwiéfulkgﬁ EE{ és%nt 4 a%spzothlazol—

2(3ﬁ§—%l“|ﬂeﬂé?1br@? rg/’l]OP 31b'eﬁiﬁfhlhzo11 ﬁmﬂ?fbﬁ%r(hé}k@for&l fefiPed to as the

i odi de genera y that outlined
cyaping elienn g:03/g aBa SG/30 Bixgrayf lscwahwt&ttnmrylate (SR368) and an

kGBI EREMATRLE U8 st 50 QUL pRRTBRNG . wes
Cheelr [BA) wak piepared agP@IOwddBisel (yve5ﬂlgnﬂ 4of2 awtdiyl @ne
di chl oride and_refl uxi ng overni Avvhlte solid was

diagyhpdpniwy hexaiosesnsimanaiesalt i qa@@ ifigen SaqmertGrmpanysVest
Chésﬁe?l PALgPY0 8 'nlle%b@}tl h980 bYE sty §§vagzgle fro-ln—lp Chhal §L4fy
was coupl to formt

Cheic#s,Bdryté MY ate dissolved Inuﬁ ilhg tetmkryldfbfﬁﬁn ahbi ehed. Aded to
ined with 5.8

of the.io s co of
the Folfiem A Tgpm %6?%5?92%011 Bgh s Bfepﬁsﬁfi.%ﬂ?res%laghts and then
storb&@id M¥6G Vifg t@;ﬁlﬂf&ff E@ﬁa% glélahgﬂ.r s. The resulting

product was i sol at d by filtration and washed with a
col Si0<pi§/$¢1dt1®leA\maSethemuscdm0 prepAivshree pHivivreantise campasitions as
folland a yield of 6.6g of the desired dye was obtai ned.
| ear magnetic resonance spectroscopy (NWR) was
used to confirmthe structure of the dye. -40 WO

ZO%MUSZOOS/ 030291 Preparation of
Ph i npositions A solution of 10.0 ng of
3- nE$ mL of2x §.03 b4 3&ihticn 6ShaeldY haﬂlopartmésaamu@geodvas added to
2(3 [ denegv ro% | - enyl benzot hi azol - 3-i um
émt

i odt %ﬁ%}%&ﬁ 1 uFYéﬁ‘lém(Lﬁi m%OH@lqeh@anigdqu‘iietOdyey“oru2ﬁ

r f rat riQacr
(sl an b Ferl ool PRI, WA &
est&ﬂut(dfﬂg ®\&§)addé1bhhd amaeduahigarﬁmmmvﬁa fstiere® ForGominudk st
Chester, PA) was prepared and allowed to stir
overni ght. 40.2 ng CD1012 diaryliodoni um
he@Mqu@mNr@ @b AR ek | abl e from Sart omer
Cornpany, ester, nd 10.8 ng CA 7460 borate
sal38.9 mgaif I9819|9§%fbu}kn(3@Sb 8325pecthafy AeSCe Ward HEll, MA) was added
Tarr

{ ot AR ot R i A neitanl e Fuishusne apd sseed for 20

f oriinSted GktiSOEN HispEsdl. IMHLH NSS! ssraﬁbﬁgk Wﬂéjﬁfdcﬁ &inf the
lights and then Stored in anber vials to prevent

pr eppltingmigdnigtwasrstinsd 6lé Boluiesi on A was then used to
prepare three photoreactive conpositions as

{

COMPOSITION D (COMPARATIVE)
0.531 g of Stock Solution A was added to 2.21 g of a 20 wt.% solution of poly(vinyl

butyral) in toluene and stirred for 5 minutes.

The compositions were spun coated at 2500 rpm on to microscope slides treated with
trimethyoxysilylpropyl methacrylate to form clear coatings approximately 30 microns

thick. Residual solvent was removed by baking the coated slides in an 80°C oven for 10
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follows: COWOSITION B 1.5 nL of a 0.05 M solution of

the CdSe nanoparticles in toluene was added to 0.433
w@2@f/1peby(vi nyl butyral) in 0.5 nL of tol uenePemtis2003/030291

allowed to stir for 20 mnutes until the

nanoparticles were conpl eted di spersed. 0.461 g of

Stock Solution A was added, and the resulting m xture
minges. Stabler eshrhmarizeshadogmsitioGOVPOS|tHleEb4Eings based on weight of
COVPARATI VE) 38.9 ng of 99.999% bul k CdSe (325 nesh,

SOlSE S Aesar, Vard Hill, M) was added to 2.20 g of a
20 wt % sol ution qhpe@! Phytoreaktivtohpdsitions t 0l uene and
stirredefor.20. moutes. until well. dispersed. 0 .439

of Stock Solution A was ad@Bgositipn® t hd&ompesitign{G n ¢ omposition D
m xture vvasc(,;;ljoglgﬁd for 5 mnutes. COESKHaHAdR D (Comparative)
( COMPARATI VE) '0.531 g of Stock Sol ution @lt\%z adde(%l tt97
2.21 g of a 20 w.% sol uti oﬁwéf%)pol y(vi & ° uty_ra!))V o)

i n tol uemsly@ighl sliyfah€d TOr S 4nyNUT €S ThggGONPOST T ORY
were spun coated at 2500 rpmon to m croscope slides
treated wit hSR8PY met hyoxysi | YPgropyl metRaérylate t@s9
form clear cpaddopgs approxi magaly 30 mcrers thickopsg
Resi dual sol vent_was renoved by baki ng the coated

slides in S®EPBven for 10921 wWo 20040220607 0.26
PCT/ US2003/ @39i@93 minutes. ‘paple 1 summyrgpzes the ;o3
conpositions of the three coatings based on wei ght of

sol i ds. TabfF&1140phot or eact i We&3Conposi ti k4 0.28
Conpostdseyrns Naabpegidsi on C Gonposi ti on Dg Conponent g
(Conpar ati ve) &Corrparative) W %9 (W %9 (W %

Pol yvi nyl ORHFAPy 47.7 49.2 86.7 SR 36433.4 22.6 0
25.9 TSR9008 237472276 2579 Cyantnebye—0T23022

0.26 CD 1012 0.93 0.90 1.03 CA 7460 0.25 0.24 0.28

( cdBe) coasdigtideaereiespessd 415ing a@li@l e pumped Ti:sapphire laser (Spectra-

Physics) operating at a wavelength of 800 nm, pulse width 80 fs, pulse repetition rate of

80 MHz, beam diameter of approximately 2 mm. The optical train consisted of low
dispersion turning mirrors, an optical attenuator to vary the optical power, and a 60X
microscope objective (N.A. 0.85) to focus the light. Each coated slide was exposed to the
light by continuously moving the slide beneath the microscope objective. The focal point
of the light beam was positioned to coincide with the slide/coating interface. The average
power delivered to the coated slide (22 mW) was measured where the beam exited the
microscope objective using a calibrated photodiode. Each slide was moved underneath
the focused beam using a computer controlled, 3-axis stage.

To test the photosensitivity of each photoreactive composition, a series of polymer
lines were created by scanning each coated slide under the focused beam at speeds ranging
from 77 pm/s to 40 mm/s. Following exposure, unreacted resin was removed by solvent
development in propylene glycol methyl ether acetate, and the slides were then rinsed with
isopropyl alcohol and air dried. Each slide was then examined under an optical
microscope, and a threshold writing speed was determined from the number of polymer
lines remaining on the slide. Table 2 summarizes the results. The maximum

photosensitivity was observed for Composition B. No reaction was observed for either of
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Bul k CdSe 0 4.35 0 The coated slides were exposed
using a diod e punped Ti: sapphire |aser (Spectra-
wehoogitowy7 operati ng at a wavel engt h of 800 nm PEUIUS®03/030291
width 80 fs, pulse repetition rate of 80 MHz, beam
di aneter of approximately 2 mm The optical train
consisted of |ow dispersion turning mrrors, an
the gpmpaativacerepesiians (€ompexitjortse ampD) ,oadhchm/gethat therthreshold
ective to focus the

Wi el bGP BRI LB Sa B e 11 ght by

conti nuously noving the slide beneath the m croscope
obj ective. The fogghie BOIIeshod Writfheldpdli beam was
positioned to coincide with the slide/coating
interface. The average power delivered to the coated
STTUE (22 TN~ Was  TTeasuredwh extTted-the
m croscope objective using a 2£1P % Wé&lﬁgot odi ode.
Each sl Cdampesiiomoved under neat hSP?‘ﬂb(HfWG)Jsed beam
usTTIgaconguter—contTotted;—3=axi Bt age—To—test t he
phot osensitivity of each photoreactive conposition, a
seri esCdfopparstivey | i nes were crea @3y scanni ng each
coat ed ' r the focused bea speeds rangi ng
from 795(%!?2&&%20 m s. Fol | ow nq%g%osur e, unreacted
resin was renoved by sol vent devel opnent in propyl ene
gl ycol nethyl ether acetate, and the slides were then

rlnsed W|th |soropyl aI cohol and alr drled Each
Examngp Multiphe 0] q ) 2)7, i .

hrpsr ed f Ll
ﬂ%@m &%31%' né)ww‘#ef%%té&f‘g%a?fﬁ&ﬁeg on%{%"%h ipis 9“%%@?‘8

conﬁsWnS&a&&nbﬁaﬁthESMd & elddi®nREepIRIN
phot osensitivity was observed for Conposition B. No
reacti on was observed for either of -42 WO 2004/ 110607

PreBQ;Ehb@%@Q{%/SQﬁggngmq&e conpar ati ve conpositions
(Co

npositions Cand D), indicating that the threshold
wr i ZiSeqnagppatisles weret fremee Caniessibeddrowyarsinglaestight tadification

or BRI ek B hh P R AP BB stgrtis
tecl(n@iw Feadd ¥ €)s mL oﬂi’b%adé@yfaﬁﬁﬁ@%@ﬁh&?ﬁnfd all33 uﬁi‘é‘i‘%&ﬁlm at
Mul ti phot on Phot opol yireri zati on Usi ng (ZnSe) ZnS

125N§rf@parhpurcsl Jbe hmadecyihmtr@nﬁqshh@mwtqdmﬂlﬁéﬂmmden/\hstm of

G e PG L Pl By Ot 08 S wi

20 mL trioctylphosphine (Fluka Chemicals, Steinheim, Germany) and 5 mL of 1 M

trioctylphosphine selenide in trioctylphosphine. The resulting solution was then rapidly
injected into the vigorously stirred hexadecylamine at 310 °C. The temperature of the
resulting solution was reduced to 280 °C. After 2 hours, diethyl zinc (Aldrich, 0.35 mL, 3
mmol) was mixed with 12 mL trioctylphosphine and 5 mL of 1 M trioctylphosphine
selenide in trioctylphosphine and added dropwise to the solution over eight minutes. After
2 more hours, diethyl zinc (Aldrich, 0.35 mL, 3 mmol) was mixed with 12 mL
trioctylphosphine and 5 mL of 1 M trioctylphosphine selenide in trioctylphosphine and
added dropwise to the solution over 8 minutes. The resulting transparent, golden yellow

solution was held at 280 °C for 3.5 hours and then cooled to 100 °C.
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Preparation of ZnSe Nanoparticles ZnSe nanoparticles

were prepared as descri bed bel ow, using a slight
wore@isfilesat i on of a published synthesis, J. PhpSI/USIe3030291

B, 102(19), 3655 (1998). Using standard airless

techni ques, 56.25 g (75 nlL) of hexadecyl am ne was

dried and degassed under vacuumat 125 C for 2 hours.

TheArfékmbeadiheimites selgicnhess dided eulQ mI3Butenelrinen Slounce

ser Pl i s LG Bt B Rl daBfep) (gl om Dupon

coatdd b byt phlﬁbz?ﬁmvﬁﬁ pitihidleaw febewroe al @8 St M Mtion was stirred.
Cer many 5 m of 1 M trioctyl phosphine sefencf

ZH$Q1H%H|OP@@F§¢B [pteos pletipdated by th@e&idlltiomg SOahLnetimnohasihfie 25 mL

bur& exa Iec yp(gﬂrﬁ tese‘?’er!g 2%? %t:eg%ﬁ rﬁ%ﬁﬁgﬁ‘?ﬁ/ i@bb :‘)?fp ?\&Hg the warm slurry

folloasd by/idegantaloatdf e Nesd p&@h@ﬁeq“hte ﬁarﬁ%ﬁ@les’%&@ 'ihe%  dissolved into
hours, diethyl zinc (Al drich,

1 myl; Solgngjandh ngrlmge@ (4 @t%ﬂMh@Sfpm.Oﬁ@ aamall mmﬁf b_’ladkl residue.

ohd 5058 BSOSO Mo 5o PSSR A2, 0,

michbscepy nﬁamememu'rse to(]ile@b b@fllutlém Ras Gékehingdto ndin M13.1 mmol
trioctyl phosphine and 5 nL

I

g&‘?ﬂWW f—‘éatsgxl?l& ﬁ%éfpﬁs}]éb%mt@m sgectiascanyi Being thsiieethpd peblished

an r t
by @A, LAAAGHL WDK, ¥0od, . LOSIRALLI AR HaoRoll S B, Cpem. B
106,é61P @002B0 C for 3.5 hours and then cooled to 100 C.

-43 WO 2004/ 110607 PCT/ US2003/ 030291 A 40 niL ali quot

‘ a ded to 10 nL 1-butanol in an

=5 X : PISCHne i nch Tefl on TM :
pol ZI(S foéraédtéwz&@é ﬁb}ﬁbﬁﬁlﬁheé el %@Pﬁr@d Bfr 9l }P\ﬁﬁdﬂi‘ﬁc}atlon of a

coat ed stir bar. The jar was Into vvater bat h at

pubgighed methgd.th EhyoChan. dh 19k 9463 (]r9[9é)j Usngmdard airless techniques,

ddi f .80
0 SENOABE OSBRI 36 Xt e PRAR0 T dPler 420
degue@ uhd@vatetn b\‘yl 03567 for R WGatsl ame(ZH3e Qlaﬁ?ﬂ\éhlé?és prBfar¥@AtBve

slurr foll owed by decantation of the I|iquid portion.
(L. ﬁﬁ@nﬁﬁ%@%ﬁé iR r& | laglyglpene Wers injieeted infe thei tnpdylpihombme and the

el ABGE SEILL AR CA90 500y kTG By B,

0. 295111 mrﬁﬂlo@twafk%xé&lwﬁtmohﬁﬁeﬁo&flph&s@ﬁﬁﬁlaﬁé 0% melggct ron
m cr OSCODXG neasurenent s The tol uené sol uti on was

bis(Fapethpis kel fidedEhika). nThe rauling Bolu@msyasbg]nen added dropwise to the
stmﬁé :;cljé]c?c\f lﬁhoslgeiﬁlﬁ%élb IL:}U% F)%ﬂ%/ hr?grwgg%%fe t z(ga‘f(ﬁ g?%gﬁé&%gés The

tem raﬂﬁre ¥OBe rdsultv sMu'ﬁHh Sas tiRdeMden [ Beadicor 35 HouFhYS-
B 106, 7619 (2002). Preparation o

Zn §3h©/5@htt1@atved ti@nSerrddh toop b6~ bumdeessreﬁn&pq mewnh) atoae inthJeflon ™
polny”‘eﬂaﬁ%}ole Eene)vgge%la%{eei?gnrl?DduP%%t)sclolat stir ar ﬂSﬁgE'elrggatgc{ ZnSe

nanoparticles were precipitated by the addition of 41 mL methanol and 275 mL 2-

propanol using a 25 mL burette. The nanoparticles were isolated by centrifugation (4000
RPM) of the warm slurry followed by decantation of the liquid portion. The nanoparticles
were then dissolved into 1 mL toluene and centrifuged (4000 RPM) to remove a small
amount of black residue. Using the ultraviolet-visible absorption spectroscopy method
published by C. A. Leatherdale, W.-K. Woo, F. V. Mikulec, and M.G. Bawendi in J. Phys. -
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publ i shed nmet hod, J. Phys Chem B 101, 9463 (1997).
Usi ng standard airl ess techniques, 60 nL of
wa eiogatoshphosphi ne (Fl uka Chem cal s, Stei nhei nPCT/US2003/030291
Germany) was dried and degassed under vacuum at 105 C
for 2 hours. The ZnSe nanoparticles prepared above
1.31 mol ZnSe) in ca. 1 nL toluene were injected
Cham 196G d 619 (2002 hphrodisionrieas detamined to comtaint 0. Ay MrZnSainahe

ha 05 Cu atn‘ itrogen. Diethyl
fortds %@?%ﬁ‘%’g"l’éﬁmﬁsd"’%"%ﬁgwf ?‘Pﬁﬂ"?%xﬂgs ni xed with 30
nmL trioctyl phosphine and 0.5 ni of

Muliphbloh PRt Ehdrightigy! fi de (Fl uka). The resulting
solution was then added dropwi se to the stirred

t r i detogk shlogph pﬁéow%ﬂm&laf 4.3¥&8 tesntopaofuranl Berdick &

e N O AT

hydhﬁdyeﬂmyl)'ﬁﬁkﬁtysmirb.lﬂéltﬁ&br%@ (SR368¥, end 23176@ %8 alkbx PldR@8rifunctional
W ca with a one inch Teflon T™M

acr)ﬂ%tlefétﬁéfﬁ?ab@% (@bthrsp aspdytes avediableiftan SpgomenPontest Chester,
PAOEL 3L s DL ECAATLE O R5 ol NGRSL R D102

wasaroth2eted dissd@vedor AfRNhlidist ofthés 26ckmdoliioneids@henlléced in another

nanoparticles_were isolated by centrifugation (4000
amfﬁpma? p-0pil GhibRrEY s %?cmlaﬁq%%é (Y ZAScAHRTRRICHLISE t he

nanb}b:ﬁ’dblgs ﬁ%fdeﬁ@wa g%‘ EH%%'E& g_gw?% S%H{Q%Ngbtﬁhﬁf Qllexpé?)lutlon

I'nto nL tol uene an Centr|
(heram@ﬂm‘ IComzposition Edf Axl aacﬂmpaafsm\cb,le 0.3 s ligpot hethe stock solutlon was

ul,t.r avi ol t vs tion spectr nme
placki i R 8ttt o 0%, BE T aPmi et s Torth Gotaposicion
(CoMpitiios). mﬂ oMhaGosiBANGAH: ailbwdd to¥ Svem tmliﬁht—ﬁght
2004/ 110607 PCT/ US2003/ 030291 Chem B 106, 7619

confapmy2) . the sol ution was determined to contain 0.78 M

Zn e 0] nanopar es_ove coaI ed
e S hrons U Sl T BROPER Pl PPyl R BRES gn
mlcﬁisoqke stidk pdnidrcoodr shpGNa\Mpl%e@BhQ&IZ Adirsp ¥ sotation contamln a
t et ahydrof uran (Burdi ck & Jackson, Miskegon, %

highy tgpiesernpimulEpiqten ébseém%éye (bz%[ﬁlrd%em)@mmgzsm?] 1-(2-
o MARRR DA STHAEN) AR UA B s

refefedRe @008 rn(inink thehroe&caionyll misgmnakigpdsatel of the cnm;ﬁﬂ[ttoﬁlmas‘

y t Chest d n anmber vj al
e B0 e S5 SR Y B 0
nucﬂé@;@oﬁ*e%ﬁj’é&i‘i;@ @Nﬂ'(ﬁ@iﬂ' V86 fochl Ebhgoﬁlhb 9&‘:91% v&%g pb&lki 1e?1tt8 %Bmmde

sol uti on was then placed i n anot her mber “vi a
withhihe glide/pempdstice-intetfecd. Bbd light wuiarwasta din@ oveperloBit saplphne

tasef [§RerrBRAPERY SR ik b e PR e s P Rle
repefifioh €48 af B@MHA ®OBRA Hidnhddt ﬁ)appﬁilﬂat%mﬁﬁﬁti“ﬁéeoptﬁal%én
g aliquot of the stock solution was placed in"a

COH%@%P&W dippersion Renigg mirprsofndparopticd |atiemmtende vardbel optical
pov;eﬂrﬁe%@&%'ptowpdﬁwered to the slide (45 mW) was measured where the beam

exited the microscope objective using a calibrated photodiode. The slide was moved

underneath the focused beam using a computer controlled, 3-axis stage.
To test the photosensitivity of each composition, a series of polymer lines was

created by scanning the slide under the focused beam at speeds ranging from 77 /s to

-45-



(Conparative). Both conpositions were allowed to stir
overnight in alight-tight container. One or two
waele@pa1wh7 each conposition were placed i n sepaPEr/852003/030291
regions on a mcroscope slide, and a cover slip was
pl aced on top. A drop of solution containing a highly
fluorescent, nultiphoton absorbing dye
40 s Foreathphemybeinthnslage yay s¢anbed Backenyibite #lphg xiye) X-direction

b lide t
fou P I e SR P s R B Y eBR R H #E Bt st o pigitomn
appi‘lﬁc‘inin!é:delairblgﬂ@h‘ﬁ@lﬁb’ﬂrv@id@hnés’1 EFARRRLS bAp RS, Mﬁ@acte@@ﬁﬁm'v% removed
out bgécontlnuousl @%gg the slide beneath the

by selght Jevelnpimsatinl lﬁ@iﬂpﬂ al. dounag thi devdepent pojasss, itheecover

slip(vm ngn g hgatypgff tﬁc crgs%f)ﬁé slfc{e % Hﬁfgﬁg%% FlFe(f fér(l)erg.?.ﬂ"ge slide

wasl th@héx@ﬁh&d:tﬁldﬁﬁal ptitiaDabecrpitape, danala tBRpidd feitin %g@d‘d was
Spect r a- Physi ¢s) operatlng at a wavel ength og 00 nm

detegipined fgry the neantes of prlywer Linesgempiningor the Slids foggaqiz,
confE B, BUREpal PRI MIEGEL o TS, BT Bl 7
mméptNe ahagtvvzasmbmnmd fonthe aoynphdtative poinpadition (ﬂmiposiﬁ(bﬁ F.

aver age po delivered to the slide (45
oAU MAduicaipRRASEALiRTaLBRS (i IRESHHOB L SpRe apparent to
thoRRkBRHILY Bhelist WBhdt G@ﬂ)df@ﬁfff@ﬁll tRE 950%@ 1288 Spirif BEH 1h9’(§1ti€ﬁs It

noved underneath the focused beam using a conputer
shogldberuod¢rsigod thagtiisinyeriipm is Tiot inessided tmbqahmhbslansted by iltey

Qsi‘ti.an seri.e r. li,nes
itaag§ oG TERS i B5ree® S RiroBranfiTEH: e Sopingan
embAdiBEREAS praBEEd Yy Wa gmfézarﬂiﬂ% dn®y with the\WebgOrthd 1BRAHon

PCT/U82003/030291 40 mm's. For each speed test, the
integdegye hrdisnited onhely hackima getriorth hemginasgotlaws.X- di rect i on
four times with a one mcron increment in the
Y-direction after each pass so as to form
approximately eight mcron wide |ines. Follow ng
exposure, unreacted resin was renoved by sol vent
devel opnent in isopropyl alcohol. During the
devel opment process, the cover slip was gently
floated off the m croscope slide, exposing the
pol ynerized lines. The slide was then exam ned under
an optical mcroscope, and a threshold witing speed
was determ ned fromthe nunber of polymer |ines
remai ning on the slide for each conposition. For
Conposition E, the threshold witing speed was
approximately 1.75 mm's. No i mage was obtai ned for
the conparative conposition, Conposition F. Various
nodi fications and alterations to this invention wll
becone apparent to those skilled in the art wthout
departing fromthe scope and spirit of this invention.
It should be understood that this invention is not
intended to be unduly Iimted by the
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illustrative enbodi nents and exanples set forth herein

and that such exanples and enbodinents are presented
whgomayeof exanple only with the scope of the PoWEst0®HOB30291

intended to be limted only by the clains set forth

herein as follows. -46 WO 2004/ 110607

PCT/ US2003/ 030291 W Claim 1. A method of

mul ti phot on phot osensitizing conprising the steps of

(a) providing a nultiphoton-activatable, photoreactive
Weddaimaisiti on conprising (1) at |east one reactive

species that is capable of undergoing an acid- or

radical -initiated chem cal reaction, and (2) a

phat. oi niA ntd o ysdlgphaomplidtesengitizing comprising the steps of

phot ochem cal | y-effective anmpun 0 i) at | east. one

type of @kRiQviHiag ét‘%%ltlm%é‘l‘tf"ia@ﬁ%’ pﬁ%@re?qggveaqomgog(glgp

one, gl e&tloni c excited state that is accessible by

absorptiof of two or nore photons, and (ii) a

conposi tion t(hait lest capabitevespedies batis capaplemiundsegoing an

excited state of .said .er{i.cqngﬁtéfcﬁlor.n noparticle to
format |east offé% F&EUFHIAMA chﬁgre L 88 and
(b) irradiatihg, s@dSiniitkdr sHOMUdnRLiking PhotlcBemically-effective

phot oreacti ve conposition with light sufficient to
cause alswuptsiabn of at | east two photons, thereby

i nduci ng at | east Qne,acjd- i - i Nt .
chem cal reaction %%l’leea%{s%ﬂleat%%%%%g? ?&gﬁ&@@%@ glglé:(lf tth & as at

the light. 2. [Ehg oaethetomit ektigidmtale taetsaceessidletby absorption
reactive species is a curable species. 3. The nethod
of O aim 2 whePline FaperedhptoBs-cdpeci es is sel ect ed

fromthe group consi,St. : ' Wi :
reactive pol yner S&Zﬁgg?r‘??(?grr)%gﬁ tp ﬁerzr% g%c%lé Qﬁin%}ghﬁgfnﬁevtwltﬁho%md

of C ai m 3 whexcaedsts@ia saidseinicendyeai regopatislelte fargdat least one
fromthe gr oug consj st.i ngmof addd' tion-pol ynmeri zabl e
nononers and SRYPERBIERING IRAAGSHMC cr ossl i nkabl e

pol %ﬁﬁfa?ﬁat&?%Eﬁ%&lﬁgill?/tsﬁ%l:ﬁ{%amlé bR reHRAGNBIEpENttbn with light

ol i goners, cCationic - crosslinkabl e polyners, and

sufficiztito eaust hbsoeption &, at Teaet twst photbnsf theyehy mducipget éapt one acid- or
radls(’:gf—gaitga?gdc cthlevm?ca? Peacti&S whire%al c%hgp%rsﬁigh %s e;(c'p%ggd fothe Iiél?t.

2. The method of Claim 1 wherein said reactive species is a curable species.

3. The method of Claim 2 wherein said curable species is selected from the

group consisting of monomers, oligomers, reactive polymers, and mixtures thereof.

4. The method of Claim 3 wherein said curable species is selected from the
group consisting of addition-polymerizable monomers and oligomers, addition-
crosslinkable polymers, cationically-polymerizable monomers and oligomers, cationically-

crosslinkable polymers, and mixtures thereof.

5. The method of Claim 1 wherein said reactive species is a non-curable

species.
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WD 2004/ 110607 PCT/ US2003/ 030291 6. The net hod of
Claim1l wherein said reactive species is capabl e of
wae@enyesdng a radical -initiated chem cal reactPONUSH03/030291

The method of Caim1 wherein said sem conduct or

nanoparticle conprises a sem conductor selected from

the group consisting of Goup IV, Goup IIl-V, Goup

I1- VI, and Group |I-VII seniconductors. 8. The nethod

of é;a|n17 wherein said sen1conductor Is a Goup |V or
oup aqmﬁhoééﬁ%mhwhﬁﬁm s91d repelivesPRes isicarblg ol 8

d@@% n2 Goup -V
nggoﬂ ctag}ﬁﬁ%&%‘a%tg%&l of d a!om 9 wherein said

sem conductor conprises zinc or cadmum 11. The

Caim.1 erejn sald m conduct or . )
nan part%% hﬂﬁ\?&% faWB?rﬁ’é‘es St Edupter pﬁtg)gagwéeecompnses
a s&ﬁc&%@for delectBl b B0 gHupBn i Mingled-Grblig IVEE V, Group II-
Caim1l wherein said sen1conductor nanopart| have
VLand Gaoeyr hY&l seadéansiuptesss t han or equal to the Bohr
exciton radius of said sem conductor. 13. The nethod
of Claim1 wherein said sem conductor nanoparticles
havg surhasethal bachesh Pwhékin safescRABEREcRF 3alGFoup IV or a
groups that serve to conpatibilize said nanopartlcles
Gr%lﬁdl-glzlusqnwea@tqt% species. 14. The nethod of Caim1
wherei n sai d sem conduct or nanoparticles are
core/ shell sem conductor nanoparticles. -48 WO
2009/ 110B/mBGo4 US0RD DBRReh saithsemitwdueioh it GfouGlIRVN
1 wherein said sem conductor nanoparticle has at [east
SenBﬁ‘g‘dé‘Ft@Et ronic excited state that is accessible by
si mul t aneous absorption of two or nore photons. 16.
The nmethod of G aim1l wherein said conposition that is
capHbl e Bie methveé oAClaimd wherbinsaiddesraintlactost@hpries zinc or
dsai d sem conductor nanoparticle to format |east one
CalmBtion-initiating speci es conprises (a) at |east one
one- photon photoinitiator that has an electronic
absorpti on band that overlaps wth an up-converted
el ekl r onTke methed pf)ﬁlmddwmrem%idcﬁemndmtdumr@pamcles have an

aveﬁ%@%?a%eéérqh gl}e r%n%eggig B3kt 1 2 to 8‘& elgetron donor

oun FRCERS rdﬁnacceptor
conpound.

12.  The method of Claim 1 wherein said semiconductor nanoparticles have an

average radius less than or equal to the Bohr exciton radius of said semiconductor.
13.  The method of Claim 1 wherein said semiconductor nanoparticles have
surface-attached or surface-bonded organic groups that serve to compatibilize said

nanoparticles and said reactive species.

14.  The method of Claim 1 wherein said semiconductor nanoparticles are

core/shell semiconductor nanoparticles.
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17. The nmethod of C aim 16 wherein said one-photon

photoinitiator is selected fromthe group consisting
wotooknewoeT adi cal photoinitiators that generat eP@r/igme3/030291

radi cal source and cationic photoinitiators that

generate an acid when exposed to ultraviolet or

visible radiation. 18. The nethod of Cl aim 17 wherein

sai #5.f r e®he¢ aditodlof Hatol wheicat midseatieondvetos @bheshaftichhas at

t he oup .consi sting of. acet ophenones, benzophenones,
leastanp %EPVE% exgike stat that Bﬁ‘ﬁ%f‘ﬁh‘gp? Yostmglianeops Abssriion of two or
mo &ns. benzil ketal s, thioxanthones,

chl oroai kyl tri azi nes, bisinidazol es,
triacylimdazol es, pyrylium conpounds, sulfonium

salts, igadoniymsalts rcapt o, conponds, . qui non

az ol‘i@o rrpggehﬁ?, Oéroggﬁ?%“ }Jgf?l%?f gl © SHAR hitds Capable of
intdrR@In@ahith saddelk Gl dta€dfl safll SerdbtiaEtet hdrdp@HtiR1eAbForm at least one

sel ected fromthe group consisting of netall ocene
reagtin-initipbipR specags @minIeT@) pldrash ade anchplhalgle pheiomitidter thef has an

J tal or al | o t.al Ll ocene

1o GRTRL Rl Py RGeS TPt B A0 Gon b o
saidh edroigentiuc e AbBdpaktitde; &2 M) £ feastdrereldirod deBéedon®found and/or at

nmetal ] oid, iodoniumsalts, sulfoniumsalts, and
leagfiope glegigon preepior compounfihe et hod of C aim 1 wherein

said conposition that is capable of interacting with

said excited state of said sem conductor nanoparticle

to 1br m Ehe inethotl of Ghi@nr Hawhérom-siaitl driegthongn gpeaingmtor is selected

froWC o&% %%Eﬁoéq]i%aag:%‘ lrﬁ%g-srt %iggﬁpag}%e 'Bgtg%ﬂ?lfgggte%{o Speq,en rI H éiecral source
and\atiBnR PhURIRONSEY th@heBb @l ORI CwhE:FoLQ koRARE Ok &dVislble

sem conduct or nanoparticle; and (2) either or both of
rad{atipnat | east -49 WD 2004/ 110607 PCT/ US2003/ 030291 one

el ectron donor conpound different from said one-photon

phot osensiti zer and capable of donating an el ectron

to a8 el Bhd mefhod ofXHAileTy whati safd S&)-AdRAPpIIIShRRALOrs are

phot osensitizer; and (ii) at |east one electron
selegteddipers thecgyrpp aprpistingof pectenhsaenes. smzpphiengnes, aryl glyoxalates,

. e . .

sy AR Sk By Bth BRERHYP KB;P Sb Aot SRy wriaines,
bisinliddzobansiatyliwidazeles plytyliagh compduad$, sulfadiimsabg, iédonium salts,

| east one free radical and/or acid. 20.. The nethod of
MORSARiOIFOTPORR e ABINANESA A% CRPRWES: IOBFRNCORAIPTISESs 2B X tYLes dhereof;

. . i . r .

o B BB A alocene
salto heviph en oniupheitivsend iathalogen-centainaypadvingplof aribis of Hinetpl or

i,ght wthin th ange of wavel t hs pbet ween apout
melsi, millBethe S fob ikl eir e FeTplEs e g+ Hilogen-
corﬁzﬁﬂiﬁg tcbHbRE anion of a metal or metalloid, iodonium salts, sulfonium salts, and
me

2- hyl -4, 6-bi s(trichl oronmethyl)-s-triazine.
mixtures thereof.

19.  The method of Claim 1 wherein said composition that is capable of
interacting with said excited state of said semiconductor nanoparticle to form at least
one reaction-initiating species comprises (1) at least one one-photon photosensitizer
having an electronic absorption band that overlaps with an up-converted electronic

emission band of said semiconductor nanoparticle; and (2) either or both of (i) at least
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22. The nethod of C aim 19 wherein said one-photon

phot osensitizer is selected fromthe group consisting
wo@Rooketwoes, counmarin dyes, xanthene dyes, acrPdi/ngs2003/030291

dyes, thiazole dyes, thiazine dyes, oxazine dyes,

azi ne dyes, am noketone dyes, porphyrins, aromatic

pol ycycl i c hydrocarbons, p-substituted am nostyryl
onele@icaoe dos@noampatad ddfarer fionasajd omepleior photosensitizer and

mer ocyani nes, squarylium dyes, cyapi ne dyes,
capye pAAGTPAITE 8 SELRanLp 3 SRHEE PRUFOHAE S 5Eamg Hhet oo
phoRlsefidlom o AN 1EhA ofELIECRACIBAAOLRARLATRNS LdpaE of S

sel'ected from the group consisting of xanthene dyes,
beinyypinitosendiias] bykatceptow, an destion dipman plectronic excited state of said

am noaryl ket oanes, p-substituted .am tvryl t
oSSt reRiibe D o S ERrBT R Yhe S G ancvor
acidd ai m 19 wherein said one-photon photosensitizer is

sel ected fromthe group consisting of rose bengal,

3-net hyl - 2-[ (1E, 3E) - 3- (3- net hyl - 1, 3-

benzot hi.azol - < Jd@ng ORz - = 3 thiaz;

ol -3~i u eolalfélé) ,gﬂég)r{r%ﬁor quli)l%%lﬁg fﬂd CS%JS%%IO? %ﬁggéégyt{&%ld
electiod, @nbr éhpaimatany lsgid eleetrex asegdiopbempound.

3,3,7,7-tetranmet hyl -1, 2- cycl ohept anedi one,

3,3,8,8-tetranet hyl -1, 2- cycl ooct anedi one,

3,358, if 6] sQRGHRC loBensitizer i

di S%l\l/'al gﬁé S’%@%@F’F %“d‘rﬁ‘?’h‘%l rsoxybegpgli%wo MRTHEE
capabld-obf ubsorsidg dight withidl tMOaAG0d] WA GsIEIROEMIS2008N OS2 about

2, 3- pent anedi one, .2, 3- hexanedi o - hexanedi one ..
800 n230REfoT HARLS Gﬁ%%bl%?f%-enﬂtéﬁ?%ﬁéaaﬁﬂé‘?6%,1Sgt-%ﬁfoei?f@a‘iﬂé%;t“ﬂme-

4, 5- oct anedi one, 1, 2-cycl ohexanedi one, and m xtures

thereof. 25. The nmethod of Claim 16 or Clainm9 wherein

sai 22.el ethe methvdred Claigolfeberdinisail ene-phetaaphiogesensitizer is

tential that is.greater, than P
BT {0 b5 S Bl 5t 18, Biame
dyeRf thidz8ley&$ tRiaziak diyed, Sxwivey Bie, asficdiyes, aadincketaheriyes,

conpound has an oxi dation potential between ab?ﬁt 0.3
porahyfin, giomasic pelycyclia hydaegatbons 4t sibstidgpdamipagiyry! ketone

co lo%%hg,%g%notgi&e}il Eﬁk‘%‘hdﬁ%& ogfanﬁ'egisghérgli% dggf?ig trﬁne dyes,

erei’n sai ectron ’dono conpoun ed from

pyridigiugr dyep, adnaixsirengerbf.ani nes, ani des, ethers, ureas,
sulfinic acids and their salts, salts of
ferrocyani de, ascorbic acid and its salts,

di t hs ocaghalth AYFELaid D WheredAalBoneSHdiéh fotosensitizer is
xanthates, salts of ethylene diamne tetraacetic acid,

seleadd Somwfthe gaikybpsigtangydf keitberset dyzs,(qyaningndyes ketosppR4

ketggo rr?alflﬂg,s angi\ﬁ@grryﬁ{e?o%%?, pl—qsdb‘g’titlu{gaea?nenqgs?yrtyi ¥etone compounds, and

mixtures thereof.

24.  The method of Claim 19 wherein said one-photon photosensitizer is
selected from the group consisting of rose bengal, 3-methyl-2-[(1E,3E)-3-(3-methyl-1,3-
benzothiazol-2(3H)-ylidene)prop-1-enyl]-1,3-benzothiazol-3-ium iodide, camphorquinone,
glyoxal, biacetyl, 3,3,6,6-tetramethylcyclohexanedione, 3,3,7,7-tetramethyl-1,2-
cycloheptanedione, 3,3,8,8-tetramethyl-1,2-cyclooctanedione, 3,3,18,18-tetramethyl-

1,2-cyclooctadecanedione, dipivaloyl, benzil, furil, hydroxybenzil, 2,3-butanedione,
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chosen fromthe group consisting of alkyl, aral kyl,
aryl, and al karyl groups), ferrocene, and m xtures
wo b@aaofen7 28. The nmet hod of C aim 27 wherei n seCTUS2003/030291
el ectron donor conpound is selected fromthe group
consi sting of am nes that contain one or nore
julolidinyl noieties, alkylarylborate salts, salts of
2 Smeutlzmtdlcnes, alF hanauech@nedé 4- hﬁXdlilﬁr%@‘r@y Bérﬂierptﬂ@efhlpw S.4ci d,

hepga&eéxonﬁ r?gn’i%h hy: ﬁgo %cﬁ ﬁ)tng cyc g%len %rblg %gtlu%es
the®@bfret hyl am nobenzal dehyde,

4-di met hyl am nobenzonitrile, 4-dimethyl am nophenet hyl
al cohol , 1,2,4-trinethoxybenzene, and m xtures

t he%se of . Tlge9 I’I]tegl%ﬂ o'fr%tlapl%dl 60(Ir éﬁfﬁﬁl@ \gfﬁer 15105% él%nmﬁ&e il

sal conposition contal ns no

congspa baslan 3Mdatidrepow@itiabthatis gﬁamrrthélrﬁzemds afd asmhan or equal to that
wherein said electron acceptor conpound is selected

of -HimathaxyP§A%US consi sting of iodoniumsalts, sul fonium
salts, -51 WD 2004/110607 PCT/US2003/ 030291
di azoni um sal ts, aziniumsalts, chloronethyl ated
t riZzi nethe methadpff Olﬂinhalﬁodrﬂlahhh?anhereiamdid glecttonrdegor

t hereof. 31.. The tho rein said
corbtiiag Dbk SR G PUGHLRT T b Pt Yol hdastp
Sauﬁgt@glcabhfégel@&ré&dom um sal ts, chl oronet hyl at ed

triazines, triarylimdazol yI di mers, sulfoniumsalts,

di azoni um salts, and m xtures thereof. 32. The net hod

o B2 Rl bl B SR B SR

con$1idufn8 is wlédﬁdfdlﬁ’@hhh/é Qbﬁﬁﬁcérfsis@ﬁg I@ESI;mnes, amides, ethers, ureas, sulfinic
45tr|phen |mdazo di eters, and m xtures

aCl‘iSr?élﬁiéb?H salts, saftp e f?éltoﬁwl‘éﬁ 2g90ahifAgidgRe 16 spltss dithlocarbamic acid
anﬁ%%ﬁ? Edtéjgf )Mﬂ atés s Bf‘gzlh eﬁg dlah{iﬁg{eﬂﬁééeﬂg aWdt Q\lé %f d

excited state o sem onduct or nanoparticle
(alHyd))nl(mr}d}mHoe:.asi (nonm 4)3 8aRj ocnnpcmnﬂs ast/herrg esgeR nmdem:ndently

di f eret fromsaldr eci 34. The net hod
choggn §rOHR EPRIHINE R 6ﬁ‘é’g Eﬁt flré( ﬁﬂwg&own% E‘Fﬂocene’
andqg%ﬁre§%brgo@ about 99.79% by wei ght of said reactive

species, fromabout 0.01%to about 10% by weight of
sai d sem conductor nanoparticle, and from about 0.1%

to out 5 % ht £0 Sit

cap b AT R 270 et R o8 dotipand i sgtected
frofpend g@np @@ﬁmurigaﬂf@ﬁﬁﬁetsltﬁdt @oftQinf GHeBr &hork PaASldiAEMO;eties,

reaction-initiating species. 35. The nmethod of Claim1l

alkyipeilarate saity salisrofaramatisgulfiniqpaeifs, rgmethylpmpinebanapictapid, ethyl
4-dfRHRR i BHh AR Y2 AERITBih Hnlic 3bid! £ARhethRmARERAS Y, 4-

dimethylaminobenzaldehyde, 4-dimethylaminobenzonitrile, 4-dimethylaminophenethyl

alcohol, 1,2 4-trimethoxybenzene, and mixtures thereof.

29. The method of Claim 16 or Claim19 wherein said composition contains no

said electron donor compound.

30.  The method of Claim 16 or Claim19 wherein said electron acceptor

compound is selected from the group consisting of iodonium salts, sulfonium salts,
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36. A nethod of nultiphoton photosensitizing
conprising the steps of (a) providing a
worioilpisot on- act i vat abl e, phot oreacti ve conposPCT/082003/030291
conprising (1) at |east one curable species that is
capabl e of undergoing a radical-initiated chem ca
reaction, and (2) a photoinitiator system conprising
diazphiahomite mzimhhgales, Eidotameshylated tniazinasf triagdinvdezolyl dimers, and
. 2004/ 110607 PCT/ US2003/030291 (i) at |east one type
mixgfesdBiEPshel | seni conduct or nanoparticle that has at
| east one electronic excited state that is accessible
by simultaneous absorption of two or nore photons,

and1(i i Tha neeshosbefi Claion 30 WAerein said plepiren afcepiet eQrapeundgs

W said excited.stat.e,of sai e foo
sl ot bF arSresni st oS B Wl SRELERAES ivaings g
triarREEd 261yl amtbré, RplfbritlmtaRs, idiosRindsalts, and mixtures thereof.

mul ti phot on-acti vat abl e, photoreactive conposition
with light sufficient to cause sinultaneous

ab%(ir pt I'J?l% n?éthgé %‘Ji @%ﬁ{l 34 Wﬁepe!'i]l? gzﬂﬂ %lecfrgl? F&?g‘[o@r B&H ouHd is

at ““teast oné ra initrated chem ca actio
seletibg lf@nsﬂlie%r@?mmsiisﬁiﬁg%f argli®iopase daltspcilbemelthygated tr8zines,
The nmethod of O aim 36 wherein said conposition that
2.4, 5-4righenybmidagelyl dimess. 38¢ PRYUEGSREEd d excited state of
said sem conductor nanoparticle to format | east one
reaction-initiating species conprises (a) at |east one
one3photTie mpéthodoHCkimtlovherdintsaldaompasitioh dut isorapeble of

R0 PR BB B KRRt BRIk s one

reactidRR@aLAE bRcieQls diffbredt frb@asid eAivelspediéson donor
conpound and/or at |east one el ectron acceptor

conpound. 38. A conposition prepared by the nethod of

Cajm1l, Cai . Cl.aj .3 arti ‘5

O 2 L b B s g8 B om ot 5
to about 99.79% by weight of said reactive species, from about 0.01% to about 10% by
weight of said semiconductor nanoparticle, and from about 0.1% to about 15% by weight
of said composition that is capable of interacting with said excited state of said

semiconductor nanoparticle to form at least one reaction-initiating species.

35.  The method of Claim 1 wherein said irradiating is with light sufficient to

cause simultaneous absorption of at least two photons.

36. A method of multiphoton photosensitizing comprising the steps of
(a) providing a multiphoton-activatable, photoreactive composition
comprising
(1) at least one curable species that is capable of undergoing a
radical-initiated chemical reaction, and
(2) a photoinitiator system comprising photochemically-effective

amounts of
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(1) at least one type of core/shell semiconductor nanoparticle
that has at least one electronic excited state that is accessible by
simultaneous absorption of two or more photons, and

(ii) a composition that is capable of interacting with said
excited state of said semiconductor nanoparticle to form at least
one reaction-initiating species; and

(b) irradiating said multiphoton-activatable, photoreactive composition with light
sufficient to cause simultaneous absorption of at least two photons, thereby inducing at
least one radical-initiated chemical reaction where said composition is exposed to the

light.

37.  The method of Claim 36 wherein said composition that is capable of
interacting with said excited state of said semiconductor nanoparticle to form at least one
reaction-initiating species comprises (a) at least one one-photon photoinitiator that has an
electronic absorption band that overlaps with an up-converted electronic emission band of
said semiconductor nanoparticle; or (b) at least one electron donor compound and/or at

least one electron acceptor compound.

38. A composition prepared by the method of Claim 1, Claim 2, or Claim 36.

39.  An article comprising the composition of Claim 38.
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