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WD 2005/ 000909 PCT/ US2003/ 030281 MUILTI PHOTON
PHOTOSENSI Tl ZATI ON SYSTEM FI ELD 5 This invention

w0 edoane®os o nmul ti photon-activatabl e, phot or eacP¢TwES2003/030281
conpositions and to articles derived therefrom
BACKGROUND Mbl ecul ar two- photon absorption was
predi cted by Goppert-Mayer in 1931. 10 Upon the
i nvention of pulsed ruby lasers in 1960, experinental

observation _of two photon rotion C eality.

Subseque rMp)L,TIP J‘B)rﬁﬁ& %ﬁoﬁéﬁa{g@&%ﬁfﬁm ]£Ma

application in biology and optical data storage, as

well as in other fields. There are two key differences
FIlbeDween t wo- phot on i nduced photoprocesses and

sin ho .on_i.nduced cesses

oSS iPR LS mles RuBp Ry ST 3 vable WEORrEN GRpRiRs
md@m@gg&@%&@%@mpn tvvo phot on absor ption scal es

quadratically. Higher-order absorptions scale with a

rel ated higher power of incident intensity. As a

i's possible to perform multiphoton
BACREROUND

wi th three-di nensional spatial resolution.

Al s®ioldrata W@pﬁuﬂohlabmmcsn wa@p@a@%a byrGeppea-Nhger in 1931.
si mul t aneous absor ption two or nore photons, the
Upam theripy 95§08 19f B%%W& 1¢S§fsé$% é%‘é&xwftfﬁel&alrﬂ?ﬁ%éﬁtl%’f of ggyo-

ph(ﬁﬁﬁ) éﬁgggtygﬁ%garﬁg b ?éal gn %Lﬂ%e(ﬂﬁﬁ{l? h%ﬁ)t taﬁltﬁf&rkﬁx f&fnd

, roni ¢ excited state o
apificati@siartsolbgy eid oftahl daa Sl.brng,ZZESdNelBBOa loﬂter tibklsexci ting

light is not nuat e sin hot tion
i L Rhore 3 Hodism b ek bomesaEppapon i dited PiTERohRes and
smél@ p?l%{c%QB&IY&h)br@c)é%eg eWHéhﬁQ WingR-fHotéh &Hs6R%iBh sE@&ithearly
hin a material than would “be possible via

w1té|tluﬁgin§‘—gphwaalﬂie éncidemg radeatiopytwesphasén abspepdiontshales quadratically.
to t
Hl%ﬁg ﬁg néﬁ‘%s%gﬁ)tgo&s 55 a%? wqh A orf;lzéedél n%}re?’agﬁgll (gfl Xl%miiré}?%%eﬁsvg Asa

resulll tibis ok dible lﬂ@pelﬁimpﬁnhﬂiphbﬂoﬁ |pHiesseb witht threk aliensidijabspatial
benefits have been achi eved by ap Iylng mul ti phot on

resg];ggglp p{\ﬂsgancguqquultlahggg pmceﬁﬁ%tw@](y,el }ppgmgwganeous absorption
C FhaRY EnSf?)‘hE Qe aﬂ:s‘afblfgtaﬁgg X g%%y s'%ﬁtbc?wﬂ Qhumber of

ography or  stereo e nonlinear
ph@tomd wmgsemétaheﬂetgypdp@tmmates trepnergy ofian Ieleictrbmnskd;i;cdh;me of

30 provided the abiljty t [ f eat h .
thepu BRGiaR ppetorneRoniiiie WA (RguRe UF Seie Hebfis e
attén'uglléﬁ bytsiﬂgﬂezﬁl%toﬁ%s\éﬁition%tﬂlﬁ‘ 8 cafbld thitrik @r WiakdrRY, it is

featurés in three dinensions (which is also of
posswﬂ@ms@teﬁlvﬁly h@l@gﬂ@]pﬁws at Qugréptenolepthheishib @anateiiatithangwould

e BRSBTS el S WP i fauagio g depth in
thetrﬁatéﬂ'tﬂ. TavsenhotdeenEEia Add Appsy, %r exdfnp@)to éﬂththﬂl@fwttﬁiﬂ-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
stereolithdgraphy, 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

also of interest for holography). Such work has been limited, however, to slow writing
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activatabl e, photoreactive conpositions. SUWARY 5
Thus, we recognize that there is a need for
worziosiopt?od on- act i vat abl e, phot oreacti ve conpoRCT/U82983/030281
havi ng i nproved photosensitivities. The present
i nvention provides such a photoreactive conposition
that can be efficiently activated by nultiphoton
spedds afidhigh haseld pewer,dreso thedowqhoprsessitbvifies) ofaturlefambitiphéton-
reactive species that |s capable of undergoing an
actiygiable, pholgreartivs eMRISHI®Sat ed cheni cal reacti on
(preferably, a curable species; nore preferably, a
curabl e species selected fromthe group consisting of
SUMNMMRYs, ol igoners, and reactive polyners); and (b) a

mul t.i, phot on photoinitiator s em conpri sin.

photl4Bnas Bapeyee it e h nERiEloh PTG st atgbley o sy
ph&RLabIRE P RITNS AAAHE LRproRENPIRAG dehSitifitiblanha!Plesi invention

that has at |east one electronic excited state that is
pravédes suetbi photbpaetivemoptposition that wen be efifisieatly ok vtesl byand

C QS ti different fromthe reactive
i hcat BT, 3 SRR TAST IR acti ng wi th the
exci tgd st ateleddt dnbecadflve §iecies it &f Apatla BoRAddrisih€an acid-
quantum dot to format |east one reaction-initiating

speci es. Ther Eghqsbdnitipted chymicplacadtipa ipictmaldym girelje species;
enhanced mu lrﬁdrgn) gfétfé‘}gbltyin ?&rgﬁlg @ﬁ%éiésvsg%%éteﬁ%rolfﬁ h{%t%r%%t on

sem conduct or noparti cl e quantum s as nmu
phot osensi t camiging i encemeen) pgaheas, androgaive ipolyeners); and

quantum dots interact (for exanple, 25 through )

1 ots cenc 8 matiBkon PR SIS %@é%%ﬁ%ﬁw%@ﬁmﬂy-
convent i onakphflOintuhtddfor system conponents to

i nduce chem cal reaction through formation of

react i on- (i ti atat tegst aedypesf semadindadter nanoparticketquaptum dot

like th hSid | d | tjph .
phot osens t | zor PaHE CaFEEPPRRIcHrRy Red o GRTS welbsivi

exanpl e, oxi dat it mbesrptiesl £ twOsr Beleghbtork Sandand
absorption _or em ssion energies) of the sem conductor
nanoparti e quargompogkion. differeahipm thefearde wscichdhatdy

sel ect ed Conve”téagﬁﬁé oPiﬁ?&Q&tﬁ%b@h&’ e%)(éﬂe%’?ta‘i@p?t g”t S

by varying the conposition afid/or the size o
particl es. Furt kemmnductbheanopancieapdmatodot to form at least one
nanoparticle quantum dots _.have | arge cal cul ated

nul ti phot on absdFCBHANISURGSPEEISE7 000909
PF:T/IH@SgQIgﬁ([)sQ@&?@f]the invention exhibits enhanced multiphoton

photosensitivity by using semiconductor nanoparticle quantum dots as multiphoton
photosensitizers. The semiconductor nanoparticle quantum dots 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 structure (for example, oxidation or reduction potentials
and absorption or emission energies) of the semiconductor nanoparticle quantum dots
can be matched to that of selected conventional photointiator system components by
varying the composition and/or the size of the particles. Furthermore, the

semiconductor nanoparticle quantum dots have large calculated multiphoton absorption
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cross-sections and thus can be used to address the

need that we have recognized for
worpiosiopieet on- act i vat abl e, phot oreacti ve conposPCT/08203/030281

havi ng i nproved photosensitivity. In other aspects,

this invention also provides a conposition resulting

fromreaction of the above-described photoreactive
crosR§aeeshd armdnthanchndr wed tocdddrase teriesd gt edhave ecbguiz& for

conposition. ~DETAI LED DESCRI PTI finitiqgns 10 .
muu&@ngtqnnaqiwﬁ%blﬁaﬁk@tﬂre%&m% ice@PP%ﬁr@S- g@tlﬁ%mvgﬁ@otosen%ﬁW“Y-

SO | " i . b4 . - .

1 ot PR (ISKARiGh 0 s ¥ cPnpaliGhn [A3ng R, seaction
of thhebgpieedescetc photreashipo sompanition dntancgptiele comprisjna theunacted

dot” .neans a particle having an average dianeter in
COppSItinge of about 1 nanoneter to about 50 nanometers:

15 "mul ti photon absorption” means the sinultaneous or

sequenti al absorption of two or nore photons of
DEJIAJE T IS (SRIRET iation to reach a reactive,

el ectronic excited state that is energetically

i naccessi ble by the absorption of a single photon of
DefiliRion8 e energy; "simultaneous” neans two events that

occur within the period of 10-14 seconds 20 or |ess;

" mus usgtbinghis pates FAiy" nmeans capabl e of

unde ' ' L RE-R0;

e ey LobdoRTtheie 1BAREARLIBTI BrealiBian Mopt 1.0 percen
by weighk,dragidyponhbntotd evepdinob e phoswedsaide cdmpesitiomni ¢

excj.ted state" means an electronic state of a .. .

S e HORBULES BRI pHCERCH Arinls PaBRRan g fapist in the
rang® oD nhforReF @YabbiesD AdndnleGt roni ¢ ground state,

hat is accessible via absorption of electromagnetic

r adf‘@ultiphotoantisarpiaenraeana thd fimultaeougpeseruentiah abpsongiondt

seconds: "cure" means to effect rizatio of. .:
g S @PRaor 58 e R Retete Sl BHATEM AT et Breited
sta@\tBitasede@getically inatddssiblelbyght absoRgionystasinglaphaton ofithatame

30 | east one elenent chosen fromrefractive optica
cengsg¥nent s such as | enses, reflective optical elenents

st BRGSO 8 BRI s
orlpd;i cal el enents shall also include diffusers,

nav gr%ﬁiti%?lcs)fon%%qcogggrggg’gln%anr?snctals)abﬁg 8)[[\{1]n(le?going 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 103 seconds;

“cure” means to effect polymerization and/or to effect crosslinking;

“optical system” means a system for controlling light, the system including at

least one element chosen from refractive optical elements such as lenses, reflective

optical elements such as mirrors, and diffractive optical elements such as gratings.
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the optical arts; "three-di nensional |ight pattern®
means an optical inmage wherein the light energy
wa@le@so0dd i on resides in a volunme or in nulti pPEr/phaNHE30281
and not in a single plane; 5 "exposure systeni neans
an optical systemplus a |ight source; "sufficient
light" nmeans |ight of sufficient intensity and
Optagap elepreh&tshau\mse iohgichdiffosers fv\faseguid&sl tpbeheosiements known in
absorption; "photosensitizer" neans a species that
the ogigal &rtfine energy required to activate a
ph%tﬁfee'&lfnéﬁ%namg ﬁélkh"’rﬁ%ahb el bp@dal kiR AR wRAGh e dan
is required by t ot0|n|t|ator 10 for activation
enemddlsmmbenmtasmgs m zt yoluine op romoltiple planesrandwiot inta $isgle plane;
gebﬁ?Fg oaen3|t|zed ucea?sj\htsourCe

ot oPHPEY SEISHD. gt BRI P
" phajerhiatilizat! ek 18Rt dfwarfali@mid Mitsnsifyeind abpropex@Mlvelength
t he conponents of the photoinitiator systen{ means

to effesumulipbotoniab@ption;o enabl e the reactive species to
under, ri
expoutrosPfiaRt iRl § pRbict RAERAR: HD5Rs) MR UREMiat o

photoieliRng®y absctbingilight oﬂlllo%t)smdrgy thaaliorequipdd by Ehﬁarmotolmmator
i ndex, or other physical or chem cal ty).

for peiavatipy endpuepelingruish theybotairitiptes (hich 5’&8 g’Iﬁr use in

<« g 20

s A R e S SRS S
gengrhakdchepicailg effecivarathdunts!’ ol for ekempkex Elmﬁomponents of the

o R A DR R B0 o

uncfef%? At &Rt :ﬁhh])%eﬁ&io)i'ﬁﬁﬂér&ﬁ@k&e&éd SdSSkeicBi@RBbAs (as evidenced,
y

Ienlcally unsat urat ed species i ncluding, for
for emnpﬂeeby achapige iredensitatizeopiyy. gplos, pRhraractive dader, ¢ oiler

ds sych as styrenes), as vel | as
Imx?%i%ﬁfc Q%Fﬁ%érlzable 25 nononers and ol i goners

and catlonlcally crosslinkabl e polyners (which species
are nost commonly acid-initiated and which include,
Reactive e, epoxies, vinyl ethers, cyanate esters,

et CRFact@/Q gPe%ctfl%, shitkifte fe H hE ghgt%réagﬁ{;ﬁe&fmpogﬂi(ﬁ@ lﬂ{cﬁlde both

et hyleni cally-unsaturated speCies are descri bed,
curealapd aon-bmab]éapaznt@malde spdciesi ane gbrﬁrall?aarefattre&kand mclude
at cql umm line 65, thr.ough columm..2 30
for Frfﬁaglﬁ dR-PoEP e }Fo%nom%fﬁ and gligegess 9ﬂ§835§f131?-es
cro@l‘ﬁikﬁfﬁ& B@B/hiélrﬁ{‘sﬁél z{sff%e-ﬁﬂﬁﬁﬂﬂl Bol nyfﬁhBHBle 8 EnvbinRable
methacryl ate, ethyl acrylate, isopropy

ethvﬂenﬁaldzy yn@wateﬁ spesssplinclading far exar@nleancwlata% myqthaceylates, and

o ) Yy Mg USSR B i

monomers and ohgomers and cationically-crosslinkable polymers (which species are
most commonly acid-initiated and which include, for example, epoxies, vinyl ethers,
cyanate esters, etc.), and the like, and mixtures thereof.

Suitable ethylenically-unsaturated species are described, for example, by
Palazzotto et al. in U.S. Patent No. 5,545,676 at column 1, line 65, through column 2,
line 26, and include mono-, di-, and poly-acrylates and methacrylates (for example,
methyl acrylate, methyl methacrylate, ethyl acrylate, isopropyl methacrylate, n-hexyl
acrylate, stearyl acrylate, allyl acrylate, glycerol diacrylate, glycerol triacrylate,

4-
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et hyl enegl ycol diacryl ate, diethyl eneglyco

di acryl ate, triethyl eneglyco
waleowsobmmey yl at e, 1, 3- propanedi ol di acryl ate, PCT/US2003/030281

1, 3- propanedi ol dinethacrylate, trinethyl ol propane

triacrylate, 1,2,4-butanetriol trimethacrylate,

1, 4-cycl ohexanedi ol diacrylate, pentaerythritol
ethilehedyopl diaerylperdiethylybdpiydodHiatpiataanethlykneglycol
din%g%%ﬁ%ﬁ%,ggéé;og%ry??ﬁ t?{cga?t%,ih]gg-r clip%%gdiolsc%hbeltﬁag}ylate,

i ) t id?i ate, 1,4-cyclohexanediol
trln%t%§%§}§ﬁ% E&c@%tg)éir%gyﬂ)ﬁﬁﬁ] ! pt_trlc@ @mbthacrylate, 1,4-cy
diagnybit pymheyihirdolteadrylatee periaerythritol tetraacrylate, pentaerythritol

e ML R e rag PaYBBY RS yet hyl one
eth&typEeh Adidfetipine fidh@bisfei(Yatrydxgul-hy &Ry 390,

copol yneri zabl e m xtures of acré[ated nonomers such as

propprexpberyldimediylpathane, tighydeexyaths ﬁpmyraé%ira@h%ﬂrﬂﬁfédthé
o SHORHEPLR A BEh PR Al LS g oG

20005@0, ﬁ@p()ltlﬁaﬁihii%ﬂe ﬂiﬁtg{ﬂl}éls ef &rlibl'aﬁzddnm‘tdéllmrt %dciams disyse of U.S. Patent
1, 6- hexanet hyl ene hi s-acryl am de, dj et ene _triamne
Nou 4,522 b 8 Aty e eoperustiob b e Ph i batent No- 4 642 [f6):
; i} - 8 X rene,
B R B A A B AT e Bl bt e,

methacrythnvideyyll,6-h&x quinttind breet ey -pcrytranitibalidthKlene @iathing ftisur es

thereof. Suitable reactiy 0 rs.include 0 rs
sy R e ) o P b Be ey B 5 Bpg s B
exdhié, 8 rédcO Maltyt %EHQ%} di591fyl §udBinRleaai ¥y h&ipie OAHISi Py

pol ymeér chai n: anpl es of such pol yners include
phthalaiedtand thealdley andrptixiyees thareafe Suiiphle sepcye paymass iBelade

as _SarboxTM resi [ 0 t
polg ety P RGP BB, s Rypte B T g ghgpe 50
(métERiEHlate RGPS Yer dyiierihain Exaupidsl of stish polgmersdndlodd aromatic
chem stry include those pol yners hat haVﬁ'q
acigh (e biasFHyE half geRbissBs awd iR - pepts aalghls fow wartomner
Hiad Iy 486 . | hideYul r84dR€ 69 mers
(o] RERIG St ¥ 480, 401210220 05} R et rBhckg 68
curabl2 By it Sadiddlichemisaly idcludeMhrsepodypmers thatdavy a hydroearbyl

noners, qligoners, and/ or .reaclLiyve | yner n_ be. ..
backBREF 1 Poagalt PERSiraR B Ol TET RS SRS B s P gety
attSTREE R fetd, RAEWALhBG! Ws@iRel in V. ONPtdrE NRE 5338015 (Ali et al.).
(nmeth)acrylate half ester resins, and pol yners that

Miktves of thig oF Doze phobeiskeligemesh dnd/perragiite pRApNEEEan be used if
r QURS. W t r.ee-r,adi cal | o I ti '
oo LRGN PRISTIATR. B gRa s
(m&BREHESe BAIE cstesREinbefd pobmex tiaphsie aldyydedoxebyl ehckbbne ami
U.S. Patent Nos. 5,998,495 and 6, 025, 406 an inclgde
pensgniiepHide Eieyps BitHTeerfadisplhapalymprigably {pnetipnalify attached thereto.
epoyj ' 3 ' o) q d
cpos e BRI ERAOTECo s SR AR AR ARy Oxman o
al. &l Ugh®uteat Nad. i5¢9981496 ,and 166281406 ,and indhetesrpory odsins. STtlese
materjals generally have, .on the average, at least, 1 .
mafsselpmbiop gl By o BElp BIOTORBTE R CopapRfs K Fpoxides
of g% ghtﬁ@l% icqg}ﬂagﬁnd]caﬁ HRAAphARY, BLRLRE ShdtBAtYo, oRhetb@RBFdlic. These

materials generally have, on the average, at least 1 polymerizable epoxy group per

molecule (preferably, at least about 1.5 and, more preferably, at least about 2). The

-5
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-5 WD 2005/ 000909 PCT/ US2003/ 030281 polyneric

epoxi des i nclude |inear polyners having term nal epoxy
w@e@apeofd or exanpl e, a diglycidyl ether of a PCT/US2003/030281

pol yoxyal kyl ene gl ycol), polyners having skel et al

oxirane units (for exanple, polybutadiene

pol yepoxi de), and pol yners havi ng pendant epoxy
polgmertipepdxfides isctadedirear polghysi ldyingrtediiaarepbay grqupis doer

exagipi BT HY SRSt OF 2 8RO SR O AP ST R TBFTe P D RALIBR
ox1fHﬁE AnfOEEY e;&h&ﬂ@? %ﬁtaﬂ%@ %Hiy@poxf@@s En B Qﬁ(fﬁg PeAhnt

naterials can va reat i'n the nature of their
epobla ekdps éfonrsarspibst glwém mgtbe@yblte lﬂdvmelxmpelymem)e The

kb be of d titu
cpaiies Eonbeanesarany Grbol Bratfis gP habo Gl Pl oy
twd, BF Blob&Rx ghﬁhfp@ %Eﬂ' PBiecule! Mhest epoRPRLARINES @bidfiels can vary
I'lTustrative o erm ssi bl e substituent groups

greptheintbie niareofdher baskbene yidgupsfituent geeups. For ¢eimmle the

bacgﬁ P cah beSI Ia ﬁg@? iagﬁe gﬁﬁ%ﬁuuem élroﬁ g%&g F%IEPQ Eﬂ‘@‘oﬁg that does

not%ﬁ@s)ta’ntﬁﬂy\ ﬁrﬁbﬂér@ gvitledagibhialcarecatfosanampdratreaadiiustrdide b
about 100, 000 or nore. Useful epoxy-conta $n|g%
perppigsie aHbstifuRe) areepstiRgEde WHpeams SHE BrapPsy gl ERpate groups,

sﬂo?y o ?riog%é? E‘?ﬁ’g?f%ﬁﬁfs BRoRALKEN s CIHEAE BRAT PRAXMORIERr weight of
theepmxyaynhnmgxmﬁamﬂhy&p@nﬂﬁepn&ymyﬁ$uhdxuhﬁ%h@hbwyhaﬁe

Hﬁfeﬁ%ﬂ%ﬁéﬁma}%ﬁaqwtegaﬁ Inglude hoseebich reyRingHEihrise

gaERANY hidthes ?6‘)@1 18hekafiecarboxylates, typified by 3,4-
Oxép%xy§6 neth§ cyc Pohexylnethyy adRFate XA nor e

epodgeylotea yimethylo¥ 4+ GB@YQYCIQWD@@@QKN ate, Bidsenvxbhe i s

th Pt t
el R - eRBL PPy el b GRE R Bl TRe g piss 4
epcﬁb}@hﬁmylcgfcméxylalemygmamara A)fmdrlsl Bethidedidt of RsefQGRxidEHbf
i.s alk or aryl and nis an

thlﬁ Iiﬁt‘éf@é% se(giforgh{n(pg Pﬁ?‘ﬁrﬁ?ﬂ’ osl | rQe999I ycidyl ethers of
pol ﬁlﬁ?ég m})&}f&%@ﬂﬁlﬁ M&%Ma e USAGH P& gﬂzgi&yh&‘ﬂéﬂ c

pheno an excess o ['orohydrin Such”as

moepineRslod tlehipdnula (f or exanpl e, the diglycidyl ether of
2,2-bis-(2,3- epoxypropoxyphenol)-propane). Additiona
exanpl es of epoxides of this type are 30 described in
U S. Patent No. 3, Ggp@f2—a0H +0-dagybook of Epoxy
Resins, Lee and Neville, MGawH |l Book Co., New
York (1967). -6 AN

O

where R’ is alkyl or aryl and n is an integer of 1 to 6. Examples are glycidyl ethers of
polyhydric phenols obtained by reacting a polyhydric phenol with an excess of a
chlorohydrin such as epichlorohydrin (for example, the diglycidyl ether of 2,2-bis-(2,3-
epoxypropoxyphenol)-propane). Additional examples of epoxides of this type are
described in U.S. Patent No. 3,018,262, and in Handbook of Epoxy Resins, Lee and
Neville, McGraw-Hill Book Co., New York (1967).
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WO 2005/ 000909 PCT/ US2003/ 030281 Nuner ous

comerci ally avail abl e epoxy resins can al so be
waiedosioao2 |1 n particul ar, epoxides that are rerdi/Ug2003/030281

avai |l abl e i ncl ude oct adecyl ene oxi de,

epi chl or ohydrin, styrene oxide, vinyl cyclohexene

oxi de, glycidol, glycidylnethacrylate, diglycidyl

et hBumeedus Bospleecially #vailhble cpsanikis ciinalse bavdlitaiblle 5

under the trade desi gnati_ons EponT(wgés E onTM 825,
partig AT RPeades, thafaee readibrialiobls inglpdmegiedesy gt BHde,

o S BIRRSRELOANEE S b ShOHL dFemical 0. s
glyCidghmathicrilate) diglicityl etheisaif ®igrhenoldh éﬁor dm(lplg,rthescah‘pil@,le

i B e ERy e g St Bty Cyah ERE eniO PR 4010

froﬁlfI@ésoﬁ?ﬁ@H'@’leﬁ'orrEﬂee PeddhcR! fo%l@ie@/ KasH CRdMdNVBo 6 4d ReDhis
105 from Uni on Ca 3, 4- epoxy- 6-

DERI 33 CDERSHGR9) mm@R’[“gaaal époxl;gow’cemmgal ‘GoyR vistbsyelaberene

dloﬁggﬁéw %1%@(3 Egi %@8{1}%@1 %{Oﬁy%aéééfi En I@ I%J? Ih Sln) Car bi de
ep@?bﬁ@é&ngr@éthﬁwb@aycﬁabhéc%ﬁa cirb@i@l&i@l(ﬂﬁi efﬁhplleﬁERL—élZZl or

cy@mma%xmﬁ 4 OrBR GaB it Ui arbidal Ch I oD ORG
me@gége_%gg @g@wgggw ﬁ;&@;&%&&&%@&g&@@ Example,

ER@i 4200 tfane mmm(ﬁ:atbld@famp B As(R MeepoERIG-H2h9]1cfycloheyiinethyl)

SR St X eRE BRI R0 B D Sion ROt F 31, Dih ¢ cgpeyeyclopentyD
ethéle@bﬂ'bx%ﬁ@'i@ BRI G4 RPPSH ﬁmtw@ C(Srg 8 fphaBC £53x3 HsHHied

epoxy resins (for exanple, a broni nat ed
frotm mmﬂpj'lemwgigccé pifm yxareple ;E}awoﬁa bhé ERLoAA Bdipraibverc al

Caffiieinbr daf i, BESs or Stoafe, 504860 Fon®{Spige Gartige Corp),

e @;ﬁkﬁz&éﬂ%&&ﬁeﬁd(m Rewphexireal™ WD 1) fromh FMC Core), silicone
di gl yci dyl ether (for exanpl e, KopoxiteTM from
resioopERRingepainctigpality, flame retardant epoxy resins (for example,

oet s AR ML D i
Coa,- I,la-,bﬂltﬁpd)i)o%/digtycﬂiyé EWkr &f, pﬂénsl;ﬁbrnm:lc&hyd@pégﬁyz)kz(for example,
gL, o 3 o Y CHoih o) Gheeit ebia dier Cor

exalﬂcgﬁbl g Oor?ﬁ’@ﬁﬁ(@ppe@@émﬁiﬁ? hbw%éﬁyéy&wﬁb%a@{bme

., al Kyl glycidyi ers such as

(fO@;aﬁllﬂe gﬁ%ﬁﬂ% OIEUHBFG]]@BOfI‘O@XIémph élarbﬂé¢ CRPIVENBd-f i er
7 t P P d
Dy OTERg gl B0 B B~ (1 S U AL K50 K s GRL-

42384 frbéinaife eattidd OsrpBevihlch@BEEeRE abnokly 1 Zl?ddyhexadecane
glycidyl ether (for exa , Hel oxyTM 30 Modifier 61
Nﬁggﬁé@dP

(fof exnpmeddYBt42dA foar Ve C@mbtaélsyl ghicidsy pthgrsyserigg
alk%lt <5 F ﬁf{ %lg&dg:@rﬁ?émﬁ)g r’%ge_lﬁ 8 %Wohﬁfer g%rc]‘nﬁ R olution

Performance Products), alkyl Cy3-Cy4 glymdyl ether (for example, Heloxy Modifier 8

from Resolution Performance Products), butyl glycidyl ether (for example, Heloxy™
Modifier 61 from Resolution Performance Products), cresyl glycidyl ether (for
example, Heloxy™ Modifier 62 from Resolution Performance Products), p-tert-

butylphenyl glycidyl ether (for example, Heloxy™ Modifier 65 from Resolution
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but yl phenyl glycidyl ether (for exanple, Hel oxyTM

Modi fier 65 from Resolution -7 WO 2005/ 000909
weEans8R003/ 030281 Per f or mance Products), PCT/US2003/030281

pol yfunctional glycidyl ethers such as diglycidyl

ether of 1,4- butanediol (for exanple, Hel oxyTM

Modi fier 67 from Resol uti on Performance Products),
Perfoyyhanct dyddustsharolyfimativoplegiysitlylgithernsuchfas rdlgxcadyﬂ agher of 1,4-

bl el Herety™ M bR e B Rot R s

Préduefs) ARl ethi! dfwéwnm %l}fcbﬁﬁoﬂéﬁm{pl@ AResEM Wib@fer 68

Per f or mance Products), ‘trinethylol ethane triglycidyl

from Rgsroh{tfqgere@ﬁ@gmpn@ Prpléuc@s) ydird { etheyy ofpyclohexgnedimethanol
(foFrgiFd nLﬂe lgaf)fgwfher Hﬁgg ?Oifr&% és% u’t]](_)é rﬁe%%@% é’n?c{u%Ps ne

tnmemmoﬂ?e&ahmri ghyvidBe efter (f@ﬂ@éanﬁﬂ@dlﬂl@)S})TM Modifigt ¥4 oy
et her of an aljphatic (for exanple, Hel oxyTM

Refplgtion %?rf@mafl%ﬁmégt& EHIP ﬁylpépm@mﬁawcgéycﬂy‘l pﬂ@a(fet gyample,
He@ﬁéyyng ie Seﬂ?&)ﬁ'lg:% (lfl PEGTRINE. Pgﬁh%?%%%ﬁé} hel":of

esol ution or mance Products
an ehphatld qmb(on (for excanyit dielﬁga W'M/bdlﬁBBSberoﬁYR%thh rRerformance

pregug 3hinopiyes! abiiud BPbsrsese S} Yedfindh BoprRssoluton
PeSYARARNCE Pr(ﬂ%@ﬁz Mishéibl i Rk 13RS Aok b i1 EF JoaMMBASE or GY-281

Product s) er "useful "epoxy resins conprise
fropppthiayaeigy Cofp- heny Pi9ebisldi(@, ecpoay propbxygtphenyidfluorgmone (for

C aSngI [ hacryl at e)
eX&m@ WE e orbz%? ngﬁ%%hé Fﬁﬁggﬁgy Jﬂ%§??éonpounds
Exaigheasiseftl Spoxly ré@iodonip{ss c@p(ﬂyﬂae& of acrylic acid esters of glycidol
styrene-gl yci dyl met hacryl at e,

(sueheh ﬁlYﬁ’élﬁ’}flﬁ{*}fl@tP andelycidy h%péylwfweth ORI Fnore copolymerizable
I
Vlnggr(grpé?duenﬁg g)é é@y BF%E ?%Mbﬂ%&% &‘?%1?31 st re e- 1c;lyc1d(x)/lmethacrylate

1: r methpbneaharyletet gl kaidylacrsitack, anda 42 15: 24sch$1 mﬂqhndthacrg&te ethyl
epi chl orohydri ns, al kyl ene_. oxi des for ex

wcrg B S5y e Ly PEL SBR dEsnS TR ah s contin

sudhfépbxﬂéﬁﬁ@é[ﬁehl&%%ﬂﬁﬁnﬁk%h@ silde@{fjgr &Ja.‘riﬁﬂéj YrogidneloRide),

(for exanple gl yci dat e
styepeeyideunikend @aldep (floymlcr mtme@m@ -and rgtycidyd gbters (for

iC S t hose described in U S. Patent No.
ex%?@?é?@ﬁ l%@&?@erg) whi ch are comercially available
f r OY(Uséﬂileeﬁﬁ@eﬂilﬁ&l:tlﬁbbpdlyﬂnérsGﬁﬂ@@dﬁpoxﬂfﬁﬁ@m@ﬁﬁsﬂleones such as
ydi et hyl si | oxanes 1n 25 which 1-20 nole % of the

thegg fi?%he%m&% Rafoal %%érﬂ@uﬂgt(ﬁ@leheé@) Wihich a5p expEIcksjally
B O 0 S U s s
whBlbelr @6 nole badrfitha shecpmatyms hatabaen rsgbsrmllteal wathspogyallat $eoups
<Pfa§r%ﬁaf BgE %f/@ Heoreish g F dGErRA gY t P PRt Nors? S Epoxy
(Kessel)).

Blends of various epoxy-containing materials can also be utilized. Such blends
can comprise two or more weight average molecular weight distributions of epoxy-
containing compounds (such as low molecular weight (below 200), intermediate
molecular weight (about 200 to 10,000), and higher molecular weight (above about
10,000)). Alternatively or additionally, the epoxy resin can contain a blend of epoxy-
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30 contai ning conpounds (such as | ow nol ecul ar wei ght
(bel ow 200), internediate nolecular weight (about 200
W0 200300000) , and hi gher nol ecul ar wei ght (abovRCHDS2003/030281

10,000)). Alternatively or additionally, the epoxy
resin can contain a blend of epoxy -8 WD 2005/ 000909
PCT/ US2003/ 030281 contai ning material s havi ng
cogfainiag ar@ier@ﬂﬁetrﬁvm diffesent ehemyienl ontuzes (wthﬂsadlphatevrmd aromatic)
( a
oA s O BSLERRTALL LR G Ao RENL sl potymers
(sﬁmusivn@ﬂ ethienydndahd Bks) canddditiendliyke) 1n6<&po@€%ﬂl, tfidesiedd. y

[ rated, if desired. Preferred epoxies incl
ar on@f{ﬂf&\p gF%’flawd@s%%Oé%aﬁe&W%p@ﬁ@s Epehanne E@pm@dresms

SUBHERbAER ol Eonshils 1, L) SRS Sl 108 o
EMBQHM@ERLWQJW&MM@Mdﬁ)mn Saittidd)! e
cat E reacti ve species so [ clud et her
Sl R Shteie e includs iy e Thowginets,

ol@&ﬁﬂﬁ' 8nd FERE pO\HIIﬁéﬂS (% BRImp lgtrﬂé(tlh I‘"hﬂyll etl?etr h&flyl vinyl ether,
tert-butyl vinyl ‘ether, |sobutyl vinyl~ eth

- tert-buist Hipyeeibgt, }@bllt}’hvahvheretrl@ehylfélﬁgblcomwmyh' ha0(Rapi-Cure™

Eg%dgg%lﬁ\é%abg&ef rfigﬁall gtpg"r’r@?%@ﬁ QP?JtF §&§ N’Iyw nyl

trlﬁieh@ﬂolﬁr'Bb’Bire\:fﬁ,VH@Y adhba@iNePTVBMBASH e P BASHG)., Bldute Olive,

t he tomer TM di vi nyl ether resins from

NIA 4t Seeimer i ivghethes fesins bt Shed Brarabior xample,
Vezléﬁcgﬁé}m bA1, %%Qym %WVI@QO&%?&%(ﬁﬁdan\éteﬁéc?%érzfmﬁ&)@gnd

therr eqU|v S ava

. thetneqifived¢nis avaslpdle fmmd othbﬁﬁuﬂﬁﬁcthi‘t@i)ﬁ@hd nkengshdibof iBlends

. an Iprqgﬁrtggn) of one or ngre Vi n et her resins
<maﬂé/ BPPBHEVA BB PEMOFO WY LRSI AESING A/ of| WS O 1058 PRQXy dgsins
caﬁ’ alsy By dEinxad: fPHPﬁIy‘d%@quH&icﬁ{al ﬁ‘llat%rlﬁﬁl{%haa% tﬁd@@ ﬁ@scnbed gor

descri bed, for ~ éxanp
exqurples k. SePatant. y9. 5@&’5:6 ?é?ISﬂ{abekmt jal. ))z:eni alsn be @ﬁhb@dnlat i on .

colfl PR Ao BRE Rt vt B Kb R R T oact i ve

pol WearQirs$le Sﬁecﬁd@hﬁmudd For exaﬁpléaféabtﬁ?vd Iﬁﬂyﬁéﬁ Q¢hod® dlubility
aci d- or radlcal i nduced reaction. reactive

can B¢ {i¢Egaged YR aGHk O Faskicaingdwsed ream\eoﬁwhurﬁ@amnolymers
1ncg§(ie3é ﬁtegalggﬁer A oGSt e%gﬁn&bﬁ%m 3R 010 RPOHEL bithe

efa acl eous so roup
cofifepied @y@ﬂrptogﬁnqmtbdl éddt@ aduebus siyida ahdrgyé@s;(ﬁirwanpl)a, poly(4—
eC| es_al.so in 1 ude the chem cal |
fergﬁﬁﬁomaé s Nomeus SHRECiEY2l50 msludmﬂpeeqhen@aﬂm
am\ﬁﬁhledl ﬁﬁ(ﬁtoreWstsQeséﬂH%é %?@ D. @’Uﬁm &oM: Whitraf¥! ij 1h§f)erg, and

Performance Acrylic Polyners for em cal
L. N‘rﬁlmﬁspedl FiighdlegfoimmancapurylicalPélgmers'fod ChMarcallﬁéumphﬁed

Pl R g 5oL S0t S SRS PRt
ariptifibdl phdtbfekRBeoncept is now widely used for microchip manufacturing,
especially with sub-0.5 micron (or even sub-0.2 micron) features. In such photoresist
systems, catalytic species (typically hydrogen ions) can be generated by irradiation,
which induces a cascade of chemical reactions. This cascade occurs when hydrogen
ions initiate reactions that generate more hydrogen ions or other acidic species, thereby

amplifying reaction rate. Examples of typical acid-catalyzed chemically-amplified
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untiy fhey aeexeagired byndnid peneraedly By mEHD _
it S5 ABARTRR iy PRl e QR SRR SREELEDIALAS o

especially with sub-0.5 mcron (or even sub-0.2
m cron) features. In such photoresist systens,
W@ 2008/09090 speci es (typically hydrogen ions) CBeI/D82003/030281
generated by irradiation, 30 which induces a cascade
of chem cal reactions. This cascade occurs when
hydrogen ions initiate reactions that generate nore

phomlis.é @%S.‘t,em%iﬁglugp _dﬁ?rﬁ@ICﬁ% (a1 exasnple; it“é%‘,tOXtYnggwoxystyrene
resi @R Ads¥iBKa 1h &R8L ]{:eﬁéhtr 9.49P6 I&ghgﬂafr%ﬁ%% g%%%)/meth%%gate'

acl d- cat al yzed chem cal'| y-anpl i 000

basddGAtiSAS0BAP P8 lic mitedads axhsis tixss Hesrsibedial Udke Patent No.

3,7t Bl Sfbbers sl mitesd i BAY ke Qaptu Bt oK' B'Kiien
et all 81 PRBYSFIBIMBRMAT(IEN 5 MBI RE likb R Hgpol PaS@shHBR (R !eﬁe!lrﬁda

le,
THP- phenolic materials such as those described in U S.

polyphthatrldekigde-based neataras); andveayingementiderdxampld awsefials based
ontﬂaefﬁi%aéo"i” s _such a%)t hose described by R D Allen 5 et
ars=in

Bro¢ S ES2438, 474 (1995), and the like);
de Hﬂﬁeﬂﬂﬁbhéﬁiablb’kg@éi@ﬁ alex aieRlde leuco dyes, which tend to be colorless
pol ypht hal al dehyde- based materi al s%; and rearrangenent
9tan phefgigiator system, and
€ss

ude leuco dyes,

theit dwyrbane aXight retie isitde pdrtigpa € Kiat cettloynagheicapetirghot on
hat oi ni t j system and 10 which, once oxidize

(ap %’HF‘&FEFY P& '_alinﬁ datite P th cide gifsentarEnign, gowhat

are MhEdveor OkidiaBR dndRPRRINaRKiALink cOitibRY dnd&/eVinat Bk Sot so

portion of the electronmagnetic Spectrum (approxi mately

reactig@ as7EOxadiye yndee gennupesvugeheitalicanditieny flserare many such

tion ar.e r.eaciive or oxidizabl e

chety BEABlorE ed (08 BndRlo wBidrbRE RN ) o\ har o ¢

NOtLeGo dyeR aséiuy & Racthve sp¥di€l ia@hd/prdint GRABGh include acrylated
environmental conditions. There are many such 15

leuce fggiie ciienerazinse andphenathdagingy whiqgarcenninmart: brercpraagitedyby the
struG8T¥hmid-euco dyes useful as reactive species in the

present invention include acrylated |euco azine,
phenoxazi ne, and phenot hi azi ne, which can, in part, be
represented by the structural fornmula: Rl R10O R9
RN X RB R ~(4 | rgR7zi5, kg9 R6 20 wherein X is
selected fromO, S__and !

preferred; Rl and F
and al kyl groups of R®

wherein X is selected from O, S, and -N-R!, with S being preferred;

R' and R? are independently selected from H and alkyl groups of 1 to about 4 carbon
atoms; R3, R4, R6, and R’ are independently selected from H and alkyl groups of 1 to
about 4 carbon atoms, preferably methyl; R’ is selected from alkyl groups of 1 to about
16 carbon atoms, alkoxy groups of 1 to about 16 carbon atoms, and aryl groups of up to
about 16 carbon atoms; R® is selected from ~NRHYR?, H, alk'yl groups of 1 to about 4

carbon atoms, wherein R! and R? are independently selected and defined as above; R®

-10-
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25 atonms; R3, R4, R6, and R7 are independently
sel ected fromH and al kyl groups of 1 to about 4

w@ 200500094 ons, preferably nmethyl; R5 is sel ecteC/i$m03/030281

al kyl groups of 1 to about 16 carbon atons, al koxy
groups of 1 to about 16 carbon atons, and aryl groups
to about 16 carbon atons; R8 is _selected from

and ﬁ‘h@%ﬂp@mydemly sglleripdl frgmp Hipnd gtky] eraypapbifo about 4 cpipan

R

grouﬁ%@f/dﬁa @0&it03Q@2f/bn asvis Ri€fembly, phatyp ervdpsi |Thedellewingd
fromH and al kyl groups.of 1.to about 4 carbon atons;

compoygdsare examples e%@edypgeﬁeamfe groups of 1 to about 4
carbon atons and aryl groups of up to about 11 carbon

atons (prefer ab phe gr é'izp The foll ow ng
conpounds are e @g type of |euco dye: Et2
\' I ~Ez (H3O3 ¢ 5t~/lelle 1 1,

N, M Mw a e@p@ i c e bl 10 Ft ON Et E-~--a E
N-Et Et Et' N, useful |euco dyes include, but
are not Iirrited g euco Crystal Violet 15
(4,4',4"-nmet hyl i dyne€fiis- (N, N-di met hyl aniline)), Leuco
Mal achite Green (p,p' -

benzyl i denebi s- (N, N-di nethyl aniline)), Leuco Atacryl
Orange-LGM (Col or I ndex Basic Orange 21, Conp. No.
48035 (a Fischer's base type conmpound)) having the
structure

o
Copichem Il

Other useful leuco dyes include, but are not limited to, Leuco Crystal Violet
(4,4’ 4”-methylidynetris-(N,N-dimethylaniline)), Leuco Malachite Green (p,p’-
benzylidenebis-(N,N-dimethylaniline)), Leuco Atacryl Orange-LGM (Color Index
Basic Orange 21, Comp. No. 48035 (a Fischer’s base type compound)) having the

structure
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/ Leuco Atacryl Brilliant Red-4G (Col or |Index Basic
woe@sadipohavi ng the structure MM _ N~ be Qr2IZHRIOME/030281

Leuco Atacryl Yellow R (Color Index Basic Yellow 11,

Conmp. No. 48055) having the 5 structure Me M e

Ove Leuco Ethyl Violet

(4,4 ,4"-nethylidy ; \+di et hyl aniline), Leuco

Victoria Bl u- BGO dex Basic Blue 728a, Conp.

No. 44040; 4,4'- ynel+s- (N, N, -

di net hyl ani l'i ne) - 4 (NMet hyI napt hal am ne)), and

LeucoAt | antic Fuchsine Crude 10

(4,4 ,4"-methylidynetris-aniline). The | euco dye(s)
Le&b@%ﬁ@@@l%ﬁ'll'ia\ﬁt Red-AEENr [Hdex BY&d Re®@i4atavipant s@iadure

01% by weight of the total weight of a I'ight

senS| tive |layer pr efer ably, at |east about 0.3% by

wei ght; nore | east about 1% by wei ght;

nost preferab abfut 2% to 10% or nore by

wei ght). O her sueh cagnbi nder's,

pl asticizers, 15 &eabili zers, surfactants, antistatic

agents coating ai ds, Iubrlcants fillers, and the

Lol EpSal et B B FapEbalt af%ﬁgwlfl'flg&tgwsﬁ%%%&‘éf having the

stric@ast i ve species can be utilized in the photoreactive
conpositions. For exanple, m xtures of
free-radically- reacqhv-esp- ies and
cationical ly-react} geNes, m xtures of curable
speci es and non-c s, 20 and so forth, are
al so useful. -12 1909 PCT/ US2003/ 030281

~ Sem conduct or Nanopart| Tle Quamé um Dot s

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).

The leuco dye(s) can generally be present at levels of at least about 0.01% by
weight of the total weight of a light sensitive layer (preferably, at least about 0.3% by
weight; more preferably, at least about 1% by weight; most preferably, at least about
2% to 10% or more by weight). Other materials such as binders, plasticizers,
stabilizers, surfactants, antistatic agents, coating aids, lubricants, fillers, and the like can
also be present in the light sensitive layer.

If desired, mixtures of different types of reactive species can be utilized in the
photoreactive compositions. For example, mixtures of free-radically-reactive species
and cationically-reactive species, mixtures of curable species and non-curable species,

and so forth, are also useful.
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Sem conduct or nanoparticle quantum dots that can be
used as mnul ti photon photosensitizers in the
we vpoaiovd ons of the invention include those tPeI/UREE030281
at least one electronic excited state that is
accessi bl e by absorption (preferably, sinultaneous 5
absorptlon) of tvvo or mnore photons Preferably, the
Se g OPAridCie , sol ubl e (thus
su .
Spg%@hh@ 85'1%{1 deoq%) thaf1 cagq}e ur%e %st gxuﬁlphoton
photgemeitiaés yn Ehemohipbsﬁohskm thd: Irwehﬂibrt ﬂh@luﬂ@ aedsé vieat ﬁﬁ)@cdt @Sast
that is gater t han about 1.0 percent by weig

one elg¢iEmag %ﬁﬂltﬁ sigrecthiidp a¢oRambla By abspioh@reaibly, smﬂ@neous
h t C
s EO o R BLnk OOV U3 RS SRAL b by
solulpih qﬁﬁhus eabstanially mopaggibiemted)lie tieanapae tshedies. quaotradn
are ferabl suffi.cient].y soluble.in the
naﬂOPé%l& § QP@HE’E% oS gSpardlty %ﬁ#@l&?ﬁ%b@&@%@bﬁ?ﬁ@%@@% Bt is
fef tHARGbE@ 1
Tl o i ey e e
morcgprefesdy.direatest than atimst fanrebOubased nporathed t@tbbwugB!Oofwﬂlh
confyEhE A AP OB UGLE BHSHRE SRRt
prefepiite{ edififolenily 3blubRas thexbfitive 2pétiies thiahe PROIORAEHVeCdoth c())smon

guantum dots are eferably no greater than about
13OPHﬁ%erFI%aJéﬁ‘flf@é’lweéﬁ@t@ﬁhuWéY%r ef er abl y, no gr eater

t h g a
NS5 o UGRANLLELSOIB0I b A0 2
betWBen gbooi 8l nooamietboti SGenmn @fefﬂiablyomeaiaﬁop@tutls quardOm does have:
rise one or

nanoparticle S can Co nor e
an o G TR RBHRIGE o A CAPPH D5 PSS oRd st Bpomt 2 . The
nanofBtiglel astub gty gl%' réf@fabﬁ?@%ﬁer R Yot |30\ﬂlm in avgqf €

sem conductors (for- exanple, 2ZnS, ZnSe, ZnT
dlam@@SéHOI@le%ferabb@no @gﬁ@@r thﬂg‘ﬁboutl\lj)ﬁan MOpamClb |qkm)tum dots

hav1r&%ﬁ)ﬂ& Eﬁdfs 1%%1 %I’r‘&ipr {eﬁrrgg ® or%%g) av&cgtorweggve one-
photdklfhsoftidn | he Ii ke), e} oup IV sem conductors (for

exanple, Ge, Si, and 25 the like), Goup I-VII

s eMCRAnRtiSleIupRigP ¢tneAN GOMNDISEPNG ABMOFRsefigeaductor materials.

Useﬁ‘ﬂl Qeﬁﬂ&mﬁﬁ@t F&faterlals%cqudg f&r%&gﬁx § h%&)&g} IIK\;Ioslém?&%q%tgrs (for

ternary and quaternary m xture
exampénZoS ndokd, @Taﬂﬁdﬁ;ﬂd&ep@é’l‘ €| R, BipSd ol 8T e viPTe, 2ad ehe like),

G IV.or a & onductor (nore
Groug 188 sergiephainess Sapxarnnlr. RV MRS hBN: 1P, nAs, s,
AlAD e ef18B| ms %nﬁﬂéqﬂce} 'Grb’ﬁp W@érﬁﬁﬁg&{ﬁ&ﬁ (foP BRIt br@e, Si,and
zinc or cadni um . Useful sem conduct or nanopart
the lilelaFrenn Hﬁf@enmndd@op (&f examplen@nCLandsthe like), alh‘a}ts thmaﬁ
an or ,e tothebuke it

and b hER0 T H8PBaimn Rffeew oPa b it o BoePads of
senncf@ﬂﬂétbﬁh@opﬁh&ﬁﬁfﬁﬂh@hﬁd&@&diﬁ@ﬁ‘sermﬁﬁlﬁ|Wor%r@rogﬁ lkv1

fornms of matter. -
semiconductor (more preferably, a Group II-VI semiconductor; most preferably, a Group

II-VI semiconductor comprising zinc or cadmium).
" Useful semiconductor nanoparticle quantum dots include preferred nanocrystals
that have radii less than or equal to the bulk exciton Bohr radius of the semiconductor and

constitute a class of materials intermediate between molecular and bulk forms of matter.
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WO 2005/ 000909 PCT/ US2003/ 030281 | n quantum dot s,
guant um confi nenent of both electron and hole in all
wao boosmoddnensi ons | eads to an increase in thePCT/US2003/030281
effective band gap of the sem conductor with
decreasing particle size. Consequently, both the
absorption edge and the em ssion wavel ength of the
In qufnaurhidotsequahirh torfinehieghef bath elegires afdielp imall three dimensions

correspondi n crease jn electron affipi .
teads it BRGEVH 1 Ssiros Db pe gdiqd D fiieding
particB&dife, SPBHsélently Hoth BkfaBSdrpEaNediR maekt émissiatjwastlendih of the

effective oxidation and reduction potentials of ia,tff'he
particjearshifctodighes energiss (with App@espopfing degreasory glecipppifinity and
: 79: 5566 (.198 ..and iCl e e SSi
D s G o e
adjusCRPBEBE Ve Dx@fatibh endreducion potaitints sfithe paicledsde, fuleaahyle,

preferred sem conductor nanoparticle quant.um dots
Brus,doRfiysi §8er., 785986 (1983))nd g Bing theypariclpis,egpission wavelengths to

' IGE ' ifitiapeldiemOf a

B ek o

s @aitondlygireferrad sapaotdcier nqueprrticte doangym dpksecomprise a “core”

sur r oundi hel| materi, be .ch ;
of ong DS Wb REPIAVERE R R DP RS LaPsingl e

i ARLAT LA REPGERERnSctoeSinopaticle fiabRRtdg8P The
semc\aéﬁgﬁ%% offgets of the cgr.e/shel I 9pai r can be chosen

surroswlinhettellimaterial sae b ehdser ke haveppateiBicsPrEnrg ploshto that of the

el ectr and .15 le.to reside | r Ial
core ML A i S Gl LB S s o
the c&LBRA pair &l dhdkdn Jodhatasisieaelgetidudlylfanstalgaer ttidelbetneh and
of fsets of the core/shell Bai r canqagg_ cggl%sen so _t hat fih
hole fotreside Byihe grreineusa). PaRFarcaBiucet FORaREINS PLEhgsepgration of the
electiof Hoflepdis! qure‘?ih{ﬂelbaﬁtgga NG tARA Bk Qs bEGk @6re/dhell BEir can be
core, B Vitce' Versa. erably, at |east a portion of

chosénh® tRatrif @ erergétidalie faemitdo frd it dectramiopasids il tee sixdl and the
quantum dots (hereinafter, sem conductor nanoparticles

hole {gyregifled) the RAFOPYET W%) is nodified so as to aid in

t hge oAt Rbital por@aifotthe Ratadef ki entiforidaétor nanoparticle
nanoparticles in the reactive species. This surface
quantwolddts Grerdinafter senhieondfeter pangPREHCIES OF S1H2PLY PRIQRAETes) 15

et hods that.are k 90Nt 4
modifiRA O o A Prpf PR P e Rl (238 n i Bfn BT e
reactREeUpd8. athiddurfab®mddifeaten eilbe dbLEd(tOe8jouadiffdgnt methods
Wiss et al. in US Patent No. 25 5,990,479.) In bed
that zge keg e in Septalee fgwaaa%e,tthf‘e%%ff?éﬁ{m%fgﬁ@?& fapgdegeribe
by Béu%ﬁ%%?t?\:lqﬁ?l g?fﬁﬁ%e%%_g_lp 3614 & 998} eI(s@ eP410Mi U, Patent No.

eactive ‘'speci'es (a solubilizing or
5,994y | i zing noiety) and at |east one noiety that has
an affinjty for the sem conductor surfa a_linkij .
motnaiepsial sl rialier ARG ot s e A e s LR e i
selectdB ;bg(g\ﬁd@éolﬁtﬁﬁ'@/_ tin @}{éereﬁ‘ét%tsﬁé&"ﬁesﬁlsbluﬁﬁizﬁﬂ?ér dt#bilizing moiety)

aval e for interaction wt e sem conductor,
and & lgaktaoe r(n_ﬁiciry thatdrap be pffimaiydor the seminepAucnyrians @j’eliﬂkmg
moie%f L%ﬁh@lﬂ? '11%&191 Hibiet s il?cqgfeptﬁgge%ﬂf co%ﬁa?ﬂp la?l%aﬂfoné erE@&?pair
that is available for interaction with the semiconductor surface (for example, moieties

comprising oxygen, sulfur, nitrogen, or phosphorus). Examples of surface treatment

agents comprising such linking moieties include amines, thiols, phosphines, amine oxides,
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agents conprising such |inking noieties include
am nes, thiols, phosphines, am ne oxides, -14 WO
WQB500000809 PCT/ US2003/ 030281 phosphi ne oxi deGT/Us2zed3/030281
the like. Such linking noieties attach to the
sem conductor surface primarily through coordinate
bondi ng of the | one electron pairs of the nitrogen,
phosphidefaxides, amdthe tike.Guch iokiplgoneisticstagiaciofo thi eerhicamdugtpr surface

primaf RO s PO S PR B L Se R B i
oxygdh@BPPRshhGh€8toh6QHE nking igheip. @RS/ ehfsuffi@rddhent agents
bondi ng  (for exanpl e, coval ent bondi n&eor ionic

comphising linkingenoicti¢srtbaignn pHgeh todhe suitase gk thesanenaiclesiBraygh
d fat eSurf Y .
o355 o1 B ST oSSl LR p PR

throug@Pphysaial Biterbdtionsdan hko®eaked, e snrdapard.i cl es is
nodi fied sufficiently to_ render th nanopar

i cl
o o FF AT, A2 PATSRAY NEbRPAnOL SL i gpleast a
poﬁiJneosflfhé Sliehel gggﬁq{ahg@:&cﬁes]ﬂ i Be SUIFFBERT Plol BERS theOT

sur frace-bon organi ¢ groups. Surface nodification
nanopiditi desgiubstenitdl iyosoluble Bithé sapetiedt pesienf Thheswiting parapiagicdss

with organic ssivati | i gands not only enhances

have f‘Hg‘CS'é‘Ft eaiof 9&2@3&@%@&@3@@(&%@5 in the reactive
S R{EFES mBHificali SRt SHdhNBACtRBIOF 88 fAR ARbhETbNAE QaipaftBYes with
| evel s at the surface of the nanoparticle that lie

organid pashivatitglizamds get andnenhaneesrthe selubiligapf the npnppatisies in the

These.surface.15 ener st.at. f
e SO ot B AR B R P b P Bl
nanoftir9f€ fHak 86 wathidt ihe es&bdaiigfoibiddeapof dle.core. These surface
Sem conduct or nanoparticles (for exgn‘pl e, noel enent

O

ener gy SHSATH éﬁ:@@l‘sgog@@q{r% and pp]ietgc that ggn ade e, Repcence
prop n%)r’oqlfﬂéjse%g%xﬁﬁg@ﬁ QL such as GaAs, InP, CdSe, or

can bé synthesized using a wet chemical process
b &8vadcanrlustoanatapdrtictds|(fir dakmpleemos oelgmeg GeMinondedtens ghch as

i TSR AT Ty 4, 9
can b%cggg)ﬁ%%d%ﬁfg A WO chehA P hRceSHasddonstartiagd {olMia Seerthiotry.

into a  hot coordihating sol vent gor_ exanpl e,
The generahsymthesis iptrdvgstheeapid adeitiemfoseemple, §y duigstiqy of molecular

r owt d t i t td i
prec R0\ AR (AR Y 1 PRORIRCIA LS o
hot c&Q@inkibg sAvaR (fot 99anple, dnnamvinewr phosphimejihghian sesact comrol
nature of the precursors 25 and/or to pr ev?ntl\gor L7
growfh Fidrrgeenb 3 Aedation o5 fheREoRBHER @eﬁafﬁb%mq TheuTat e
Am. EY. %%E.'ﬁS:' &7 GQ%@%)ELI:%W&@B? HRAiGHY rddetiFndtBRIJE the precursors

atnosphére (for ex a nitrogen atnosphere). o
and/drm pieabiityor migimico nxidat oratf the gafvipg sanopsdictssi e spithesiois

general ly results in the formation of. nonodi spers
senc g guimge ot M o aGusP R (GG CormP A PHOSR SEURCISTS

CORG GhE£1R hiOR cSERRGatRE GWrédi@sotdil DRltioaseh&aRS RRLUKES in the

t he nanoparticles grow b¥ deposi tion
formatjon of monodisperse seed nuclei of the semiconductor. As the precursor
concentration drops below the nucleation threshold, the nanoparticles grow by deposition
of remnant material onto the surface. As the precursors are depleted from solution, further
growth can be achieved by Ostwald ripening (larger nanoparticles grow while the smaller

nanoparticles dissolve; this can be expedited by increasing the temperature) or by further
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- semicandy

30 of remmant material onto the surface. As the
precursors are depleted fromsolution, further growth
w@amwsheechi eved by Gstwald ripening (larger PCT/US2003/030281
nanoparticles grow while the smaller nanoparticles
di ssolve; this can be expedited by increasing the
tenperature) or by further -15 WO 2005/000909
additiPCof ISkCOBL PBCRBOrS (sml fctrue@hmgke Renestal-af AR £betsics

120:5335 0o (GO8RTYSeraFERufbvE e dp WHIER 0P Qoning e

growthdod8s PP EREARTuRYE tﬁé @cmamgoﬁmt gr ovvth pr ocess by
di'scontinuing the addition of heat. Ef resul gn
na"rh@g@wm nagopariiclsCancls iaelated AR Ppifie P%afesgpltaﬂ using a

non-s ﬁ[a nl?)épgtf a}m@é&ﬁ&%p?% ndhe @fénmg{l%lré’eﬁ%avgﬂgt y of solvents and

spersed in’a variety of
matriGs| (¥ rd:kSmpr&dpolgrmbfs) Oieper(cﬁmg upooatip hype of snfaertsspiment agent (if
dependi ng upan

f f
any) 1@,&;9 yn gxgesantihﬁsq h}%\fl@g) @3S %g(?egrga%gﬁcagertg&}%?ggegﬂﬁtpgzgg ::#éeh {esultmg
surfa@:gzﬁ{%hém REERe Hoddeli 288lips RS bE Bakhlly BBfully replaced with different

surface-attached or surface bonded groug; can
grouppaif tesitddybpintfodhiting ﬂ@pslean@mdwtt)hnmopﬁ@ﬁ ﬂntogrrmm@n i f

esir trodu em conduc
contaﬁﬁ%@ﬁ&fqr#égf AR AR 6 LU EhEE tiguigspiface matment
agentDHalBREnkRAHERLe t?&@ﬁént(a%&it seK@iR).e, a neat |iquid
surface treatnment agent or a concentrated surface

t Qore/vealt nangparticlss an bospthesized/fehetamma iy gt Py EgEneral
meth%%tc}%’ve op%djlgvyéﬁ%e% gg%ly Jf.il'?) Axm}neil()(p%&?‘ a BE%aﬁg&]ﬂﬁﬁﬁfs?H al.

(J. PRy9OCHSS B(]Iﬁgﬁ%)B (W)D&hb@ﬂmf cote/shell nan¢phrticihysan tehem B
101: 9463 (1997)) . mﬁh of core/.shel | ano articl. s

accorpplishpd b zsntg@esw&sp@rf@a o, Wmﬂéﬁﬁaﬁé TRTRAE BF

sem&ﬂﬁﬁ&@f #x)bféhgl %g{i gﬁecﬁféeﬁmabﬁﬂé‘ 8t @efrhdl %bnve?ﬁﬁh afRbdyedond

erra cursors capabl e of thermal conversion
sennaantimctar metmaljmtcsemou:émmg sodvemht Ehe¢ egordinpi@gngsolvent can be

coordi nat | n sol v he coardin
min SR R VR I GBIk PRS0k,
semid¥nBEMbSRhrial) et hiFfisies¢asR i Gofchic gmwmaf el saimcoyléuctor
insufficient to cause S|gn|f|can growt h

th
nanopasti¢le entesc othell 26 theeasenmdrierigan BeipEBA N aRae Al fompon the
cores § o‘%%l? fjrsf ?e{ﬁ%gg&ﬂfélld&)% ardFR ol @lhl&&ggsrcﬁ”lthé’ slfeﬁrdgﬁ beRoARRIed by

senlcon uctor nmteria
adJustlhg tﬂeftﬁ&ﬁtl@foftplfﬁusﬂmed ¢apalala of ehecroalt qonk¢rsipnbinto theljagend ng
t he %uant ity of precursors ca able of t

T N A e D R
somewhaf hl%}'eex%b{?ﬁstﬁd Wk Sfc Myl hssivaBd ﬁﬁhﬂcﬁ@ h8@Béerahehdve 36@ewhat

general 'y sonmewhat nore robust
greatar ighemarcaltd ;hegms@ssmg e@hq:ﬁavrtsmtda%)félmr lgém@pmtlpy ifgyarious

reater to to .t r
medig Gt o B cirh STl B PneBpbebe e R REaRh s, o
invedi®gh @ (such as the reactive species used in the
phot oreacti ve conposition of the invention).

Other methods for preparing suitable semiconductor nanoparticles include those
described, for example, 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. J. 8 (#2), 335 (2002) and
the references therein; Henglein et al. in Chem. Rev. 89, 1861 (1989); Steigerwald et al.

in J. Am Chem. Soc. 111, 4141 (1989); Harrison et al. in Adv. Mater. 12 (#2), 123
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O her nmethods for preparing suitable sem conductor
nanoparticles include those described, for exanple,
whyooMaemey et al. in J. Am Chem Soc. 115, 87BGI/US2003/030281
(1993); Katari et 30 al. in J. Phys. Chem 98, 4109
(1994); Peng et al. in Chem Eur. J. 8 (#2), 335
(2002) and the references therein lein et al. in
(2000¢h ®abbResv et 89 J1BES. Chesol01, 8463 @Qpﬁhllgenétetall in J.jAm Chem.

Soc. Q@,%fﬁl@?‘? ) 115&1%%%& ]i% él}y%ga%)@x;ml/élgg glgf)%g) alkevabfhsadu et al.
in Chgﬁl %H&fg%%hggm; H{rR9e0Y; inDabhpisihest Bal02, 3655 1998)y Nikesh

63 (1997 t al
ctal. gmivaot Spo Tovlnsbathy BETRL:cMige ot Hniny. Loy 20 1506

Almslag%et (aﬁ %gg?@tﬁr&ffﬁ% t%%;ol%%%“ 1\?&1@% al. ih &@E M5 @% 78 (1999);
GuzeB&D& Lﬁ%})’hysmrﬂeﬁﬁ H00£121al(1996); Mlmccmla}j in Bdihys. T&em L, 7754

16, 687 (2001); M '
(1995 Kpohanttad b i L 6005 $23pR i ke §78oR b SR Chim.
7
57 P03 Bgiel §ny S UER) ool pbany,
Mcic et aI in J. Phys Chem 99, 7754 (1995);
GQuzelian et f% P % 69 (#10), 1432 (1996);

M&M@mm 97, 1224 (1993); and

"beEF&) sffdon thdd ideapABle oEiReactRRCwitl B, sedicbad(ato01) .
10 O her Conponents of Photoi nit1ator System The

nanop;nm:iestq fiogm at least ong resspabinitigfing speelphiedn b Merdpranaaent. 2
em conduct nanopar t S
oo EROPPENS! e G e e Qe e tne BABEnH &ystem
compriBs £ phaecRicalllefRetivy frownp ariend oay sheephot@n photoinitiator
sui t abl e one- conmponent. system caonprises

that f]@ﬁ ae sleninaie aP3oypRATy kantlthys YRR IHT AP Plietted flgetronic
emlsﬁgxg bRNLHRe ge!?lq Shictdr ALY, ailtﬁsltt/ hﬁ&t i3 oRthotth®tat R¥agable of

orptiron ban at ove aps W th an up- converted
absoiecthe tightemiesil by itersehderohdodtot h@@@lﬁmbcﬂrmdtﬁ@n@ﬂtmg a reaction-

1n1t1a§gg gﬁ?@g:;%g #ﬂ&}};lgg{)ﬁ Sugl?ﬁ:l?l{lé(gl R ul? u&es é ?’% ﬂgélﬁ%ﬂﬁlt%p&ﬁtlglfors that
geneRENPRBE Fddidae scﬁﬁ‘é% HRANGF 8dik PHoRidi8a6isi thit-gehdtatel adtaciiyincluding
speci es). Exanpl es of such conpounds include fr

either pigitic @F Lpwast asids) when exposedhiet rad@gﬁ@ h&‘ﬂ@g a W@éngtg i Ehgl
oSS R SR P 0L e LIPhOhRLI LAt generat e an

ot| ‘ewi s aci ds) when
exUﬁ%&@ﬁfrédDraﬂﬁﬁl pliidteinitasrs ﬁghﬁle\w@teplmnghdss benzohlenones, aryl

ultraviolet or visible partion t | ect t
glyoxabates, peyiphespbmg oxfdeghepapip eﬁwsp Zéﬂiﬁtﬁf‘ éﬁ@i&o guldg

Chlm%gﬁ{&ﬁﬂosp Pﬁiémg??i&ﬁ %@ﬁlﬂﬁﬁiazﬁ%y Iy yrﬂiu)’r@&ﬁh?éu%ﬁs sulfonium

zoin ethéfs, benzil ketal S,
and ibhomiManahe mescapte boropaels kyitarieazzn sompbitgisnpiganie pewxides,

and spppsoTeS BsrictmE Sl Shasre ab B aangaR e S ALl in US.
Pat. ﬁemo)tgsdem (SELRNirhn BEERIEED), an®605ADOL @&E@Soltﬁmﬁrl@ofme 58,
Exanple$ of such photoinitiators are described, for

throvmhawpinen 17,ding, 73,

Useful cationic photoinitiators include metallocene salts having an onium cation
and a halogen-containing complex anion of a metal or metalloid. Other useful cationic
photoinitiators include iodonium salts and sulfonium salts, as well as metallocene salts

having an organometallic complex cation and a halogen-containing complex anion of a
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Pat. Nos. 4,735,632 (see colum 3, line 26-47), and
6, 054, 007 (see colum 16, line 58, through colum 17,
WO pows/00po9 Usef ul cationi c photoinitiators inclBcBEUS2003/030281
net al | ocene salts having an oniumcation 30 and a
hal ogen-cont ai ni ng conpl ex anion of a netal or

metall oid. Qther useful cationic photoinitiators
metalionchetallvid Gddithendssiribed datexammlonn bhd Lattdos. 4g5hdPP (s, for

tal,l oceng salt aviin . i .
examfle, Gl Sfind B Erquhi¥ouliha ¥ HAE IR0 He b CRGH 10, tine
12, thrdukh\0En#H0 51,020 29IVt d5D2 POSIoDRORABE areaib@blisediul.

netal | oi d éas further described, for . exa

e uehiigissradi e B et Beandh 3 onis, s S OB B BB T

. ] ] I see

thir B3parhS 8 nb bh #Thg o, AR ko aity Fratldiel ™

MOtheir sitaliie opbodmpoienic agsterss ameprase s elesabudon@wompound

free-radicgl photoinitiators and cationjc
or, alisHI{iXERY 31 HlPEFA AeRTPHRtMRLny Pne 500 {'W"fm?cé’ﬁ%‘?ng?‘i Bt
comp%rsfs BRI et By dil\GorRE EomPBuba AemGRTRsh Gt&ptaf ca¥dbinab| e.

er suitabl e one-conponent systens conprise an
el @thérusafud omocomponmt Al thoce-caahpanenbeyisigalspomgrise

el ectron acceptor co n e suit t WO- ent
photeghSishY BT R aRonE S TR L st e iR AR e RRRE G
havin?&n"ehe%%ﬁi@ NbGHEM BindaRATIVENShs Wil es up-eeheited electronic
wo- conponent and t hree- conponent s¥stens conpri.se

crmis DRI M gond L RS AEIRTS (&) 1] OBeoth BhG) S
one eae:?c)l.er(")ﬁJ H‘?‘%O(%%oﬁ‘gﬁé&f ﬁig%ktn't fr%Fn th %}{é-?ﬁotoﬂ BhSloSGis 2B aﬁlél

Sorptl pn ( overl aps w an up- converte
capait 6£ddmartihg an eltEsi rankxaudronic dxeedsnted tiumegrhoton

oo R iy o T i S b iR
that ig Exgaﬁhﬁfaﬁ DeRNPIQSE Mdnt dr&ghalad that %ﬁﬁ%&h@fcyt{iﬁi@ﬁe};%d )
e

ctron to an electronic excited state of

at leagtrmmemhotoimitiaﬁr phdedswresieptorrontyouad graa by sapatds okbieg r on

onor nmpound. havi an.oxi dat.i. on _po | f 1S
photcsP S eh B AL BE 8t SRATPRESH Hnele SRooREHEREY e gl
photddr FHoPR BB SBZRMES in tAE Ebrirlatidn ofthit IbBashe fexeradical and/or acid

photoinitiator or electron acceptor conpound that is
(prefesablaibt BhaspinBintorgelepted fios s SFPURePISIFURG PEISHPHYMARLS,

| ec - l ect. [ ' 9f ne-
G T S S e
triaryéiinil@abll donasy.ree radi cal and/or acid 20 (preferably,

a photoinitiator selected fromthe group consisting of

i odoniumsalts, sulfoniumsalts, diazoniumsalts,

azq:lg%' @%ﬁggﬁphg{bg&{%}pyl ated triazines, and
tr Tmers). (1) One-Photon

PhOteoplerisi ph(zcesr%lsizizeméterbﬂmfom wspinche hefsinitisesystem of the
phOtOSrlejéiICtﬁ%g lcgmg)gsritignssearei: Elotsehl‘lsa\fi)r?gogt%a% toriléjlélg&rosﬂcs gib%mp?lfontbgﬁd that
overlaps with at least one up-converted electronic emission band of the semiconductor
nanoparticle. Thus, the selection of a one-photon photosensitizer will depend to some
extent upon the particular type of semiconductor nanoparticle that is utilized. The spectral
overlap of the nanoparticle emission and the photosensitizer absorption can be fine-tuned
by adjusting the size of the nanoparticle. However, the one-photon photosensitizer is

preferably capable of light absorption somewhere within the range of wavelengths
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phot oreacti ve conpositions are those having at | east
one el ectronic absorption band that overlaps with at
WO e@snone up-converted el ectroni c em ssi on bapdr/vs200$1@30281
sem conductor nanoparticle. Thus, the selection of a
one- phot on photosensitizer will depend to sone extent
upon the particular type of sem conductor nanoparticle
betwéeﬁ%bo&tSZSOtaihHiab@.d.8005l‘man&rlﬁeisr(ajorﬁprefmdﬂy,dpt\mentabeut 350 and
nanoparticle em ssion_and the photosensjtizer
aboutg#9dnepemetrse and, HROSt B MR %’8}‘&@ HIPRY Q0 e of

nano&Et%{sz,aag %?&Eﬁé&ée?mcmﬁ@%? handpaRicRieeRAANP Bmit light of such
phot gse

sitizer 1s preferably capable of |ight
waveRRgkpt i on somewhere within the range of wavel engt hs

-18 WD 2005/ 000909 PCT/ US2003/ 030 . "
23 AT BB gD OB S o B prur By BT TRt

that V@(Qﬁ(‘fl‘ Eub%%tiﬁ‘l‘i‘}ﬁint&ﬁ@éj vithQR: RanEifehSicadtind, spaEisy, is soluble in
pretferably, between about 350 and about

3

600 i
the renetivmspreies if thageqptive epacias isbaidoridacospatibhnByth CrgLe
speci%? %%I;\?J%% %Vegn]flh%rls I(g%g&_eé Orgt{egn%%&wgweireeﬂgfuﬁéd in|5[ge composition,

tosensitizer

and b2y B $4rad bﬁ@,lpﬂldﬁ)ﬁ hig@rfionfdestficican gdrédtércthan dtvat 10N tem™) at
substanti a

| [ f ith th i
e R reeetlon of e i
one—éﬂloﬁ(ﬁlt ﬁé&s?@sg&%e\f RarPEREGREAR dd 61%!—1%)0&9{ asérptieARAthkbl e

ctive species”and with any binders (as

wavelleea biiaddiagbmviMoktyatiearbly, itheonedpitbtomphdieseasitiprds elon,
e

irradﬂﬁé# Eﬂlm@d&t@h SHIFE GO AVEI Rk (RAIRAa photoh Bbsokptidnsspattsion of
preferred that the one-photon photosensitizer have
the oserphotantphetobsnsiizenismngthhtosen dssmiignicepditipny sing the test

vel engt h, .of - Lr .atd . . .
prooSHEROROR HToSLRRNP 2 RS EA AP ata el
that ©£&&h be 2hi@d out as follows:

2- et hyl - 4, 6- bi trichl hyl)-s-trj i der.
oot 2t B SR g 5

partsO\f%@‘?gg@ei%HteoféJ&%h@) QIR FRIRMBE 145 GESS, 000 e fecdiar
tqneon-pot n pno

tosensitizer (single ot on

weiggDQ(ﬂ- D%O?rhydmnﬂ tomers polysiyd dutynd (Bewer 38 K Mansanto);
escri in US. . Pat. .3 313. ,Usi tl

03 rayalmgruolRine siweagpizies aad PUR Rt 2 BRI B
bis(t{%&hbl%%hﬁy-ﬁm (Ged B, 3RhI S0 Tap@1) 4RE29HEIIBOEHIET)).

aving the foll ow ng conposition: 5.0 parts of a 5%
To tiinvedlgtien &an hecidded .03 prtls PHle icAmpeRKkiRdle teed as a
45, 000- 55, 000 nol ecul.ar 20 i e 9 0 Q
oot R7 porie SHieh s’ pEEboRbi Pubed R UL e
polyBsté M dsind & kiied bryfiicel qirociTane, knd thetchadug/dantte;aiadriddo03

AL AL VI N MIRLE T MDA
the %%rc%tppgt %oétc‘ %{161“%%18{1060%?@% ngtgqgl‘i{ﬁﬁiurg cHtatREd: Of 8. Theresulting
sandwich construction can then be exposed for three minutes to 161,000 Lux of
incident light from a tungsten light source providing light in both the visible and
ultraviolet range (FCH™ 650 watt quartz-iodine lamp, General Electric). Exposure can
be made through a stencil so as to provide exposed and unexposed areas in the

construction. After exposure the cover film can be removed, and the coating can be
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phot osensitizer. The resulting solution can then be
kni fe-coated onto a 0.05 nmclear 25 polyester film

waigiosgorokni fe orifice of 0.05 mm and the coar¢TySwas030281

be air dried for about 30 minutes. A 0.05 nmm cl ear
pol yester cover filmcan be carefully placed over the
dried but soft and tacky coating with m ni nrum

treateé ntitheepfinely dofidedll dolorérmpowésrumchmg a celon thwiec powder of the type

construction can the e for,.thr t
conveTOTURI LD SHOBAHEY e £ B L TP FORGrEN B PRt
trlme?n?lm&% B{&Mhﬁkﬁﬁgrﬂdtg H’Ionbﬂlep@rilhbé ?ﬁyﬂlleﬁk&i @ tBOHgRGExposed

trav ol et rangé (FCHTM 6 uartz-iodine |a

anp,
areas @ ey laghtfEenaraieil dee r@twsﬁm@ tbfaa mﬁbylrﬁa@@&(ﬂﬁwbl@gq’m%ihyl) s~

t d
wiszif, Piee hE @B Tiices B Witk B CERHUT MR RESGIorpY Bahaer
will seldBtivgy haEay&dentalld ohleotRatating uaetpoded ardss Wiihe coating,
2005/ 000909 PCT/ US2003/030281 treated with a finely
providingjagishat Bhage carppnading 1@ thehingke steeil-or t oner powder
f [
?é’g%f'g%\b% rﬁ%na %ggt\ég %gb%ﬁ i (ﬁsﬁgﬁs dz}lézd;?e?(s%ﬁ%wda&gé/d in JartipBn

shelf Etlabﬂlie;t é‘t)ﬂsﬂiefﬂtl@ﬁa recordingty, hakerybdmofa patiouter photdsenddgzer can
ynerized in the Ilght exposed .are

th
deperid t@rwm@ A e 1he Bt AR erperic Hdized Yas Well as upon the
?dh 5 triazine. Since

Chowg% éqﬂqgﬁpﬁggéﬁﬁreggaa?BPﬁ%%&%gggﬁg|aIIy tack-free,

t rbmitelole mnethpmw@botosmsitizeseir@mheyeql {0 indhide gompounds in the

essentially to the unex d areas

follo G Ehisgonesy KGUPH 500t U0 U G0 Boy e AuRas el ene
dyes, tabﬁﬁlné Byéd) BrisdoRGek, thidERE @yed) bazide ; 0 BJR's, aminoketone

phot osensitizer can al so be sel ecte based in part
dyes, ppehyrisharemaficasilyayelic byherabons: PoRARStityed étinmq%&rxl ketone

comm3EAECH By B BN A PO OREAR b sl Oy

pyridBhen idgss. anﬂthemediyéa%ymhé dm, keparest(foe exmhpllepmend{etones or
el.ectron _donor conpound a hot0| i t.1ator
aIphagf G KSHEOPHOTEN DR DL ST T el Fhipesyeg
keton'e'&ﬁ #Q@ncﬁ%@ﬂﬂéﬂgéd'oﬁe-tphgtonfﬁﬁb{o@é‘ﬁsﬂ&e%atl\ﬂg@ﬁfeﬁ§f
coumarin dyes (for exanple, ketocoumarins),
phot@samtmmecandxje@sbe L@d:tzq:dju lﬁz; a@yle@tlonhreamm ldglesensmmta,zlt e

e noke
cone By RN e GG PR e AR
moijefy; SUbstit ut ed am nostyr yI ket one conpounds,
am notriaryl nethanes, nerocyani nes, q]?ar yl i um dyes,

cyhioherafdass oéh@ronwhqtaseﬁﬁlumra JREPrises Hhese Aeprespated by the
ketones (for exanple, nonoketones or
follo&%ﬁ%%gﬂ% ﬁ%?%ﬁlgs) ket ocoumari ns, am noaryl ket ones, and
p- substituted am nostyryl ketone conpounds are
preferred one-photQ hot osensitizers. M xtures of 20
phot osensi ti zers %%ﬁg )g)bgo be utilized. For
applications requiring high sensitivity, it is
generally preferred to enpl oy a one-photon
wherpKas 6€rosCRIRewhermiR aindiRigan b theodaimgi onglifferent and can be

hydrogen, alkyl, alkaryl, or aralkyl; b is zero; and A and B can be the same or different

and can be substituted (having one or more non-interfering substituents) or

unsubstituted aryl, alkyl, alkaryl, or aralkyl groups, or together A and B can form a
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noi ety. A preferred class of ketone photosensitizers
conprises those represented by the follow ng general

w0 o00sb@09 25 ACO( X) bB where X is CO or CRIR2, PeITESm05A130281

and R2 can be the sane or different and can be
hydr ogen, al kyl, alkaryl, or aralkyl; b is zero; and A
and B can be the sanme or different 30 and can be
cyclics&l:b@tu're ﬂmeolar(beawmlvgtit@tad annsEsttuteshalicpicler, fromatig,
stitue unsubstituted aryl, alkyl, alkaryl,

heter%armlé‘?%‘f I?§/?uS§% S’i?ﬁ%ancép together A and B can forma - 20
C WRu2ahe ieRA8OSK tRETHINSIOAMMIO BTk medskeiches (b=0F bibhess 2,2-,

that can be a substituted or unsubstituted alicyclic,

4.4-, e Drdlihydroxyhenzepbenonesdii 2 pyrétyl Keone dirloisanyEketphgy di-2-
th10p§éﬁl¥i EQ'{) IBEIIIZ%E)I‘F au%];entoﬁg cﬁglg&g fl\’ﬁcﬁi‘é} 9két8ﬂ;e! 'i‘-jffuoro@-

ﬂuoréh,oﬂc d- &tﬁdtfodﬂmkmﬂmeh&ﬁ@pﬁenodnb lﬂemwhedylhe Kebx)he
di - 2- furanyl ketone, -2 5 thi ophenyl ketane

acetoa@hmnﬁ, 9-ptctrRiBEene, 8h A Obfeace Pé‘ﬁlilaé’rth%mk drishgbiphenyl,
proplg% (ﬁ Bt II){)IEEQ{] bRE! %'r%&xeﬁ&lxé) Ot '094 2kt ?g)gﬁdlh e, 3-

etop ienorme zophenon - "acet onapht hone,
acetyRoametiy, zad tthr iloe nBuitdble diBetones lﬁelade anpllphdiketnodsrsanlke as

anthrg%%gq%%yl ! gwgpe%ﬁqum(gx{ Ogl 9 he ge}laﬁwlg zﬁlréeo q%e nPQe’l 5-,

1,6, @qehamcs:aﬁeétz aplaRfledd) g, 3] m andW, 1 ®L8]aBetdliak @i RRAS and the
i ncludé aral kyl di ket ones such as 10 ant raqui none,

like. Shisehineiphedikstioee el aad x=6G0)dneluge Advempioendedre.
pentagédé?%ec ét %éﬁ(g%%cf %nael 3 11r-hexin%l’lone ngxeﬁtaaedlone 3,4-heptanedione,
2,3- o&aﬂ&hcﬁheant Stotk-ambdioheGengl, 2and3 Bhand #jdkéihy&oiyibbhal, furil, di- -

.al pha-di ketones (b=1 and x g i ncl ude
3,3 -lgd%ylsmﬁmeo%é-bozn@edlﬁaﬁﬁ grnons), bigcetybrleti one,
cyclogeyéangﬁé%] qg! Rﬁﬁthaﬁuﬁloﬁ@ Fﬁkéﬁglﬁgﬁgﬁn o, ﬁn&‘ gRYAgedi one,

oct arie 5-0oCt ane enzil, 2,2"- 3 3' -
ariiteférrdd ketobopohnaping labé pasubstitited aninadtyrglketone compounds

mdu%etg I(R) h’g’%g %tﬁg?&%%gﬁi7ﬁme?y ra{}g ] S:ggﬁg@é mstone,
dimethy AniARM AN TR BRact A SMAROE @ Hdin) N?dtaﬂgﬂaﬁﬂi‘ﬂcﬂnh&ﬁo%d)—

Preferred ketocoumarins and p-substi am nostyry
T-dimeghydrsieesepoariasd- (mdlpﬁxyhanunocmnamoyl)ﬂ dimethyl-aminocoumarin,

-_]ul%l_ cglge_— -p'?erﬁrlo%&tgﬁ? 'nnﬁ]ea,l@‘z}dlglldzngh-'ﬁﬂe@é no%@tgﬁi%ﬁg@@l-
d1eth5ﬂhﬂiﬁtda§ﬂnaﬂibﬂk)QLmaﬁﬁydh)yd170—3m{m DI givena oy urag6,7 18-

O& - di et hyl am noci nnanoyl ) -
i,jlquins P’l’i‘ﬁtlﬁwma tegml@mnﬁcmnamoyl) 1,2,4,5-tetrahydro-

e I
dicyaﬁbethylhmiriodimeméylp-llw SdemhwhbfﬂjhéHd@éI[1Eex@szyrano[6,7,8—
i,j}-quinolizine-10-one, 9-(4-dicyanoethylaminocinnamoyl)-1,2,4,5-tetra-hydro-
3H,6H,10H][ 1]benzopyrano[6,7,8-i,j1-quinolizine-10-one, 2,3-bis(9-
julolidine)cyclopentanone, 2,3-bis(9'-julolidine)cyclopentanone, 9-ethoxycarbonyl-
1,2,4,5-tetrahydro-3H,6H,10H-[1]benzopyrano[6,7,8-i,jlquinolizine-10-one, 9-
ethoxycarbonyl-1,2,4,5-tetrahydro-3H,6H,10H-{1}benzopyrano[6,7,8-1,j]quinolizine-
10-one, 2-(4'-diethylaminobenzylidine)-1-indanone, 2-(4'-diethylaminobenzylidine)-1-
indanone, 9-acetyl-1,2,4,5-tetrahydro-3H,6H, 10H[ 1 Jbenzo-pyrano[6,7,8-1,j]quinolizine-
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di et hyl am noci nnanoyl ) -1, 2,
1] benzopyrano[ 6,7, 8- i,]j]
w@2{04/0ai%et hyl am noci nnanoyl
3H, 6H, 10H[ 1] benzopyr ano[ 6, 7
9-(4 25
di cyanoet hyl am noci nnanoyl ) -1, 2,4, 5-tetra- hydr o- 3H, 6H,
10-onk BHptdtyien 2 a pyteaniofdso-3 FB6H i1 0H] Hbenzopyiaao[6e &-0ilqmieplizine-

10-ongy A3 GNET) el boyi-ARep B ARy i IR EREI AN

tr1chl&o3m?in§t(r9ne ah&leéluk@I ne) cycl opent anone, 2, 3-bi s(9'

j ul ol i di ne)cycl opentanone, 9-ethoxycar bonyl -

1 Particpbaty grefatryd oe-BhdteHph@pkdngitipen nshydeane] Bnzalbithat jis,
5.6 SHERY I By 1, S atogd deresrgRFodmi(GAS 632-69-9). 3

meth3}1bze[(mpw;@r@{rﬁetKﬂSr BwHehib!hlﬁﬁﬁll%BHﬁyhd&e@iﬁp 1-enyl}-1,3-
2-(4' -di et hyl am nobenzyl i di ne) - 1-i ndanone,

benzozhlezpl efina lngudamamﬁ@r@}mqrm gﬂéfyxairblﬂ(f?@dn%ﬁé 6-

ar%élﬁ?ﬁ%(lhe;;ax%dwn% 3 F%Yr’)a %’h? 1185 vcloheptanedi e, 3.3,8,8-
enzo- pyrahd qui nolCi 21 s cCo®
tetran%ﬂ@ﬁl 1006080 mEa1dH2 (B)3/1 8, 3 Gﬁ&iaméltﬂylonﬁ-,cyclooctadecanedlone
dlplva;logl pGI]Z}lq@ir%é]A}r/ﬁgqngg:tagzilgXghgntgngdﬁﬂe 120 .ﬂp% tggg 1orPcy 5%no[ .

hexar%’dr}:»g_ ’gjl’et oxéc:h%g,’l o %%ptﬁﬁéd? 08 Q"ﬂe?laﬂéﬁlgﬁ@ Q%-o@cﬁ‘[%dlonﬁ

t1ichf oroviol ant hrene, and
4,5-o¢tatedioneaantd c2Hcarlbhexpnediena.ed one- phot on
phot osensiti zers include rose bengal (that is, 5
4,5,6,7-tetrach|oro -2',4",5 ,7 -tetrai odo fluorescein
@Jléé@oﬁqbén&fé&n ddndPd-9)), 3-
-(3-met hyl -1, 3- benzot hi azol -2(3H) -y
ﬂi@ﬁ@;nplpm@p cmnpoelngis psefuln thsabplsinitiapppysem ghibeodi de, =
photo% %?H@e e qh )(1@8{3)%? et%({(ggr%e 8m6}2>'uﬁ‘&se(to¥ﬂer tt?én:%he(sor@—photon
photoBerﬁufém?rtateﬁi) ﬂa:rreﬁemabaﬁle 3f dymkinp eptRroech e, el tRdngd: Sicited
ramet hyl - 1, 2-cycl ooct anedj

state @f tée o~ pdipe Pk%ﬁwwerloréo &y eies%alas&ﬁﬁém%ﬂ%the 10
sermc%hﬂ’thc\f@lj r%}ﬂ)%pﬂgﬁg ZKlieh Edthpdund HAY BEVBET 6bt!1@nally, to rov1de

- but an 2, 3-pent anedi one, 2, 3- hexanedi one,
incre@ed nmamm pineqseﬂs,l@\llt},e theaehodiedinang 1316 £Xpespr Qiﬁ@ﬁ@lllr@hf@
ct anedi one, ﬂ

cifee DI g AT OR Bk RSP {70 B B P Ba SFoBS gL RIpopads

prefefabBataean Gﬁﬂ@ﬁo@ﬁé@ﬁm tisat s@Eatbr thin 116 apBWsOtHantor 8wl to
system of the ot oreactive conpositions are those

that of erﬁpmtrh@syb(e@zmr Profanablyh ehegrrédasing potentiphis beiaieas pequs &r3
and 2oRE WL ) sttgﬁgrdasraﬁle%@@ @%‘1' epél?&ﬁél@t('@@ Eﬂ;}oel ectron to an

el"ectronl ¢ excl € one-phot on
p e @ fidh Hodacotipotind Arelsl meferabiy solebieiint thd redctive skies

and it g AR ORIy POR Ol BT S Reh SRS PP OB
Su1taﬂ@ ALRSS gﬁ%t %e'n&'ah%‘ capdbR SNl BIHE IR pE LA rRUROGURE image

quire
densuy of a photoreactive composition upon exposure to light of the desired

4,5-tetrahydro-3H,6H, | OH

gui nol i zi ne- 10- one,

)-1, 2,4, 5-tetrahydrpeT/US2003/030281
8-1,j]quinolizine-10-one,

!
e~
—

wavelength and preferably do not catalyze undesirable side reactions with the
semiconductor particles.
When working with cationically-reactive species, those skilled in the art will

recognize that the electron donor compound, if of significant basicity, can adversely
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ef fect photoreaction of the photoreactive conposition.
The el ectron donor conpounds preferably have an

wo@ziodmodoon potential that is greater than zer opemusioe3630281

than or equal to that of p-di nethoxybenzene.

Preferably, the oxidation potential is between about

0.3 and 2 volts vs. a standard saturated cal onel
affectahecitiontbarefct®nC(Eee; for exBmplee theldésctisspon adiSr Patentddend

[ so preferably s ble,in the reactive CLes
602540 abfEual Cotwbe. e B BreyBB so R 1 1 3BT TS cavear
can alS@ BFHIY €8 BleicBbRe GASerfieskduichR arieRVAN/or sPifhderbd BmEANQES.

are ‘generally capable of increasing the speed of cure

odn gererdlpelerirondionst egmpaungs prtbEs forusd Wish pattssler epgn
i gh . desj d
photo%é gyggtgg%tgﬁi}%lggse;n%g&k&gﬂr %%&p% fes M{@y&é@%ﬁk&? Mpen

catalyze esira e reacti ons

selectéd b compard(y the vkilanok aidiedipaioni potesials\Wi el thieldongonesti
catlonically-reactive speci t hose skilled in the

e .
(as deggribeg for exaraplggini -6- Pt Noy EXOR B OB dGHLials
can b, s B3 B hERALBR S Pl 5 e FRURIA Bellribedby K03, Cox.
Phot td Semsiti Be.Chapar 16xAoqlesyic Press (1998))ss cambé obtbinsd from
oy N, RS R ke Sl LT L
TechBRRsYf (RetniieryC Vel. 0. (10755 aRl CORUNEAanB X 1. Bagnaand/ or

surtace treatnent agent. In general, electron donor
ElectioohginigaiReastionsah Nonhgueous Sysigms (19501 i e potensiads sflect

i 05 RO RO LGB Ay DANTREE e

donor@ong@ih@kelédtidnt educt i on potentials of the three
congonents (as described, for exanple, in U S Patent
NGV hep g onesphotop ahotgseasitizer gnsemegonducior RREPALtisle it rate

electr @%%igeg g?%&@%&'eﬁ%%%@%é{ ?ﬁe(h' sttt h@ moluldr 8:81RI 196R10)

escri ot ographic Sensitivity,
of theGhnegthetonifotodemsitézer or RmEsendui®7 Biopartictamastiecn biftad red

s oL LD B e e
one-pgﬁtgﬁ '%&181%@&1sﬁfzemes'é}rﬁédnﬁuctypﬁanoyaﬁiéQY,@nd adRdarfey iKlefdVBNN

car . Barnes, El ectrochemcal Reactions in
behinfiim tiguedleenByosbigatst ipitaily pecupigs. phedaiofanisiatos capegcept the
rel.atiyve,ener t .onshj '
L e T

electr6@tefill ii@vacdivy\Wi ik driyen0lyeocplisied orbphb pasedsl thatzertainr
.sem conductor nanoparticle is in an electronic
relativ et @yreptigniipsame tledon in the highest occupi ed
f BE UL RO PhikAial b toRhitihlof qg&'nggﬁﬁ or more positive

ggotosennggger or ggﬁﬁ%@n Jétormnanop rpggle haspbeen)
than thatfafele: ére-photd pivessessigzqyr kewebnductmmayopartide,| aovedstron
in theltri]g %(r:lejv érqu O}Etlafgy tlhg1 E)ng—{) (I)t%r? lph(gt%suel\r/lrs'))tizgrf ortsgr%iconductor
nanoparticle is readily transferred from the one-photon photosensitizer or
semiconductor nanoparticle to the lowest unoccupied molecular orbital (LUMO) of the
photoinitiator, since this represents an exothermic process. Even if the process is
instead slightly endothermic (that is, even if the reduction potential of the one-photon

photosensitizer or semiconductor nanoparticle is up to 0.1 volt more negative than that
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one- phot on phot osensitizer or sem conductor
nanoparticle), and a vacancy is left 20 behind in the
woriosoulvey orbital it initially occupied. The PCT/US2003/030281
photoi niti ator can accept the electron fromthe
hi gher energy orbital, and the el ectron donor conpound
can donate an electron to fill the vacancy in the
of thequhiogiimicihloy) aattienpiteatnat fdtivation panoeadibdo tehatmecerch aismall
rel ative energy rel ationships are satisfied. If the
barriefaqucti on potential of the photoinitiator is |ess
N§Yah hBodRs niRLEr, HARE bkidSlon poterdth®Br tth@ Rlectbn Bbfor
one- phot on phot osénsitizer or sem conduct or
compaumbtpéﬁrss ipositiye Gon neire oegatine) than thaeohihg lese-pbalengy

f the ot h t t
photofiniitlBhereris oo R fPpRR R RL SRR b ARk £op the QMO of
the elédti doR6r QMEpdUAA LS eIt &@mﬂcf; iZ@E oRE-phS@AIPROREEIHEr

nanoparticle to the | owest unoccupi ed nol ecul ar

or sergicphdugior DERNIBY LI isttheving fromot higherdp arlowel prientiahjvgiich

R S L s e ghﬂgf%ﬁg@éﬁﬁrﬁ
(that s heveh efttie bk dati@op@aitialbf ik dnB@hoton ghbwse:rsmzer or
hOt osensitizer or seni conductor nanopart|i 3?9]@9@

sermcemiuw ANQRAECR g tovflal tfwaﬁl%a@smvezémv@aé
donord %P%O%Qégg&&mﬂfacﬁmog Q?ﬁ Ra'aﬁil% bfdLEhe S :?s%all
t herma y

activation can rea overconme such a smal |
barriebarrier. In an anal ogous manner, if the oxidation

p i al f the el ectron nor ound SS
D SUER Shhertis s SiBga T VLR RaoEAD Topenpbo! B8 Bne-
photof PRoREGHs A ePoRBT @NEREDE hARPalicleSE ih €0 UeltGhore negative
nanoparticle, an electron noving fromthe HOMO of the

than tbatexfﬁhwhmwt%mmmmd@tmmm@ermabpﬁ AP operpheleR in the
phOtOgﬁr}l%ltﬁ é %@J&%S&SPE&%@%&E i {1]% ?oegg Q/%F%‘&rg ﬁﬁsmve than that

anopar e 1S Nnovi

of theﬂﬂﬁo@rﬂh idahor oshipolnd,agaitin reeatyeiﬁamtcﬁ xagaldkm bewhether the
cess. Even if the process.is slig I%qendothermc

Photom%w orghe glgelron donop QOIBR?‘H’Qthé‘rF%%f &J thg opgrph

photoQé?l%‘ltﬁgxo&‘%@n@ébﬂﬁﬁ’&mnbgéﬁEleQﬁ jtd Qx SR SERO WAL Othe

nanoparticle 1s up to nore positive than that
photogfitiatheoreh@electorn daton ovmpamdas) m):tmgwiihelm oneﬁdmtmi

photofisiEt o B risia arbaRbEl SRR eReii B T prostiiid i me

reactiB®b&BkdtBdrmid ort Ay INErtlyRRAGH@Brnid OWBS L il iHothiti@for or the
sem conductor nanoparticle is up to 0.1 volt nore

electrop dendr gempewnd is appcting vibfthe pre-phaien pPhoteseasigrer igp radigal,
exoth%hg ?éacﬁgnsgﬂ ?tm bl%ken%fd b %‘uﬁ rﬁ"?or@ I@R&QF rﬂﬁg ge%ts,&ﬂﬁ cah %gr

or “sem con nanopar
expecp@sh niang ihdi@res tvadccuo ands;sthe Ir@jntcnom p@temml of ﬂﬁmﬂdﬂﬂhpton

photoge%(s:glrzerl (?r sg%lego%dlllcr%(s)} r?arfa%gam&%%% L%g %0 8 2 ch\;fl]te(torh r%rore rI]neore
negative than that of a second-to-react photoinitiator, or the oxidation potential of the
one-photon photosensitizer or semiconductor nanoparticle can be up to 0.2 volt (or
more) more positive than that of a second-to-react electron donor compound.

Suitable electron donor compounds include, for example, those described by D.
F. Eaton in Advances in Photochemistry, edited by B. Voman et al., Volume 13, pp.

427-488, John Wiley and Sons, New York (1986); by Oxman et al. in U.S. Patent No.
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photoinitiator or the el ectron donor conpound first
reacts with the one-photon photosensitizer or
wa@egsoerouct or nanoparticle in its excited staPer/uyfeesi030281
the 20 photoinitiator or the electron donor conpound
is reacting with the one-photon photosensitizer or
sem conduct or nanoparticle in its excited state, it is
6,025@06 hecdtatn t7h Bhest49e6 1; aed by iPalazhetosst @i. e n$.Patemt diol y

e R Lo A g e ™
comp8iHfis R RMnRRSL ?ﬁ&ﬁkﬁhg {rffhanbRiih@ Hyaadzine, 40t herm ¢

reactions are s referred, but “still nore
diazainyhie[BerHibctane mphewkmnmw(abé its srighepghphesphine avdny

t ances t occur e reduction | _of
wipheppBisgangt b A BN 1] SuhS ) hnfet BRbibdhe
phosﬁh@fhﬁﬁ@és‘} IeEheBs GAAUERS UHoétBerd), 2raad (ihclu@ngiBioa)easipsiifinic

ative than that of a second-to-react

acids their spls, saltsrof fenroaynaidexasaerbicoridida sals. dthiqeprbamic
acid a%ﬁ ?ts E!ﬂ?st on s%??&%&ﬁ%@? 's'éft%@fr eél%g &eﬁ%xﬁ%ﬁ%’t‘f&%u acxd salts of

parti c e can nor e

(alkym@'yl)ﬁlb’@atéh an+ tnhat4) ()tfetrﬁ?allsﬁmm@nhm s qrefetred) rvanomk) nor
ound. 30 Suit ectron donor c und
organprefal] afligeconipopngsy |aé§n BABPIREE (W REE eﬁgipl%ls ingepepdsngly

o DS I T oy 48 B 5l

examples duch t8B6Yundsys DCHEHSe{CH)s, (yDSECHRRL mﬁ(bmyl)saen-

20Q5/ 000909, PCT/ US20 30281 at col um
CaHr)s), fgEocgne, g ¢ ‘&HH‘%?“‘E‘H’% Sired; 187 elépford o™ siffofua
can bé\lﬁnsugstﬁééd @f Bartbe SdktiiedAvith bitCorkflole oauglrfeghgiMm 5,
line 18. Such el ectron donor conpounds include am nes

substl(cuemtﬂ (Rartiylarkyi prefesind Eleairore doney gperppyRds coniain an electron
donortartgré glcﬁ%g ok nzclx gﬁ?ﬂ&%?ﬁ’ﬁﬁﬁe h)@f&ﬂhﬁ“ﬂo ﬁ%ﬂ its

enylp sp arsi ne 0Qgs)
abstraatible0aldaeiey desn bamédamameﬂaioham eidicon am'ndﬂphz( fortbé eildctmgl
phosphoram des), ethers (including thioethers), ureas

donoy 3tef8| ydi ng t hi oureas), sulfinic acids and their

S qifréf@rre ﬁln.hté e‘fgctrt)ﬁ rclBﬁ’&%%ﬁiﬁéﬁnds@%@l@H@ hl‘R?/ﬁ Cargl1- aiﬂléarblf— @nd

I ocar bam c acid and its sa sal ts of
aralkydammh@st (67, exsmiptes muthydarhipk catleylainine propyleminea btyiamiaei d,

alts. of al k r.at n,. .
e AR S et o B B Py BB i ihnggpitine, o-
m- andORNAARE Aehk dﬁaﬁaﬁfépﬁmﬁﬁ@ ySaab, M anﬁéhylenspmae@anﬁnwmrw

each R is independent]l chosen from anmong al kyl,

diethglethylepedigpmet Né\hfcbbwy eﬁé’ﬂﬁz’?fhﬁm%ﬁ,% N'- félﬁ@thﬂ @ar yl

R e T L R R LR Ty

hexar@ﬁfd?r)lﬁ? plﬁeﬁdzimzf; &Fletnrﬁétgylbimhﬂnpktedmamdﬁl -restbyﬂaneérplperldme p-
t her eo The el ectron C oun can

N.N- @H@Qﬁ’éﬁ@%ﬁpéﬁn%?an@éﬁn%%‘ -35%%‘ qglf‘%’@ngtoﬂ“%ﬁg or nore
amin &%hgﬁésq%r ﬁ el -1 MPSildel ﬂhﬁlob?rﬁ%fdbﬁ#ﬁeaf)h\y N-

preferred e donor ¢ npounds contain an el ectron
diethylammobenzaldehyde 9-Julohdme carboxaldehyde, and 4-

morpholinobenzaldehyde); and aminosilanes (for example, trimethylsilylmorpholine,
trimethylsilylpiperidine, bis(dimethylamino)diphenylsilane,

tris(dimethylamino)methylsilane, N,N-diethylaminotrimethylsilane,
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donor atom (such as a nitrogen, oxygen, phosphorus, or

sul fur atom and an abstractabl e hydrogen at om bonded
wao e0os/0em@rdbon or silicon atom al pha to the el ecP€DES2003/030281

donor atom Preferred am ne el ectron donor conpounds

i nclude al kyl-, aryl-, alkaryl- and 20 aral kyl -am nes

(for exanple, nethylam ne, ethylam ne, propylam ne,
trig{dinydtiaytamino) plenyleflhrenoisarethglsilpiahiag] tne(dithekylsdyl) amgine,

e r oy IO
diet l‘s lﬁﬁhﬁé’ | 286 Ry NeN R HBINI8mdh)sitylamine); and mixtures thereof.

di e et hyl ‘enedi’ani ne, "N, N - di benZyl et hyl enedi am ne,
Tepgiaxy a@mﬁtlh yilkylarmneq; p@@lgnbdwamsn é],avmg at least one electron-

%!gran“élQ% groub o H]?th%aromag\cé rnglgi Iﬁaeve rgeen found to prov{'cri% es;\{ecm:.hy good
shdf ﬁabﬁlfy nmet hyl enedi pi peri di ne,

4, 4' - et hyl enedi pi peri di ne, p-

N NFPasipEedynidg elasbph éﬂ@ﬂ@moumﬁdnclude N N-d1methylacetan11de

N 800 AR RSB Gte

hexhedt}ﬂ‘glioamdﬂmhﬁiﬁzladxd@f@pﬂkphoﬂruom& diin®rhaiiboptalsplehy dﬁde,
.and _ 4- r;rrlor phol i nobenzal dehyde); and am nosil anes (for
CiRREHHRPROFHIRROHS epd Wlﬁ%lff‘ﬁﬁb?f?% 30

tri

bi s(ﬁig%f?r%e%fml( B)%m?%t}ag eny ludf ane,
AriB(mﬂdigbrdﬂd@aHa)ﬁ no) met hyl si | ane, |

not rimethylsilane, -25 WO 2005/000909
AIM(?J%;%% tri s(di met hyl am no) phenyl si | ane,
ArgB(hS(leEB'denSCJH/gb%‘am ne, tris(dinethylsilyl)am ne,
s(di met hyl si 'yl )am ne,

ArpB (ReGith) dplrret hyI silyl)aniline, N phenyl-

N-
Ar%(@aﬁyﬁizt h(/(%/h@‘g! Imr;?hylagldl yl am ne); and m xtures

ArtB(€LHef N(CH@B(CEI{M)}C@(QH@LCHQI kyl ami nes, particularly
havi at | east one el ectron 5 w thdraw ng group
Argk%ﬂﬁ@ %ﬂ\i ig{?)?%o(cl:ﬁx)éc%éen found to provide

Arﬁ?(@é‘cctﬁil ')VNE@HSg(C‘iﬂ% &géﬁ ¢13g)é Preferred anide

ctron donor co
AI;“E(BGO@IC&@ W(@aﬂat)&lm de N, N- di et hyl acet ani de,

: y epyl acet am de, hexanet hyl phosphor am de,
Arﬁ%ﬁk} lﬂ(gﬂg hor ani de, hexapropyl phosphor am de,

ArfB(Om5)PRCHIRPhosphi ne oxi de, 10
tri Begerl di nophosphi ne oxi de, and m xtures thereof.

(p-BHe Pl bl s Bnky st YWhordias'sal t s i ncl ude  Ar 3B( n- C4HI)
AI%(EZ@})_@@[ 3)3%}5\2—)%9) - N(CH3)4+ Ar3B(n-C4H9)
ArB(n-C;Hy); " N(CHa),* "
ArB(C,Hs);  N(CH3)4"

Ar,B(n-C4Hg),  N(CHj)s"

Ar;B(C4Hy) " N(CyHo)s"

ArB N(CsHo)s"

ArB(CH3); N(CHas)s"

(n-C4Hg)sB N(CH3)4"

ArsB(C,Ho) ™ P(C4Hg)s"
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15 Ar3B(n-C4H9) - Li+ Ar3B(n-C4H9) N(C6H13) 4+

Ar3B( C4H9) - N(CH3) 3(CH2) 2C2(. CH2) 2CH3+ Ar 3B(C4H9) -
WOR@HB)BILCH2) 2000( CH2) 2CH3+ Ar 3B(sec- C4AH9) - PCT/US2003/030281

N( CH3) 3( CH2) 2CO2( CH2) 2CH3+ 20 Ar 3B(seC- C4H9)

N(C6H13) 4+ Ar3B(C4HI9) N(C8HL7) 4+ Ar3B(C4AHI) N(CH3) 4+

(p- CH3O- C6H4) 3B(n- CAH9) N(n- C4H9) 4+ Ar 3B( C4H9)

N( CH3) 3( CH2) 20+ 25 ArB(n-C4H9) 3 N(CH3) 4+ ArB(C2H5) 3

(IR A4 Ay OB FAP0 o e LAPI bl i orp AU O e f

sub¥ifardR) fhphtiAl, 3B GEDou V\Eﬁ LAY Sreate? Buibird OO B0 ARtic rings),
PCT/ US2003/ 030281 ere Ar is phenyl, naphthyl,

as welbes tetrameﬂuytqmre@@um 9utthlmlb§tﬂé@ and @tr@@atylpmmmm n-
he:ﬁ}f r%%? ‘Sftﬁ‘gfo%ftﬂ@}]&o‘i‘é’te avalghik abéscg 43y Qﬁd Eﬁf'ﬂ@ LAl

alr o tICI‘

Spécﬂﬁltyﬁmlﬁinhyidﬁmmdratmnf)l dndtxmb(tmsothaﬁyf bor ate and
t et rabutyl ammni um n

hex§P11"’tbr1"r afher ql?%ﬂ&@nemﬂnywa% includg 414 -dnetherybigbenylz 7
1 2Q’Pﬁiln%%ox%/% 512(359"? A1 3% (- REGRL Mze?x‘% %ldctﬁé g}(e and I;]mxtures

porati‘on), and nmi'xtures thereo Ita
themoéc Buitablclares electoop donvd sompotinddenclude N,N ’-dlmethylurea N,N-

dinie e N oY TmEE P iy e PR R g g et

butthﬁbeeﬁsN N- hﬁﬁ%ﬁylth%ﬂréaam K &itrﬁﬁu@itﬁi%hfe@W\I@Gfﬁhenylthlourea
onpounds’ i ncl udé N, N - di fret hyl ur éa, N 1

N Nrdtphdmyl—wlzéadleﬂhymuoc]repmwmh and @tlmmtthw@fhi our ea,

SRy LA RO g i
ambleNtithk pheaiylohbiod tiogdjulolidinyl moieties, alkylarylborate salts, and salts of
N, N -di phenyl -N, N -di et hyl t hi ourea, and the I|ke and

aropjake SRIERIG 4%4563 &ioquﬁéff@rr Uk reactienss Hie elrsHoR depsRFomReEnd can
alsd BE offiths, frafllicd b MAURSBEL, FERAGIbR e sRAE Yd6ility 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.

(3) Photoinitiators for Two-Component and Three-Component Systems

Suitable photoinitiators (that is, electron acceptor compounds) for the reactive
species of the photoreactive compositions include those that are capable of being
photosensitized by accepting an electron from an electronic excited state of the one-
photon photosensitizer or semiconductor nanoparticle, resulting in the formation of at
least one free radical and/or acid. Such photoinitiators include iodonium salts (for
example, diaryliodonium salts), chloromethylated triazines (for example, 2-methyl-4,6-
bis(trichloromethyl)-s-triazine, 2,4,6-tris(trichloromethyl)-s-triazine, and 2-aryl-4,6-
bis(trichloromethyl)-s-triazine), diazonium salts (for example, phenyldiazonium salts

optionally substituted with groups such as alkyl, alkoxy, halo, or nitro), sulfonium salts
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am nes that contain one or nore julolidinyl noieties,
al kyl aryl borate salts, and salts of 15 aronmatic
wa@ adosionioe aci ds. However, for such reactions, PEBUS2003/030281
el ectron donor conpound can also be omitted, if
desired (for exanple, to inprove the shelf stability
of the photoreactive conposition or to nodify
(for pxesmtlestiion]lsubionivmessits ophirpally sppstiveed yjth aﬂ?yépéalk@w groups,

and c?ptl %Exfégﬁ%qgg ALY ﬁg{fgx%ldﬁéjgnéég Qtﬁhgeélli gl%g}%ﬂeﬁe?ﬁﬁilh&%salts

(for éace&hplatahw-ammm&ﬂmﬁam%altﬁ afd petrhyhakielgbdineed @refedatlly,
4 20 di et hyI am_nobenzoi
2.4, ntriphgaylingidazal ﬂ&é@ﬁtﬁép@é%% 4,4°,5,5"-tetraphenyl-1,1’-biimidazole,

optloqwaﬁg EP[%SJEY %d&%’{tﬁ%ﬁﬂ,@? Qhdif ds! o A )gry,bag[k&igﬁ@f HM!)?%@%W&QE‘MHV |

rinmeth
mixtRlestlorenft i at ors for Two- Corrponent and Three- Corrponent

Syst e Sui tahl e hot0|n that is, electr

e Lo PRooRi R ARty Piblertad bl erpe i bidE bishtabty
sheﬁtil@ol@ hﬂatqg Qﬁﬁ& h¥Espe RSk RBS0lEAA Jf iRSRadthatspadi&s

capabl' e of bei ng photosensitized by accepting an

wher Hssalverhtheretminaghe ptesesice of the nhptdsersatizersand the eleplsompdenor

comB 3ROSR R R BASEBf AR 6 e

exterfitafbofi dhe P& Q4r rB&dtEe sitidd, ndteidikcior abedpartids lpid@sensitizer,
i odoniumsalts (for exanple, diaryliodoniumsalts),

and @lpgtEngRnch er@aldwhp%@zu seuilsd abeugrpi dhe rackiersppaias is
capagl(é 4{9 éﬁ?&{gls)f(‘l%r ¢ 'ﬁmﬁlt ﬁéa‘?ﬁ!a@&on, then the BhOtOIIlltlatOI' is an

rorret s-triazine,
oniugr saityforéxemplel af fodbaibing Bldfmﬁlkml gr-dazonivenz Baié)

di umsalts (for oni al
o por by TSRt Teutte et o ihed by beR2ataghal in s,
Pateﬁ'd X0>9/543%6%t BfurtH 4 1ks 28 tHrbuh 461 SiabR iodohiWsalts are also
2005/°000909 PCT/ US2303/ 030281 ~ (for exanpl e

desctib¢cinyll SuP#tonii Nies. $4R0S 1351, T4HRHII, ¥.8081996i %i‘b@ﬁi/\iﬂtdh

4 39%)?15¥ g;l’gca bo%%gli%)r(% gagtr Ou%aja g eﬂ? sgl?ftlf)? e‘%i U:% {ar}gngalganion

suchSa@|(Il§ BT Oror @&HQ’SD‘%{ ) OB midtad b&ﬁ?mmnt dlofl exm;ﬂa,l dohtairdingl SbFs,
triarylimdazolyl diners (prefe

PFs Bl Setfadﬁliia%rﬁlypmhw%pwe ShRePE gTARFg) Mixtures of iodonium

tetraphenyl -1, 1" -biimdazole, 5
Sﬂts%aﬁbgﬁgﬁﬁ%gég% egtltut ed with groups such as al kyl,

al Eexyiplesbf bselfd )aroraatit 1bh®11hmloemp&xdsaltmhntalmastotmecledﬁf .
. . The, phot tt f l yble in t
aiphpugisBpo Bt duoberet S mEnEabnySiodifr Sradfuotans;
pherly$-4-1H@8$1p H%ylﬁ@@ﬂhﬁﬁ@%doﬂ&ﬁ%1@ ﬁ&ﬁﬂbh&@l}?@ﬁd&xhﬁa

reacti ve speci es when dissol ved therein in
tetrafi neroborate; di(3triigondicoyldiodendimni hp@at?f,ucmmhoml@at@lde@t ron

B R LT

d1(4Jﬂﬁﬂlﬁbrbﬁh@t}@'§ﬂehﬁ%béémﬁlﬁ&§t¥dﬂ@rcﬂﬁeﬁé ;Qlphca§ibdonigtict or
nanoparticle, otosensitizer and el ectron donor

hexaél@ﬁwhﬂwh@wodléﬂrmeélsylmwr)wée@mmﬂuwmph%@ #eact i ve
dlphgl%ﬁﬁ)ldgﬁlubshexaﬂuoroarsenate, di(4-phenoxyphenyl)iodonium

tetrafluoroborate; phenyl-2-thienyliodonium hexafluorophosphate; 3,5-
dimethylpyrazolyl-4-phenyliodonium hexafluorophosphate; diphenyliodonium

hexafluoroantimonate; 2,2’-diphenyliodonium tetrafiuoroborate; di(2,4-
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capabl e of undergoing an acid-initiated chem cal
reaction, then the photoinitiator is an oniumsalt
w@ bs/oeseenpl e, an i odonium sul fonium or di azPei/us2003/030281
salt). 15 Suitabl e iodoniumsalts include those
descri bed by Pal azzotto et al. in U S. Patent No.
5,545,676 at colum 2, lines 28 through 46. Suitable
dichlpdephienyb)iodonigmaresaiilosophodplinte;ididcbromoph@yl)Raioaiwm Nos.

3729 . 769 06 4 25 053
hexpngiprgsinatt; A4 pimng it AR 8 it
cde)agﬂb@ylglﬁ@dlﬁ@hﬂﬂeﬂﬂ]@Po;ﬂlﬂbplﬁte EIL(Qhn@ﬁo;@ibarth?/lphényl)@chomum

S03) or a netal nPI ex salt &for a

hey@gﬁp&php@atgbd:t@ npthomygliongiphenyl)iodonium hexar}?uorophosphate

iR A L RA YRR e PR AL a2 Ko dphiom

heyﬁﬂantdphsmhﬁteusmf diphenytioddniiemihedafhicuoantiongmhex ashiht like; and

photoinitjators include diphenyliodonium
mﬂft@ﬁs shareryr 368?’&%1%10"8?161&1 GRORINGT ﬁﬂ% }?? BEfpATed Ry metathesis of
o SR g L A i

bisuléatc)arhl agovrdirmearieh thd itqaBhings oﬁ)lpdmargytt ¥t adgl dpAmntChem. Soc. 81,
3441@:?3{“ uor ophosphate; di (4- chl orophenyl)iodoni um
}-uor ophosphat e; di (napht hyl )i odoni um

tet P@ffér%lf 10BSHiak&alts include diphenyliodonium salts (such as
di (4-trifluoronethyl phenyl)iodoni um tetrafl uoroborate;

dlpherpﬁ@dymmmmrm dmé&raﬂmd@ﬁlbmmpﬂmreph%phate and
dlpgéléiiw%ﬁglla}{l Hgﬁ]lyor or d hoed%%%}n#J Ré)&?lﬂglsogﬁﬁlﬁignate (for

ontum exa arsen

exdiip{lé- Sﬁ?@ﬂww ey c)btaiﬁ?éli’lﬂr(otmﬁﬁohﬁf Cafdpﬁﬁ’i)‘?ﬁﬁi IaI)@ures thereof.
phenyl - 2- t hi enyl i odoni um hexaf | uor ophosphat e;
di ?fy} ehypromsitpilated BieRgs MGHIRI ]EHFP described in U. S Patent No.

3,776 ’?‘7‘§ kS{Hftﬁ’ BNASRPAdIGmn Q! Hﬁk"s’lﬁl H*ﬁ‘iblude 2,4-

hexaf ['uor oant I’ nonat e; I 'odoni um
blS(tBthlandmﬁmlllsdbﬁﬁmthyl sdirig2ind, 2 @6—tﬂ@tﬂ0ﬂ)@bﬂﬁﬂ@®)& -triazine, and the

RS RIS s s s n U

PatBfXeéd. 80RO PRY9RN 31984 405 sﬂoﬂlﬁmwphenyl ) i odoni um
hexaf | uor ophosphat e; di (3- carboxyphenyl %)l odoni um
heprq:fgde@mm@pﬁahtsemclude those described in U.S. Patent No. 4,394,433

(Gegﬂéei,f utcfll gé%xglg%ﬁ gf%ll;t @ghesq}/xje) arc?rﬂgtné Itﬂglety (for example, pyrrolidine,

or 0
mo€hhoBnariilmey sad (ﬂ1pmﬂyplitﬁméb yithdariktefal diazonium group (- -N*=N)
hexaf | uor ophosphat e; i.(4-acetam dophenyl )i odoni um

an%aék%m%@%ﬁmm@ﬂdau t{lzswﬂ%tnﬁpléthwl}@ ORAGEm
tet%gé(g%t)b@feo ROPER A Forfl gﬁ}rﬁﬂﬁ{ﬁ'ﬂl n?ééﬂiﬁééj}%somated therewith.

uor 6ant I nonat e; and” m xtures
Ex@rhpleg of usefrl aliverbnioini cmlions molude dpliepo-4-ahilisobamelrs N-(4-diazo-

p red t at SI S rr.e
240 5B R e Bemipanblfine T Sae Sl ETBRY PRt Sentene, 1
diabl- @hﬁﬁi’é}}l‘aﬁﬁ’ﬁﬁ E@dl&h&w l‘;éﬁtzgﬂe Mfﬂl%cﬁrj—@%ﬁ&())gbﬂehyﬁ he
t eachi ngs of Beringer ‘et al 81, 10
mogpling.96dipzo-1-dimethyl aniline, 1 _diazo-N ,N-dimethylaniline, 1- diazo-4-N-
methyl-N-hydroxyethyl aniline, and the like.
Useful sulfonium salts include those described in U.S. Patent No. 4,250,053
(Smith) at column 1, line 66, through column 4, line 2, which can be represented by the

formulas:

-29-



10

15

20

25

Preferred iodoniumsalts include di phenyliodoni um
salts (such as di phenyliodoni um chl ori de,
wale@hemmehd odoni um hexaf | uor ophosphat e, and PCT/US2003/030281
di phenyl i odoni um tetrafl uoroborate), diaryliodonium
hexaf | uoroanti nonate (for exanple, SarCatTM CD 1012
obt ai ned from Sartoner Conpany), and m xtures thereof.
15 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-
bi s(trd-ghl oromet hyl ) - 6- et hyl -s-tri azi'he,.
2, El\gié;t[(i s(trichloronmethyl)-s-triazi ne,/sar)}d the nore
pref® red chronophore-substituted R2
vi nyl hal onet hyl -s-triazines disclosed in U S. Patent
Nos. 3,987,037 and 3,954,475 (Bonhamet al.). 20
Useful di azoni um sal 5 include those described in U.S.
Patent No. 4,394,433 (Gatzke), which conprise a |light
sensitive aromatic nmoiety (for exanple, pyrrolidine,
whessinpRolRnend Rpiard eash irdegentiepty nelkctedring) arpingtic groups having
ext ernal di azoni um group % N+=N) and an anion (for
from,abrp bto BRPQ epebon stpms Elop pramyile rrapstithter enansubstituted

1 thi 0, . e .
P AR, T A A AL 0 i g
alkoxye abwithio, aryRhioEkaogdne arytsulfosin landisa Zath) undl eyl @08ps
havgé%_ng%ﬁetfl) ﬁg;{‘?} ’QM e aﬂr;ll)a:s(lg;?lg 2‘&? éq;eeﬁgl:ere&téeélt_eglll qz%l%d" includes

subdtitdicdZOky? (fbr Sk SARONibét ' 5
di azo- 4-}%((enzoyl Igmwnlgélztm%a (I?I‘lri ﬂéﬁ%ﬁgﬂ%@ﬁggﬁa&?&n, bydroxy,

alkaxye o 2uyl)2 A8-letisboneoxfiR pRenyihd Rty pholatingnd, preferably, each is

. .4-di.azo-I-di et hyl aniline,

indepegentty aORRIS: e tripleatedi rome theizremmoensipting of a covalent bond, -

o PPy R0 g Rk S, s R L

abohp6 talatRB02068borsSeadhhay phtnydp hoyhioflabdut Deo Sbut LHcabehs, such

col 4, line 2, ich can be represented by the
 as g v 98 St gD b o Pl Biso 08 GA08 KRS  Whets Ra

35 T S, BB G0E g o
havideO3:80QH tabé‘ut%%ﬁﬂgﬁb%orﬁg aﬁ@%ﬁc@%ﬂ%&% }%g%ir%t cﬁ?g%u% 2 to

substituted or stitute

abotitv etfbn atdfid. XUHARYhnioREHEsEBRS bélbWt i on can be with
such groups as al koxy, alkylthio, arylthio, hal ogen,

ar ytuablecwians Xafw thosulionivn) salisdard foyiany pHihe othen sypien gf
. t atonms.. As used here,.the ..
phoEdér?iﬁ}a%gﬁt) E@ﬁq&%%n\(’:%%gé gfr a%%}l types such as, for examp?e, nhlcfe, methide,
boron-centered, phosphorous-centered, antimony-centered, arsenic-centered, and

aluminum-centered anions.

Ilustrative, but not limiting, examples of suitable imide and methide anions
include (CoF5S02)oN-, (C4F9S02)oN-, (CgF17S07)3C-, (CF3509)3C,
(CF3502)2N", (C4F9S802)3C-, (CF35802)2(C4F9S02)C-, (CF3S02)(C4F9SO2)N-,
((CF3)2NCF4502)2N, (CF3)2NC2F4S02C(SO7 CF3)y, (3,5-

bis(CF3)CH3)SOpN"SO1CF3, CgH5S02C-(SOoCF3), CgH5S0oN-SO9CF3, and
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10 substituted al kyl (for exanple, substituted with
such groups as hal ogen, hydroxy, al koxy, or aryl). At
wo e@snowne of R1L, R2, and R3 is aronmatic, and,PCT/US2003/030281
preferably, each is independently aromatic. Zis
selected fromthe group consisting of a coval ent bond,
oxygen, sulfur, -S(=0--, -C(=0- , -(0=)S(=0- , and
the-lﬁd@RPfeferrMm’imsR)f itsis &ypelin€lode thakorepreSerited by thetforfula

rban such as | ) C f ut 2 to about. 20
REBP RGeStk e B Bitrt Tt Byite B Gl ot pyaoan
atof@r bon-to-carbon bond, or -(R4-)C(-R5)-, where R4 and

R5 are independently sel ected from the gr oup
C onﬁhstratirg biit oy timaigem exahklys ogmuabb bohens¢anteréd anrors inolude
4 carbon atons, and al ken %4ou S haV| C%]lf{rom
F 4B Chit-bin (€05 Cblont 4 (CalispoR 42 GHaCs DaE" -
descri bed bel ow. Suitable anions, X-, for t he
FCgHujsdhi (4reFs2d (€E3(Bnm &553)3@m(}4H9)B‘h@—6HB€6Hu33§€5F@)B', 20
photoinitiators) include a variety of anion types such
(CF5)3TR, (@atisip@oF5) B, EH3 P IRIE S H PSR 0 (C giey) b @F € ggF370)B",

cghosphor ous-cent ered, antinony-centered,
ancathg dike.c Prederrasgon- amereéamnnhﬂmecaélyt@n@m &m mese halogen—

subsu Stz{gﬁt Ia%}’[ljﬁfr)m nmrg%lggfs aﬁ%%gz E}@ ﬁi’l‘rlletz emg Ethe

moktGAERHER hal (I8 EtaliSE) 8 ot 1 ofdBe preferred anion
(CE3500) 22 AR S0) B l%se’%sgsm) pyefered anions

inc[uBB 8BODIY CREIHER)AB;, (Cém&B) ASGERABOZYPNE", (CoF5)3FB, and
(CF3) 2NC2F4SQ2C- (SO2 CF3) 2, (3,5
(CéFﬁj(Cﬂ‘Bﬁ)Eﬁl—B) SO2N- S02CF3, OGHSSOZC- (SQ2CF3) 2,
H5SO2N- SO2CF3, and -30 WO 2005/ 000909
PCT Suismaﬁmamlnmg] ether ietal Pr mtelpiedeateroinsludé, fohi s
type include those represented the fornul a
exa(ﬂmls@ﬁém(cﬁmmﬁl ﬁcé%)wbddﬁawgr KeF s)&igP o dioP
having_.from 1l to about 4 carbon atons. Illustrative,
(C4RsHF 50t , HgShi, (H@QFSS@'catn‘é FedsofTheubregbing listsravnnetdnteadastto be
ani ons i ncl ude F4B-, (3 5-bi s( CF3) C6H3) 4B-,
h@@p@ apptt er(\Jéef(gp:Q@@ gftgre @g@n mgal;g_as V(Eé]_ as other useful

b iy %%%@%ﬁétﬁgﬂéﬁﬁﬁ%k%%%ﬁ%@%the

for¢goHD) SnpraCEaChitit) RBhose( RAFT)i8 (e £18H370) B, and the
l'i ke. Preferred boron-centered ani gns enerally
conPistersy b G508, KarogEneddri b e Gt &

he:@ﬂﬁé&‘ﬁﬁés%ﬁﬁke IR 8addarldaAs ReghhRrfalifRnat¥ 4da f1 uorine

being the 10 npbst preferred halogen. Illustrative, but
hydﬂ@xyneniaﬂupmgntlrem@(felsempl@ Her yaeefith gagignigall preactive species
suchglLude r%gi@ bi s( CF3) C6H3) 4B-, ( C6F5) 4B-,
%‘é%ﬁ%‘}’ﬁ/( MH¥H0)B , (C6F5)3FB , and (CBF5)3(CH3)B .
Examples of suitable sulfonium salt photoinitiators include:

triphenylsulfonium tetrafluoroborate
methyldiphenylsulfonium tetrafluoroborate
dimethylphenylsulfonium hexafluorophosphate
triphenylsulfonium hexafluorophosphate
triphenylsulfonium hexafluoroantimonate
diphenylnaphthylsulfonium hexafluoroarsenate

tritolysulfonium hexafluorophosphate
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Sui t abl e ani ons containing other netal or netalloid
centers include, for exanple, (3,5-bis(CF3)C6H3)4A
W@ BoF5)09ed -, ( C6F5) 2F4P , (C6F5) F5P , F6P , 15PCT/US2003/030281

(C6F5) F5Sh, F6Sb (HO) F5Sb-, and F6As . The foregoing
lists are not intended to be exhaustive, as other
useful boron-centered nonnucl eophilic salts, as well

anis@diphtigsulfoaafobexaflnosstimondtai ni ng ot her netal s or
metalloids, wl| be readily apparent (fromthe

4-but xRy P%%PkPWB%‘ﬁH%@%‘%@“&%hose skilled in the

- ; ' opfosphate Sel ected from

4 Chtﬁ;é{)}?'haeg ?@%ﬁ%&%{ %I?nlﬁﬁ %g%fgi%fﬁ;&gog ophosphat e,

tri(4pheadtypbemd ss Foritm hepafiedrpplinspbaie | nonat e, and

... hydro ent af.| uor oant i yon xanpl e, for use
di(4y Ii%yﬁxlget%iy H}%}}’Fﬁ‘@@’?&‘&bﬁ%&@@rﬁgg ?Iéastg such as epoxy
4—acét%ﬁ'%d@_ﬁénylcﬁﬁﬁéf@ﬁs%ﬁfoﬂiﬁmﬁﬂé’irhﬁthﬂrﬁb@uﬂef oni um sal t

photoi ni'tiators include: triphenylsulfonium

4-thiometteilypesnybphanglspEonamherafliePRASBRAE oni um

. tetrafluor [ : N0y
iR AR e FF P RU R et B,
di(nﬁfdph?fﬂ}@h&%ﬂhﬂfcﬁiurﬁ h?e)pigmoydaﬁtﬂnbmttb uhm on

exaf | uor oantj nonat e i phenyl napht ul f oni um
di(cﬁész@ﬂhezsm&ﬂxléwawlSS’(?OWP\%W%@ fgg?ﬂséﬁe
f 3 909

- S e o um
diméraylahphibyled fanio et aludrdpiospbatsheny| di phenyl sul f oni um

tetrafl uorobo e . 4-chl or ophenyl di phenyl sul f oni um
tﬂﬂ%sz'alf:the{gﬁﬂm%@ﬁk%&m t?ﬁf?ffui’f&"é%xy phenyl ) sul f oni um

- E {s8lfénium hexafl ti t
P (pg%{hheﬁo%%ﬁ% frret h1§IIns lj: IX? olilci)]raar;1 lﬁ?a(;(n;f? uor oar senat e

p-(pherpd hiaphynyl hliphanyspHempmdiexpdnrophasehai&f | uor obor at e

di- [ﬁ-@#ﬁfﬁ%@@%ﬁ@ﬁ%@%%ﬁ% lhéﬂlﬁu%%éﬁ%onate
di-[ﬁiélﬁ(lg??nmﬁmwf)whﬁhﬂmﬂlﬁmmﬂmﬁfmmhﬁm

4, 4 e TRORE & Rttt i RO R R G n Y Font um
dj ' | judfBphosph

4, 4hg§gﬁ%%?§gﬁgé%ﬁgﬁgﬂémmﬂé tisthéQMudfBphosphate)

10-shethgphemixatpinany heiaflerophgsphfisni um t et r af | uor obor at e

5-mg{hgﬁhpa};tlhrr]g}ggél%!{gfyulofrgpq{ols%ﬂa%e xaf | uor ophosphat e
10-phenyl-9,9-dimethylthioxanthenium hexafluorophosphate
10-phenyl-9-oxothioxanthenium tetrafluoroborate
5-methyl-10-oxothianthrenium tetrafluoroborate
5-methyl-10,10-dioxothianthrenium hexafluorophosphate

and mixtures thereof.

Preferred sulfonium salts include triaryl-substituted salts such as mixed
triarylsulfonium hexafluoroantimonate (for example, UVI-6974 available from Dow
Chemical Company), mixed triarylsulfonium hexafluorophosphate (for example, UVI—
6990 available from Dow Chemical Company), and arylsulfonium
hexafluorophosphate salt (for example, SarCat™ K185 available from Sartomer
Company).
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trifluoromethyl di phenyl sul foni umtetrafl uoroborate
p- (phenyl t hi ophenyl ) di phenyl sul f oni um
wheooahbaeey oant i nonat e 15 PCT/US2003/030281
p- (phenyl t hi ophenyl ) di phenyl sul f oni um
hexaf | uor ophosphat e

di -[ p- (phenyl t hi ophenyl henyl sul f oni um
h ei}&%‘-’ﬁj g@igié%ﬂt $akts ﬁg:thgle%h())s]epdescr}/bed in U.S. Patent No. 4,859,572

i - i e . i . . ..
(Farﬁfee)z [gﬁ ét??g%g,gangﬁg > Q%(J)Qéh%ﬁmﬁl) §,U,1'n§e°4{8, WHhich include an azinium
moiety,-socks da pinediyiusn) ldiaziviiomm) ok tphenipns mlofdtgleThe azinium moiety
bi s(hexaf | uoroanti nonate) .4 . o

can eflff P4 PbW@W@@P%HP%ﬁ«%Yd’PﬁNXW@GY‘?H%%OWUC rings (for

i ( . r. . . h]@ﬂg)a@{ 1 1 1 um
exarﬁ%lg,a l'u oiﬂé%ﬁblg pE at emg%%%eﬁgﬁ%zﬁrgﬁ ?ﬁé&}]? um Ot
moidiies afilsed Mohremsaziranme ring. A quaternizing substituent of a nitrogen atom in

10--phenyl -9, 9-di met hyl & hi oxant heni ym
the A B R SREEG o A 5B RO SBobSBR Ao R e
electr@iit akditédseRO6hE onSpRRbA Yhotd&neXiebioand figidiniRotoinitiator.
tetrafl uoroborate 25 5-nethyl - 10,

In onepprgfessed tonna b auatarniFngeRbst tuent dpaoepharbatitugiid The oxy
s S5 IR0 L FLE R S D Bl Bl e
seledtéd Aol Sudrfsvaiigtheisghihvacaigribhmanialt @x§ kastiencatsp | The

UVl -6974 ilable f Do Chemi cal  Co , m xed
moiqty T 98 PRINPIG RS H RGOS A LGB &
fortt OI“I‘F%Q%%IQX@EAIQQ Be &{H%Hiu%{v 2N %ﬁ%:fxglle,sga;ﬂm?@ﬁ) ex , benzyl

aryls oni um hexat | uor ophosp or exanpl e,

-and Bamedity Mo s8Boakdi(faleknpleosmlfSaretigieradicgbrrpaby pseful3 2In

WD .2005/,000909 PCT/ US2003/,03028 ul .azi ni.um.sal t
oGt dPiiRel FHLSC L FEaH hoh 0, & QD RORE, Mg Tigh be
any 6F@E vari&is aikyl andbraB8li wWiilicals ddstiedebové NOAIRiHOTHBah B an

l'ine 46, which include an azinium noiety, such as a
aryl pagiGadij suelyag phenslormiaphthyl r Ther arlzagdicalraapdn &ir be Fulestituted.

1.Ni 1nm| i Gl 0 r [
For SEAT IO B S T BRI AR TON o on 15
carbeix atoplsewith alkyd hiofdtiemin éa8h Grstanct aboweprefeeabtpbkiag iawen aikyl
.and napht hodi azonium, noieties), fused wth an azjni
moictien gnd g'ar.‘/% IR FA5G RSP PraleAblYGPRAIRE FERE Ef%ﬁ%ﬁ?ﬂt i
carbbi Stof%i HibiRst ARG %eﬁq%arvg Ib@é}ﬁxgg]iﬂe?l v@hefnrtﬁgoiyagib%tﬁiugnt, -O-

upon el ectron transfer fromt el ectronic excite
T, cattaine 1 of 2 chibop atonph ditenziphon osensnded zerludeonda $vdstatnenti otimar
hotoinitiato

.o N e preferred for the . .
an i i ittt BB TS R prong  SmLper TRtieniiyg ro
detrignetital & gielstivityusithese phbtbinihtb&h quat emi zes a ring
ni trogen atom of the aziniumnoiety can be

Useful triarylimidazolyl dimers include those described in U.S. Patent No.
4,963,471 (Trout et al.) at column 8, lines 18-28. These dimers include, for example, 2-
(o-chlorophenyl)-4,5-bis(m-methoxyphenyl)-1,1’-biimidazole; 2,2’-bis(o-
chlorophenyl)-4,4°,5,5’-tetraphenyl-1,1’-biimidazole; and 2,5-bis(o-chlorophenyl)-4-
[3,4-dimethoxyphenyl]-1,1’-biimidazole.

Preferred photoinitiators include iodonium salts (more preferably, aryliodonium
salts), chloromethylated triazines, triarylimidazolyl dimers (more preferably, 2,4,5-

triphenylimidazolyl dimers), sulfonium salts, and diazonium salts. More preferred are
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sel ected fromanong a variety of synthetically
conveni ent oxy substituents. The npiety T can, for
wex@spb®po be an al kyl radical, such as methyl , P€t/tg1003/030281
butyl, and so forth. The al kyl radical can be
substituted. For exanple, aralkyl (for exanple, benzyl
and phenethyl) and sul foal kyl (for exanple, . .
arylipdpnigmesalis chloremethglated drpzings, aadbihg 2,4.5-Hiphsnyligidagelyl
. . ' , - O-T1
cimg G5 RO S (oL BB b Al k01 and
ar & deglred, als piaitsindiage) thb ede-pbotoe photosadidizer, o, eldétronan

be an  _aryl radical, such as nyl or .napht hyl . The
acceging: g 1< 0T G PSS BAL Dt BB o e,
(preferatfi{ Qh@[ﬁ%cr%gingliﬁﬁ%ed? fo oa¥ k¥irade@ftitigedemidoddbblos ﬁﬁﬂo%)article to

contains fre 0" about 18 carbon atons, wth al kyl
enhawoé tei prsbability at berienyingriceadiivovisitiatieg epesissy Soeh agpchogat can

be effpd VP b T ARG BED ecTBe TbPADee HRHE e i oes
not @M Bantiyi @fRESthe alebirdnit ¥trhdtvelof tiopidtdaRAtdr &k baeghyben
the oxy substituent, -0- T, contains 1 or 2 carbon

photgsessisizerTHie cection gasaptng! &k chstian dererusnsd/erghe samicondystor
t h i Zi [ . e
A8 SR PO ER TS SRR R R
carbbh etoaﬁlt]ENein:ijplesﬁlff Lillshigis etlphiag ngdlmttd irﬁ:hﬁfeshe Amveisiefatibed surface
triarylimdazol i mers .1 nclude those_ descr.ib in
treatges agoaiseiRg thgolike: 2s yeH a3 the tetherng ageptsyfesqribed ip Zf%-rﬁ?teazt
[ e diners include, for exanple, 2-
No. %‘%‘%ﬁﬁ%?@é%&%%?&, 5-bi s( m met hoxyphenyl )- 1, 1' - bi i ni da
zole; 2,2 -bis(o-

chl arop -4.4 .5 5 -tetraphenyl -1, 1" -biimdazol e;
Pre%aaﬁ?gfjg%}&@%vsmyﬂq 4- [ 3, 4-di net hoxyphenyl ]
- 1 The redtivddda®s) semictditt6f RinbpsktiReL eHotod fHososensitizers,

i ncl ude iodoniumsalts (nore preferably, aryliodonium
elecisen denor cempomsiyetisyphetaritiptoraior glestron pGegpipr FomBRENgs)gan
L BrLS. I r - ' L I
be pfyplEdy BRFHBUF L ELARaboby b By olth RRERA, Lo dREYeY art, and
manp hef @niraekciaile avahb0 THESLAHHG2A(sRER bL/SAMN0REA 302E T safe

oS S SIS PSS LSO A
ora 'Eaglkvhﬂ qggkg#éﬂ‘lufsﬁ ggliﬁﬁiﬁgs fnlaﬁeéwl% AEHASShoe H1ﬁ§aﬂl§lﬁ%rmal stability

err esired, t photoi nitiator,
standprént) hoadoirthe hiostomimsortlast €and aftee any bedtingstepdbaapoptionally

e R 5 RSP RERRE RRLEPL B ls y

the defhidddBuStbF AAeBar@itlel bethe m%ﬂésmdwégi@f chapaRatstdfehe to
enhance the probability of generating a

photpregetivepremnesitioain w§ichpbe hawpatiglss ag masisabibie, tamix he

f N . of [ t
eSS0 DR L BEL 8508 en o
the Bn@idgd emmnidngntsf Selentdag beleed, ifodvsited tprovdtiad thatthe tdieent is

photoi nitiator, the one-photon . .

chosen so as to not react appreciably with the components of the composition. Suitable
solvents include, for example, acetone, dichloromethane, and acetonitrile. The reactive
species itself can also sometimes serve as a solvent for the other components.

The components of the photoinitiator system are present in photochemically

effective amounts (as defined above). Generally, the photoreactive composition can
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phot osensitizer, the el ectron acceptor, the electron
donor, and/or the sem conductor 10 nanoparticle.

woe@beomy y, the tethering agent conprises at PEHES20031¢30281
tetracoordi nate carbon atom Exanples of useful
tethering agents include the above- descrlbed surface
treatnment agents and the like, as well as

contgigtah mtr@@oatg%% (Rretesaldy.i 3 deast abont K)% Pap@rﬂrefeﬁwlya at least
P
bR A STty B el SRR A Bl o

abog GIOI%J(pﬂefetany, aa]&aqn abtbliltCﬂ BB ; moreeprpfecdbdy, at least about 0.2%) up
phot osensi ti zers, ron dono ound

to a‘-’fﬂ%i%% ﬁpﬁef%@laysum %rlaﬂredzfe%ba%&np ﬁ‘éﬂﬁ 3% DY afpeight

of se%c c%@ﬁ)ﬁ \Aﬁ)\érdéﬂ% 55?1 96 Qﬁﬁl@ Ditog Fbr@ﬂéﬁh\bﬁf QF leBM a%lliter

I'n the art, and nany are conmerci al
0. 2‘7&\1&01’6 @b&faabl"yh @tsleascc aqu @e?r%)su;c@rabbgt bi%ﬂﬁprnfmjahjndmto about

safe 2 usin rder._a n
10%, FRESRSTSREHLT ol 1P aBPTcial Tyt oo SE P Cagple SPRAring
with@gé Eéiﬁlb@tm)ucto@ hbRspaetldstioifSms BAst GRS rept@dreinadM g (shecdes.

a shelf life and thernmal stability standpoint) to add

t h@Vlmdh@mraumgmommsﬁw(lam@u@rsta@neawym@&pm@n%%b the

photSFe%étlwesco?}%J ]r(]) Ssﬁ( gﬁ%%ﬁglé tilﬁﬁglekstt %fxsut Cﬁl]%) #Efe?eﬁ)l}o

leastdddut 0.0%; 5RME SRR Ot 1¢B0 Al 012%)&@ tbabdte OB (phefstably, up
vi scosity conponents of the 25 photoreactive

to abaghp&s MOrePrefarakip WhiorhaUiahbPa eIt elsong & mggg of the one-
phot%ﬁ h}ﬂg’tlo?ens efd! Xnd &iffer 51]9?&11 bf Ug }llg %oﬂ@%%r{p&?&hﬁly} Jtﬁto

oparti c es are conpl e persed, and t
abova ddo) Hyheeiginefiont ng moongloctent @noswmp;cmnde éprefﬁeahll}é@@l leastf

desjred, provided.that, th vent , ] C Nn_So,_asat,Q,
abof 1 Gt AT HEET MRt his TRHhBRAALCDR PR a0l
to aS RO Uyl WalghtIticha bl ﬁloréS@lEé’tﬁfH Secktet eifigpouhas (p%fafablﬁ from
acet one,” di chI oronet hane, and acetonitrile. The

abouté)a%m/ébw@@%épem es itself can also sonetines serve

as V?]i}]esnofk or{t%ra%t?r{% co?r(?})ogttﬁ)ﬁ [oEPTRRA0ES, oxgg]ﬁhcﬁ&{m onents

stem are presen
photl@h‘@ismzb@ md:;aioltgteacaﬁzé eorhpwﬁuaﬂmnmeﬁex(aﬁy cdethinnsithendrdwad) of

() 0B BOIBE PeeABBhoBIFES 's%%i el abia gt A o
O.ZWE)t/ﬁ;f R BH&E @ﬁ{y}’pr%ﬁ} bll)‘re %tto %9 ég w Eteofmnﬁfo? bRRd Ylectron

east to a out b wei ght of
donmnqxoundﬁaexdr(aaﬁbm\@osuéé%ets abaut ll()gaby Wea&ilb of 01@‘: M%re
ef er abl

clecrBh &ecEBBET B0 CEB iy dpU bl C B I RAPARS: b o

alteﬁﬁﬁwlyﬁ% pmaﬁa&fv%fc@ﬁ@bhﬁon Uih Eshtah Stein 256ut DY) 1VE{pedterably,
sem conduct or nanoparticles; and at |east about

at leestmm;ﬂ Epemats Btefea‘rtbly b kastzabeut 0.2%) 2pdo aus 10% (preferably,

wp BaF Rty E5RL R HBY nfugithaith SibgplRls Wit |
reacBPOsech¥ls Hleuthaye; a@igosiiontgeadrall s can@mpdie fioin about

0. OII%r;] %oeng%% Il(?”? by weight of one or more reactive species (preferably, from about
0.3% to about 10%; more preferably, from about 1% to about 10%; most preferably,
from about 2% to about 10%). The above-cited percentages are based upon the total

weight of solids (that is, the total weight of components other than solvent).
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with the sem conductor nanoparticles to form at | east
one reaction-initiating species. Wien the interacting
w@e 0vpo8i999 on i ncl udes a one- phot on phot osensi t PZBEUS20031€30281
10 photoreactive conposition can generally contain at
| east about 0.01% (preferably, at |east about 0.1%
nore preferably, at |east about 0.2% up to_about 10%
( pAetide abtigty of deumtab:mhe ingindedingthp PE‘PTQW&%‘F‘SF cogpogisions,

dGPEBﬁlélg gggﬁk}e c%’e%?d gndtusOf Sg{ﬁﬁ:élg djt %rﬁ%ﬁq lL{dQ? ?Qz‘?ts ahekan
resin8SiHderd, Qﬁ/ashl@fz@xfseﬁlgbiems dyees} iporgahioudr oS%nngelnmncgfgtorof

T S T U TR SR Y
totaltv&(/)ei%ﬂ%“ e%@nﬁ@ﬂio&% 'tﬂm&{r%m: % théat/Brs 19hf¥>§’c81=§t st&lﬂ%&&y
wei ght of oné€ or t

n acceptor conpounds
ultraf ol fabsabdry, médicamenadfort exdnrplé, iachiide flusddes), \Ahd thet likes.

interacting co ion does . not inclu e- phot on
The BHGBS S RS SO e EEE AR iPOR Bar
com &ﬁlvbﬂﬂ Hé%ﬂia? tc?ih()&,eikﬂ@éd Bahdaef 20 (i) from about
% (preferably, at |east about 0.1% nore
pr Hflsz watthinythe acopeed ltis aty@utuorotozmglud@n@memg polygugic binders
prefer.ab

s L ST L e o S R

fornRROopd 2. DY fther@f bifikes @fin fBfeeallyeatiosditodecepipatible
conpounds (preferably from about 0.1%to about . 59

withghe reaam‘te?&pﬁ@ﬁ VEoryexample, B%fﬂ@ﬂé Rindetsdhaigne slnble imthesame
solv%rgoﬁe? I1%usfr/(%g1] Y 9&%&9&% sg)]e{%ﬁ R {?&t%@, Hee gigfuﬂétldnﬁﬁg/{g)u%spthat

o nore pre | east out 0.2
can ddveddeDUdffeb0tie(coust of sdattyon oﬁihe t@ca*zmspecﬁ%cabjne weilizgt

of one or, nore photainit| or c t he
Bindegsngan; beeof ggaelpedar weight syyja 6%0 ?prg}g? forgine
propgietﬂ:@ ﬁ‘li h(yluﬁ rlfé@fb%?'(fbr trampe! blﬁHIecuIQr Q/@léh{s(be&b&‘ﬁtab&@t% 000

one nore reactive species &Fre erably
and n;oemoa@ daitorB; Befdrablybeiwteen @bgut 080 @ﬁéﬁ@@ Q glaltmsolﬁpfe

% t o .ab a
ot 3B b 004 AR e BN O e g
inclRRS & cHRAPlet fiﬁﬁt?ﬁeﬁé polsE i@ty ﬁfetlmfylﬁs) ()bly&ttyneﬁe) ctohe
tofal wei components other than solvent). -35 WO
(acrgonsiiloh @ OWP@@@GW%M‘%@C likewi de variety of

adJPlil\éla %Qﬂe ?ﬁe gitﬁg%ﬂofo?eatc e DI1R &'it G{ch¥ Be coated on a

conpos upon des end use.
subsbidid, ﬁ‘bie@xral;i be ‘an bﬁa iaidty dBccating emtlsqudanbwem«b ghose skilled in
resi ns, binders, l]%?ffel cizers,, pigne

the 37 gRelading. 16F e’éﬁ“@%lﬁu o aidgeroangt hEREe s e
cho ﬁtfrogﬂ &R trr?s Q{eeﬁ»b%ﬁ otﬁ&%uirﬁc&oa/éﬂéﬁd iugbh the

ased on t%e 5 tota wei ght of the conposi tion
parttchlax appluqatmn arbihe syethodddfcaposuse tq pehitdizeds Breferred substrates

e GRS S BB | R

composition having a uniform thickness. For applications where coating is less

desirable, the photoreactive compositions can alternatively be exposed in bulk form.
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The amounts and types of such adjuvants and their
manner of addition to the conpositions will be
wo a00500@n9t 0 those skilled in the art. It is wehUs20031e30281
scope of this invention to include nonreactive
pol ymeric binders 10 in the conpositions in order,
for exanple, to control viscosity and to provide film

E&Qﬂiﬁﬁﬂ&_ﬂ]ﬁw& Such pol ymeric binders can
geﬂﬁ%ﬁ E%o@ﬁe%gﬁéﬁglﬁcﬂﬂé% qucﬂlte'l Esoufhd dt feast one
reactive ‘speci es. For exanpl e, nerlc ers that

opticat eleﬁﬁhtubfkmy llghttshtefcs &IuEprcs'ﬁlev emﬁﬁctelnatntermt}as(e:deffdm[ t he
t hat arefr eof ngti onal

multgﬁx&(:t I 181?)1:33% %9 gidy aypg*pg@l;’et se% éelarfconductor
nano%@ﬁ‘féiés Qfbr %&arhfi‘l% z[ %%léﬂg?h ?{ﬁ@fs' BRch&ARitRE lé}afg-\k/h%e fngthd

i nders can a nolecul ar Mﬁlght sui t eto
visibde i mendewd motptﬂombﬁlmd of thg napomapiénie)i cas bamtlizet ftvichn

r-heol o or ..exa cul ar i ght ween abaut
wavg Ot R et pg e G suiksn abo ool 26 100 RECR-TERH:
fromldbo@P60RRhbeR0) 100 Qutl dhdr PesferdBlye frof Mot 74U t,.abb@Rt 9B Am.
about 15,000 and 250, 000 dal tons). Suitable polyneric
Tlunphafier e berpohiiriwus fJbPU]éSéb‘me eombipption; thereple
0 LyLat
?a§¥§{ﬁ %(ﬂt sp rgcgsa% flg’l fg% %xagxg;ll%( (t?lrrﬁ/({) yr a%gr-l%gr ded tHamum
sapphir& escﬂlPItbl@ [(fdr @x@xplesalCohertiteMire S)ﬁtﬁrlafEDOpm)CﬂLm’qea blyiaviergon
conpositions can be coated gn a substrate,

ion lgses (fop granmpple.snyohgrens Ingvph  Thig fases aP?rﬁfgngw%tﬂr@&\é&IZk%v%n
‘puls 9/1c¥tﬂ BB RsSthah LBEt C#nrﬂtosécaﬁdsa id tuﬁiﬂﬁ& Eﬁ%&g 706 Hd SOATR) %g has

e coating and spin coating e substrate can
averageqmer fapooni 4 Wede Qamitebgd Ni: YAGAsersslfi@etxsmpknad Sp‘bdﬁ@r

d di. th ti.cul |
PhysiisfieeRal RBG or e B iheSaRae (i medmoB Bsaritn
PhysidaSitahdu@iped B5Q GRO®I-BhycsSOhditLREPPRO) At QiswviteReddiBde

the preparation of a | ayer of photoreactive

pumpamas&ﬁ {fopexdngple, ng prctunPhosics FObaoll %$San 4ty be utilized. Peak
licati ?ns V\,here oati p gwgs .| ess ill rab

mteqaw@f SPReAlly e 2blsAt B 10n ¥ /emn The wpnsa m}te?gyh%@ulse fluence

is geﬁé&ﬁﬁ%ﬁf&td’céﬂ \g)uhlié at)I%lﬁHh throthol B ¢ W@gﬁ&@@a osition.
PCT/US2003/ 030281 Exposure Systemand Its e Usef ul

ex porstareddight s:rmceis mnﬂlurteetmt- Hfzaed pusesl lhseghbavingiz pdsand

e TR G1 R SRR s bbb Sl

prefRBISI9) IBds 1AM alitfut 30 Wesed Rl ggUBheil PRIse Pngdis@ah B ubd¥eprovided that
sel ected seni conduct or nanoparticles (for exanple, a

the apaveefietpidadpeak antensitymad pHisd ﬂw:mq@ caitgrge mebe | engt h
f
vi 6' B&aﬁ te?egﬁxeg salisefuli] br[ W?@%gﬁ@%u&ﬁd%?% ﬁ@entultaﬁ 1ncludr§:

nan par can wave
refragéviesmichlyelOgents (fohexangilgdesks a:hxbptﬁsrﬁé)preﬂsctahmptlcéll Elfnents

(for ergmpﬁ)er ?gt%rgftl)«!:ctors or focusing mirrors), diffractive optical elements (for
example, gratings, phase masks, and holograms), polarizing optical elements (for
example, linear polarizers and waveplates), diffusers, Pockels cells, waveguides,
waveplates, and birefringent liquid crystals, and the like. Such optical elements are
useful for focusing, beam delivery, beam/mode shaping, pulse shaping, and pulse
timing. Generally, combinations of optical elements can be utilized, and other

appropriate combinations will be recognized by those skilled in the art. It is often
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from about 600 to about 1100 nm nore preferably, from

about 750 to about 1000 nm Il lum nation can be
weoemsiosmeeus or pul sed or a conbination ther eof PC0S2003/030281

Sui tabl e Iight sources include, for exanple,

fent osecond near-infrared titanium sapphire

oscillators (for exanple, a Coherent Mra

desirghls.tryseeptiss Vit lakgs napgsinel appwre|ta SEIVIder laghléfséa%p@ light.
Howggaf? %Iﬁnéonllﬁﬂg}’@) hbacl el é?ﬁs t&xgtgﬁ?@ﬂilepg d@stlreé @t’lt%_%t’y p'?@ffle

lse wd l'ess t ent oseconds
(andtspatéedd Iphlcbmbmhasreﬂﬂ) Oarahe:lu@l&}zfﬁ\,dn ifor exeaini@she enpesagaygeanean

. 0 1.4 Watts SMAtC sers (f.or

inclo grsFin, CORgRGH Pt D8 opf g S1oIe0 R oS ket 3 Q75N

objedRlZ8REILOX dy@ar).asers (for exanple, a Spectra- Physics
Sirah punped by a Spectra-Physics Quanta-Ray PRO, and

Q Seherelp ¢xpgosvgeof the pb@tdrdaats‘eercsmqmmoewampe earrigd out using a

T b d
tight SRR (R oS nb v o v B Sk St e 4 56w ore.
contmmgm@ @ired-Uhdnshal HRHAUGEbEIHSTIR N infor@Ry itk the

dictated by the ablation threshold of the
COmpRFHQE: &%meéplédhﬁ dight frem 2 cpptimpass syave @1 Pilgget lasqwm be

s LS RIS ST L 810G (TR SR
voluhes$ thehmmyﬁubmmh The %@Ep@ﬂdaarﬂ’h@&bamﬁd@fr aeanddhiyd il €88ee-

t han about 10"11 secaqnd) r pul se | engths can
dmﬁiﬁlél@aalmas%éa Cpﬁsfponfiﬁ@ aa%ve goaps; Peisd bpEERIpGR 3}1@? ty

dimeABEnPYREe bf hEAEG e dhhKd. | 'ﬁleacr ofBtor 1ﬁﬂ%in%éh vol RSN the
useful 1nh carrying out” the nethod of the I nvention

compasgtianchan 8 seaiedcither dyopevicathesbapesition (thaf orexampyieg the
| enses,. and

light g TioP B e B e e B GUCREHGC PPy o) e resbig

- expodéd dongsdsition CARbE Gabje@b® St éfqlstr sureEheaNPd fme ! FHde gy,
a

phase masks, and hol ograns), ri zing optica
el Bramhight uadsices, é&%ﬁﬁﬁﬂ@le purwapn pbthgrpackive spasips that produces

a ma%égﬂ%ﬁlﬁfgic?lumﬂy r{) e?IIStrllg o x%eﬁt ﬁg ltﬁ%eﬁ?“’?&[’éﬁ&ﬁ% SP%CIGS

the rd:sukmg ifflagt cmpdiptmlallﬁbe daml@edlb@ r&ﬁouﬁgfeuherftm exposed or the

S|n del i er , beam myde s a i n pul se
‘mexgﬂ gnsafﬂ ghiuseol'y Pﬁ@pﬂa&gﬁmt f?)r ’%?8%96? ALY SHST 8F-

knoxﬁpﬁlbéiﬁl Cﬁﬁ&f@ﬁ%@leﬁaﬂﬁr&%lﬁkhhbﬁeﬁ GojeRREaR bl ‘g)(‘epared in this
appropri ate conbinations w | recogni z by those

mam@killed inthe art. It is often -37 WO 2005/ 000909

[ US2003/ 030281 b h
FER PRl B P B Py SPeRE st g 7

causé‘bﬂ@‘é@bnmﬂi@))& (G0 BRbPANRA ORidbia|sueh Imithéicah@lerture,
provides a desired intensity profile (and spatia

geonpﬂtra(cﬁ Mght infemsitie gFafiabdipiribution, |tlpq paal lighbinteanigngrens. fore

o PRt e DBE R ek I 3B SR R R fprrsgpons
to pea}b ligiettihtepsifydg las svel QXupdrhe nature of the composition exposed (and its
concentrations of photosensitizer(s), photoinitiator, and electron donor compound).
Generally, higher peak light intensity in the regions of focus allows shorter exposure
times, everything else being equal. Linear imaging or “writing” speeds generally can
be about 5 to 100,000 microns/second using a continuous wave laser or using a pulsed

laser with a laser pulse duration of about 10 to 10 second (preferably, about 107! to
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General |y, exposure of the photoreactive conposition

can be carried out using a |ight source (as described
w@bwsedooad ong with an optical system as a neanBCT/082003/030281

controlling the three-dinmensional spatial distribution

of [ ght intensity within the conposition. For

48 e, the lLight from a continuous wave or El,gl seg
10 |S§§@rd> @ abut 16 19405 #Ylsepes sgFPn4 (Prsedrathigthouh Vit

&ﬁﬂﬂ h that the focal point is within the volune
puls Eé(%gﬁp03|tlon The focal point can be scanned or

transl ated in a three- Hxamplisonal pattern that

e A e R
exan%ii&o Eﬁ’tqh@ﬁarhl‘dl%ﬁéﬁzﬂéjadﬂcﬂmﬂ'ﬁﬁts‘?ﬁer&;ﬁemféﬁ MP@Sid dxam Ié@ rhs

be scanned eit her nmovi ng the conposition itse

welljgy Oihewwglttonearx@dtalémhogldumtee qemairueshie rpdudy limphthis gw&ntlon
| aser beamusing galvo-mirrors). The resulting
, exposed conposition can be subjected to a

Exaﬁ@ﬁt 1:eMsIEphetonTHotdpdtAneERAtion UsiigS(CASE)ZAS NaRepartiids
i nduces, for exanple, a reaction of the reactive

s pé/&leehthaph%m&ﬂee%zanan vees 6Hpeird HEDg Aghelsiniatey Pyjtem
f
consgsglztg ;aggas& fx% eo‘i)r%rtg:'llj z?%%d?ﬁnr?a ag'tgg@nﬁ%g?ﬁgh&pfen&%%&% Whbse
absotigtical tapeé dotryspoadaivivilly e ﬂdmeerscﬁh:e e pimeehnd frdnin theZ0ISe
unexposed re ions throu se of ,an aeﬁﬁ ri ate,
nan aw%%t an glggirnag WALHTALRE afb R MetongF-t CIRGRARIPARLIGIeS were

prephidfag deééﬁgm Bdow! tNifEa i IR RRIINAkiIoR BE 8L L§niBaNs @(%crlbed inJ.
prepared in this manhner. Exposure tines generally

Am. é?épren&om po; &7h6 (1%9@ Giilessxqtlerswise no{est elmmisas wers copamugreially

it cC i ng variabl es such

avmgﬁ?gfe%%%%h Qfﬂéﬁgﬂffg‘d‘% Bsdélg' agi’gpﬁg@/y of light intensity

spatial distribution, the peak light intensity during,

for. exa oIe the Iaser pul se (higher intensity and

GLels eganyNanenagiclesoughl y correspond to peak

[ @g

L1305 é.f?f? anb%t %’*&’)@Pﬁ?ﬂg‘@é O N
MAphat dseingider ven(s)at 1ph (’ﬁ: cﬁmrﬁi Iﬁouas g 2¥ndLetheetnesk rolomidrottom

C ound). Cenerall her peak |i [ Sity
sk e gk birengsrpis e Pl Bt spruf ht%féﬁéowe thguplaced
und&‘ﬁﬁfdgteﬁ lah@ iRl t§1% BehROrBIHb 3504 eﬁﬁo HIRGhBjRbed by syringe 16
sees generally can be about 5% 8,3

n
ml tmncqoeyisv%gedmrd(T@) rﬁ@luaa,o%ﬁmhmn Giermanse, 4 ad of adrran@ﬁ swéutlon
|
of trjpRety? Bfasph B Shigtiak rOps ERE A R eV RSl
(CA(OB: %5 05T B0 niiCals, BRaiizy Sb36) 38A) uﬂ&r Ypos@Batthngand
about 102 to 109 pul ses per second (prefer ablfy about
Nanqmpaticles Werg g5eivs eetﬂﬁh@y %ﬂé@%ﬂe} abspypipp|meaximum of 523 n

(indicative of an approximately 3 nm average diameter; see Murray et al., J. Am. Chem.
Soc. 115, 8706 (1993)). The growth solution was then cooled and added to 16 ml of

butanol. The nanoparticles were then isolated by precipitation with methanol.

The nanoparticles were overcoated with a nominal shell of 4 monolayers (up to
about 9.2A thickness) of ZnS as follows: 60 g of TOPO were dried under vacuum at 175
°C for 4 hours in a 250 mL, four-neck round bottom flask fitted with a condenser, an

addition funnel fitted with a septum, a temperature probe, and a septum. To this was
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bj ects and advantages of this invention are further
illustrated by the following 5 exanples, but the
w@a0osioenehar materi als and anounts thereof reciP@dUs2903/030281
t hese exanples, as well as other conditions and
details, should not be construed to unduly limt this
i nvention. Exanple 1. Miltiphoton Photop oltymerl zation
1

addegs h@apma)mnm@@ammmpbgf Cdgd nithhrmrt isolated
ol Ll f S .
ran BLIR ASELGN RPRFLBEL Sl B g e e

vesséllaﬂ&ﬂﬁﬁlhta@ieﬁmd& 1Gi¢agnn Eoﬂty\&rc(daﬁﬁg,mmtlm TOP, 0.166 ml dlethyl
phot osensi ti zer) whose . absorption band. correspond

zmc\xﬂelha,t%@nhw@ ﬁ@%@wéeanérﬁ RS bl@@ﬂ@eﬂ%&vaéﬁ@j@éuka
Sieif}RAAPSL Y RorcdBudi b LA0HACE F BiyboR En A BRE s Bty

remdel] dwm teidigbx aldiiglebnteodiifjectad i nmn anhddilien fynnthfétsddswith a

described.in J. ~Am m Soc. .1 993) . o
sepigy S0k SOTeH WAs BehGiU Cohes e Sl Qon SREP AR 1557
The ﬁ:‘ﬁ?ﬁe&ﬁﬁ’lleewefsrtﬁé'ﬂ Mfédcta 9GhEMfeithe ﬁ%ultm%flsbN&ﬁHﬁ %s sifred

Preparation of (CdSe)ZnS Nanoparticles 30 g
overpight. T lcteyiltipg owgpénatesl wbpati¢leOPE)e 1@@%@&% @tdeqﬂteﬂaabgve and
& WP té ort MA) was dried under vacuumat 175 C for
P HON'SFHa 250 nL, three-neck round bottom 20 flask
fitted with a tenperature probe, condenser, and

septum The TOPO was then placed under nltrogen and
Prepayation efpbparbingdyeai sed to 350 C. Into this was

in

( F{rgggﬁo‘%@}é %es‘rylr?nt%&éé%% %e)tﬁ}rl 7 [3118 %;syh (? *}H&ﬁg 18 vedS3iazol
2(3H§qﬂmtbn«3prop9f-eﬁyl] l,B-hwlzgth1a|zhle$phn i defolinivdé génerBethati n

oS Sy B T P e (E b e

carrié® oNORABihin b &S ﬁmgfthénkmﬁianlte havh Déeht %f HefiStiodide in
absor ptl on maxi mum of i ndi cati ve of an

apprappra@ly ﬁﬁtndIOf n®thyhenevchicaigle adi mfbxxe:g ovsem gl Arwlitestolid was

aI. 1 8706 ) e
prodféqd iR AR B ogfesa et salh e Dhtippoldy yIE Yol
Thishodiad edit wiheupraap abrir tﬂhle @9e BR0SInk hedhy1sAhebaHatd¥n refluxing
pyr1<§r ecipitation with nmethanol. The nanoparticles were

perlhs s of r iedidrialt s combinedorithS Sonkatdyiehylorthpforgate in

f
20 mf 3 PTMbe B R AR DG RnAD 0] Ty Pip el wos
isolaged2p(filbdation and washed withunabldpyridine/Mates kniktutd. Htle prddacewas
ondenser dltlonfunnel fit with a septum
dﬂﬁ ¥18’tdtﬂf:§a {ﬁﬁ%@e desirgd 4ve &t apiping elgﬁ’-ﬁl‘%af \X%?s%nets‘gr%ance
specBRehPRNRAY PETSLIRALIEARBIucAldE dgexane sol ut i on
containing 0.4 of CdSe i1n the form of isolated
nanoparti cl es. The hexane was renoved under vacuum at
50 ﬁr}en tthe eact lton vessel was mai ntai ned under
Poder b Fer /gy 20 m of TOP, 0.166 n

di Atdalduon of 10.0 mg of 3-methyl-2-[(1E,3E)-3-(3-methyl-1,3-benzothiazol-
2(3H)-ylidene)prop-1-enyl]-1,3-benzothiazol-3-ium iodide (henceforth referred to as the

cyanine dye) in 2.02 g of a 50/50 mixture of isocyanurate triacrylate (SR368) and an
alkoxylated trifunctional acrylate ester (SR9008) (both available from Sartomer Co., West
Chester, PA) was prepared and allowed to stir overnight. 40.2 mg CD1012

diaryliodonium hexafluoroantimonate salt (available from Sartomer Company, West
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zinc (Fluka, Steinheim Germany), and 0.333 ni
bi s(trinmethylsilyl)sulfide (Fluka, 5 Steinheim
w@samey9 wer e | oaded into a syringe in a drybPXT/US1963/030281
syringe was then renoved fromthe drybox and its
contents injected into an addition funnel fitted with
septum_ The solution was then added dropwi se to the

Che@@tsé?ﬂmné 196 e CSH 460 boratesalt (ayailablsdsem£+ibe epsaAtyt hen

0 i
ooy 4 0, AON AR IR, LR 1 BRSO D MRen s
the smanmpao tforal SteckBolatibs Al, sthédh wss proghirediteltr adfovigh@radd thcd

spersed, | n tol uene. ar.at |on of Absorbi ng Dye The
Storﬁla@gm Galsdp by Hgematogh eelation

@%c@ﬁ olfidn(A Gas ﬁ‘)en%s&igfo'ﬁéﬁb)fé threSpIRREERLHVL %6ﬁllpbsmons as
3H) -ylidene) prop-1-enyl]-1, 3-benzot hi azol -3-i U
fOHQV@dI de followed generally that 15 outlined in
Bi ochem stry 13, 3315(1974). Methyl ation of
2-met hyl benzot hi azole was carried out by conbining 5

M cgMBoserIoN Benzot hi azole with 2.6 nml  of
nmethyliodide 1n approximately 50 ml_of nethylene

chilernbeof afd Mrsolitiongf eheerdranopatiohs instolishe dagadded to

I

PSRy R R R AL 38 Sl o b SRpowbd R auh3r 20
s alntinwesumi yix echopartities mefefm)nﬁhletebylispsﬂsﬂg 0.461 g of Stock
triethylorthoformate in refl uxin Zoégg/rl di ne, The
9. 69lugopA YAvaddsd ad tharesuligg miy HiredHoB) gupen
triethylorthoformate in 20 m of pyridine and
refl uxed for appr OXI mately 5 hours. The resulting

OW dPARATIMBE) ati on and washed with a

ol P Sl IS el GBS s

Nugd 220 goEaetvwigs gcﬁﬁmmly(w@@ blﬁtﬁﬁ@ﬁﬁ){ow%m&ed for 20
used to confirmthe structure

- Pr apaytas tei vofll disnsrsede Qéﬁ?\g@f@é‘?ﬁko%qlwfﬁhé s sdfiest, paghthe
?nglgqu F{riié“a%%“%‘l ff)gs ml?‘l;}tef' 1, 3- benzot hi azol -

2(3H) yI [ dene) prop-1-enyl]-1, 3 benzot hi azol -3-ium
de (h S 0 as the cyanine dye) in

OMPE DO PO i socyanurate triacrylate

(SP368) &rs%@is&&l&h' xwlaa&&dtotzrmf &'BES 2ORRY @&ﬁeré@&fe
ester (SR9008) (both available from Sartoner Co.,
CheslyévinylPajyra & oluspe red standl @ Sanedtes.o stir
overnight. 40.2 ng CD 1012 diaryliodoni um
hexaf | uoroanti nonate salt (avail able from Sartoner

The CoMpaditionsadre s é@e@%@%%’é@ﬂp& RGh 53208341439 88dted with
Chester, PA) a%gl 10. 8 7460 bor at eﬁgs%alt

trimethyes ysHpEoPy menh@mé@tsswef@rralcieyr c@tiags apnrexinpgly 9@ siigrons

thlc%egﬁ[‘%l sg |Vt \Jv&/s rgmo(}ecpbg'gfalgné gL %5%8‘ sl%elé iR 8n g&“b I)%%rkor 10

minutes. Table 1 summarizes the compositions of the three coatings based on weight of

solids.
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the solution to form Stock Solution A which was
prepared under safe lights and then stored in anber
WO R@s®0000 prevent premature gelation. 5 Stock Bol/usi0031030281

A was then used to prepare three photoreactive
conpositions as follows: COWOSITION B 1.5 nL of a
0.05 M solution of the CdSe nanoparticles in tol uene
was added to 10 0.433 g of poly(vinyl butyral) in 0.5
m. of tol uene gig)a.l Pﬂ@t‘éré&ti%@orﬁeqﬂfsi m nut es
until the nanoparticles were conplete | spersed.
0.461 g of Stock SQbhiposifioA WaConassiitibn €@nd Coaposition D
resulting mxture was stirred for 5 mnutes. .
covP&ampagent ( COVPARATBVE) 15 (Ggmpaggtive) 99 (Gompaiative)
CdSe (325 nesh, Alfa Aesar, Ward Rikley MA) was
to 2.20 g of a 20 wt % sol ution of%l%))(vi nyl bu@g?a )
in toluene and stirred for 20 mnutes until well
di spersed. . 0.439 ¢ of@%k Sol ution A was added, and
the resulting m xtur stirred for 5 mnutes. 20

: COVPA E) 0. 53T fStOCK SOl on
A vodCark] izl o ﬁ?'ya 20 vt oesal ution of 6
pol y(vBR68but yral ) in23.4l uene and286i rred for 5259

m nute%i%%ér(gs con‘positig&grv\ere spuga.%ogtSed at 25999r pm

on to cope slide eated w
tri rrgg,gmgé(mgl yl propyl gpet hacryl at g 2pbo form cl eap26
coati ngs approximately 30 microns thick. Residual
sol verftDIRIS renoved by0B3ki ng the €88t ed slides 1f3an
80C o f 10 m nut Table 1 rizes the
COITpOS&I%{iﬁgﬁ(g of the thﬁ‘zg coat i ngsgégggd on wei g%‘tzgof
&iSedEnS 8éhopddicl¥® 20054280909 PCT/ US2003/ 030281 Tabl e
1: Photoreactive Conpositions Conpqgsition Conposition
C Con%‘é)‘giqqsén D Corrpon@nt B (Corrpér3§tive) 0
¢Compar-ative)y—twW—og—t W9 W95—Poty{viny
butyral) 47.7 49.2 46.7 SR 368 23.4 22.6 25.9

The coated slides were exposed using a diode 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 conirolled, 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 wm/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
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SR 9008 23.4 22.6 25.9 Cyanine Dye 0.23 0.22 0.26 CD
1012 0.93 0.90 1.03 CA 7460 0.25 0.24 0.28 (CdSe) zZznS
wNaovspenvd cles 4.23 0 0 Bulk CdSe 0 4.35 0 TheCT/US10031030281
slides were exposed using a diode punped Ti: sapphire
| aser (Spectra- 5 Physics) operating at a wavel ength
of 800 nm pulse wdth 80 fs, pul se repetltlon rate of
linesgigmping eiethslifandeble 2oTmupsizex hieaesilty- 3 bamaxypgm
photS&tnkl‘ﬁ@lty Wag bﬂse?t‘?é?lsfols th%%oﬁ%)oélﬂt% offhs H)I?\;B?lhﬁﬁ], (t,‘drtﬁﬁgﬁsﬁ?m B. No
ors; an optical attenuator to var e optica
reacianwens ob};ﬂd/ed fﬁ(@ﬁthermﬁ:&e scpEanty mnpdsmo@lhl(@omﬁoﬁmnst(b and
ch .coated slide was exposed t
D). GRS ISR 6 TSRS o8 ALeSF PP BRRRIFLE re°
0.038shRScope obj ective. The focal point 10 of the Ilght
beam was positioned to coincide with the slide/coating
interface. The average power delivered to the coated
slide (22 MmN wdabbe2sTieshold VeitingSpleedm exi ted t he
m croscope objective using a calibrated photodi ode.
Each slide was noved under neath the focused beam
UST g a COMpUTEr CONtT Ol Ted)] 0~ 1TEest the
photosensitivity of each phot or eac?l ve coﬁposn tion,
seri esCappsitigpmer 15 | i nes weSpeal @ahé) by scanni ng
s
rangi ng fBom 77 m's to 40 nm's. Fold ow ng exposure,
unre E@(dmg% iwgywas renoved by sqlygfy devel opment in
propyl ene ycol met hyl et her acetate and the slides
wer e lbh@mmparms‘@d vvlth |sopropyl @ﬁﬁtol and air

i cal

m croscope and a threshol d vvr|t| ng speed vvas
determ ned fromthe nunber of polyner -42 WO

Exaffes NI otdl PHORROR i DARIn e ISRIPAS NAfo Rk i

I Uce. e £ SUllliarl £Zes e 1es
p h Mtﬂaﬁnmﬂ phut(bgolymmzahse mae elffémd tidire @ phgomitidtarsyetem
, theigegtlon ositio reacti on was
consiag o éﬂ § BRnoRREGISS apd 2R C%WF@Ptve conposi tions
(Conpositions Cand D), indicating that the threshold
writing speeds for these conpositions were |less than 5

PreprgRR ofvfnse Npabpasticles Thr eshol d Wi ting Speed
Thkegeh r?a!mopartlc es r\}%re preggrog ag dgsrc]rﬂ?gdeb qO\gl usmg) a slight modification -

“of a published synthesis, J. Phys. Chem. B, 102(19), 3655 (1998). Using standard airless

techniques, 56.25 g (75 mL) of hexadecylamine was dried and degassed under vacuum at
125 °C for 2 hours. The hexadecylamine was then heated to 310 °C under 1 atm. of
nitrogen. 0.41 mL (4 mmol) of diethyl zinc (Aldrich Chemical Company) was mixed with
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
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B 2.13 C (Conparative) < 0.033 D (Conparative) <
0.033 10 Exanple 2: Miltiphoton Photopol yneri zati on
wWOJ2008000INSe) ZnS Nanoparticles Miltiphoton  PCT/US2003/030281
phot opol yneri zati on was effected using a
photoinitiator system consisting of ZnSe
nanoparticles and an el ectron acceptor.. 15 Preparation

tﬂoc&i’flp’fz}%ﬁ@n?\léli‘fb@gﬂt ofch %ﬁ@ﬁ@@hﬁ%ﬁ%ﬁ%%@ testyinbpepdnceand
adde@%i %ﬁ?ﬁé ié)bcgg ?1(? é(g}?’\%vek'? rﬂl%ﬁés S lI‘gﬁ fﬂ%g'u%é%%&%?{koég&ﬁﬂow

solutﬁdxﬂ@&é helwﬂmmﬁnddﬂd}u&l ztﬂdﬁﬁ@n cdcdedhwol IPOES.. 56. 25 ¢
(75 nbL)  of hexadecyl am ne was dried and degassed under

v a&ﬂﬂﬁl&tﬁhqq@@f the wﬂut@nm@dedrwel Ohakealdlmtgmed A A Svpyace
screw '&Qfﬂ J(ag m%dgﬁeq?g’r}'ﬁe ?)%fy(t]etr?gﬁacf??tgﬁl%%ﬂgﬁ%%gﬁrﬁorﬂ TtPont)

Zl'nc
coateﬁ)sm day ) Thwgjar waxgd 1m1bfahNaté’103aﬂl’u. at 63 ‘tﬂ‘,taylﬂ ﬂhm@hhioﬂevas stirred.

(Fl uka Chemi cal s, Steinhei m_ German an nL of 1 M
ZnSg panepasficlss 8’§EﬁwPrﬁ‘é1P§§P‘é RY #he addlitiqn, <$§¥Wp ﬁ%félﬁﬂﬁlph@m% @5 mL
e SRR PRUA 28 854 D o D) REAREHB! Gy

follopver g rdat antaioofof thediqui@potionn§he ﬂhmﬂplaﬂmla&a@ere detuckdolved into

1 mIg ot 20 Seniieny (A0 I Bremave & Al gigrelhng trve.

The eAarderd ds RGI¥IANP @@}l ém @m) %ﬁie@@n%n‘sﬂlsswn electron
ri octyl phosphi ne and ad dropw se to the sol ution

microsgepy gieghiremenisit €ke tohfene soluaomrwrae dd:tglmmsed i eomtapm 1.3l mgmol

Znsdfp i gl oo Yis Tt Sl Siedth bflnd fie Tubadptifsned

by CiiA. Déatherlhle r'Woit W k) ¢S WhiMiRulee| £0IM&. Bawendi in J. Phys. Chem. B
tr| oc?é%%fhosphi ne and added dropwi se to the sol ution
nutes. The resulting transparent, gol den
yeI | ow solution was held at 280 C for 3.5 hours and

Preph185, g@}ligﬁg% ;[ggzgﬁ gaﬁg E!—T aliquot of the solution
an 8-ounce 5 screw cap
j aZnsuov&caat@EnsmmOﬁaﬁbm Wkepplepirh@by affi ght ancifidnyioR R )

( v ble from DuPonéA t ed bar. The jar was
oot el Rl resah G, 5463 C002hd Sinsesraiett e dadmiaues,
t t
0 gl ??’%‘aﬂ%hf%@%*ﬁ“ﬂ@%a‘ﬁ e S YRR, ERkPhi P dia LT
degassad apdertvaches anBYSe" G &oRdtoack. blghe(mrﬂernaﬁMMempx(egﬁ@rﬂ)above

(L3 G BS0I05 fork Phrio DoV RETBSSIPN TSP B WGP IITHBRInS, and the
resulgbifrﬁh\ﬂi?e?%%gtea% éOfn‘C 'g%i)é&ﬁl?ﬁmfa BEP ﬂ; 'e]éfégﬁ&i zﬁé Qgpdrlch,
0.25 mL, 2.4 mmol) was mixed with 30 mL trloctylphosphme and 0.5 mL of
bis(trimethylsilyl)sulfide (Fluka). The resulting solution was then added dropwise to the
stirred trioctylphosphine solution of ZnSe nanoparticles at 205 °C over 80 minutes. The
temperature of the resulting solution was then reduced to 135 °C for 3.5 hours.

The solution was transferred to a 16-ounce screw cap jar with a one inch Teflon™
poly(tetrafluoroethylene) (available from DuPont) coated stir bar. ZnS-overcoated ZnSe
nanoparticles were precipitated by the addition of 41 mlL 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
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The particle dianmeter was estimated at 40A (4 nm
based on transm ssion el ectron m croscopy

wore@somnent s. The tol uene sol ution was det er nPEEUS1003/030281
contain 1.31 mmol ZnSe by ultraviolet-visible
(UV- Vi s) absorption spectroscopy, usi ng the rret hod
published by C. A Leatherdale, W-K

wervihn Hissolveshiaioi @L ®heepand pentrfugeh WOOQPM tosemfse aomall

Pr. N TN
o AR AL PO BEORLA o 7SR gy o
publishepay €d AbY esthéghle, Wod{.fWoatH.on Mikukec, mdiViiG.ixvendi in J. Phys.
Chegy B4 12203 <to6 Seiipras detemingblorfonigin 07 M Znse in the
%aw t el nhei m
fom&f mey aﬁagéﬂgc}r [ eof'(r ézzdnad degggghe%%%nes}s vacuum at 105 C

for 2 hours The ZnSe nanoparticl es prepared above
Mulfiphdddn Pa@mbpdpBenizationca. 1 nlL tol uene were injected

e ok siog oSBT dabioiz. At drieihi bt BBy
Jack%ngﬂr{‘%lkgggaq iﬁ% 47986 T &céyl%‘{g%{%\%?zﬁvﬁ%m&ﬁ 30

sphi ne and
ydm»mc(thyl) rmtmhmté trlapsldté (IR3GRF] ankdB.7 Wh® allesylatedigifunctional

acry, E}%? &%&EB&@@&F ﬁghrgg ?lg‘cg' ag%ozggl%ﬁ%%oﬁ%g}e{ :d& e\gesé Chester,

PA) 3R plepad@in &R afiberiigBand IR wet e6DE! fof DO tifited il the CD1012
resultlng solution was then reduced to 135 C for 3.5

was lsomplstedThesobistlutA 8rl swdiquetofiikis sioek golpgom wasthen piased in another

scl.e
b L e e e T o
nancﬁﬁﬁicﬂﬂ; if toliedeawas aaﬂéii e cak esludnbe folfl an apogalytdleir sslution
preci pitated by the addjtion_of 41 m? {lret hg(nol .
(hergipaftesyCompORtgt Ba e ouEtEeos0 8 Aighekatahe gk solution was
i
plac%%ﬁf@%e;)tmta eﬁ\%a %f;?ncf g 1 Jl?]?i???lﬁg t&ﬁeﬁeev@%/sr %dfggg ﬁ{ got?lﬁio(ﬁ&gggltlon F
(Comnpayaiive) p Botli armpdkhens sreopaidwer testir ovenigld 120Hh00LHIO09
PCT/ US2003/ 030281 were then dissolved into 1 nL
contg@fhiene and centri f uged (4000 RPM to renove a snal |
ampator @fo BEGHS lof BRI befHosiddh Rekrd Placdd fhisaydrak @égw’&ssdrbé e

absorption spectroscopy nethod published by C. A
microseaph lidialaad appvat slipws placed/on fark b deop @rglugipgcontaining a

o STt P B ARy
ethythelk ploRy P 4- (ﬁmﬁﬁ)mﬁfmpﬁfel) wak phced i theatmd sliild o' bearssdhed &

of ZnS, Multi & ot on Phot opoI ynerization A sto
refercgr iy dsfprpning thegorrggtdpag) positign ﬁmoswtogf@rﬂ?&waﬁwa%was

e
miciosaipgabjecare(N A 085) y Tht fochSRIBB)E, thabenR §ay peditidred to coincide

withatlh lx a/el/cac)trr?p%s%tlrolnfnlxjtggfgceo [}gcl: light source was a diode 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 and an optical attenuator to vary the optical

power. The average power delivered to the slide (45 mW) was measured where the beam

45-



10

15

20

acrylate ester (SR 9008) (all three acryl ates

avai l able from Sartoner Co., Wst Chester, PA) was
w@e@paoema i n an anber vial and all owed to stirP¢DUSD03/030281

mnutes until the CD1012 was conpleted dissolved. A

0.1g aliquot of this stock solution was then placed in

anot her anber vial. 0.02 nL of the_ above-descri bed

exitaghe igRsaope PRISCH iRt edibraistphasodiadn phite stide asimpved
ndegeEE AR ELER i b UGmBHREorRih, PRk BB o
E) ToAsst eheqihiopaemitiviey, ofaeeath Sorgp@iticgyiakerids df lpelysten dines was

sol uti on was Iaced in a separate vial, and Q.1 ni of
creaiggl by SeifaBe Whde el thetf acwssq? B ate Aerds [gRging from 77 um/s to
r |
10 gt b o0 b, SRR LIRS LABE Pl e o K dfcetion
four diiep Svithf 2 @@chiccaninotinienoin the Yedipdction dfterneash pasrsabexs to form
gi ons on a, mcr scope shlde and a cover a
aPPramvggy Bight B Ton W %]b“eéf Sl SHPRWH, APFRRR aesuhwaweywved
r s
by sélle&ﬂ dF§&§H5}hﬁrg% }lstohl&&gg SF?}?)? Pﬁlﬂh%’% e hly(/) ment rgg‘,(ei/s)s , the cover
slip Was( mliydlo;t)dde]fﬁ tenicwasops sadecbxposmg@emhﬁn@imd déneo Pe slide
as. a, feren e in determ @ﬁinﬁg 5e cor ect foca
was ﬁ@g.eﬁ?lawe EQg?fs‘"iﬁ‘r"é’ 153 PIGESE R 5t ¢ TH5F °Wa‘§“ e YEPT Ve
dete@bihedomQARE hitB&SINpoliBNd et RfnShihg 8n IR @RIk Hoil &3eh
highly focused light Troma 60 X mcroscope objective
compogitiap. g%y thempangasdian g shaninverttionhCompesiionk, the shreshokbyriting
speeﬁ‘avag %é}o ufr?lgaée 1“[5 Jngﬁ yoqﬁln,gé)gﬂé’r%t%in%&‘ ﬁéﬂh@r{;rﬁg&ml@e
cmnméﬁﬁmithnﬁbmﬁbﬁia operating at a wavel ength of 800 nm
pul se width 80 fs, pu]se repetltlon rate of 80 MHz,
beé(ﬁ%la‘ﬂsa‘ﬁ‘é‘th&“atéﬂnséﬁﬁ PEEHeRSP Jhis Rt bRrcoes appRIgRio
thosS&i BRI tBE &4 watholOxk th %fcﬁh% skg;genérf&l% Eﬁtrdf‘?l'i1§ nﬂféﬁu@r{‘ It
optical attenuator ry the optical = power.
shoud/ e aglershomkthaitblsi meemadn tiondteendeadde be dtﬁdlﬂWmW@d by the

sured where t e be 45 2005 090
il SR D 28 Sxadiogt (R TRy ot Dpesg caemplys and
embbdibiRbtsard ekéﬂi@i Bewr 6f OdinglkConly Rathsthé @J&)pw WM @ghtion
under neath the focused beam usi hg a conpute
f‘ﬁﬁb‘tsosen& tivity

intendge ¢4 byt limifed gnlabiyghe elaiyes seréprihdicrein jae
of each conposition, a series of polymer |ines was
created by scanning the slide under the focused beam
at speeds ranging from77 nnmis to 5 40 nm's. For each
speed test, the stage was scanned back and forth al ong
the X-direction four times with a one micron increnent
in the Y-direction after each pass so as to form
approximately eight mcron wi-de |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 yneri zed |ines. The slide
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10 was then exam ned under an optical m croscope, and
a threshold witing speed was determ ned fromthe
woeoosen090d pol yner |ines remaining on the sli deCt/v82003/030281
each conposition. For the conposition of the
i nvention, Conposition E, the threshold witing speed
was approximately 1.75 mm's. No image was obtained for
t he conparative conposition, Conmposition F. 15
We ¥&dihpus nodi fications and alterations to this
rnvention will becone apparent to those skilled in
the art w thout departi ng fromthe scope and spirit of

this inve shoul.d be understood that this
niant | ey PRSP o BRASHoR GBIl v 11 m ted byt he

i 11 ustradi ‘é@le@d’f’éﬁgféi@trﬂ\;essp@&gs ﬁ?&ﬁﬂmaﬁa?o@sf udRFINE! &id or
and t hat such exanpl es and enbodi nents are presented
by way of l@d@n&ﬁmtla@ﬂqhemlqahretah@ors@oée of the invention

ﬁ Ce} r Ie :’ltn € gbg gtg\?@tlatorngiét%%&xf%g}%g)gﬁ%l 2 crgﬁy-e?gectwe eEnrfounts

PCT/ U82003c5f030281 W C a| m 1. A photoreactive
conmposi tion corrprl sing 5 at | east one reactive
speci es t hat (Dsatdagshpretype oziml@ﬁ@muﬁ@r apnepeytiple grantum dot
radical -init 'tl?att ﬁgs fﬁh@am &d%l eléc%%‘ﬁ}c e?;@tte@&gte(tﬁ’e)t ifaccessible by
phot oi niti ator system conp
phot ochemi calabgmﬁfdnelfttwverampmcs;ons;)fanc( 1) at Ieast one
type of sem cqonduct or  nan i ¢l e quant um dot
Uhat has at (a8 PorBpsi e SR st B éedlchf‘a%P@C‘Fha{Pat ig
(2) 2 composs e TR iy 8O RRY Fal 8Pk SemRBfuctor
speci es, t hananopartiwépatahempdot to femaattlpasy ond teactsai-itiating
excited state of said sem conductor nanoparticle
quant um dot tRF4Srm at | east one reaction-initiating
15 species. 2. The conposition of Caim1l wherein said
reactive species is a curable species. 20 3..The
cofposi ThefomBposticn ¢h Claigh & Mdiereis said f@ﬁﬁ‘é%ﬂ@“«@ﬁ@cﬂ axable
speci lected from the group consisting of nononers,
ol'i goners, reactive polyners, and m xtures ther eof .
4. The conposition of Caim3 wherein said cur abI e
speci es

2081 | oRDETGREN AT o ADEF HHACORP OB 5 selected from

the g@é‘ﬂi édn@i@ting of monomers, oligomers, reactive polymers, and mixtures thereof.

4. The composition 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 composition of Claim 1 wherein said reactive species is a non-curable

species.

6. The composition of Claim 1 wherein said reactive species is capable of

undergoing a radical-initiated chemical reaction.
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25 crosslinkabl e polyners, cationically-polynerizable
nmononers and ol i goners, cationically- crosslinkable
w@eiognerrs and m xtures thereof. 5. The conposPeT/082003/030281

Claim1 wherein said reactive species is a non-curable

species. 30 6. The conposition of Claim1l wherein said

reacti ve species is capable of wundergoing a

radi cal -initiated chem cal reaction. -47 WO

2005/ 000909 PCT/.US2003/ SHTN A : bt

Qo m 2 garer gk oh R ein S RUGATRAS! fn@Partie
quantEa1dk B8 PRles @AERIdoRasctr sitieddingtn cicogrosptemsistidg of Gueup IV,

the group consisting of Goup IV, Goup IIl-V, Goup
Group 13}, Grawp ey bapd Cronn I-YEsepdsnndie8ts. 5 8. The

conposition of Claim7 wherein said sem conductor is a

Goup IVor a Goup, II-VI semconductor. 9. The
C @IPOS i THe@ompbsiGbabfCRhimiewkdrninsaiddeaueandveigistadsrong Iy or a
Goup I'1-VI. 10 sem conductor. 10. The conposition of

GroupllaV hegnigprdusios sai d semi conduct or conpri ses zinc or
cadmum 15 11. The conposition of Caim1l wherein
sai d sem conductor nanoparticle quantum dots hayve a
avier agelhei campiosition of Cleam_SawhereinfsaismicondgetafistadoLnB E{“VI
.30.nm 12. The conposition of Claim1l wherein said
semicOBIYduct or nanoparticle quantum dots have an
average radius less than or equal to the Bohr exciton
radi us of said 20 sem conductor. 13. The conposition
of 1001 ai Phelcomesision of Slaimsbyhersiciaid STiFRRTERIRF FPrEpiises 2inc or
uantum dots have surface-attached or surface-bonded
ani ¢ groups that serve to conpatibilize said
sem conduct or nanoparticle quantum dots and said

reacti ve speci es. 14. The co si t.i. on, of L
Wbl of 1T hee RS oR SR “HGRORHTY reetisortydlon Thftodlie
L ERAGUE R raR8 @Okt C5entiteadboun30 nm.

quan otg&9§§%§#ﬁ£eg%ﬁg%sition O#BC%giﬁlf wherei n said

sem conduct or nanoparticle 30 quantum dot has at

'b§ £ opg e eclhon'or el | SletiPlats ibol doRf SRRl

quantum dots have an average radius less than or equal to the Bohr exciton radius of said

cadmé

semiconductor.

13.  The composition of Claim 1 wherein said semiconductor nanoparticle
quantum dots have surface-attached or surface-bonded organic groups that serve to

compatibilize said semiconductor nanoparticle quantum dots and said reactive species.

14.  The composition of Claim 1 wherein said semiconductor nanoparticle

quantum dots are core/shell semiconductor nanoparticle quantum dots.
15.  The composition of Claim 1 wherein said semiconductor nanopatticle

quantum dot has at least one electronic excited state that is accessible by simultaneous

absorption of two or more photons.

48-



10

15

20

25

30

absorption of two or nore photons. -48 WO 2005/ 000909
PCT/ US2003/ 030281 16. The conposition of Caiml
wab@seirosai d conposition that is capable of PCT/US2003/030281
interacting with said excited state of said
sem conduct or nanoparticle quantumdot to form at
| east one reaction-initiating species conprises (a) at
| east oMke oomppitidmof Glhih diwherdinsaid copasitipmthagis capable of
. electronic_absorption. bapd that, over|l aps with
intergfAECHIR FIL XIS O Al T ogtiF SR ERT Bt dot to form
at 1638 Th& RRBHGT-BFi+i HRRAPBEGIE] CnfpriRBand HiMetdlone Bie-pRdtoAbhotoinitiator
east one el ectron” donor ‘conmpound and/or at |east one
that bhsat dlentropdrahsorption bapbipatioveriaps WH a8 gipseBV e flgsfronic
.Claim 16 .wherein sai d aone-phot i ni tiat [
e GiePdEPd ot PSR ERE SIS BOREREE Bt BpP f D fecdfone ccctron
dondHt@hRolihd i/ & 18RBénca@E oA aeceptdrcdmpolfid.r adi cal
source and cationic photoinitiators that generate an
acid when exposed to wultraviolet or visible
radi,ati gn. T Il ' E 1
saiqZ’ frgieﬁ?rcélglpg%{ 8%§g ol nilt%i a f)ér}é S%g,hg??ellgtgc egﬁ’lfl@g%m ®
seledtB@ frgfroMp geupsdoatiktivg off frezcetiophdoomiritiatopethaogrrerrenedee
aryl glyoxal ates, 15 acyl phosphi ne oxi.ge% benzo&p
radieal eiprse ansbertiopiophosinitiatory @%%Pﬁ@f%@ acid whén exposed to
uef I SR idiggdnes, i sim dazol es, .
riacylimdazoles, pyrylium conpounds, sulfonium
salts, iodoniumsalts, nercapto conponds, quinones,

azq_co unds, ar.ganj eroxides. a m xk- .
Chaeor Thesnimoodlidt e CIR T iSoa ARt Sl bhighorotnidators ar
seleSl el e ik QUP doSis G ObPace RPBddtY) Gefophddrles, ag@ngyoxalates,

salts having an onium cation and a hal ogen-cont allgn]l&q%
acylpbosphing oxidesrbenroia ethers bewil ketalpndhigrpnshopes ehlopoplgyitdeines,
..sal ts havin N ' - 1
visi e e e R PR TR eblrfoSRRE bRk AR, RAGhiAm sales,
merb®i@tdapshds] Qriniesazeabirpowsds| diganiopeseddes, andnuixtures thereof;
m xtures thereof. 19. The co ogli‘ti on of (.ai mgl tallocene
and ipjdcafione BRfOBSRIYE iafg PO Scgpb P ine g metatioce
saltd BB PGE bl18mWatibn S Qh;ﬁﬁgérﬁé‘(ﬁtfﬁﬁﬁg Qofiblek@ntbn of a metal or
senm conductor nanoparticle quantumdot to form at
methibaid metaBogeaa s4lisdraving] anj caganogetadlie sasples apiansad ahpjogsn-

| east one one-photon. .phot nsi.t i z i ; \
coniafidas pORRIEY 208 b o DA s A st 25, Al ptm saes, and
mixtReL@BMefted electronic em ssion band of said

sem conduct or nanoparticle quantum dot; and (2)

either or both of (i) at |east one el ectron donor

conpounddi fferent f .Sy : ;

phot’6sen Il’etcloﬁn rogglr? Og gg%%ﬁaieg%%gglo%ght [ ng[ (%ﬁlog I t}é%ttlb} (C)ar]f)a]tﬂg of
inteddtigh @Gthrsald excR¥d sthief shidtsemicohdwarchaooperfitiogomtum dot to

phot osensitizer; .and (ii). at | east (lgne el ectron

forrg at lepyt ome m%ﬁatiatiqgastpeggs CHRIbTS At B:é\f,tﬁ)éle one-photon
phog(flg{x:s?t?zgeg Iﬁ%\;lhé 6 R¥rGGE §RIdrMEbnhng iRk bi&Tapk WA @Nup-converted

electronic emission band of said semiconductor nanoparticle quantum dot; and (2)

either or both of (i) at least one electron donor compound different from said one-
photon photosensitizer and capable of donating an electron to an electronic excited state
of said one-photon photosensitizer; and (ii) at least one electron acceptor compound

that is capable of being photosensitized by accepting an electron from an electronic
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-49 WO 2005/ 000909 PCT/ US2003/ 030281 excited state of
sai d one- photon photosensitizer, resulting in the
wo orosmodoon of at | east one free radi cal and/ orPErU82003/030281
20. The conposition of Caim19 wherein said
conposition conprises both 5 said electron donor
conpound and said el ectron acceptor  conpound, 2%. Thﬁ
excitedotgto of $aidpnophatdmphatawniifiesrerasuing dp gﬁef‘-”ﬁ%’coé‘r? at leas
hot psensitiz is capable of absorbing light wthin
°neﬁ£ﬁg“$%ﬁ65&%¥wﬁavelengths bet ween about 250 and about
800 nanoneters and is capable of sensitizing

2-met hyl - 4, 6- bi s(trijchl hyl ) -.5- ine. 10.22.
a8 LT TR D i oo

said e&’%l%ﬁ%%ﬂéﬂ Jdngﬁ)'hnﬁ Snd §a3cll gietgsh Adcemol Bémgsdp consi sting
0 ounari n

Ketones, yes, Xanthene dyes, acridine
dyes, thiazole dyes, thiazine dyes, oxazine dyes,

azji ne dyes, am noketone dyes, .porphyri | Ceoone s

ety oy ecompareapboren 16 Sl pRuy thRord Ry fizer i
capattELLAR orbin € RERAHALES the 3 QLI AW gt bb@es about 250 and about

nmer ocyani nes, squarylium dyes, cyanine d

e dyes, .
800 npyomeliers andislgapsblead densitiaing Eenetiirielrbis(tpighlongqpethyl)-s-triazine.
conposition of Cl aim 19 wherein said one-photon
phot osensitizer is selected fromthe group consisting
ofyoxanthgn@niieRion oY @Niimel Xy RaeinksatdomesphoReh photosensitizer is
ket ocoumari ns, am noaryl ket ones, p-substi uteﬂ d
selectgdifrons ther gFPUkeansisENg BHERERMGE sCOUHE ‘ﬁ‘ne%t"&P DG BN

9 %gzgftxé bR, Hazfre Qi'y?és, 12inwhagee bf(ij‘mﬁﬁdeﬂme dyes,

. Th
dyes’éﬁig?%lﬁgty%h p osensiti zer sel ected fromthe group

porpl§@ins] &binagc pblycydie hydrogaibons, p-substituted aminostyryl ketone

3-net hyl - 2-, E, 3E) - 3- (3-net.hyl -1, 3-.. 25 -
comma%@ﬁvwegf&izlwﬁbagiﬁ’ P’%&%é( TIBP%Sp SQUATYHE 9y, CYARIE 954 7
dinsr dvein 4 HhidBwresGBEREOr qui none, gl yoxal , biacetyl,
pynd%?%,6}%-1etranegﬁ§lcyclohexanedione,
3,3,7,7-tetramet hyl -1, 2- cycl ohept anedi one,

3,3,8 8 tetranmethyl --1,2-c i 0N e

o U

selectidFrdra QY group eaisting bl kirthenyiyegxyene dygs, ketones, :
2, 3-but anedi one, 2, 3- pent anedi one %,S-hexanediogeand

keto@umapias.AREaPaSHketones PrutHEH ABIROStEYIehpc compounds,

...he i one, 2, 3-octanedi one, 4, 5-octanedi one,
nnmﬁ?g&%%%ﬁbhexanedione, and m xtures thereof. -50-' WD
2005/ 000909 PCT/ US2003/ 030281 25. The conposition of

d 2ai.m 1%hg gon?p()asiitggngof%lgirmei& w%éariegn seali 8rtler-8l-rﬂot919 Bﬂétosensitizer 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-jum 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, 3,3,1 8,18-tetramethyl-
1,2-cyclooctadecanedione, dipivaloyl, benzil, furil, hydroxybenzil, 2,3-butanedione,
2,3-pentanedione, 2,3-hexanedione, 3,4-hexanedione, 2,3-heptanedione, 3,4-
heptanedione, 2,3-octanedione, 4,5-octanedione, 1,2-cyclohexanedione, and mixtures

thereof.
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conmpound has an oxidation potential that is greater

than zero and | ess than or equal to that of
w@2asnehoxybenzene. 5 26. The conposition of EIHUS20085030281

or ClaimM9 wherein said el ectron donor conpound has

an oxi dation potential between about 0.3 and 2 volts

vs. a standard saturated cal onel electrode. 27. The
coRposi tliteRomposttion ¢f Glaine 6 or &3ipd O wrherain faid glegtron donor
com@&ﬁfﬂt Ha9%n %Q@fio%_pot‘éﬁm M % e%rgatglﬂlﬁﬁ Egrg aBﬁ P4Ly 'ﬂﬂx% o? reﬁﬁ'zﬁ to that
onsi sting of antnes, am , ethers, "ureas, sultTinic
of palthethomytdntdnei r salts, salts of ferrocyani de, ascorbic
acid and its salts, dithiocarbamc acid and its
salts, salts of xanthates, salts of ethylene diam ne
teppaacgipl on%g GhiorS&d (§l§in926 bRl 9 v&(f%féﬂx 3418 Q1R ES dbdbr
+ m=4), Sn conpounds (where each IS
compeiteden de pxidgtiorc pasewinl betgreet heow OdugmdcDnalisstsi agtandard
al kyl . aral kyl , aryl, and al karyl groups), ferrocene,
Samrfgéé:ﬁg’nf‘ﬁlfieﬁ%%%e't hereof. 28. The conposition of C aim
27 wherein said electron donor conpound is selected

fromthe group consisting of am nes that contain one

or Zfor e TheiPernpesitinn offdpia 1@ sr Clagink$) weydin srid electser denor
comﬁ&lgx}iﬁ%?{%ﬁ%afnﬁﬁ%}gg% l‘(l(';):ué 'ccgfésﬁséglﬁlé)?%Wnezoanﬁdes, ethers, ureas, sulfinic
acidardi theik byltsaslis ol stzeaitde, dscbrbRtaod i ivGhRE) aahbeabhshic acid

4- di met hyl am nobenzoi n, 4-_ di met hyl am nobenzal dehyde,

and ifs $l el PEFANYRASRSN S Of ethylene diamipe tappeaticrisidhalisohy |

s ehordsfott A TE SRS BB TR B

choseih &omi the geiug consipoy) dfiatiyl, 22&kglo atydj and atiergairous),datrone,
ddonor %%n%%und. 30. The conposition of Caim1l6 or
and 18{XLyes H9Tepler ei n sai d el ectron acceptor conpound s
selected fromthe group consisting of iodoniumsalts,
sul foniumsalts, diazoniumsalts, aziniumsalts,
ch®®r onthhyemapastianraf£Apined] wheiear spid eieetsorodgrior dompound is

e B GRIE ) s By R OB R g e
alkylahdbsabte sk, dalel cfeitdranicanfafit a¢ids, angieiend/1ibinob&lzert R, ethyl
m t he group consi sting i odonium sal ts

fr of iodon . " :
4~dl%ﬁﬁ$1@6wbﬁw& ced-dimphy|araobenrqig agd; fridimetbylpminphasain, 4-
d. _l . . 1 . .
i ARy LSRR M AR B AN Rigppenc
alcolwdi Id2.dttauettonylzocept end mintpestitresd. sel ected fromthe
group consisting of aryliodoniumsalts,
chl oronmethyl ated triazines, 2,4,5-triphenylimdazolyl

di 7Er s, TR osttidn®T CIABT BPér Claim19 wherein said composition

contains no said electron donor compound.

30.  The composition of Claim 16 or Claim19 wherein said electron acceptor
compound is selected from the group consisting of iodonium salts, sulfonium salts,
diazonium salts, azinium salts, chloromethylated triazines, triarylimidazolyl dimers, and

mixtures thereof.
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33. The conposition of Cdaim1l wherein said
conposition conprises from 10 about 5% to about
w@20300e00y wei ght of said reactive species, frpor/akmw03/030281
0.0 1% to about 10% by wei ght of said sem conduct or
nanoparticl e quantum dot, and from about 0.1%to
about 15% by wei ght of said conposition that is
capabl e Toe compesitien ¢lriglainp B véwiain 63id ielestton gecgpior opmpound is
' ] or.. nanoparticl e quantumdat. to.form at
S R R SR
triarplivaidar sigcdiiness, CAIRNSH ishiey) dBOBMbISIalty dhd)midturdsabstone
curabl e species that is capable of undergoing a
radical - initiated chem cal reaction; and (b) a
phab oi nirf | [ : .
Phat ochony Eafipo i & CIARB WHchh said gleciron goceptor pompound i
seleaerbfromribd givab lcosestingarf duydiodoninanaya dhil@bme thytindd iagiaes,
hat has at | east one electronic excited state that is
2’4’%{{@&‘%@%’6‘[‘@%5% ‘gﬁnﬁﬁk ?‘Hﬁ‘@t?ﬁ‘éreéa?ﬁ"gti on of two or nore
phot ons, and (2) a conposition that is capabl e of
interacting with said excited 25 state of said
sef®.condbe temponitiop af Claging wherninusaiddwimpiositioorcomptises from

 east one Lon-initiatin ecies. 35. The
abou S0 BB I REL b by b S PR PSR R aPoT 910 1 1 about
10%iby wapRfeaidfsemiddheiast ﬂaﬁa%aavﬁmla qRahttneddt] dnldrih ab&ut@f1% to
said sem conductor nanoparticle qﬁantym dot to form
abous b5 %;by) weight ofisaidrcompopisian itht 15 eaprilg of puerretingcwith paid excited

sl R 205,805 POE A BRRLELI 5 s S

an ele nic abso

initidtipgepenies: t ed el ectronic -52 WO 2005/ 000909
PCT/ US2003/ 030281 em ssion band of said sem conductor
nanoparticle quantumdot; or (b) at |east one el ectron

dogpr cAmRHRchAREtQhp&ideathpriiey €l ectron acceptor
conmpound.” 36. The conposition of aim 34 wherein said

conposi (3) ehleasi ane curablapatdies thht i5 caprbr efotmidagouigt dradimpld
ex%ita%éjdcteat.ea (gfa Fs)ai d_sem conductor nanoparticle
quantfum ofm(fé TSR | east one reaction-initiating

- speci es(b)a plibfoiEfieBt systedt Srapikin L pEdtbMRNEOAKL &focti B’ ambunts
conposition resulting fromreaction of the conposition
of CJaihl, Cdaim2, or daim34. 10 -

(1) at least one core/shell semiconductor nanoparticle quantum dot
that has at least one electronic excited state that is accessible by
simultaneous absorption of two or more photons, and

(2) acomposition that is capable of interacting with said excited
state of said semiconductor nanoparticle quantum dot to form at

least one reaction-initiating species.

35.  The composition of Claim 34 wherein said composition that is capable of
interacting with said excited state of said semiconductor nanoparticle quantum dot 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

572
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38. An article conprising the conposition of C aim 37.
-53
WO 2005/000909 PCT/US2003/030281

emission band of said semiconductor nanoparticle quantum dot; or (b) at least one electron

donor compound and/or at least one electron acceptor compound.
36.  The composition of Claim 34 wherein said composition that is capable of
interacting with said excited state of said semiconductor nanoparticle quantum dot to form

at least one reaction-initiating species is different from said reactive species.

37. A composition resulting from reaction of the composition of Claim 1,

Claim 2, or Claim 34.

38.  An article comprising the composition of Claim 37.

-53.



