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REACTI VE COVPQOSI TI ONS W TH | NORGANI C PARTI CLES AND
wO/RIHOBISFOR FABRI CATI NG STRUCTURES 5 TECHNI CARCHUBL003/030563

This invention relates to nmulti-photon reactive

conpositions and nethods for fabricating structures

that include inorganic particles with a nulti-photon

curi ng process. BACKGROUND Mul ti - photon induced

R e e

Mul ti - phot on processes involve the sinultaneous

absorption of two or TRCHNICAIOFEEIRY an absor bi ng

chronmophore. The tot aI energy of the absorbed photons
mul ti-phot on absorption peak,

equﬁrs .the, ene[@%}
evehlif FYERECTES SR R PYmpGRUqNIANA FRethads dor
fabB SR %ﬁtﬁ&uﬁ% ot St 11%1r ggﬂfcfes el ﬁﬁﬁl—photon curmt% process.

si ngl"e- phot on absor pti o inearly with
intensity of the incident radl atl on, two-photon

absor ption scal es quadﬁgtdlg gher- or der
absorptions scale with are ate i gher power of
i ncMadinphoton mdscetdypho,ﬁspalyrre:ﬂlhttqn proviides a memasl tbifebricate three-

erform nul ti hot on cu sses wWth
imey5igRal e HigrReY h e s s B R B B SRR Step.

Multhsh@c&ﬁ pio@&gs@ﬂnbai% ald s@ﬁunm@a& atbiRidHdE 8o BYmore photons by an
si ngl e-photon absorption within a reactive matrix or

absping ¢hapmophere. t Thestoprd spéry ef the abstrbed phpécprss eguals tlee @orgy of a

RS 5 ioR PRI F D Dt AT ) s i

eneMyl fo exbﬂt@dh@ Bhibatophei@t IWﬂeremlﬂigerB@cdn tssoff vl Reled lifearly with
mechani cal .and opti.cal devi ces, such as cantil evers,

the gigpsily of H&rl{l@derﬁ ﬁ%fh?ﬁ%’b bV -Rheien ahsonriigaealengyasyatically h Higher-
ordbEARD n%pﬁgﬁs JZ e A5 V\ﬁ%ﬂe} ;%!w%r chfdeEPiInY “tf AJRLSRe, it is

are nany applications ani cal
poseilbbacibrperfaﬂm Irmttepmtbn camnmg procmses wilh tlmeeqhmdnslesalcs@atlal

s B e RO B L BRI B onE B P RBED LR el
abséﬁfﬁxbﬁ %thﬁﬂ@rea&ﬁveqﬁﬁhb@@ In@aterRiiltsonOfs pBAMIE Yo RIRBIBY @xbif
hot oi magi ng. In certain appllcatlons there is a

molgeelgs aicr wpdienrviepth Withipramitesl tbatrowemltiube possfible lyin single-photon
excft%t"&l eted structures without significantly changing
e I'magi ng nechanism 1 WD 2004/031862
PCTWVS2 06 B8BEEEion can be used to manufacture mechanical and optical:

devices, such as cantilevers, gears, shafts, and microlenses. Thus far, however, the
technique has been limited to organic polymers. There are many applications where the
mechanical, electrical, thermal, and/or optical properties of conventional polymer systems
can be inappropriate for the end device use. In other cases, suitable polymer systems can
be available, but not easily amenable to photoimaging. In certain applications, there is a
need to enhance the physical properties of the completed structures without significantly

changing the imaging mechanism.
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SUMVARY Addi tion of inorganic nanoparticles to the
reactive conposition allows tailoring of the optical,

wo b@rnsise2 nechani cal, and di el ectric properti eBCDUS1008030563
nanoconposite, while nmintaining the speed, easy
processing, and flexible chem stry provided by the
organic 5 conponents of ¢psrvanpesition. Fol I owi ng
exposure and devel opnent, the conpleted structure can
be pAdditionof us)rgﬁnlq:rmomlplw 5l the exhctive ccﬁnpnsmdnraélows tallorlng of

ts and ntial

S TN T IR ——

maihtiithg deashebd reawrbd:essmg %amexmw&m%ﬁgxrog%a b¥itRd dRhnic
scattering, and therefore, little | oss of inaging

componsnts Of gis. compopisiennEoNgwing gpessraing dmvglpemsetdthe completed
stracfide eelgﬁtagg%gr%%}}l 'bgr%?ﬁ) O%H ft(gJ f&h g{%tt&? at t it %{englpgneﬁxts and leave

accordance w e i nvent i'eve
a subsghtislpsmbiganiheatd rBg loag tvavdleddth ﬁlff@&mh &t el o Bflti-
due to scattering. The invention provides a nethod to
phofRihiftaging ndergons BénigRhiALreiapnd hisrdars Hitlsdessof imagng
resdMififlput requiring any nolding or enbossing steps,
circunventing the difficulties associated with the
de-Redinh wigh pnidoregy dispersed, nov-aggsgated pami’aﬁs mmhsa:pshm;zaﬁemed

. di nsions. ..l n one ect the inventj.o ates to a .

n nﬁ?“cﬁﬁ‘ﬂﬁb‘i’i‘ gllzfid]‘%é H‘B‘Héqnttf’ SRbieyRE 6‘?3H tigp ?C?aé‘g%i with

1ittle R oI RidE b4 RIus E@waﬁ&m g, A H@&Hréntﬂéh (fﬁr&ﬂdé%th%&hm {d AbQ{facture
system and a plurality of substantially inorganic

thregalimprdiennl ingiganid virucheespaithaug rwlmyanolémgroagmbossmg steps,

c1rc§ﬂ{v%ht§xl§th§ gsﬁ%c&fngi :i}‘“: Cég.te tlt%q Ut 10{%{” gg {.‘n%?%ﬁs é’? gtrﬁcéltlres with

mic2éh si7d Fintedsiohe di anet er of subst ant| al l'y spheri cal
particles but also to the |ongest dinension of
non<PREspchItheayentiopgglates o a@%@h@mg@@w cqrpRosition

1ncl'uH1 g@& 18 el 8RS E}%CI%Q @ﬁﬁﬂtfbl%ti)lppﬂld{ﬁlhﬁgtt&'gyﬁ&ml 5064

react ed ‘'speci es
phllpht}t oi Sﬁlb!stamadﬂw 1sgtgam¢rparank¢s,awlpﬁrmnahe pzy‘tldés have an average particle
tiall |no articles, wherein the
stzex St 1o sk ool L0 TP OAaP SEpePy (A pTBY LPFE. G dgeeter asfers not
onlﬁﬂptﬂt: déamelé} df‘s%s@aﬁ‘ﬁlallf‘ sﬂieﬁ@ﬁtﬂticlék%t 5136 tdP ik tlé@g@lsdiﬁl%ﬁsion
present in the conposition at up to about y

of npptspherical partkiclehi r d aspect, the invention pr ovi des a

i n Clllﬂgagsetsgr{d J(gggct rlge ﬂ’l tL cgﬁ]% a(rf‘r%s: td %n %.ﬁbcil o]ﬁ;cl:flgg%; tapvi?east partiaily
reactehyp@sict | ﬂinu]tﬂpﬂoltkﬂi pl@lomﬁﬁto(r %)fst@nl & pIRIISREGUBSGantially

inorganic particles, wherein the particles have an average particle size of less than about
10 microns in diameter, and the particles are present in the composition at up to about 65%
by volume.
In a third aspect, the invention provides a method for making an organic-inorganic
composite including:
(a) providing a multi-photon reactive composition including:
(1) areactive species,
(2) amulti-photon photoinitiator system,

(3) and a plurality of substantially inorganic particles,
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(2) a multi-photon photoinitiator system (3) and a
plurality of substantially inorganic particles, 2 WO

wQ@o@4/0838862 PCT/ US2003/ 030563 wherei n t he papr¢T/ObB®3/030563
have an average particle size of |ess than about 10
mcrons in dianmeter; and (b) irradiating the

o ti L , e .
wheBlh e PRGLANNARAG hE P PP Lo B8 18k Kho bt 1 Bftions n
diathefec) amdenovi ng a sol ubl e portion of the multi-photon
5 reactive conposjtion fromthe resulting conposite.
As (ﬁé’é@dl?éﬁngit_ , wh’e—pl?%?rrﬁwgmefqomp@ﬁworl i“aﬁ{t stftygeptdigh to atLeast
bargRty fgactts]tﬂté gbﬁgf@%ﬁioﬂ;r%@ S rdfoRARE a IBRERIYIrR:Eof the multi-photon

wavel ‘engt ect mul ti phot oh absorption

PESGR PTIONItOR RRAWENSSIHI( dingposite.i 4s asesldivesintthe term

reptesent at,j on of.. | t.i-photon.curing a rat us

RRAGES MeRh o el S uhalplin e pd drRRR AG 1 rloneth t

seddpathi@fhdRsLRRb@na three dinmensional lattice

structure having undercuts. Fig. 3A shows a top view

of a magnetic, actuator that can be made using the

conposition of the invention. 15 Fig. 3B shows a side

view of a magnetic actuator that can be made using the

conposi tion of tRPESGRIFAIOMOFDBAVBINGSows a si de

Vi f. the magnetic actuator of .Fi 4B .under 't he

| nfitEienisd ChTat fepeseioR ofp gt o L AR ol s

| N Fi5e 28aind s ard laadheigiicirdste eataioh iok 8 n@iedesttfFeparid® a three
. DETAI LED DESCRI PTI ON Exposure System and Conditions
dimegsienal {agdce truptuge hayvingndsisiiseal ~ syst em 10 for use in

Che] h S . "
ol G Th A B0 0Es Bncle P e SRR AL AP ARIAR S
composgifien abthg invantieabl e in three dinensions. A partially
conpleted article 18 unted.on the stage 16 25 |
in 1%:&?935’“@3& %‘%%‘é‘e‘é’d’rtrgﬂaﬁgaﬁmo?&t‘il%ﬂfa a%‘?i‘flfbaé%adFé‘élﬁlﬁ e
comBsitibn BE el inR@ben- reactive conposition 24 is applied
on the surface 20 or in the feature 22. The |ight 26
or ifagr#&t shegvs & sidmyiewef theghagnstia petvatopof Bigt 48 nndeydhsiafluence

ofatrr?ag%egghgltd. P w 'tAhI n the volune of the reactive

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

Exposure System and Conditions

Referring to Fig. 1, an optical system 10 for use in the invention includes a light
source 12, an optical element 14, and a moveable stage 16. The stage 16 is preferably
moveable in three dimensions. A partially completed article 18 mounted on the stage 16
includes a surface 20 and an optional surface feature 22. A multi-photon-reactive
composition 24 is applied on the surface 20 or in the feature 22. The light 26 originating
from the light source 12 is then focused to a point P within the volume of the reactive
composition 24 to control the three-dimensional spatial distribution of light intensity

within the composition to at least partially react the composition 24.
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conposition 24 to control the three-di nensi onal

spatial distribution of light intensity wthin the
w@oorposisst on to at | east partially react the PCT/US2003/030563

conposition 24. 3 WD 2004/ 031862 PCT/ US2003/ 030563

Generally, light froma pul sed | aser can be passed
thr : '
BRI QR RR R G BBt 1R6M  REE B i

to fdzdsus tige bichm \sithtigehdﬁolumrof the manvive gopesitiogP4. Beingce d@ze 16,

a | aser beam us . .
or By AT iS00 PatPLeolso P s LA bE e sing sl gymirror),
the dcansditrechni it RadlddeR 1Ah{Bos npmllreep@ﬁﬁeﬁglanmqﬁ&e& that
corresponds to a desired shape. The reacted or
corgsprondato eydqsera@ skapepdibe wwtedfor ph@a}he socied @orttnyfobe rereive
con%)gsﬁlgr? 24 é‘lpCé‘ a%asna {hP [£ ggl}a Iét?'q ure otftraﬁ etﬂgvle Of a
carmHedigbyourtgl inSthe rsys@exﬁ hataPbosHiCiesht s§urﬁé tHat pﬂaﬂuces

intensity to effect multi-photon absorptio Sui tabl e
suffacierrt éndensitide afect mt&ﬂ-ph@s@amgﬁ@ptl@rb 96 b lecsgrdes include, for

exaHl? e{nﬂgge@ﬁgcgléédf dﬁfg@gﬂ%@@ z{p‘éhf}%{}; Jélrlﬁg r(?or((jg(%?]ﬁ those
avaﬂalﬂdﬁoﬂdé@l@mﬂ Mﬂder%ﬂ%a@%bllgﬁatﬁﬁﬂ\dlﬁiAWA @QO—E} Ipumped by

AR AT DU —
INNG9R, TARSRE loBerathe 4070z, B, AR 2 bl Aidnal 2bess

t han’ 200 fentoseconds, is funable between 700 and 980
femtospcandsl ih amabl@éqeamnﬁ@w@nd 890 no, anddhagavemge power up to 1.4 Watts

or g B R Ra oG- Ha 14 B ot oot plg il idh, ca
94009 URlA) “ORg Taladodd], shermdEatandRichgtir), 8ROOMM, adepetition
repetition frequency of 80 Mz, and a pulse wi dgh of

frecﬂ‘b@YtOmeHém@%mdmld(dmﬂ@OmelQﬂe@ntowmﬂdsélxlébv\mtt) with a

tt). However, in practice, any |ight
pow%xervgle qotlﬂ)alﬁvlat vi des sufficient intensi ty (to effect

mul HéweRalin @ra@tm@ rapy 1ighy) sodkce ahan@ycﬁilmghffloa@i@ ErRIsiR(®© effect -
for the phot osensitizer (used in the %hot oreactive

mulgic9bng abeRTioRH AyEavislangy f@aropsa@rfomﬁwhe gemiiizensed in the
proRFERIEL L0 LIk A Ry Rl e R E0D, o
ranglarc!ffabmakﬂOjb to fabouh 1200 utn; pefertidy afbomtab8E0600ro aBesa Kk 100 nm; more
be_f bout, 106 .
pree Bl Bt S 20 R0 s ik al-B0GE tamepgraly B Bomepoont

10° lW/anh eTAd hﬁéér%’mt b f)@l§@ﬂﬁé¥1¢@fs éelﬂgra[w Qﬁ&:ﬁt@@%& théSiblation
|Tp05| tion. For exarrp e, Q'SVVl t ched | asers

thre(slmid obge eoklama@tw@ parspositicai [FabteaniplorR) SpéchedaN NG basers (for

exalfBficThokd Fy B SR SpetR RSttt fhe ok SERaah pANTA-

RAYITIRU)ﬁpﬁﬂﬂdS %avelength dye lasers (for example, those available from Spectra-
Physics under the trade designation SIRAH pumped by a Spectra-Physics Quanta-Ray
PRO), and Q-switched diode pumped lasers (for example, those available from Spectra-
Physics under the trade designation FCBAR) can also be utilized. Preferred light sources
are near infrared pulsed lasers having a pulse length less than about 10" second (more

preferably, less than about 10” second; most preferably, less than about 10! second).
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Physi cs under the trade designation SIRAH punped by a

Spectra-Physi cs Quanta-Ray PRO), and Q sw tched di ode
w@rorpesisbasers (for exanple, those avail abl e fPrPOMUIS2003/030563

Spectra- Physics under the trade designati on FCBAR)

can also be utilized. Preferred |light sources 30 are
Otﬂgﬁg‘E]ISéaﬁg%t § ?%1 %Hg%g%% g&%ﬁfg?%%\élrce gx?sgglalnﬁ gggﬁ“ e.Jsh%ﬁiScrltena
aboabowtmqocmeemdvavwdﬁersmaafaksoabIuylhzetcess t han about

101 004/ 031862, PCJ/ IUS2003/ 030563 . .
& PR AR 44 el /o SR 40 FElidin T Ao, dagive optcal
eleﬂn@ﬁt@ (tot é;ranﬂﬂal 18REat fePRch T SHbal derfddtd €6 ger a;anﬁm@\farae&ctors or

Conti nuous wave | asers can al so utili zed
focwng wirore), éﬁﬁrmtsremtle@l@ﬂmenmﬂomaw& gratings. ipheseunasks, and

|veot|ca ement (for
holég(rarrrl%x gﬁ%ﬁng §1oa§% e]grlregc  (Qr S exggp aﬁleaé ng% %?rg ar(uil gzlaveplates)
diffaxasPockels @IsOWeFdgatded hd ke like. fSueH Dbhighl RlehiedtsSare useful for
diffractive optical elenents (for _ exanple, ?ratl ngs,

focpying beap dRUVers NgamGPe HaRTE. MbteahrRing@ndpuisesmming. Generally,
con%lﬁfm%pg St &ftRb1 %é]?r?&ls Qan bl Et‘ﬂ?{d pﬂd%*%%'bﬁ{/@ﬂgte coglbénatmns will

wavepl at e sers, els ce vegul
be mm)gnﬁzh:é blyltkcsf: sKilleh 1o fiei mlaIIt Eloﬁm? dbSrahteetoumef)pﬂmsfvmh large

, b del i very, e. shapin ul se
nue%%ﬁfwgguaﬁml}r) 3@%@#&@% g& gs‘rty I%PV&%%E)@E&PP‘@H@E‘%?H of
optRAl dGAntEMBIBRVRIS & 'aeQFed%ﬂeﬁél%r‘%gofﬂ%'ﬁgncP &J& lacement thereof)

appropri ate conbi nati ons w | be rec
cantbtro@ézekrﬁdr eaamplet ﬂne eaposurd gystes comnecriu@rea scraatmmg Ct)mfoode

QR s oA e BRGE G D BE5

anoopajm @R S0.7BatA %Jemwéqalca ad ek ERAnpIBLtBOR dMilable from
profile (and _spati al gxacement thereof) can be

Zeiggyndprifg ! radq:é‘i’“@@&%? HeA\Rkposure system can

LR RS LS50 0 AR cae
image $orgration Gmdits mﬁml)yn%qmnpbieﬂ swhtak nan@ri¢d apéxture, geometry
of 58} EEeniantaF s E iR JuSPaR LeialeB0R RIURHP Revpoi bigher
mtetnblf‘jeﬁldgﬁﬂﬁéﬁﬁdléé ARRRENCoHPAP C&IR% bYP® ;§éfak gﬂt%téhﬁty)) as well

syst em used to cause | rrage or rTB.tI on
as \poB dreprbiye n‘gtmanmlamke@mmvasompmmrcozrpoag’e rGeneelly, higher

peag?gﬁqefn{e y n ttl gehgc{ns ggnSI ! SD sef’ogg xdpb)al}lrrggl?r%e%‘ f‘g"ﬁgﬂﬁlﬁé else

beingdqRal |111ueaa nﬁragﬂag ok er/naﬂg S@e@mrgehmony cauBhhbout 5 to 100,000
correspond to peak i mtensHﬁ ; as,wel | as upon
Qy

micEons/speangdsingra lases pise Prasﬁopfa%bqué W céﬁ‘i%‘ér(Pliefﬁﬁably,
aboﬁﬁﬂ?ls%jlo Grpgy :} Ln}(d a!m F@I to 18% sés r&PEeéoH& ?Ig—%elg%)e}é Qbout 10

e regions o ocus oWs sh exposu
to 1@§/pmly¢srpengaoeh¢)e bei ng equal L| near i magi ng or
vvr,f shpeeds ener 3/ c6an be about, 5 to 100, 000
he m ti-photon reactive ra 1at1 n 26 induces a reaction in the reactive

composition that produces a material having solubility characteristics different from those
of the unexposed reactive composition. The resulting pattern of exposed and unexposed
material can then be developed by removing either the exposed or the unexposed regions
with an appropriate solvent. An optional post exposure bake following exposure but prior

to development may be required for photoreactive compositions containing epoxy type
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in {o5ps o the apgulyyes

m crons/ second using a |aser pulse duration of about

10-8 to 10"15 second (preferably, 25 about 10"11 to
waeissserond) and about 102 to 109 pul ses perPCETSIM3/030563

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

mul ti-photon reactive radiation 26 induces a reaction
readfive Bpecied aRehoted, CoRiMes isbaARsd Make-QMBMIGES sGudFiles bidbe

havi ng solubility characteristics different fromthose
prejrargdhia this 83888 ed reacti ve conposition. The resulting

at t . exposed 30. materj al can the

be e o0 P RS S b it method of the
invemeinp ts@dticuégiyons] sudiet Hoedl dapps RrbatensOto/ERcrodhctured
Sugﬁ%lonal post__exposure bake foll ow ng exposure but

gt anagt VFQPCO%WEWFGW b dormaagh any thel syrace of the article, or within
h . c bl o 5
o A R0 b G B Lt B el B B ek, or
exReplet eU{in@ovpir discosténmohe patterly eftegicdBoss, pftdtusions, posts, or
Chstrgghgres can be g;ep red in this manner. The
PESH P SgUtEB et PR ORER iy dealp (dul batsrlire heanded
miSiREic, Whkerel the iRl BAr REodi O CrefdrOMARELRY oF §ma]tl enough dimension
particularly well suited for aédlng a mcrostructure

SO fiy toreqiiey aseptig@iditodle Balgdreya cchen vieaweddrdm ahgplaibof view to

Al e The R R ford i S ORE pRencaie gy 1. it

MatheweHBI ¢D6d, patadr1e4-s)05extesdbydAsdal fousy! T aces @A and measured
article, for exanple, continuous or discontinuous
§h%$¥§?ﬂf}§? Sraragter dhas capbstesogrgred.” Normal

Vis g a frec n1d | n
O AT T ———

eature at ur
heighieoftSemimutesiof pesuncthe cétinae fAg typitad woeldh gl ER&n6E 0525 m (10

. enqugh di.pensi o 0 sq as require an optic aid to
inciid Hedtieg BB e o 036 My O FISaRegPr ticabiess As used
her@BY, Bleltere" thicfo " i 08s el doRFi b tid i

.E:Opt_ié3 En ineersiﬁggtagey W 'sl'g{elétr%ﬁ{lg@ﬁn?r/gg%\%& |Slvﬁe§%g§g§asw
digegioas eOhe fogrohae ebiprostenial acuity,'; ... is defined

d ikt the anqul ar siz f the .
e REERH G bie, AR, 2B S0tgniDh 518 ket Hegpptied o o
subsirste @12 aodh hya plascoidsiosd efliesn WardPe T Qibstriie cﬁﬁr%t!i&%h? be

recﬁoggi zapbl e |etter subtends an angul ar 15 height o
Ureafehiita @ pifnes kot sxamiple. 4 wiane gouphing ageritttel enherdei adgesion of the

obaiang sl SR TRLIR, Lbesl fiks Melheg e

di nension o
exposiag thaveacive compesitien 810 o fornstseties affiyersBBNEach Maving a series
| east 2

NETHIETE SR ING R T N N —
220 of the neighboring layer.

The photopatterned structure 218 is then pyrolyzed to preferably remove
substantially all the organic components (not shown in Fig. 2B). Typical pyrolysis
conditions include heating the structure at 1°C/min to a temperature of between about
500 °C to about 900 °C and holding at a temperature in that range for about 60 to about
240 minutes.

Following pyrolysis, the three-dimensional pyrolyzed structure is substantially

inorganic and partially sintered, with voids defined by the size and shape of the particles.

6
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Referring to Fig. 2A and Fig. 2B, a reactive

conposition 210 can be applied to a 20, substrate
wQ@2i@4/03186h as a gl ass slide or silicon wafer. FOEUS2003/030563

substrate can optionally be treated with a primner

(for exanple, a silane coupling agent) to enhance

PrefelaBB) 0@ theedifensiopalsthiéture QERRRE bbIIC168 Jabed spheres. In some
substrate. A lattice-like pattern 218 can be fornmed by

ApRLGeHNT ¢f e &c desdiablovie leayadersitiicsiie partall bpdrenniess. stereflew flow
| ' ' cl.osel CE
o Pl B 1 BoRaE 0oL e by AR oA
furttet o gieliad fullg coiwliiaes ino2ganz@dneied saactned. ghbor i ng
| ayer.. The photopatterned structure 218 is then

pyr dvpiraksintering conditions includedivating the Py eolyzed isiryctyre togn e
i C Q 480 B ing ¥R i
082 SRR S0 S 18 Py ARl ¥
that rdgnifor dboutel haiipey diout 48 hburbeTyeelin @oithsolRBQofpiRess, the

about 900 C and hol ding at a tenperature in that range
Poroys: RyBRfiedatrupresisat be depedwish Aivatiets of matsialsnpieg as metal salts
o PO g b v B b YOS ol UBLUAS ot
phedphhtey dildmatedly,set gdlypredvesss, zeclamdesitpeygérmanaim and

ticles. 6. WO 2004/ 031862 PCT/ US2003/ 030563 )
terf3Efopareifine, caf RUTTRPELIRS TEdRrGTaris ftfbie edbs heggsandor

- ad &0 fishcBbRARY RARK BEViSOITEF @;gmhﬂla i%%inga@ﬂbétﬁ@tiﬁcféﬁ;g Dbbing of

can be desitable to | eave the structure partia
thesppergys gteucgires wish Sikiow agemoandipr sol-gel preetisars iilomied by further

snBE3honk R Lo B AR S0P BERET A .

othenafagdialseush M @pabnedtalUe brbcBrsofs chil Be @dedb MieSdrb@s pyrolyzed
conditions include heating the pyrolyzed structure to

straeturedayepat Wddionel pepsen anteuingrn te thofhperitd duos- C
and Al dinigin %,t th?st&%ﬁﬁ% Hat Y rév?ros'tzﬂ). igfl? ﬁltotr%aﬂﬁgc%rrgp%ﬁtigg QHG

t
2 hours to abou 8 hours. o al € con ation

- dimemspas shat tiesmafierthars pripytocshey gieriag stapt Armesrovadizeddistribution of

a%oped.mﬁth a.variety of paterials, such as netal salts
PariEes C1EY ‘Sfafsﬁ%eﬁﬂilc ad)é?ﬁ EhYIRGPIOIMSHIEINg, | e bor on
OXi GRferRR¥ IoFFigE BA, andBBS, cuddibib SABYIHEHQORROSRMYsRion can also

Alternatively, sol-gel precursors, such as
be peadrta dabiisripgesvehlei nans an@ melded explintoppstingd erticke(e. gae magnetic

i, i [ id i n reducing the. |t
st 54 bl nb OF AL B e Bl ool BOUE P S SR TR L.
maghetitdrelectritciedds iRudertiaf taFid. 84 dnddex 3B, Bagildd &fphotopatterned

t gsseeﬂ%or ous structur ef wi th fluxing agents and/or
pacg gl Fehosp BeTiRg 8edy 897 e lpyible siansion ragien 211 thet is connected
to Bk lg%Ob BY thd) ﬁeﬂf)f%gdeﬁ%s%S dis9h! X GPITOMAARLPS 0 includes a

I norgani c” structures. Tn addition,
plurality of magnetic particles 524 that have been oriented with their magnetization
directions parallel to the prongs 518, 520. The curable material 510 is then cured onto the
flexible extension region 512 to yield a cured structure 517 (Fig. 3B). A mirror 540 is
attached to surface 525 of the cured material 517.

Referring to Figs. 3B and 3C, an electromagnet 526 is situated below the part 500.

Upon activation of the electromagnet 526, the magnetic particles 524 within the cured

material 517 respond to the magnetic field 522 generated by the electromagnet 526 to
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15 other materials such as organonetallic precursors
can be added to the porous pyrolyzed structure to
wo pansisazidi ti onal properties and/ or function POT/UE®03/030563
fabricated device. After sintering, the structure has
a substantially inorganic conposition and dinmensions
mdveahe AEEbRMRInGiOn tdpadh PII. OThelBirfd?S46 cid B hfRE 16 ke 1ibht in a
narrow size distribution of particles sizes iS also
vamiety of dirpetions depeadivigonithe ouieitttinmmishaflexiblggxtepgion region 512.
Referring to Figs. 3A and 3B, a curable enbodi nent of
the conposition can also be used to fabricate novable
LLpaﬁteSmmmg nol ded or photopatterned article (e g., a
actuator) that can be noved using

et PR R TPISY retstiVe GOTBPOMAPIA St oam oF Rl farmthe above-
|
de%ﬂ@@%’t‘nﬁfct%s gﬁl e E ChGblel indh- cuﬁ%ﬁeexregét pab?m‘ggogn?@ﬁgﬂovm

or photopatterne
phcbtamlmgolasystedy abd® phunaditg of klﬂ)stabtlellyembgaﬁlcmllbﬂgl partidd® The

hat i s connected 25 to art . 500 two flexible
il ol SR GG R DgIag) BOT-BRqtah Pl nHEr R clgetron

acdébtUraéﬂdta)hcﬁftloHﬁQ[k%&bﬁd%rt' cles 524 that have been
oriented with their magnetization directions parallel

t o Cempesisiegs oBhe inveation dEneoptionaly farthert remimhctEE@pédes.

t he red onto f eX|b e extension re n., 512 t

b AT el Sreh i oS ol e B ol B st
additibachgelitkabBWolyaess &d6h of fréélfhd‘idaﬂ? PoRiceizhtk oPdrbsslFiable

Referring to Figs. 3B and 3C, an el ectromagnet 526 is
ethyjenirallyynpamaiedsprcisgdpelugng, for @ypamplamcma@s avethgcrylpfes, and

o< Sh I 28 05 OIS LEnBECH SR, TR D
manathegeandraigetheisyant hmc&h@dllymnmgﬁleatbléﬁ(ﬁymers (inMding, for example,

2004/ 03 2 PCT/ US2003/ 03056 e the flexible
CPAIESe KLY, ﬁtgFfég%nérFysaaée eSiHe); ﬁ%lﬁ? ﬂ]&w@wdeawu%s thetegf 1 o

gui @aithtlg @ﬂltyleﬂlcﬁlly—\ﬂﬁ’ia'nﬁﬁ%d QpecGHsrBEHdsLABe M %}%Qgﬂnﬁg hu.s.

the orientation of the flexible extension regio
PatRaily 0 424 Bpbs pebinglutte somot tdi-, pibpap-aceydates and methacrylates (for

ex AR E b Ly e S8 RSB Rab Rl RofPBiataerviate o

hexydactylate€ seRBt keglate allll debyl X Of19€erolfigdr Pl Ellyadrol triacrylate,
m and a plurality of substanti al I norgani c

ethaéw%}va%l|dl%faylﬁtPcdl%téylerr%ycqlrémcrylﬁﬁdﬂetﬁy Aeglptahidimethasrylate,
1,3?&5%%10‘1‘9 aklggaget: g fﬂ}oﬁ]agn 1101 Iﬂet’ﬂgﬁ& éthilggjro e trizbcrylate,

tron ptiona
1,2@shyesdttiolomimetifactytue, |1rmeynla>1mxamhommcmmaj ﬂ)dﬁtefebl}‘thﬁt@[
reacti ve

R T S AT T
hexacrylate, bis[1-(2-acryloxy)]-p-ethoxyphenyldimethylmethane, bis[1-(3-acryloxy-2-
hydroxy)]-p-propoxyphenyldimethylmethane, tris-hydroxyethyl-isocyanurate
trimethacrylate, the bis-acrylates and bis-methacrylates of polyethylene glycols of
molecular weight about 200-500, copolymerizable mixtures of acrylated monomers such
as those described in U.S. Patent No. 4,652,274, and acrylated oligomers such as those
described in U.S. Patent No. 4, 642,126); unsaturated amides (for example, methylene bis-
acrylamide, methylene bis-methacrylamide, 1,6-hexamethylene bis—acrylamide, diethylene

triamine tris-acrylamide and beta-methacrylaminoethyl methacrylate); vinyl compounds
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addi ti on-crosslinkabl e pol yners (such as

free-radically polynerizable or crosslinkable
wetbdlogrsszal | y- unsat urat ed speci es incl udi ng, POT/US2003/030563

exanpl e, acrylates, nmethacrylates, and certain vinyl

conmpounds such as styrenes), as well as

(fop@tdn@le Gyrbie, R BlithARe] @vikg] SRORARY aw@{y;i a@ipht@ ORI Gvinyl
nd catlonlcally crossli nkabl e polyners i nc udlng,

Phﬁl@]ﬁteé»xaéﬁﬁh@hke apdxiiswres\haigof. et hers, and cyanate

t t
co Bl AP e B AL SR G108} Bl B
for@xampleehavlﬂg ﬂoﬁi 1 toRdberso (Mbth)ﬁc@%e &r6Gps p&iq)olﬁﬁdmﬁan
nono-, di-, and pol acryl ates_and net acréﬂat es (for

Exgnplep Pesuchmobymera gicndg peomaistasid (wrshagoiaje %est@trﬁgms such as
thof LA fﬂ% undéﬁﬂté AL %&'&ﬁ&ﬁ ¥ X 0%935}97% (R X I,

earyl acry acryl ate, yce iracry
SARBQ@¥ 00, 401i, 402 )AIOAI and 408]. i’@thene@Iqumﬂyrder&cumblatb@ free rad1ca1

di et hyl | _di | at t t
ch f‘dﬁﬂgﬁi’ %/f&i'ﬁ??g[g C%Ol}illlegg b eéﬂ}}/{g’}'ﬁ l‘%/,& S?}ﬁ%pée and pendant peptide

groq:lpg’wﬁ’t'hq{;&%@icgﬂly galsrﬁlten%wfua&@onah{y aRthd ﬂaln@foo B&Eas those
iacryl ate but anetri ol trlnethacry ate

desﬂlh@(tyﬂlj@h Brianeld o, 236,046+ Wixtwes pleimoasmyerh micnotners, oligomers,
| t t
o BRI ER ER St SRRl ooy omsaturated

spaaRX @@dlﬂds?d&ylates axomatlc acid (meth)acrylate half ester resins, and polymers that
bi s[ 1- (2- acryl oxy)] cP et hoxyphenyl di net hyl net hane,
hayg; eglpy}lr@(@rl@d barldope and pendant pepude groups with free-radically
I t hyl met hane, ,
p"‘%‘%@?@y%ﬁ%@_\t} Ee;{‘%R?i%%g%&%lﬁgertg?e trinmethacryl at e t he

bi sSaable azitﬁﬁnc&ﬂgi cbras}em@bhes:my ldasetdedffopertaygild)ih 8% Patent
g coI S of %&ar wei ght about 200-500,
Nog. ndrincudsy SogEY Fesiftse B URB MsHREIALs: Brpagly called

epcﬁﬁdésh&%ﬁldg %‘&fohﬁﬁg eb&ﬂo%ggﬁ?{lﬁsgisﬂg ég‘amd%s 6P égﬂ/me%@ q%pe and

acrylated ol i gomers such described’in
canFlg émhatxlcz aIMyclmzromﬁq ;or hpadaycl. e’ﬂlmﬂmmla(sfgmerally have, on
acryl am de

the SR Ay | BB e AT SILea L PP i dgast abou

1.5CHn@t ﬁbf&%@feréﬂly aidas abbmtSZ)aqw bam&@c@wmdes mclude linear .
bet a- met hacry| am noet hyl nethacrylate); viny

PolyBigpOAYHS BrINDabE0Ly §318s Koperpmuy, mglws@%gher(qf ér

ol R Rene BT Rol et nng RERE B BanShots T xprap

polghdtatiiere polyepoxaded, amki)fblyms hﬁén@pénda&ﬂgoap leupsl (fabbﬁimple a
elB Rl Felichific BB o opaiiy. B abo e SR Bag e hpothds or
cad 15@9&553@1%5 ¥k @(grﬁ?&fn%‘ 9&1tﬁﬁfng%£}’t%r oPB@ferhtp&y ?%P‘Pla&sm&tacule

such po yners ncl ude arormtic aCId ne
Thésgl dporg-centaingsy matesals harawary gheady imthaitanine ef uhnni brckbloge and
f.rom Sarto

sul%ﬁ%g%(grgs Lf%lf,?m& f Eogﬁckbgﬂeac%%e) rFa&y&f oraﬁlgé?ﬂggj tituent groups
theBInYoAB S aﬁy' rgﬁﬁﬂp&hzmdoésr 28 stigdaridlly interfere with cationic cure at room
temperature. Ilustrative of permissible substituent groups include halogens, ester groups,
ethers, sulfonate groups, siloxane groups, nitro groups, phosphate groups, and the like.
The molecular weight of the epoxy-containing materials can vary from about 58 to about

100,000 or more.
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chem stry include those polyners that have a
hydr ocar byl backbone and pendant peptide groups with

wo e@e/smdt cal | y pol yneri zabl e functionality atpPerbszo3/030563
thereto, such as those 10 described in U S. Patent No.
5,235,015. M xtures of two or nore nonomners,
ol i Yk poxyaetdtHhing QRfdriakSinBAHY THRES whah RS8R 1dhkxene oxide
desired. Preferred ethylenically-unsaturated species

8TqURE Piliets SBPYY Y ElobexaneebaXyiatese ifiadehshy . 4epykyayelohatyimethyl-

e ' YRRI t ve hydr rpyl
R B oo PRl T Paby S S Bre W BB S X epory.o-
methydeyclohdk arel dayboxgiaktey BRd biged-epdxyre-hictiiadycloheRYIhRARS hdipate.
A\thegﬁto. %5 Sui tabl e catiagnic ally-curable species are

e Getaded list ofruseluh fpgrddesiof this matupeds seitforthisU.S Paest Nos
3,137@96, 025, 406 and incl ude epoxy resins. Such

materials, broadly called epoxides, include nononeric

epo¥her eppaucaigaiang regrekildisat o ukdfel poludeglyickiyl yher @esbmers
ofﬁ@? be.aliphatic, alicyclic, aromatic, or

& %PB%@clic. These materials generally have, on the
average, at l|east 1 polynerizabl e epoxy group per

nol ecul e (preferably, | east about \20 1.5 and, nore
preferably, at |east pbpyy 2) ~fhe @gllynmeric epoxides
i nclude linear . polyngrs Havi t/érn? nal epoxy groups

(for exanple, a diglycidyl etherOof a npolyoxyalkylene
gl ycol ), polyners having skeletal oxirane units (for
exanpl e, pol ybut adi ene pol yepoxi de), and pol yners

havwherefRerisl aliy] eparylyandrmais ps irtégei o€ X aep] Bxadph Yeihdidyl ethers
The epoxi des can

t.hacr yl at ol \ or copol yner) .
of B E Poendle Boaea by Mot abn UG hidia BRSS! Bih b pswle:
hi6@RY@EN&RY a8 RBichion ;@arﬁ%q R _bis-(2.3-
° nol Zcul e. aThgl’sce ﬁ%gggflggg%al g’gﬁﬁg{ erlglgﬁ%gﬂf%i%r%s (2.3
ePQFyRIRPPYYybanerpropane)k eAdditicnakéwanipheskdf@pexidexdof this type are

t.it r QL , EX , .1 he hackbone can be
s 8 e NG B T ook 03 Rewi e 2ng
NeglleWcGhai-HloBsoRTo., NHsYamt{1asf)y interfere with
catjonic cure at room _tenperature. |llustrative of
per NPRIgToys somimsseinliy aailabje eppy ferins catealsrbeogdited. Bspesticular,
. ; f .81l oxane groups
cpol R e R ST I RO B SES ol RS Syrene
oxide Vel Eprlohweienhibxidé, glyvidcd peiysidgiamrtiaicnilng, diglyeidyBdthers 8
B.var§ frgnlabou %% to qbout 100, 000 or_ nore. 9 WO
1spie Odiass e hesowlarippder th krdn desippaonsGRQN B2HEPON

- 825TBPEON PCH, hAFEPOR 101098 mRES R Bl PmE lﬁg(ﬁia%{ﬂggormerly Shell

oxi de_groups such as epoxycycl ohexanecar boxy
ChengigalfGaedastyel Basgheavgidapdd wivex Hertetdaylesignations DER 331, DER 332,

i ——
compounds available under the trade designations ERL 4206 from Union Carbide Corp.),
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexene carboxylate (for example, the
compounds available under the trade designations ERL 4221, Cyracure UVR 6110 or
UVR 6105 from Union Carbide Corp.), 3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-
6-methyl-cyclohexene carboxylate (for example, the compounds available under the trade
designation ERL 4201 from Union Carbide Corp.), bis(3,4-epoxy-6-

methylcyclohexylmethyl) adipate (for example, the compounds available under the trade
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nmet hyl cycl ohexane carboxyl ate, and

bi s( 3, 4- epoxy- 6-net hyl cycl ohexyl net hyl ) adi pate. 5 A
woed/ossbai | ed | i st of useful epoxides of thi SPOBUNZB3/030563

is set forth in U S. Patent No. 3,117,099. O her

epoxy-containing materials that are useful include

de§1| ﬂﬁioﬂ)ﬁRBﬂ@&f frHﬁﬂ%‘i@ﬁ @aﬂﬁae t6®.)f ersmﬁ @p&ycyclope dyl) ether (for
n 10 where IS alkyl or ary nis

examplenthé g@mp@ﬁnds &V@ﬂ@le m&eé@da ﬁéSlgngtmnd@RL éﬁ%frgm gfion

d¥ &I}ég{vd 8 an%gel a%fleﬁ‘%rogxﬁp%ﬁg '&f ﬁ% gléﬁg%éf%xyexample those

avelnnbdxhhrmeﬁhmdfade déilgﬂatﬂmﬁﬂRlﬁl,OSD hsd Eml 30520vdm el Cabide
2, 2-his-( - epoxypropoxyphenol) propane). Additiona
CoiR éeréap@éen@fdl%%( (fexagiple, Miecompounds availalls spfesdhe frade

n NIA
B e S R A R e O
ex¥aple, (hd @6mpoundsraynidabde nmimﬁleafadb dysigivaioha Dixérof ROAY from FMC
ins can also he utilized. artlcular epoxi des

Cop LIRS st Ay Bip el Bac o i I8ms S emonb ste, (for

ex@RpMNBECRMHRbIB ’un§érydi§ Hﬁde d@éflgqﬁlonvlbﬁkl 580Y% Rﬂﬁgﬁ?@ bisphenol
oxi de, glycidol, dyl nmet hacryl ate, diglycidy

tyjeet dpok g resin avBilelph émm DAW((f@nual &ivp), é 4—bdum®dmd‘ag'lyca&hﬁ ether of
the, tyad Lgnat i EP 20 825, .

P BB R SR SRt R o pgnsions

DIEX ad Ui SDENM IR [V ChemfAPOb §,absdrlinel @SlywRl BEetﬁ& (for

those avail abl e under the trade designations
expEReahe comamn@em@@ic Wd@mhgéwdmmwn EOPOXITE from Koppers

A A ) B P G oSG

tradin design@t ot BRI1.AAOH o) UVR 6128, from Union Carbide Corp.), 2-(3,4-

et bR TN 2 e SEO O U

coﬂl?gﬁ{dstabﬁle{bﬂ@ﬁ’:ﬁieg B t%@tdbﬁgﬁang&b,ﬁ?géﬂ @&)"’Iﬁﬂ&? e Corp.),
or UVR 6105 from Uni on

viig/leyclohoxagne gnonsixidel bgf@p@ty@ﬁmdnmh}(foramﬂmplpobhy compounds available

Y A

sudTallfy OP QP igBRidsa E@bﬂ@o@kﬁﬁpl&, tHYIs& hvai AbRROWYr tﬁe trade

nmet hyl cycl ohexyl net h adi pate (for exanple, the
de@é@ﬂﬁ%ﬂ ﬁ@% MQ&?IEU{&ZZJ esolytigaePertppmpgyeiyoduas 1adied Cio-

AR R RO B (208, o
MODIFIER 8 from Resolution Performance Products), butyl glycidyl ether (for example,
those available under the trade designation 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 Performance Products), polyfunctional glycidyl ethers such
as diglycidyl ether of 1,4-butanediol (for example, HELOXY MODIFIER 67 from
Resolution Performance Products), diglycidyl ether of neopentyl glycol (for example,
HELOXY MODIFIER 68 from Resolution Performance Products), diglycidyl ether of
cyclohexanedimethanol (for example, HELOXY MODIFIER 107 from Resolution
Performance Products), trimethylol ethane triglycidyl ether (for example, HELOXY

11



10

15

20

25

30

exanpl e, the conpounds avail abl e under the trade

desi gnation ERL 0400 from Union Carbide Corp.),
wa@bioploatssz epoxy nodi fied from pol ypropyl ene gbPgTOE2003/030563

(for exanple, those available under the trade

desi gnations ERL 4050 and ERL 4052 from Uni on Carbi de

MG]IIEIE}R 34 frélinfFeRblRrion Pedrintict PRIGuEXH 'mﬂnéthyld'.! ?ropane triglycidyl
ounds avail abl e under the trade desi

etlypg I 1Al OEX MHAEEER 48 yromeResaluti rformance Products)

o e 06 s A0 5 ROREELIEY B ER S o

ReSolntion) Perﬁ)rtnanmlhodeas)n pclggtyaommxm@qm a‘xuﬂl@td BIEONY

ORI St dlesolten Pedaores ”g’ﬁ‘&?fﬁﬁ)ﬂ;%ggﬂl%gwp%ldes (or
ex BRI mﬁeeﬁa@éb?@ ﬁl@&? khé'@acfeycféﬁéﬁﬁﬂ?ﬁx ﬁbl!na@e{sglutwn
f rom Dow Cheni cal . ut anedi ol yC|

Peﬁpﬁ@ancgi’rodpht@m%a&h Frdehgibe-GrigyoCetp. X ﬁmt 9 e»a:as[pl(e 3-

|Iab under t.he tra e desi ons
p b Ry R D B B St legiose hhlahle Sy e fade
des piHtipe IBPOIN edTefotf¥solugsa F@ﬂf&maﬁlB@PﬁﬁﬁE’t@ nds
avai | abl e under the trade de5|?nat|on KOPOXI TE fr om
[8)

Kop,%lpeg us@ghwy resigfccomprise copolymers of acrylic acid esters of glycidol
' - t I th y
b3t PEP ALY YOS RRR ] b b eRE REPieRy copaBafigpanie
vinglV/BordRRds. fExmmi]las mu&bbpcﬂﬁn@@raﬂ: D1 s%rélﬁrglymdylmethacrylate

c cIoh 5-spiro-
1&5‘ ?%t%ﬁl%%%ﬂéte( F‘&ffra @&g#ﬁi 18,5 mphyleeshgsoylaigthyl
acrdd- Q@@i'd?ln%‘l%%&t@e dtﬁ&%eﬂf%&? "i"% 1%5@511%%&/8 an8 Wntain

ni on” Car bi de exene nonoxi
such e@o@lﬁgﬁ@sm@ﬂﬁohﬁhn(sf dkylenaaomilies, (fdrleeamplep propsiiene oxide),
6216 from

der t trad esi natl on. UV
sty o R sy OB 5 SXaiafs. SERUERA PRIE: Bd sboTOL LS Hor
ex@ﬁ@ykﬂgsgg&ﬂmgby0|dyl ether (for exanple, those
avai | abl e under the trade designation HELOXY MODI FlI ER
7 f Peshnleposy dencsienpandl yners isbuderepdiie finctiondlisilicomisasuch as

tho?%céresgllﬂy 1H§be§ Ieléenn Il\g{,] gﬁg?é?(ip\!v %%o%%@grfpg%gvglaﬁ]e rom the

GeRgsldlattiio CoRpahynr Thete ard el gditletylsiloxinss igwnehdybo gbier of
e aval |l abl e under the trade

(f.or exanple, tho
the picop AlmSIHVE e DRpIeR e R @oxyakh a:@w (profesablysepoxy

cyd?@fe&ﬂ@iﬁ@f‘ Q8 dEYABMELSY S, PRER! y['#f 0.9 %53l ether (for
exa HELOXY MODI FI ER 62 from esolutlon
PerB ﬂh@k@@ﬂ@@m@s@omqmmg matdnlaisyiap fatsoybe wgilliyed. dSilch blends
f.or .exa
Ca"Ffe Eh&r | S% ['o norF;@P?rEp HaA e’fﬁlg% H}Pi/%ggaf Wﬁbﬁ; f51t§|tfélﬂt’8H%tPf epoXy-
corgehm&ig dyipeinie (Such WS ow arldtull el (betdw? QOO)O fntermeghate
4- but anedi ol (for exanple, HELOXY MODI FI rom
mot@@t%lé{ Wt:ngbh(ab@m pme,@w} g@mh,tgbe)r m@lp@nyrcwdght (ebdwrabom

e
10 ?&gfn 6501 g{ely}g(glj alsﬁt Bk nc equl‘xg &esél% %3“ “Q tad’i’}/oﬂeﬂ‘f}l"f Cpoxy-
corﬂaztﬂmﬁg nmtenadsyhalvﬁfgﬁﬁﬂ‘ﬁl%dt cRihiéu Qbtutds Qfuct a8 ARpkaticHEE Pothatic) or
FE 7 from Resol uti on
funct1on tles such as polar and non-polar). Other cationically-reactive polymers (such

as vinyl ethers and the like) can additionally be incorporated, if desired.
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Performance Products), trinethylol ethane triglycidyl
et her (for exanple, HELOXY 11 WO 2004/ 031862

wEINSBRED3/ 030563 MODI FI ER 44 from Resol ut i oPCT/US2003/030563
Performance Products), trinethylol propane triglycidyl
ether (for exanple, HELOXY MOD FI ER 48 from Resol ution

Per fRiéfHﬁéw@po?[e@ Ghilb®) aromRAE ng)@ %33))({{(&}\(/5&%:11 é? E}h@glzo%\lrrgsrhns

a hati c pol (for exanplé
N@gq @@m&%@é? ior Perigiarancy Bendoets) andmyklpgliptusic egibxipofsicleas ERL
| 2 f Resol ut
42pL B ERETRS wydghietlont QB CUREITE epoxd des (for

e x a 1Bpiteble t:iitﬁﬁlﬁ:aﬂy&ui‘a@h% @etﬂlﬂd glso iftRudevadla RS kAN
EPON 1138 from Resol ution Performnce Products or

oliggmes 1 and, rg3aties B y@irqggf U@;aglp)le gl 9irgyd pibet, 4thy2 vawl ether, tert-
bu§P Qﬁbfzpétﬁ&oi%‘%ut?f@Ele ét]flérufffe eS| é\&@{ﬂrdﬁ ﬁ%rf&%%?{?ﬁg}r% those

avai I'abl e’ unde fade ion
aVﬁb’@lrl widenihe Bredé desigration IRrAd?itG:IURE DVE-3@din Hnteﬁﬁflblﬂlal Specialty

SRR Waghe. Oy B Sl oRredgy eﬁ%fax/&%%{a'rr&ﬂ% thireq available
un@ér){ﬁé ﬁé[de"lﬁﬁlbﬁﬁ[dﬂ BUerw masesP Co%pof)ﬁﬁmﬁ \)énWJ } %ﬁ‘«? Hose

V|n¥ ounds. Exanpl es of such ner’s
avajiap E‘e‘l‘ﬁ‘é‘ﬁl‘g} g tadly fdesegniation WIEATROMER divinyl ether resins from Alljed Signal

o PN S0 R Py PP o

VECTYMERe:QOYGH ehdimRjubatenyd AlafablOFaa! otﬁé%hﬁuf%%ys) and
resins are _well known and contain 15 such epoxi deS as

MIEHIeehEPsh PiRmida €in a8y yeRatdom)if 988 of hore SRgrmplhes resins and/or one -
orBLERRI RSB b SEE Ao PSR 20

 thosx denotibed, &trlexhmgley in Ut Bhtend Nef 18 563M (Kl sdRicdt iali)aan also be

Jpolyners. incl ude egox}y-f ctionpal silicones such as
utifigEg IR CoBRIABEYI ADOYS andiay wiy! %Ber-f&n%mab@?ter%i ch
are
No| B 1@11&1)(13@2%5_ &itAnkgal folné; st ﬁe% tn {g&g}ners vifhose

El ectric Co hese are po
solypiligshcan bp @ncmﬂsed o adidreorgipdicad endustd mchm/ eSimhanactive polymers

S th epoxyal k referably epox
incEUEE b b <onS BB Yoyt Rt st boes B B
corbveiteBbBaifotofhens fd alguesis seROKkYc gg%@bﬂf&gexample poly(4-

materials can also be utilized. Such blends ca

te"fc‘aﬁﬁ’ﬂf%@%l%exwyrﬁm)e Neat-ghitble s dypespreieealad mcludeitiht

cheliEfiy R RABNLor RO LRGN R Mer RE UGS WP
Hinsbérgcarlddr. IM\/SIlrgp&on(m bHligh E@&rﬁﬁnm&gﬁa Polfitérdod MBEmically
bove 10, 000)). Alternatively

ARG B bRl RprLcREm e b S Fecart. Soft &3 Goeae”
che@fic2ROMMplified photoresist concept 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 photoresist systems include deprotection (for example, t-

butoxycarbonyloxystyrene resists as described in U.S. Patent No. 4,491,628,
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contai ning materials having different chem cal natures
(such as aliphatic and aromatic) or functionalities
wQ@ smalo3ms2 pol ar and non-polar). O her PCT/US2003/030563
cationically-reactive polynmers (such 30 as vinyl
ethers and the like) can additionally be incorporated,
e T e R S B el TPl iRl such s
thos¢ gesrhibed irt HeS. EREN Nesl, HE), Bifai-batyl mefhaaryldRebaded magerials such as

thosE GeseRed i 3 DL AR TRt 43 00P ST Akt 471 b0 T e 16

depdtafbBiigtelon @uekg?%le ﬁcﬁ;:prﬁnwuaém&e%géuheeﬁuep hf® reAl8fsement

i ncl ude vi nyl nononers, 5 ol i gomers, and

(for esaropleymatetihly frased ofifthe pm@nmwérane@mw) vinyl et her,
ethyl vinyl ether, tert- butyl vinyl ether, |sobutyl
vi nyl et her, triethyleneglycol di vi nyl et her (for

MuRi H&bﬁ,}_)ﬂohﬁﬁﬁlat istak! € under the trade designation
Rﬁgl CURE DVE-3 %ron1|nternat|onal Specialty
Pr dA) Mudti-phatendhatpsensigizexset hy| ol pr opane tri vi nyl
t l.
geg\lﬁgﬁ h%rto eﬁ?:%%b%&t#e@?ﬁ%&@é%&&g iff t%qﬂ%ﬁrpatotb% 1%5(%!@

compasitibin @m&:aﬁﬂﬂav@snlnahhr&ouﬂy ebsd:rbuagtat Rde tdle phooat when exposed

(0 P GRS B SoVRe TEMERADOE: SWwietr IR0 T
phot%ﬁg)hom%g 1928 1PHX gheﬂaﬁ'aﬁscﬁ'ﬁﬂ%ﬁ’ ab&Mesi &y Qﬂe!at@p{h%n that of

m ot her nmanuf act ur m xtures thereof
fluoBisesinl §thét in, meaterghaopbeat <pfo?ﬁ) 6 eﬁllrydmxcsplmﬁrsebanm@alraret@&) 9’-
one

oA A e B s TRE S RV GRl Mar SRR y hgton

absdrPOSEcrdfSElifiethn HeQref¥aRM Sbouk O .18 f2at s‘é%h@i@n as measured
5, 856, 373 (Kaisaki et al.)) can also be wutilize

by thaymsthed degsiibesl by CeSovand WnW. oVehhi iy Ot Aes- Arun%xl&a ﬁ&l (1996)

and%@b%&#ﬁl Non- cur abl e reactive species include, for

, reactive polymers whose solubility can be
in Cl?kﬁmmeﬂhoﬂ mml\&s thi» contparissh @allesd ideltwealbxcaaidn intensiSuatd
reactive rrers for exanpl e, aqueous

photosensfizsr Wepgo 39?%3 GF thettwio- OFgF5ENCE ARty s the
phofb@éﬁéﬁfz@?%tﬁ Yhd BO f&&@ﬁ‘é@é&&ba@ﬁa dTh@re@&H&%%%an%hH@bﬁl be

acid groups (for exanple, poly(4
seletted to math)ay clasdlyp ay p@ss;bi@ sheepegtral Noge coveads] ey the pboiosensitizer

Cl es so i ncl he i fied
absGRGTL TR otREe st ORtP Byt SHeuRr e SGilfionpepm can
be sgﬁt 1@&0 tvddl Eﬁ’ﬁlb eith SGBOF the dxcitlidHiaAsitNgoik @J’Ihe Khotosensmzer

r f ormance A@ryllc Pol yners for Chem ca

lified
and A% tertkesiedarensg spmpatnd nkhe relptiv/flgoresgence méft?ﬁlﬁb gPthIB | S
photg)gg’n 1t£z%9 81%[)1 res&l@c% t@%e%@%?éngé‘ F&%pé\m&' éaL 'tt?e‘i{ b%q{?eag{u%ﬁ 'u§1{ng two

photomultlpher tubes or other calibrated detector. Fmally, the ﬂuorescence quantum
efficiency of both compounds can be measured under one-photon excitation.

Methods of determining fluorescence and phosphorescence quantum yields are
well-known in the art. Typically, the area under the fluorescence (or phosphorescence)
spectrum of a compound of interest is compared with the area under the fluorescence (or
phosphorescence) spectrum of a standard fuminescent compound having a known

fluorescence (or phosphorescence) quantum yield, and appropriate corrections are made
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manuf acturing, especially with sub-0.5 mcron (or even
sub-0.2 mcron) features. In such photoresist

wayeHesse2 cat al yti c species (typically hydrogePCT/O88)3/030563
can be generated by irradiation, which induces a
cascade of chem cal reactions. This cascade occurs

(whidh&Bke MYALREER, foP BRarhplk[thabBtidE ﬁéﬁsht?rﬂﬁ tﬁe%h;;%@iﬁ%ﬁ at Be
nore hydrogen ions or other acidic species, 30 thereby

eXCHFHSI wweiﬁ@gﬂ)@ gmgegmeﬁﬁpéthe@mwpggze@letepm @plaratus the

dlffgr%ngegﬁ,@‘i %ﬁugsg%nc Qgg%l%{%gt e and. fr%stpog%a%gﬁ oée??c%or to dlfferent
wa\mt&lgm): astbﬁ?dhk‘dl ety aeRsdritet Stos erdmHle S5 1. BEBedmabirS.

Patent No. 491,628, 13 WD 2004/ 031862
ﬂgmsggpecf_ré@féﬁmw ond Edition, pages 24-27,

AL A PRSSNGS0l T AR i,

75, 391}0102/4 (1981 hand py az:lé.lNzIeﬁsdl\/mla\t.e«Ia}ﬁulnSy ,3uab. RsHubdads® Phys.
escribe .. D en et al. in Proc. SPIE 2438, 474
ChePl&éSé& g?fg&tgﬁ@ like); depolynerization (for exanple,
po | A@%Hﬁlli‘x?é ﬁhﬁﬁp ¥1§§ﬁf19§‘§t§1‘3 1?%955 @ludder AR EHL G BRtation

for exanple, materials base on the pinacol
(a Commmaaagermmns)the tijphotoxp hlgrogptioBvoessisadticnat olre Bysosensitizer,

Mul ti - hot ns zers Ml ti-photon
<5sq@:?) tS&élBﬁléP eﬁngs ?P@am% refs & DFIFIR él%ﬁms fwowheﬁoan

Si t on are e nul t aneous|
bsdrBRGH g RST BREE nﬁ%%%f”f@h%w JuiBtpst e tiEnstey of
the pRstbhkifiRer 1,919 BO NAHRERRES ﬁ\ﬁe@lsity BPthe $OUFeRe PR, Dyar is the

exposure system Preferred nulti- photon

fluopdsotws emsinthinzefisieingwd the phuvesehsitizey, @hsio thst flwwmescence quantum
oGS R LFOn g eaLer, g nanhat of  Llyorescein (Chal.
diffbiefQREN ﬂﬁfdﬁh@zﬂ path z(na@:spo%se ofltAElwA L Ba5k 3 I@Jbﬁ)bem?e?nuned by

nmeasured at the sane wavel ength. Generally, -the
measwiatHe ISpanssovigh thoname @h@tommzmnd@ﬂl tbe sgnplataad retfhnance

aml?b?ﬁ gglgee d éf%ll r%gasglr“cﬂnafs ?iﬁg %%roq%ad 1c Eﬁc% Pt tE%pttwo—pho‘ton
fluoBgcencAiintemkitylod, exéﬁéhoﬁu];ﬁgs@} carfifelc B84, 211;5 2diatively Bow .
nmet hed i nvol ves the conpari son (under identical

congspiations Frboithibe ﬁé?tf)%na%laer PHShoEEssntei cogpound can be utilized (to
avo %ﬁﬁé&é@e'r@a{bs Rk H@Bﬁc%toé%ﬁsﬁ@% &tgéﬁgﬁlﬁgﬁ Qfect

| 'uorescence I'n enS| ty o tosensi t| zer with
t haVhef tha phefoesnsitizer is anpfumesceih Eher}eélé oé aleﬁrmmmmd states

cmgsgrggglggc? nicﬁt ed 10 \{rymla gyg‘?/ﬁgtlag gérg%@in?qsnité? e above described
metBRBO ddrRiniAl ﬂu&ﬂeb&hé‘éﬁ@l@ QaridR} MR RT b Ring excited state
experinmental set-up, an excitation beam can

yield are known (including, for example transient absorbance, phosphorescence yield,
photoproduct formation or disappearance of photosensitizer (from photoreaction), and the
like).

Preferably, the two-photon absorption cross-section of the photosensitizer is
greater than about 1.5 times that of fluorescein (or, alternatively, greater than about 75 x
10°° cm* sec/photon, as measured by the above method); more preferably, greater than
about twice that of fluorescein (or, alternatively, greater than about 100 x 10%cm?*

sec/photon); most preferably, greater than about three times that of fluorescein (or,
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be split into two arns, with 50% of the excitation
intensity going to the photosensitizer and 50%to the
W0 edognersée conpound. The relative fl uorescencePCT/US2003/030563
intensity of the 25 photosensitizer with respect to
the reference conpound can then be neasured using two
alt@ Bk RN |okd 4dri tBAn ADeREB500f 10FNA* PR BiFh «%ﬁfn%ﬁ]%ﬁgreater than
Finally, the fluorescence quantum efficliency o ot h
abeus A ivaes thatrof Horeseaiufas daltemapsivelyn erepteo than abetti208t4 1657° cm*

sec cﬂﬁﬁs of determ ning fluorescence and
osphorescence quantumyields are well-known in the

ar t Prefyiablyathelphotobéhsaizedis SoBle ihe fattpfeRPEQRACES thekeactive
phosphorescence) 30 spectrum of a conpound of
species é Bayid) or is seipRtide With Bhe leactiviespediefornd wikheany binders (as
: I r .2 ctrum of..a
e T i 8 o AR I B 0 RGNl feBlicBin. bost
prefidroicly ethe @howsdmsitizphio ab eapdtesithsidyap 2uikiiyed 8, and
. r.opri % corrections are nade 14 WD 2004/ 031862
bis lel%féﬁasf@é/ bsdERae yndps continyeys 11radigtian i wevelength range that
SXATRl G dl . . N ;
o B S e B oAb b P PSRNRRRIH Qe pilhh
abspipipnevoditions)detierthe test pyowedwt describbdin WISt Patr Bioc®,929,813.
1t he em ssior vel engt hs,  and the response_of the
UslpdaB R P R P (b v G o R ot hods
ar e Adegatdest sofufibn XABPpRparky hhvin%thea%ﬂbm?xg dofhpesition: 5.0 -
Handbook of Fl uorescence Spectra of Aronati
parigfac éweighblinyelume) woluion ip aepskanphlof45,000az R0 inolecular

: . A .
w5 19 NG A5 o RNy TR 8 o e wer
the Jrad¥dedibration BUTV AR varmﬁmo@aﬂto&,.o.ﬁpartduﬁﬁfetﬂynblgfppane

. Phys.  Che go, 969-974 (1976). Assum n% that the
tm%%#mlﬁ@ a0 {3 Yt haethyid- Qbigerichiprometid) -tz predsesrBull.
Ch&%C$3RTHRN, 471800 R269TTOH0 S §HTRE 'sﬂﬂ?ion Lol WP B Yrts of the

absor ption Cross-section ‘0f . the photosensiti zer,
conyigaad)to be estedurak photogmeitizksr. (Theardultied Jol@smndantiedn) be knife-

rein f is the two-photon absaqrptjon
cod PELEE BoTehm e BRab S EhEh R AR B . e
coatihg 0feBE &R Afed U @P&itBY Mihutel.NA PODLRS BB Jol¥elter cdver film can
is the fluorescence intensity of the reference

be easefglipérceq pee b driadrhut seff arst @skoeprating wathtroimimum entrapment of
. i ci .he itizer, 'ref .is.the.
i PR B el A BRERERR LB Bt B b pigpes o 161000
Luxcofnpcidant, lighn ol 4 tsingstaoli ght bro pfoaiding 1ifla ia661AURE vis®le and
slight differences in the optical path and response
ultrgyiofth gangs §5ugh s HebPrRIGeddEpm BECHL 63} fisgtzggdine lamp, available

frofARASeFA PSR &ﬂf@%nvﬂe cfquroﬁgﬁrg s{%HBjr%Slger%idE ie%ﬁ&sed and

in both the sanpte and reference “arns. To ensure
uneypdded apasuthewemtructidre Aftesaxpqsiae tatdoverdfipedmdraemoled, and
the tcgz‘iatintgvc\%ﬁ %Q ?rtegtgd with a finely divided colored powder, such as a color toner
powder of the type conventionally used in xerography. If the tested compound is a
photosensitizer, the trimethylolpropane trimethacrylate monomer will be polymerized in
the light-exposed areas by the light-generated free radicals from the 2-methyl-4,6-

bis(trichloromethyl)-s-triazine. Since the polymerized areas will be essentially tack-free,
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fluorescence intensity on excitation power can be
confirmed, and relatively |low 20 concentrations of
wbodoa/081362 phot osensitizer and the reference coPQDURINN3/030563
can be utilized (to avoid fluorescence reabsorption
and photosensitizer aggregration effects). Wen the
thepduddred @os/ided Wil selestivedy adliei® egemedly, onl® tie RlcRy,Qinexposed areas
el ectronic excited states can be neasured and
of thsifoafing PRP AN awAwAHes SeHePOnding st indhe sendihe
abo [ I 1
S ol e e e e B R PE s sabitey
cogm@raitlcarse Aknm\dfmg(y, lsdba:mbmgf a ﬁanm\ﬂa«apmtoeensittzansaredﬂpend to some

absorb a hor escence el ot op rodu
ex BPW ﬁPB‘T” @ Bﬁ@’&rsﬁ?ﬁ}‘és ﬁgqsdﬁgﬂ% yrog éhe ¢ 99Fn°f electron
doﬁMo%}%%ﬁ@l 'afﬁmm cl&dnlbEeptér). ke) Preferably, t he
t wo- phot on absor pti on cross-section of the
photfegenily preferred mugji-photen photasenaitizers idcldet thosesexhivating large

ot SGBls e R = HoHadi H ey A Bhove
cmmkmﬁhy?md@tmﬁﬁﬁbﬁ@fyxanqre@ag—ylﬁdetnefm @Hﬂé‘ﬂaaﬁéﬁnﬁﬁlm chloride

that of fluorescein (or, alternative greater than

and ths exafiigorgantimapgtesalt of Rbedinine &) ynd ﬂwﬁpumleafse% @fbl Y,

e R LT TR S L APO58:051 o

99613242 .NAhé foak ylassgs et ey desbrdtedadd doliowH 0axmbRchles &hich two
sec/ photon); and optimally, greater than about four
Owrﬁége qmaectes tor q%w@@@éumdefafon bﬂckgér fRrQlesyles igrhigleiwo

I LR S s DR T R
mdré Elebilﬁ@n s@aptddgV@oup; %@ﬁﬁbl%&ulb@rﬂ \lvﬁhb!h d&ro 8dceptdrs are connected to a
compatible with the reactive species and wth any

copjpgeied §-efepsron edes; iapéddbwiotagyles imawhigh éWD pedentpetiate gontpsted to

= PReprRfouR e pr o VRl S b sSiih B araaieRisfRy Yonaing
grApARiv Mk “ Biifre” Rheahid & nfINAIR @l%tgﬁﬁéht) thr dohhéttd R M&% chemical

continuous irradiation in a wavel ength range t hat
Zrenpey [daper”trprans i gfiow itaseeholiiens plithorlowdenizatinm pokentiakthat can

nsitizer (sin oton .10 absar

be BRI oo i R ROBE. 3Pa e EPRR Beu Rpatpm a eroup of
atdshsSwitlP@thighNQectrdn 48HhihBat cabDk BOngd h atbhi thE@'n:l e’l‘@@tr%n brldge)

materials, that test ‘can be carried out "as fol

st aRdaradertatie exainples ohsushrphbosensgprarsadclhde/iha golﬂd\ang

follow ng conposition: 5.0 parts of a 5% (wei ght by

vol une) solution in nmethanol of 45, 000-55, 000

nol ecul ar  wei ght, 9.0-13. 0% hydroxyl content

pol yvi nyl butyral (for exanple, those avai Iakrl e under

N—
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15 the trade designati on BUTVAR B76 from Monsanto);
0.3 parts trinethyl ol propane trinethacrylate; and

w0 203/0pB61 S PCT/US2003/030563
2-met hyl -4, 6-bis(trichloromethyl)-s-triazine (see
Bull. Chem Soc. Japan, 42, 2924-2930 (1969)). To

this solution can be added 0.01 parts of the conpound
be tested as a photosensitizer. The resulting
ti on can t hemebe kni coated onto a 0.05 mm
chMEar 4 G . a knife orifice of 0.05 mMnm
and (t ht v Q!} é s_air dried for about 30
es. A Q. ear yester cover filmcan be
fully placed over the evi ed but soft and tacky
coating with mnimum entrapnent of air. The resulting
sandwi ch construction can then be exposed for three
nBQ Ut e 000 Lux _of jncident light froma
tu \ %’inglight in both the
vPSibl e and 8+=/r afge (such as that produced
froma FCH 650 Wquartz-iodine |lanp, available 25 from

General Electrig), Exposure can be nmade through a
fuen 'de exposed gnd unexposed areas in the
eto) e 00x-&§ the cover filmcan be
rennved and Ag c#n be treated with a finely

di vi ded col 0F@d powder, such as a color toner powder

of the type conyentionally used in xerography. If the
‘ " acryl ate nononer will be
Eﬁlynerizedzi 30 theN=/ghtBuexposed areas by the
bis(trichloromethyl)-s-triazine. Since the polynerized
argas, wll be essgntially k-free, 16 WO
2003/036§2§ the col ored powder wil|
sel ectin 3
un sed are
Preferably, a photosensitizer can-al so be sel ected
based in part upon shelf stability considerations.
upon the particul ar
as well as upon the choices
- phot on photosensiti zers
i ncl ude those exhibiting I"arge nulti-photon
is, N[9-(2-
oxyphenyl ) - 6- (di et hyl-e

Bgst g cpnmpound 1S a _phot3§en3|tizer t he
| i ght-gener¥t%d free radicals fromthe 2-nethyl -4, 6-
20084403 8%
4;} esgeRNtinal |y only to the tacky,
e cgézﬁpg, providing a visua

i m correspondi ngricHt ha n the stencil

a particul ar photosensitizer

d, and/ or el ectron acceptor).
absorption cross-sections, such as Rhodanine B (that

R hanan ni.nichlo

1 no) - 3H xant hen- 3-yl i dene] -
fe 10 and the

of Rhodam ne B) and the four
s descri bed, for exanpl e,
o 98/ 21521 and WO

i8



99/53242. The four classes can be described as

follows: (a) nolecules in which two donors are
wa@oeomestsezrl to a conjugated it-electron bridge; PCH)YS2003/030563

nol ecul es in which two donors are connected to a

conjugated it-electron bridge which is substituted

wi th ong,or 15 pore elggtron accepting groups; (c)

2 [ Ml ch twg acceptors are connected to a

bN eye; and (d) nol ecules in
Sptors are cannected to a conjugated
i t-el"€ctron Dridge WhisgchH,s substituted with one or
nore el ectron donating groups (where "bridge" neans a
nol ecul ar fragnent that connects two or nore chem ca
groups, "donor” means an atomor group of atoms with a

: n Botent'al that can 20 be bonded to a
@ ont @ by dge, and "acceptor” neans an
group o1s Wigh a high electron affinity
t hat can be RMbnded toFQCgpnjugated it-electron
bridge). RepresentatiVvé® &xanples of such
phot osensitizers include the following: N N ~ H5C2
CH5 S 25 17 WO 2004/ 031862 PCT/ US2003/ 030563 Me Me

/uPNu I\/EU?QUINE BL@ Bu Bu Me M N (:~4
e O
N~

ﬁ O
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RR=Ct2H zs Br nBu\ Et n-Bu 18 WD 2004/ 031862
PCT/ US2003/ 030563 Me R M NN M R M RCI2H25 NR
webbo4es@BE2H25 CN NC/ \' Me R M Pu N 'Bu BeCT/US2003/030563

R=C12H25 MO RO MO Buy \ u Bu - Bu NCn -Bu, / \ \
/ \ f~J-e n-Buy - Me 19 WO 2004/ 031862

52003/ 030553% CHO%U [\ \ [H2CH2OH
n-Bu

MeQ,

n-Bu JrBu
) {
n-Bu n-Bu
MeQ, Ft
MeO O \ O Et
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n-Bu "M Bu, / \\/ \ % MOt Et MBtu 0 0\ ,Et
Et MO M M M MO n-Bur PBU n-Bu n-Bu MO0 Me
WO 20008188 ~~\ Bu 20 WO 2004/ 031862 PCT/ US2003POB0OSH83/030563

MO/ \\N/ \ Bu M M -Bu M, -- an-Bu M r-Bu
Me z - n-Bu
MeQ,

MeO

M

X- where X- = CF, PFy, SbFg, AsFg, BF -, CF,SOy

The four classes of photosensitizers described above can be prepared by reacting
aldehydes with ylides under standard Wittig conditions or by using the McMurray
reaction, as detailed in WO 98/21521.

5 Other suitable compounds are described in U.S. Patent Nos. 6,100,405, 5,859,251,
and 5,770,737 as having large multi-photon absorption cross-sections, although these
cross-sections were determined by a method other than that described above.

Representative examples of such compounds include the following:

10
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Et2 / /| Et2 X- where X- = Ch, PFs , SbFs, AsF6-, BF4 ,
CF3S8 CX2H H The four cl asses of photosensitizers
walewmandisezrl above can be prepared by reacting BCTER}0d®830563
with ylides under standard Wttig conditions or by
using the McMurray reaction, as detailed in WO
/21521. 5 Ot her suitable conpounds are described in
Patent Nos. 6,100, 405, 5,859,251, and 5,770,737
gr\ng | arge mul ti-photon absorption
S- & ' S t hough these cross-sections were
¥¢d by a nethod other than that descri bed
above. Representative exanples of such conpounds
include the follow ng: 10 21 WD 2004/ 031862
PCT/ US2003/ 030563 \ / R=R=C2H5, Cl10H21, C18H37 R=C2
y \/ '/ RC H RR\ R=C2 H5 22 WD 2004/ 031862
/ HS2003/ 030563 n\) \ / R=R=C2H5, C10H21, C18H37 \

\C2H5/R=C2H5 \
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R R\ R=C2 H5 23 WO 2004/ 031862 PCT/ US2003/ 030563 R R
RR2 RI=CC H5 R2=C1 H2 1 N R=C1OH21 RO R C-J: S s
WER@R318R=CLO0H21 (2) El ectron Accept or ConpOounBeT/US2003/030563
Sui tabl e el ectron acceptors for the nulti-photon
reacti ve conpositions are capable of being
phot osensitized by accepting an electron from an
ectronic excited state of the 5 nulti-photon
g ensSi ti esulting in the formati on of at
5 i cal and/or acid. Such el ectron
i ncl ude i odoniumsalts (for exanple,
gt aryl i odoni um salts), chloronethylated triazines
(for exanple,
2-nmet hyl -4, 6-bi s(trichloronethyl)-s-triazine,
4,6-tris(trichloronethyl)-s-triazine, and
4,6-bis(trichloronethyl)-s-triazine),

0 S8 (for exanpl e, phenyldiazoniumsalts
Ly N\ jituted with groups 10 such as al kyl,
=/'koxy, halo or nitro), sulfoniumsalts (for exanple,

triarylsulfoniumsalts optionally substituted with
al kyl or al koxy groups, and optionally having 2,2" oxy
groups brldgl fg\adj acent aryl noieties), azinium

% e, an N-al koxypyridiniumsalt), and
gzol yl dinmers (preferably,
enyl i m dazol yl dimers such as
‘ 5,5'-tetraphenyl-1,1"-biim dazol e,
. |8H&P#§C§MB%Q$W%ted with groups such as 15 al kyl,
al koxy, or halo), and the like, and m xtures thereof.
The el ectron acceptor is preferably soluble in the
reactlve speci es ns preferably
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shelf-stable (that is, does not spontaneously pronote
reaction of the reactive species when dissolved
w0 b@neB1s6t n t he presence of the photosensiti zepCBDS2085/030563
el ectron donor conpound). Accordingly, selection of a
particul ar el ectron acceptor can depend to sone extent
n 24 WD 2004/ 031862 PCT/ US2003/ 030563 the

ayti gqul@ar reactive spediigr ot nsitizer, and
PRuUNg—e as—Zdescribed above.
hose described in

P = 3,729,313, 3,741, 769,
808 006, 4, 250, 0531 aﬁq 4,394, 403. The iodonium salt
can be a 5 si npl e saﬁl—t?m(%or exanpl e, containing an
anion such as d-, Br-, |I- or CAH5SC3-) or a netal

c:rrpl ex salt (for exarrpl e, containing SbF6-, PF6-,

| uor ophenyl )borate, SbF5 OH4 or
i odonium salts can be used if

urEss
Tpl es of useful aromatic iodoni um conpl ex
églyt st ect™on accept ors include diphenyliodonium
traf | uor obBiat’e; di (4- et hyl phenyl )i odoni um
tetrafl uoroborate; 10 phenyl -4-net hyl phenyl i odoni um
tetrafl uoroborate; di(4-heptyl phenyl)iodoni um

AGor obora e: di (3-nitrophenyl)iodoni um
iR e di (4- chl orophenyl )i odoni um
e af T10Pefhosp ate; di (naphthyl )i odoni um

t et r af "or atvor at e;
Refii4-t ri f1 uor omet hyl phenyl )i odoni umtetrafl uor obor at e;
di phenyl i odoni um hexaf| uor ophosphat e;

di (4- mst hyl phenyl ) i odoni um hexaf | uor ophosphat e; 15

EAGS O SBRAIMEAAES| uor oar senat e;
di (Sﬂlt Qe%ﬂm%gﬂtbfs%f)me %lflﬁﬂ\ﬁ%' rl:’&ﬁl@p%ﬁgﬁsltlons are capable
phenyl - 2-thi enyl i"odoni um hexafl uor ophosphat

of b8ng pbommisyizgyb)ambpﬂm%arpeﬁmgdm fowtoan glectronic excited state of the

5 l’l’lllliiJ] é)ﬁaf u gP@g?ﬂssfﬁgﬁ frietesgltmg 3 gl%tjogﬂgth% (#J(}ja !eﬁf,t%e free radical and/or

acid! SuERbleb@sPRREFDR indhdeZiodostimiang qnhemydp)lé QR dtBnium salts),
hexaf | uor ophosphate; di (4- br om)phen& )i odoni um
e

chloremeshylats opavees iiEor exaraple L2-mstihbdyibistiiehlpiomsHiihs-titzine,
2,4,@—?}}3‘{40}{% %ﬁ@g—gﬁ{xfzmed %@2%@@&%@2@3}{ o}dnqé%ﬂﬂb lé'fhazme)

uor opho

diazomiahosaite @fob exeyy{dd) @hylh})l iliagatinrekexsionaldy pkoispdayieh groups
met hox sul fon onj.um

o suctipsalfy | ki Ba B0 ) ?‘gﬁ)‘“ﬁ%@ﬁ%ﬁ Gy srample) frsagsylfppium salts
optlﬁk?a?ﬂgfshHthQtQ@ asBhalSor Qﬁ(&)@y Qx%ﬁé@taml %gt)( A9 HRRhE M2’ oxy groups

|'uor ophosphat'e; and ~ di phenyl i odoni um
brid pieg afljanent eyl iaiwital, ezinam saltséfdriek anplanah N}aﬂtqmp}mdmlum salt),

&her eof . @&Pﬁﬁ% gerggl oft ég qlgggﬁrﬁﬂ%%bﬁ g}é‘%? §0ch as

2,2’ 4.4 ,5,5 ~tetraphenyl-1,1’ -b11m1dazole, optionally substituted with groups such as

15 alkyl, alkoxy, or halo), and the like, and mixtures thereof.
The electron acceptor is preferably soluble in the reactive species and is preferably
shelf-stable (that is, does not spontaneously promote reaction of the reactive species when
dissolved therein in the presence of the photosensitizer and an electron donor compound).

Accordingly, selection of a particular electron acceptor can depend to some extent upon
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i odonium sinple salts (such as, for exanple,
di phenyl i odoni um bi sul fate) in accordance wth the
wo e@alodrsgs of Beringer et al., J. Am Chem SoBCT/8%2003/030563
342 (1959). Preferred iodoniumsalts include
diphenyllodonlun1salts (such as diphenyliodoni um
0 hat
the R e ABEe, IS HED A AR ABP PG Blosi, o
demhﬁmdhbumfoantlnnnate (for exanpl e, those avail abl e
e trade eS| nation SARCAT SR 1012 from
Saff%fﬁéfg ts maﬁ%e st deseubachiarlést Patons Ngo 5,545,676,
3 72?90%/ 9%&3%9 F’@ds%ﬁ%o@%@ 9§§§d 4,39} 1aP) fh@ﬁ'd&?ﬁlﬁﬁl <Altcan be a
for the sulfodiumsalis (and fof any o er
simplg peh (fof e:eirqde,roontaanngm aigl) suahcisile Ba-,Jaoi @HsSOk-) or a metal

con}gg ltgéﬁt%z?rgﬁf gaélbl% g :SBEi% aﬁ%ﬂe%peotetrgkls(pe tﬂl?lorophenyl)borate

SHF GH-RMFES N Mk BFbs A SRRivin SARIGH B us@ 4 desired.
al um numcentered anions. 5 Illustrative, but not

| i rixempdss ofvaefpl aemefic indoniab! eomplexi saltlettremtaogapeors include

aipRRYBR a0 LR ERD AN b BB R tetrauoraborate;

phexﬂ%ﬂﬁﬂ@)ﬁx@nyhd@ﬁ&ﬁ%}r&ﬂ%@&%} Gi(4-hept phenyl)1odon1um
CF3S02) ( c4|=9502) N- . ((CF3) 2NC2EASOR) 2R

tetraé}u@m@g)p@tg@@ gnhe@y_@)oglomum hexafluorophosphate; (§1(4—

o T RN S PR e

d1(4tﬂuﬂsotcymmhylplmnyljE)dbimuﬁﬁetreﬂu(&smmddljaﬂerb&ﬁotldS’tﬁmfnor mul a

nexfiprgionsi £ 0sh ooy Sodinbn bt s o v

diptHed it Hbﬁdfﬂgvoa?séﬁﬂpl cﬁgl @?en%@l@?%lﬁg B&ﬁﬁ’ﬂ SRR Hrate;

anions include F4B ,
pheqxt@:@)eisllodqmur@mmm;@ospk(am, @és@melemlpmazolyl 4-phenyliodonium

hex%fﬂm@%%% (1@&@5 F%%?’;% ant r&é’?—éﬁ g%%%élaegyli%domum

tetrdfluosgbotdie; Q?@Qﬁ&iéhl%ﬁnpheﬁﬁﬁl?&rﬁﬁlﬁ }ﬁﬂ;&hﬁ)?@lﬁspha&ﬂ diahe

like. Preferred boron-centered anions generally

‘bromgpiteayhicdopipmbsxalleeipphpsabaeitsti¢ matheyphcayhipdeniim

e DR IS R Gl 4

bel n st pre al ogen
methatycatbonylpheny))ieioaivpl ksxafihiotophogphedkedif®d ani ons

i ncl ude , 5- D 3) C6 4B- F5
metfa%é/é@?%*t ﬁgféaﬂg*féému%@f%@%%@h%é &ﬁé‘ﬁéy@msa?}*@lybwmum
hexaUidk&HoSpifd; @ Q—%ﬁi&ﬁbﬁylﬁ%&hﬁ‘xﬁrhem@roﬁfos talah @i d

centers include, for exanple, (3, 5-bis( ) C6HB) 4Al -
diphegplisioninm hexafisPOpiEmFnate;(a0d KK llﬂ{ﬁPand mbRures (h@@e&ﬁ) AE@batic
iodonided §Qmplex salts can be prepared by metathesis of corresponding aromatic
iodonjum simple salts (such as, for example, diphenyliodonium bisulfate) in accordance
with the teachings of Beringer et al., J. Am. Chem. Soc. 81, 342 (1959).

Preferred iodonium salts include diphenyliodonium salts (such as

diphenyliodonium chloride, diphenyliodonium hexafluorophosphate, and
diphenyliodonium tetrafluoroborate), diaryliodonium hexafluoroantimonate (for example,

those available under the trade designation SARCAT SR 1012 from Sartomer Company),

and mixtures thereof,
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(HO F5Sb-, and F6As . Preferably, the anion, X-, is
sel ected fromtetrafl uoroborate, hexafl uorophosphate,
wheooafBbiser oar senat e, hexafl uoroanti nonat e, andpPCT/US2003/030563
hydr oxypent af | uoroanti nonate (for exanple, for use
with cationically-curable species 25 such as epoxy
r esisnihble B 36S f@ihS4lforl®s ! (hRIMor Bhy 8F the SHRE lyp@of
acceptors include: triphenylsulfonium
eleclgon agoepioroteiadea vasiehy ofginiintypesivich enifanexample, imide, methide,

t i hyl.phenyl sul f oni um
o I b 4E BRI Sl B BB B 53 Breiecentered, and
aluRGIUIS2ORRABAER3 tri phenyl sul f oni um

hexiﬁl uor.ophosphate tri phen%l sul f oni um
hex &fYstiBtivaktt msdupieng. erpnaley ohsyitebleyimidg snshmethide anions

. he | uQroarse it esul fQni um
e P NS RSO N Ra b S0pen B0 URELSO) N
hexaf | uor oanti nonate 4-but oxyphenyl di phenyl sul f oni um
(C @ CuOFBIS6)a(6 F 30001 dCHBRnIC H 3D Ny, (6TIF ) 0T FIBO,)HN-,
hexaf | uor ophosphate tri (4-phenoxyphenyl)sulfoni'um
Clhexat tye (3 gigifopt Y I f oni
(ChsaeE RO IOPIRYE 3 dinidcrhRMYBBERNO i e Nbl CTb8IR,)
- -QaYdph hiphepyl f.oni etrafl.ugroborate
Cﬁlﬁs_%ﬁ)?g@%%%g%}} (Qj'i g%%g%ﬁdsagﬁléngﬁfhw bpe intlide hose represented
by tRX¥afrhua(R a i i i i
Y di (et ho§y§5?f§3?3’yfv§%r§ﬁ’yﬂ‘ff%%f’ piuorgaficyl radical having from 1 to about 4
carpikaiPmgor oant i monate  di (ni t rophenyl ) phenyl sul f oni um
hexaf | uor oanti nonat e
di (Bhstrativet habogp hierityg), eedriyiksof futtable Moron-centered anions include
hexaf | uor ophosphate 15
F4B4—=(§c5€'?léﬁﬁ%§§amz}3'd(%ﬁﬁd§ﬂ, §uCF e HyinBr 61, GoHORBT, 86-8C H,), B-
~di met hyl napht hyl sul f oni um hexaf | uor ophosphat e
> (GeFDI(CHR b RE fiy), ci-GFE )1, spCER O H, (CSF N BY, (GG DBr JUSH, ), C,F)B-
p- (phenyl t hi ophenyl ) di phenyl sul t oni um _
; (%W—CE@@M&JE‘H@ED?(H—Q&HWB}{ lapd eiRARRN PAEBIrédhoron-centered

.hexaf | uor ophosphat e 20 nmet hyl t hi ant hr eni um
anipns,Egpergby epiawphertraore halogen-substituted aromatic hydrocarbon radicals

2’

attached to boron, with fluorine being the most preferred halogen. Ilustrative, but not
limiting, examples of the preferred anions include (3,5—bis(CF3)C6H3) B (CF B
(CeF9);(n-C,Hy)B", (CF 5);FB7, and (CF,),(CH,)B".

Suitable anions containing other metal or metalloid centers include, for example,
(3,5-bis(CF,)CH,), AL, (CFy Al (CF),F P, (CF)F P, F P, (CF 5)FSSb-, F.Sb,
(HO)FSb’, and F As". Preferably, the anion, X, is selected from tetrafluoroborate,
hexafluorophosphate, hexafluoroarsenate, hexafluoroantimonate, and
hydroxypentafluoroantimonate (for example, for use with cationically-curable species
such as epoxy resins).

Examples of suitable sulfonium salt electron acceptors include:

triphenylsulfonium tetrafluoroborate

methyldiphenylsulfonium tetrafluoroborate

dimethylphenylsulfonium hexafluorophosphate
26



10- phenyl - 9, 9-di net hyl t hi oxant heni um
hexaf | uor ophosphate 10-phenyl - 9- oxot hi oxant heni um
wo ednaBisenr obor at e  5- net hyl - 10- oxot hi ant hr eni BOT/US2003/030563
tetrafl uoroborate 5-nethyl- 10, 1 O-di oxothi anthreni um
hexaf | uor ophosphate 25 Preferred sulfoniumsalts
| nciripfienyisil Anthm SRSt dphebhaal t s such as
triar )ﬁl sul foni um hexafl'uoroanti nonate (for exanple,
t hoswhaRadsuléivm hexpdluordagtimpagte desi gnati on SARCAT SR

101 oner. a triaryl sul fonium
hex%]p F%@?%%’ﬁ@@%ﬁ%‘%&“%aﬂ&%sﬁ‘?& t hose avail abl e
undgitolybsal fohAGie hel@flugdphésphat®ARCAT SR 1011 from
Sartoqgﬁr, Company), 30 and triaryl sul fonium

hex@$Xdpbedubleaiua hexgfluereartinenate hose avail abl e

undg! ' ' K185 from Sart oner
cOan\’H‘y"??P l&éy?@%l%%ﬁ%@%%&@ﬁf@&a%@ 030563 Usef ul
azi schlorephkengtdiphehylsidfonhms Bexdeisefopheghhare U. S.  Pat ent
No. . 8?9, 572 which include an azinium noiety, such as
a p'y’/'??'g P hRyRs Hfaninm heraffuorophpsphat noi ety. The
aZ! dH{AAGBRY Sy SRR BEHm AL Mor LG OTRLT © T NS,
typically carboCyclfc aromatic rings fl or exanpl e,
qui %@q;ldt‘gl?}{lphenblkbldwhml@_hlmimnntettné}mmugio@é Ei um and
nap odi azoni.um 5. noi eti.es), fus W n_ azi ni um
[Ln%?m%?‘aﬁgfmp%gw&eiéﬁgfopf% Z;h OLpP Igj e Iga% at olm in
edi(raethox w1 fohylgh thylsalfea® ca
upor:(el ect}?on t}:lgns Ie)r fryomthe elezié{]?%n?@ﬁmgxci t ed

st ati@iephengDpheaylssbenitumihesafluagoanitiencazieni um el ect r on

acc or t he quat erni zi ng
st e R B R het ia B

s ubbtdetareidbphen@tdiphenkiseifonigui aéteifiioz@orae i NG Ni t rogen
at om of ﬁhe %Sén um noi etéél can be sel ected from anong
a 189Mghwingphthysufonpmdiexatiyqrgphaspaéni ent oxy

S UBSHLbAS By 1dibhEn IR Bh Y xanpl e, be an

al kyl radi q%,lgsugpaﬁhmﬁgﬁﬁmé{)ﬁ{ﬁ;@ butyl, and so

f or-tphemyléhiaphepyldigbinyulfosnmbiexafubsbitimomete  For

exanpl e ral kyl .(for exapple,, bepzyl and phenet hyl)
anglri)rﬁlf#’é’%hﬁw%(@%?luw @PP%%PP@%H hyl) radical s
cars-hethys@fadthrerdiim 38R0 eglpnateT can be an acyl

radi cal, such as an -OC(O)-T1 radical, where Tl can

be 1Qneheayl-9 Redipgthybhiexanithepium haxafivardppospitte adi cal s
desey.i _al o it '..can be an aryl
razl;brc%}f%tﬁ%s%?gx%%oxg Sﬁgﬁﬁ‘&?@{hn“é%%t{oﬁ%ﬁ The aryl radical
c arb-inathlyirl O-caethsanisenitutteghfldoesbogatanpl e, T' can be a

tolyl or lyl radical. T typically contains froml
to %’6‘8@1&1&@%95* I%Ptﬂéfﬁﬁ{uwftxl‘?ﬂ%‘l@ygo%ﬁtéti es in

Preferred sulfonium salts include triaryl-substituted salts such as triarylsulfonium
hexafluoroantimonate (for example, those available under the trade designation SARCAT
SR1010 from Sartomer Company), triarylsulfonium hexafluorophosphate (for example,
those available under the trade designation SARCAT SR 1011 from Sartomer Company),
and triarylsulfonium hexafluorophosphate (for example, those available under the trade

designation SARCAT KI85 from Sartomer Company).
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each i nstance above preferably being | ower alkyl
noi eties and aryl noieties in each instance
w@e@iesmbt y cont ai ni ng about 6 to about 10 carBbOMUS2003/030563
atons. Highest activity levels 20 have been realized
when the oxy substituent, -O T, contains | or 2 carbon

at %ful-le—llgﬁnulﬁéhl A0y fﬂo@é d&gﬁg d B% gd atex?t@cy Ql-sfgf;Qtﬁ?%hich

other than 't uaternizing su
inclpde sremiaunt moiebge suctudsst pytridatitus, dlazmnim g tiazifiGinahoity. The
t.he activity of these electron acceptors. Useful
2ziipm MQIPLY £p F3b1dA ongi Franate progiata gingt dkpice beearpasygliG gromatic

rings-(Rr ekath @t qlhk‘?ol nidm ﬁo@.g lﬂﬁ?&'fl)%%%%ﬂgfglﬁl}{,%n& REpHitiRiazonium

or exa o chlo
momcshdusqnmmly hl) azifijub ribg.i mq(datmhang substituent of a mtrogen atom in the
tetrap

ﬂlrg?xpﬂng 59% %8 reﬂgeﬁag %Q 8 rt]x)ée }adlcal upon eﬁectron trans er rt%m t]fxe electronic
excieDstitt Sf BreGiNoRisei®Y kd thé akidifn SleBRSNLRBE N c]ne]pr@ferr&i

iimdazole. Preferred el ectron acceptors include
forpiibe avatemizgemuibatioest is syeky S@Sﬁlf(l}@lmn i Ther oxailstibstitgempr-©-T, which

o 5 AR B BTV R AP oo

varibtyr f spiittbedalle oaveniait pki Qﬂﬁﬁtu@ﬂﬂss aht sty T can, for example, be an
chl gronmet hyl ated _ triazines. 28 WO 2004/ 031862

alkybeadfieabrooB roswS tivd) butyledd sorforthnd he alkivbesdisabean be

w641 L0, SIRDINIS gk gk S BIPK g o

examph!pmﬂfdmamyl}ara&haaﬂ:ﬂmmmdlsef@btlhanomhafbmh@ can be an acyl radlcal,

hot os zer | | that are pabl e of donati
suchps g eﬁﬁfé&ﬁt@% éﬁ]@&%mﬁ*ﬁ e a0y of s 2pgveallyl PR %1'2%
radiBRIOHORARS ABAR! 1n A0B1iSA 8 LAOPe PRGN rALIRED %&% phenyl or
referably have an oxi dati on potenti al

napgihghtEe arflandizel eandméhrh be subistibteds chequamPleoT{ mtbecaftolyl or

- dj. t Z oxi.dati a C
ol TV IR un B b A YRR 47 i gpofeses
eacls Ristaned ﬁﬁbve phefembly WligClowedak{] toietiés and arfinfoieli@Gh kath

donor conpound.is al so preferably soluble in the
instaneg é’!-’f‘er@ng’ﬁé’@Faé%m& About 0 o dPerion akuEe cdHighesh agtivity levels

havé! 9% réﬂ?ﬂeﬁ vﬁkﬁ bfhé b)g)’ subSiRsAeRY O 1fx§"§ 095‘3 09 ‘?lg)ms The

above). Suit onors are geherally capa
aziriwn medlsi mugdumréumshbstﬁtuemroﬁleo thanhhe qmmgemigmlbktytuaft a

o B ST i B RS e sy Fonse
elecﬁ@hla@iylpﬁﬁH y-reactive species, those skilled in the
art gnl ze that the el ectron donor compound,

i f el |trg¢wh plybdisness inglude ghosedessribed in WSt atent NG
4,9é5,:1§/ 1 ?gﬁegeﬂalfrlﬁgsle_}%gudﬁ,}?%%&%ee e, 56(' d%goarﬁg@%yl)tﬁ 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 electron acceptors include photoacid generators, such as iodonium salts
(more preferably, aryliodonium salts), chloromethylated triazines, sulfonium salts, and

diazonium salts. More preferred are aryliodonium salts and chloromethylated triazines.
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In general, electron donor conpounds suitable for use
With particular photosensitizers and el ectron
waec@epsmss can be sel ected by conparing the oxPABUSZNG/030563
and reduction potentials of the three conponents (as
descri bed, for exanple, in U S Patent' No.
3 ﬁ]&%%m%? or CifPomdent | al s can be neasured
&emﬂ-neﬁa'lﬁy—ggvr—exanpl e, by the nethods 20
deRlectdoa dohyr dﬁmpbundbuseflﬂ’ﬁlmtlﬁgnlﬂﬁlphotoﬁqﬂ@tdsbm@lﬁw system of the
pter 15, Academ.c Press 1973'33 can be obtai ned
mulflrpgﬁﬁopé?aéﬁéﬁ EQEPATHEPN 4§ CRIUPPUNAHAP Btmh@n thegphotopgsitizey ifeelh)
that 8 GEbEAL bPAGARRAL Gn e@é%{ﬂ EPArPelfchicExcles Qi o Of
stry, Vol 1975 K. Mann an
phoBaemsiizer. E[@oﬂla:abmheimoad:orﬁimnds peferably hbveaaqwodmon potential
otenti tive

that GG bt P SIS L6 G D Caa ety Sher Preferably,

the Q)ﬁ&ﬁfdntp%ﬁmﬁﬁi 1@‘%@\@:69 Whe@ (2Pard PUVsONSERNRA sARARAUIDmel
sel ection. When the photosensitizer is in an

electpdet'PEREC)-excited state, an electron in the highest
occ{%@'e d m) ecul ar _arbit

hal BEREPT ST RimgBhRL  Hore g bl g i e ey gpecios and

is sdleverl bakstpifElayt, upoh 8hé10 Wabilitcacidetieas (4B ldewkibad abde).t Sitable
(LUMO) of the hot osensitizer), and a vacancy is |left

doneys grengenprially sap ‘éf«:IHFfé?SU@)% thespged;af e ariths injagsclensitveaf 2
phogbgeazﬂ‘?e ﬁdn%%ftfbﬂ Sﬁ% fe%ﬁlﬁg&gﬁﬂé dé%jl%d%!/a%gfe éﬂ f rom

er energ ctron
c orWShmmzlomarg wlioln a;ttmnmllgiremxlm spebmsfthbie M&d\aamlmmywllh :
t he 1y occupi ed or b Pr ovgded t hat
recagpire St Hereetion SOBeARP oL Bidl DEsnERY bigcict, R pdvsesely affect

the PioN® r@&géﬂ O@e%%r @grﬁﬁgzt‘ﬂg a(s@ﬁ’%@%ﬁ%n U. § g N5 206.)

potentlal of the el ectron acceptor is | ess negatlve
( odn ﬁ@neealp@scttmm@)nor comapoundasuitgbletheugshotto patisilar zer |

phof?)ﬁentsglezg% g\g? trron gcceg%heran%e %}étfag ?? gtar%)?rd]ﬁg Ehﬁ Oxidation and

redu@h@ﬁ poieiisld oZBE thiree Ed)’lﬁpdﬂéﬂ@%ﬁs dB3aissdpic? @xampleemUl 81 Patent No.
orbita LUMO), of the electron acceptor, since this
4,859y ?bs%‘?f’i@oéﬁﬁ‘tlé]}@&% b measwegemeansntaly ¢foriexamplg, by the methods

c
deso?i;bgéf' ﬁg Rr g 3%6)@ §@FraphlcHthbdiv % & h%ot%é%lﬁg’h %’rz%gsr ﬁy?’ﬁ) or
can bpobteindd frounteferanmee sudgatN.\de Wdfiaburghﬁd Déchhhme elf Eﬁﬁctroasrgamc
ccepto anbi. ent r mal t' ' can r j |
synfieds Bt 1BERGRS ob e bt VIR, SRroBoMentians k.
Bartds, ER&rakbaR{l RBadpRhs M NahaqRéods 39 s@hR Y1 57)). ‘i“ﬁé‘ Btentlals reflect
conmpound 1S [ €e5ss positive (or nmore negative) than

relati Yeegnergly r@héomhmsc@émsn b¢ pead in gre whwEr doseribed belgw guide
Hg\/‘p e el ectron donor conpound to the
dec&%a?t“}a BRAY an%(‘gse ei’f Phe photosensitizer is moving from
a Waegiahe pRotasdneitiRér iDat anéle@toniodNcbd agel in ElepF&@SAMEShighest
an
occupied molecular orbital (HOMO) of the photosensitizer has been lifted to a higher

energy level (namely, the lowest unoccupied molecular orbital (LUMO) of the
photosensitizer), and a vacancy is left behind in the molecular orbital it initially occupied.
The electron acceptor can accept the electron from the higher energy orbital, and the
electron donor compound can donate an electron to fill the vacancy in the originally

occupied orbital, provided that certain relative energy relationships are satisfied.
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exotherm c process. Even if the process is slightly
endothermc (that is, even if the oxidation potenti al
wobkoologisphot osensitizer is up to 0.1 V nore poBRCT/USE03/030563
than that of the electron donor conpound), ambient
thermal activation can readily overcone such a snal

LBt A SRSl EOEELORS 0 Y i

thant that®bf &e\bHWSEnsﬂte@&t anvededtdoarnn tedtigled ehdigy ettanl obihe
acceptor, or, the _oxidation potentjal of the
Photﬁﬁ%tsﬁ%liw@ readily frapgferpa framhe photatsieitizers the lo wesidopprpied
mol@uldrieoita8l WMC?S)f %tﬁ) (ﬁﬂ&’ si é:tllﬁrs fe e@éﬁﬁg Xn exothermic
I nstance, regardless o er 'the e ron
procass: eﬁmten if the ptdeessdb éstaad rshginl}oandoﬁﬂpnmr(dlaf isy S\tenrlé‘dretrsductlon
t he photosensitizer_in jts excited, state, \Wen
potepie ot R PR o §10-) Mol BosacastivaItB oo, G iy tron
acce??or% Sa6EhNHeMal BetivBBon PRPEASH ?}ﬂ&érécﬁﬁ‘é such al shiaiesesdidred
e, It 1s preferred that the reaction be exothermc
or Ioah ynalegoiug malnyererfdm preidation poingial offibe eleeizon dwor compound

. tor, or e ele ound is
is ey TR B ot EafuftS sl g the dRIRR e an S EAEh icking
fromi BRHOMITBofAhE eltirdd dcﬁfoet gs&ha tohe &bitslt vachndyah he

endot herm c reactions can be expected in_many

photopensiiiferis mayingclaem a highes to ¢ hever petsntiel; z«yﬁwmgémrpaqesws an
exotlhle?ﬁm@ ?Pc;cg e 'E%Je{x hfztﬁg 8?0%@5&? slg%}glg\ép%thg@ﬁ@ (thﬁplrg teervgﬂ if the

negat o-teact ‘e
ox1caao1ep¢>tema1 of t}ielmotmen:kameﬁm u@ﬂb @nlt Vaahorefpomhee than that of the

hot osensi ti ze nor e, posi tiv
clecfiaHoRRADmBP AR SHAD R P PRL A apb e A Homtsrcome such a smal
barrfe@mpound. Suitabl e el ectron donor conpounds i ncl ude,
for exanple, those described by D F. 30 Eaton in
AdBdigbidsendottemicoeheivns i yhicedlila @dudjgpna)otewahmf the¢ al .,

Vol 13 427- 488 Yor k
Ph"t(a%é’ggﬁ%"r ‘6“%%)9’& emorm%gaﬂée Q%%Q}It %OQ%EC%%V orthe

oxuﬁusia F&bm bPthe PRBRSeBARL IS0 I0NCY uﬂﬁe PBRifi@Sthan that of the
(including triethanol am ne, hydrazine, 30 WO

elecron 4PEE LEBROWIT PLSY (D SY BB OBEBCe, Tegprdipssafpyheyker dhexlgctop
t
acceg?&%ﬁenyﬁéc'u{%ﬁ %@M&W @ﬁ%t Eéa%tsl\%erﬁ@g%%)t%gﬂgﬁmepﬁ B cited

Tarsi ne a am noa
stat@nMVihers theateetpn acoeptte or (Heretdctrdh dgnorbamphnd aneakem), with the
et hers (i ncluding thioethe |nc udi

photogensiiizaig)its cXgifqd Yite, 15&13&%{33%\41@‘4 ‘ii‘é e 981‘ S ex‘%tg?rf‘gc gt only

shgﬁtﬁr SREHRALE S WRSHGRE Qe@tr&?&c@e@ﬂgoﬂ thé eQ@’Jr&r?‘ donor compound is
di'thiocarbamc acid and iIts salts, salts of

reaciing withttessphosesiensitizer ien tadiceh exothemiin ecacaonscae still prefaried, but

nsalts of aIkI n(ar mbor at e
st Poiiney sl Pt bd SHRRE & plfy islFredh gocur. Thus, e
recduRfiBRPEERIaA bF the photRensnde: sach @S VaRRoe OB RSt (SMABH Ehat of
each R is independently
a second-to-react electron acceptor, or the oxidation potential of the photosensitizer can be
0.2 V 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); U.S. Patent Nos. 6,025,406, and 5,545,676.

Such electron donor compounds include amines (including triethanolamine, hydrazine,

30



10

15

20

25

30

chosen from anong al kyl, aral kyl (particularly,

benzyl), aryl, and al karyl groups) (for exanple, such
wa@oeoposrsds as n- C3H/Sn(CH3) 3, (allyl) Sn(CH3) 3, Pe@nds2003/030563

(benzyl)Sn(n 10 C3H7)3), ferrocene, and the |ike, and

m xtures thereof. The el ectron donor conmpound can be

L-HRRR i 42 Pt Bhe AR BB A b RORPE B 2

triphehglafsirerinalopor arﬁmnipkdmytﬁzs,carﬁtmmoman@b emhidedn(iskhiding
atom (such as a %Adtrogen oxygen sphor us,

or
phosphpiagides), GHersineluding Hueqthere)a bfeas ﬁy g8 thiguisaAs) pBHdRig acids
and gﬁlr@aﬁé LARNE ?%To%:yhffuﬁé’ MBS B AP ﬁsosaftg‘(?i | RGtaic acid and its

onor atom erred am ne el ectron donor
saltscmhscoxﬁ maiﬁhaten: balgeof ath»yjzdne diamipk {etraatdtara;cid satscbf

| th |
Gl sy aiesies oty T Ao B R P Sy TG e,
orgall6X¥aBId c@ﬁ)poancﬂ; sﬁblﬁ'ﬁi gﬂkﬁégrr]ﬁ d¥Bds BviRrdBIRM AN pehdSily

o-, w and p-toluid zyl am ne, am nopyri di ne,
chosghn lﬁrondammgg}kyét m]k@h@mrtmwaﬁ@,, beazyd), aryl and alkaryl groups) (for

exar%ﬂ%t rl%%\ g%rﬁ qu% eés Ibr agef?{é(glfrl—gr}ﬁ g%lli)ngza&ﬁg)?y In(arzg dr{z?zﬁkrrll n-

CsHNs Wferfbicetd) yhd e ll’iltbed’iﬂ rhixfureld BRE0€, The electron donor compound can
N -di net hyl - 1, -hexanedi am ne, piperazine, 4,4 -

be upyubgitutedios ﬁ@bl‘i’%ﬁ@étﬁﬁutﬂdﬁ@th NAOL BPIGIOBHBIETBIRS FYbSHiveNts.
Partﬁu%lgkpgéfgﬁé#jéﬁctﬁ)w CHBBP@ é(ﬂﬁﬁ? Lontﬁﬂ dy e e&gﬁrfl gg%or (a]g%ng (such as a

am nobenzoni am noa
mtrc%m,rmdygen phMphbrudJ msutfyf aom) ahé az abhstratiyble hydrogen atom bonded

, N- di.et hyl am al de ul ol i di ne
toa gy 9%41’6‘&‘?;%‘&“ Z‘W&S’iﬂ%ﬁdﬁlﬂe‘#‘%‘&i dehyde) ; and

amPPé?&'ré@zﬁﬁ%e @fe@ﬁor?if@rmi’lcs Fgénds mclude alk¥l ,.aryl-, alkaryl and
trimethylsilyl morpholine, trinethylsilylpiperidine,

aralkylg@dnqgéfduykanplnor)ldnhp}agnm silydanaine, propylamme butylamlne

, trletl%{?q@agglgge ﬁ)%ﬂh al“%ﬁ]&q}e%(g@{%éq ?Ag e’thylamhne 2,3-dimethylaniline, o-, m-

and bftblfé(ciﬂdeBéﬂlylaﬁ{Ih@ Qhphesyidsiel NVNrdlmethylethylenedlamme N,N'-
amne, tris(dinethylsilyl)anm ne,

tris(nmethylsil 1\<Il
dletlwlgttlﬂliemeg,ﬂx ﬁgq?p@éethylenedlamme N'-diéthyl-1,3-propanediamine,

N’NHf‘ gﬁ'lg I(bqk‘l- 5 hwe{h%h{u}’%, %\?Aﬁénllﬁ'rféﬁ?fe’lﬁ g%xgnedlamme, piperazine, 4,4'-

trlmNhNededrplphydmé;Mdﬁl %ﬂbfﬂ‘@dedipﬁpﬁlrﬂlﬁenp-)\] Nadithethyk-tnniephenethanol

t her eof Tertjar ar, ti.c am nes
and AR R oD RS et G BHER (g amile, p-N.N-

d1m&h§l‘£ﬁ1‘irfb‘8e1¥!ald%ﬁ{rd’é""pfw I\Q&i‘éﬂﬁ/lz&'ﬁn%&zaﬁé@&t 9 Sulblidige have
been found to provi de espécially good shelf stability.

carbGpaldehydeland 4srnaltp|hbhmqbehwd@hy§©) b@damnmbsmmeéfousxmngale

e S S e S TN R S

tris(Qi@esthyd4hiab esdh il 5@, NHW—G%‘@h)ﬂﬂﬂiﬂoﬁ"ﬁﬂétﬂylmme or nore
julolidinyl noieties. Preferred am de el ectron donor

trls<@mﬁn&am§0)m@mda@nm tRisanetylpy esEne HigdimathylsilyDamine,
bis(dimethylsilyl)amine, N,N-bis(dimethylsilyl)aniline, N-phenyl-N-dimethylsilylaniline,

and N,N-dimethyl-N-dimethylsilylamine); and mixtures thereof. Tertiary aromatic
alkylamines, particularly those having at least one electron-withdrawing group on the
aromatic ring, have been found to provide especially good shelf stability. Good shelf

stability has also been obtained using amines that are solids at room temperature. Good
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di et hyl acet am de, N-nethyl - N-phenyl acet am de,

hexanet hyl phosphoram de, 5 hexaet hyl phosphoram de,
wheooapspy| phosphor am de, trinorphol i nophosphi PET/0%2008030563

tripi peridi nophosphi ne oxi de, and m xtures thereof.

Preferred al kyl aryl borate salts include Ar3B

pho%d%:r@%ﬁé ﬁ%ﬁ)ﬁé )otzﬂéﬁ%l %%i‘n%ﬁ@%@%@%%@%e%r %re julolidinyl

moitiesCAHO) N+ ( CBHL3) 4 Ar 3B- - ( CAHO) N+( CH3) 3

1R o) chga (o BoichoEEsy s fsciide Ny Negimethylacetamide, N.N-

i RE T it

hex agtizBphqsghe@inivie; BraPOPy{RhosRGITRIEKBBrpholinophosphine oxide,
Nt(.n- CAH9) 4 . 20 Ar3B - H9) N+( CH3) 3( CH2) 2CH
i RN R I AP TeahE) SN G0 4 AT 28
( N-Fedidhra bk lakdbdrateAaRBinclield) N+(CAHI) 4 25 Ar 4B

N+(C4H9) 4 ArB (CH3) 3SN+(CH3) 4 -CAH9) 413N+( CH3) 4
Ar%%?@%ﬁ%*W&zbkbgm 38 V\,h)ere ,(AP i's p%enyl , (napzn hyl ,

subgst it Ut rably, fluoro-substituted) phenyl,
sué%?gﬂﬁgg)%gﬁﬁﬁll, and |ike groups having greater

nundeB$n-cLHEE adCaiHmatic rings, as well as
t et rapet hyl anmponi um n-butyl tri phenyl borate and
t et/taB(BGHMbNi um n- hexyl - 32 WD 2004/ 031862

PdAﬁﬁ%@—%ﬁW@éﬁlah
Ar;B™~(C4Ho)N'(CH3)3(CH,),CO(CH,),CH;
ArsB™-(C4Hy)N"(CH3)3(CH),OCO(CH,),CH;y
ArsB™-(sec-C4Hg)N'(CH3)3(CH,)2,CO2(CH),CHs
ArsB ~(sec-C4Ho)N*(CeH3)s
ArsB™-(CsHo)N*(CsHy7)4
ArsB~(C4Ho)N"(CHz)s
(p-CH30-CsHy)3B (n-C4Ho)N ' (n-C4Ho)4
Ar;B™~(C4Hg)N"(CH;s)3(CH;),0H
A1B’(n-C4Ho):N"(CHs),
ArB’(C,Hs);N'(CHa)s
Ar,B (n-C4Hy);N"(CHs),

ArsB (C4Hg)N*(C4Ho)s
Ar,B'N"(C4Ho)s

ArB (CHs)sN"(CHa)s
(n-C4Hy),B'N*(CHs)4
Ar3B(C4Ho)P*(C4Ho)s

where Ar is phenyl, naphthyl, substituted (preferably, fluoro-substituted) phenyl,
substituted naphthyl, and like groups having greater numbers of fused aromatic rings, as

wel] as tetramethylammonium n-butyltriphenylborate and tetrabutylammonium n-hexyl-
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tris(3-fluorophenyl)borate (avail able under the trade

designations CA 437 and CA 7460 from Ci ba Specialty
w@h@wiosmbs Cor poration), and m xtures thereof.PSUUsR08/@30563

et her el ectron donor conpounds i ncl ude

4, 4" - di met hoxybi phenyl, 1,2,4- trinmethoxybenzene,

. 1 - | .' ]

i PRI DS AU AR B cot s
frone QifpoSpedalty ICHetdel N dpodditior), byd wigareshhdxedi met hyl ur ea,

N, N -di phenyl urea, tetranethylthiourea, . .

t et%t!été%lﬁfr}teﬁ Flsiramdonos compeliss agaleds bhrdmethex xpighenyl, 1,2,4-
i | OYHeas .. i Be L.t i a .
trlmﬁfhﬁl_ﬂ%l?@rgtﬁgr}’]egwlﬁﬁ% aéﬁégﬁetﬁxmﬂﬁr%}%% gﬁ@ F&Hnﬁ' and mixtures thereof.
Suitdble tugal dldvitmnrdeasr amapouhds inclde NaNadimexdiylures, N,Nediewthylurea,

referred el ectr donor conpounds for fre . .
N N G oA e RO B PR RPLrero gy Ry igerea, N.N-di-
n-but P Bhrida, A0S AF-n [HREBhi &, NANDpheiitRibLRE, N, N'-diphenyl-N,N'-
!
. alkylarylborate salts, and salts of aromatic 'sulfinic
dietydthdeureaone vherlikef and mixdires dgeaof.ons, the el ectron donor
co d.can__also be omtted,.if desired (for . .
ex g0 BB e SmEoih Fir tezaeR et s tions include
amiﬁ)émflﬁtrcﬁ?@ﬁﬂ M% orGRYTP gmbﬁdgzg rﬁgietigs, Blk?idafr))’l‘lbélﬁtﬁ:%'alﬂi, gﬁa salts of
contrast, and reciprocity). Preferred el ectron donor
aroraRifpwiis asigy Hewenerfausicd reassiens. shrselpditandgaor compound can
AlsofenlTRE i A B RED R tmpBibile el Bubily of the photoreactive
compesiiiomr bhtpl modifyoleseintbom codtrastiand rdvypracity) o Pesteaad Debytets, donor

4- di hyl.am pobenzonitrile, 4-di methy| am nophenet hyl
comppyngldr Aciindice mactian nqliley/biimeshdaring bergolg aek. U4
dim&tG PRGiRSbeh i ate, BIMABIh RihihHehz&ik bBR! 4Idhﬁetﬁ&1§%§ér{d%@nzoin, 4-

_donor, the electron acceptor, or both can

dimetbylamanrabenzaléablyde, dadimsthtyhamimaberizopitrite o digeatisylamipepher@ehyl
r LG, Particles Particles suitable for use in the

alcoégpnﬁlg@?‘?ﬁét Ismeg?o @5 W Venti on are described, for

exanpl eIt isRvithirSthe BadpRIdf tNG invenB4BtHADditheDtheteld2ti®n donor, the
articles are mcron or. sumcron in size, »
elecg% 2ecsRtar0T1beth Grarhg£AY Eently eherddathemHsoRatorosensitiger-
if used at concentrations 25 greater than about 10% by
wei ght in the conposition, largely transparent at the

Inoryawid Padickesof | i ght used for reaction of the
mul ti phot on reactive conposition. Such particles.
R iaE Bt I GRrpBRON T e Bxsrhiee S diorite. for
exarfipié 0. U 8T Pent N 3,6461107. Suithide pafidies hie BRtdh & sBRIGSM in
~ metals, and netals alloys, as well as other
size suibstautialytingrganic imesariest compasitgi.ded darsadiiccomatdratiahs .
osing the 3

o PRI o SREEF B 9B TI8RARab B e s o
wavtIBBgtHR gikh@lse€ 8t rbf:tidh BF eeatlultiphdoR reactive composition. Such
particles include but are not limited to metal oxides (such as Al,03 ZrO,, TiO,, ZnO,
Si0,, and silicate glasses), metals, and metals alloys, as well as other sufficiently
transparent non-oxide ceramic materials. An additional consideration in choosing the

inorganic particle(s) can be the temperature at which the material can be sintered into a

dense inorganic structure.
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dense inorganic structure. 33 WO 2004/ 031862
PCT/ US2003/ 030563 Col loidal silicais the preferred
w@aooiogise2 f or use in the invention, but other pOl/US2d&D30563

netal oxides (for exanple, titania, alumna, zirconia,

vanadi a, antinony oxide, tin oxide, and m xtures

L 1@l G RYECBRA bhitktkor FAnGAL LOLHR,, B dihéi! o

can |nc & 8ssen a si'ngle oxid
collcﬂdilfrhﬁhlmmddsr(%&epanp:lepmanm;ﬂhmﬁ& girtdngag vamediag aﬂtnﬁony

nclude a core of an oxide of one . typ r.a core a
OXIdﬁa%P’PgP ﬂaflﬁ%wwmfﬁeraofﬁﬁ%m be g@hizedy ?Ih%méwdﬁlspamc es can
mch%%%@%nhﬁﬁ 2R cgﬁ‘?deoo‘m@mhlaﬁm ttréﬂggaref? f@@haafe'smcal & &fi-

ter natlvel y | oi dal particle be conposed
inchglewstoae of af oxidmbl cme tper for alces:. of Gamaterhll cyherttlhml a metal ox1de)

a es.or clu e smal | ngt h
on w§E1 s GEoxiBa pb e ShtUhE ek AT B L o BBEFEFEH. and
coll&iddl PaRTtd&s dall bBicdp 6@&%& 2BRteRAS nedl ey Hérﬁ@l%& Q}'énefa'll?”&le

about 10 10 nanorreters to about 10 m cron, pref erably

partitles or ab@ﬁ@ts are smalies tkanethe Wayelahgshof Bl used Fasphotepatierning
the &’SJ os{t) ﬁ%taanlr }/ag &% %‘ggrl% ¢ uéra%e? peg d?lF rcrieat&r??rtg'r& %olﬂt{ 16'50

nandiaeteﬂg go hlbkﬁltspeﬁblfonepkeferamy fraﬂgz&)oum@niﬂmaers to about 500
phot oreacti ve conposition ({I el ds a substantially
13y

nanq%aqs, MAKRIGEFRDEE OB ShpYs G nagametes; OrrbeB I IappBisrs.
Inco cﬂ'bt%nz(?f &ﬁ@f&?ﬁ&ﬂ&e@ﬂavﬁﬂ%@ éﬁ%ﬁﬁl%liéﬁﬂ%& mfo the

ot opatterning process anount ot her
phom;qaetsvmcfonp;msttlooIy@ﬂdmmbbmnaﬂlb}adea:rohdrh@enemmmnlpbsmen| n
and/ or. functi on

der .to i art addition er
suck s Ss Bav ke SCR iR oizt? SRR (e B et Think HRefes
bU'Sn?a'lleanﬁkﬁinté ke @ygeg of ﬁzﬁﬁ@l&?bﬁ%@ﬁfdﬁeﬂ% &é,coﬁ?bhhsﬁﬁ% order
with nagnetlc di el ectrlc i nsul atln I ezoelectric

to inhpart astditeuat Pr@perphm@éqtrfumtmn tp élferfabltl@ﬁtgd stmq@m caich yartlcles
mchﬁfe t; g(;rlﬁﬁl?ergjt abgor arJﬁc es; IC ets WlB’lr &1' ,:%%lecatr .

or en anCI anr’ reng

msulaﬂugmwﬁf?elecﬁi@afﬂﬂoe&c@ﬂ‘c plhtﬁbblfrcmﬁi; rdffhatorﬁ Qhaﬁic@lly active,
particl es include MFe204, SmCo(b, NdF
biocppa@EsrduBasscephprapertiey anBROES f@reﬁhmcm anigghstrength

and @ughn@%b %mﬂ}@s%% 'sucﬂ:ﬁag@o E@é%l 15806158 4}@‘93?%04, SmCoOs,

am c particles can tal ned commerci a
NdFeRaHpZre s Tib s@irBIRL Qb B 4106 0YyiTe3s, Mo, WS@,,813N4, MoS,,

FexGh PR an s NGRS F U A s ey Cor
exayﬁbﬂ@: I &l me(Te&ﬁo{(dg%es 96 PraREisy 2186kdadRONME NIEAMES

khown to those s in the art and/ or described in

Modifieatiopelnei, iaifaxt ¥t @ddﬁ@qph@sgﬂ‘&chn@og@e@orpmﬂoe,@wp Beidge,
1) AR b g R 1o Bl B RRRE o0 e
pertﬂ)entl\fbit@ andliteranie ¢faoior eddinple, R.A. Andrievsky, “State-of-the-art and
perspectives in the field of particulate nanostructured materials,” J. Mater Sci. Technol. 14,
97 (1988)). Other useful non-ceramic particles include magnetic metals and metal alloys
including Co, CoPt intermetallics (CoPts, CoPt, CosPt), FePt intermetallics (FesPt, FePt,
and FePt3), CoNij, NiFe, CoFe and ternary alloys of Co/Fe/Ni. The magnetic metal or

metal alloy particles can have a shell of a second material such as silver to protect them
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97 (1988)). Ot her useful non-ceram c particles include
magnetic netals and netal alloys including Co, CoPt
wo ndoanemsbal | i cs (CoPt 3, CoPt, Co3Pt), FePt PCT/US2003/030563
internmetallics (Fe3Pt, FePt, 30 and FePt3), CoN,
Ni Fe, CoFe and ternary alloys of Co/Fe/N . The
c 15 :
from{FAHohT ST Bagiic picRs b b r Al ) BBl Pofhyiques
desctit@hin Edopan Fatxht &ﬁﬁl&ﬁﬁoﬁ&ﬁ/ EBR3/2130663 from
OX|dat|on Such mag neh@i_ rticles can be prepared for

ox il e P ignt e SRR Pk I in e i R4 aTAIR ies B BlRRePPii Rtles
can ¥PAck &ﬁfh] & ;Mﬁentgg t Be Bl Woﬁ?hdt&mi’ﬂaltér sgﬁex?mﬁﬁ R I'é%ctmg

one int art t tain type |norga
as atpﬂecttrcml azsepter And imt@feae withithdmobimbotrarpietahitinted photoreactlon

hot hot |n|t|at r.system(f.or ex le.actin
Therglogg i roihliig 47 e sapRfy iSRG bt Fles BAEE R ighotdH

phot@i‘rﬁda‘t&@ eslpprepé}smsv bathdseh Bfari@bRhaaetfeRRAce. Ther ef ore
he conbi nati on of the particular inorganic particles

anEt is fleo nmfetralpih thap the qoHoidel prrtitlas be @I@afﬁlypn@ dlsige pad

chose such jnter ence. Q e
romd SRS PnbtT Yk Pedf it ) Bl SRE R eridnseRa ol grecipiegon
gellatiBhf @radarhmatic dRreatin sHEVIBEARItH.UPBS Bt Rl cy>mpos1t10ns mcludmg

non- aggregated, as particle aggregation can result i

partipleg ba\gng asulsiantiaymgapdisparesor aowbataaﬁl%w&medﬂﬁ&eéia%égumn
are p'réfefré?cl Yhiy 8 ?hﬂlxulaﬁg ﬁéﬁfagﬁecélé AR RS b BB S bﬁp&%&fg fg -

stanti al 'y no i sperse o
compchﬁhlﬁrﬁmflt}&l 1|nyerim|orm1¢ta‘ahde$|otseofdn®gamb phitioles (fr example, colloidal

. preferred. Thus, t|cula desi rabl.e ¢l ass
dlsp%gpp% 8 @Qraaaw pitisTsrd linuidanedie) especially ﬁ‘g}@g?@rpgquo%sf silica.

Suct] (s MR Prbofed BICh VsiR 261 RoBihddoh AN Gy bi fes, hieh

exanpl e, dIS ersi ons of I norgani c partlc es
inclida hlydrqxaold (wh@neayater@sqyefs: a&aﬂhb yiquoisl rge(bﬁmésrmgq@hmls (where eeganic

5_Such so b varle
oS e SnfH o8 BAFRE Y pRatdh hilitedbom wrergga an
orgaﬂﬁtdfq@ﬁiﬂ Sef Vlibﬁéxamf@d, €fe detr¥@ibnasf tH&&edhmﬂ}mbﬂ arm?fd)km%wen in
anosol s (where organic _liqguids are used an

U.S. Bekidpss 3881 mueé) e DI o oA o5 gaven by R. K.
Tler { h%rCl?eggst ﬁcgzamh%dvlﬁ)“quesnssﬁgw Yol n%l@f’?frpl e, the

scrlptlo the tec and for given in
U. Bue Iﬁatheeruﬁace&lﬁﬁﬂst@%ld(cbhﬁme)rcmhﬁfaﬂaﬁﬁ@, §958a fiyohesody are

oot heioE ey sreriint B 2o nites s Baoned i s e
avaltaﬂl%ﬁﬁh va{!?e@/ &f?)a&ﬂa@ sized Whd 86 cRHRDS tForn, a&dex%ﬁme NG/

avai | l'ify, silica hydrosols are preferred for “use

ProdluntSpInepmrAshganthdc HNaposChanpingl Gimpany in Makbropler]l;Sod k. I

avai | ab art
cauped JE RRGei- iR oty FovGiee Mafie o} CotepBing Sagpout 1010
abod?ﬁog 6t byl Weight JF sAEAli@neter Wb genblallg @s&20E MitiddonCanmaddiys of
kKbrook, TlI.; and E.
from about 30 to about 50 weight percent being preferred (as there is less water to be
removed). If desired, silica hydrosols can be prepared, for example, by partially
neutralizing an aqueous solution of an alkali metal silicate with acid to a pH of about § or

9 (such that the resulting sodium content of the solution is less than about 1 percent by

weight based on sodium oxide). Other methods of preparing silica hydrosols, for example,
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25 dupont de Nermpurs and Conpany in WI m ngton, Del.
Concentrations fromabout 10 to about 50 percent by
wowioglsisef silica in water are general |y usef uPCTAB2003/030563
concentrations of fromabout 30 to about 50 wei ght
percent being preferred (as there is less water to be
elect&&cﬂglg?lg,) "onI ;(chda%gé (r)FSI%’dlu%%SﬂlSﬁe gﬁg 3f § @o bceompounds and
prepared, forf e ar neu al 1zi*ng an
diss@qtieoufelemkithi dehfar@ﬂbsahk@i by:nat Blpraj | i cat e with acid
to_a pH of about 8 or 30 9 (such that the resultin
soErqm%@ﬁtOé Hie 1gfctive éesgbrq}epmrahl%rqqéges thalat legsigiportion of the
r [
surfaR‘,% Eﬁ%t ggﬁeﬁg)éle?@lﬂéh %%rtggr}ﬂ)fﬁ tH?élrs e%(lgﬁ% (e>f the
partlﬁh'zs ‘ﬂﬂh%&@s!h‘l OBiiB R faRCodERAG8H Gﬁﬂl‘.iﬁﬁfeoeﬂddm vapiduadiyferesit

i on exchange of  sodi il]lcate, rolysis of_.silicon
et TS LA T2t WeF ol BT Eaah pafoce ot
techHRAES dlé%@ﬁlbéhymllh I pat SNEY. 2.30T188711&Y L4 8h2 bhe haaghi y e

resin sol generally requires that at least a portion

of Fohexanmple fsilina pefticldsean hetrgatnd withamonahlyddc dleohmdslipblyeds, or

ittt SRR F R bla bl Eafughueh e
silar@l ERRPS On e NadfabOsKSthe pArtieles BhemidBI D6 Wiih Bikdek @ Jka@isno

inthe art. (See, for exanple, the surface
prodgeipurfasatbionged estas igFaupsSEhegwslors pledli¢a(opoer mgial oxide), particles

can glsg R4 fr!—fﬁéd CJI h %an%ﬁ?ané? ?glzex%ﬁ‘éhc( ra)?(ﬁrl glﬁlongﬂgr{eﬁ tﬂﬁlkoxy

es can
arylsr(mﬁedijbdtriﬁtkcadycﬂltmél&nesoof With ®thed bherfﬁcxltldmml : uhd(lj‘@fc&@ﬁrample
rerfrera Y, r at ed r.1mar al cono unaer.
Orgaeera@m% Ardiich i cp Ql.f@ttégh“é%r& §eBRe Brbeptides Pat e

cherﬁhcalt l;lﬁrdg%\;a'l&ﬁ BPicalt§ Bl GRh Eﬁfoms%f Borday LK Hich Qfecﬁl’ﬁﬁucally

uce surface-bonded ester groups. The surface
compﬁtﬂ:iﬁ I\Mud:lathé ohtosom rem(Yyel rhinasni dath qmgmom&anesw geaerally greferred.

;
Whed g fillp st RRRR st a1 wier St Goaraifigegyes which

also@bkimlnsitléREsne LEmWid HinDilagen E;ﬂl:@rﬁbatﬁﬂé@ﬁﬂ RebSresif @hd are thus
exanpl e, organotitanates, which are capabl e of

Pfef@lﬂ‘%(h&inh]@flb’@ e @ncinl PR idee casr e trratgskvith ergeglcwylda, (foy example,
oleié !ﬁc‘?ﬁﬂ 89#he%9%hgué &3 Qzlvr\ﬁﬂ:tlHQJrP dq)ltocm Pymfi‘osﬁ dn%f3 glbd[lsé)ersant

enrca
Wi t[in ptdp&nﬂ@ﬂﬁ&@acnesrers(msbls Iﬂ]@dﬁoﬁﬁr(for\mxhﬂnphr garhoashjzdmmt) can
is ener referred %Ten aromat.i c rrnc-conta|n|n9
genegpiby e ?eg rte ayyai9riseibleqrennie Sapid i sxdpplg R aleono

ethe¥Rifille, k@{(ﬁ@ SR rzln@topltl%ﬁﬁly @ EcéHP Wsé& ad ﬂh@ grg'%iﬁﬁ: liquid), a

general Iy conmpatible wth the resin and are
surfmeefeetmed ag8itsi¢heas|ap omgamesﬂamtoa lorgampiieBate. aédcrdml tanré/at the

ani c_aci ds, r 20 ol ,
sunffigartaPadiesn ey ser e REERur ap i RifySauilléatea Sion of
the £RAPOST the PArtRFesds Mhodipied Safficiently fo BBRAKE Rétniafi6n of a stable

reactive resin sols, a hydrosol (for exanple, a silica
reacyeiFesEoi0) (ungn combination with reactive resin). Preferably, the amount of
alcohol and/or treatment agent is selected so as to provide particles which are at least
about 50 weight percent metal oxide (for example, silica), more preferably, at least about
75 weight percent metal oxide. (Alcohol can be added in an amount sufficient for the

alcohol to serve as both diluent and treatment agent.) The resulting mixture can then be

heated to remove water by distillation or by azeotropic distillation and can then be
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generally be conmbined with a water-m sci ble organic
liquid (for exanple, an alcohol, ether, am de,
waoedaoansisenr nitrile) and, optionally (if al cohpCT/US2003/030563
used as the organic liquid), a surface treatnent
agent such as an organosil ane or organotitanate.
: {
maifiafE03] ¢ BRERuR, P o SRR AR TTRL a3830) £ 1 eyampte

aboyr@4thoors tofenatblb ehesighdtppdondthértigteparibh Ldfate s old Ahlloother
sufficiently to enable the formation of a stable _
surfacefeqafment Agantvidhehepicrd SravpfBn M SUBkcewt the parisiesvEhis provides

an oggagb&)l Coﬁbﬁgiﬁ% ?Q}tﬁélest\{h?c}figﬁgg Qb Qfe-atB G sgﬁ‘ggé-&ﬁdgil grganic

at nent “age I's selec so as to provide par
groupki(dbo sxferat tolhessh as ‘sbbuinthly weorgdtic pertided). et al

e résafting SAEHERG! 58 rhe e HeRedoRIaE eI ng i oreenic
liquf@ﬁeﬁ‘ﬂd@cﬂb% ForPek a1 Bking W rbth ) &Rbofalr. P%era?llyff_tﬁg Blgahf liquid is

serve as both diluent and treatnent agent.
remevesl iyt heaingrinnden vecwiamtot dtempbraturt eaffietnt © remopy evendightly-

oy B S RS s BP0 B B o
as oMb KinazdRehoval G oRADEr il 8indhizid ©idvaXSHMng of AB@&in. 100
C for a period of, for exanple, about 24 hours to

Alteghpsinply. PRboAbkrRAWDHA thoprt sidhers baH meillite, Bual ngHinghBrabender
mix@:%cgaﬁld]ir?gn(q/ o o%etﬂ %{g%l sﬁé’irﬁ@%@g%&?@etsggm beaI?s%H bo Wit {F\ﬁiiréorganic

em cal “groups on e sur particles:
partjctes wiithethe remotios gi@oes.ol conpri sing particles which have
surface-attached or surface-bonded organic 5 groups

(also referred to herein as "substantially inorganic”

Pre&ﬁ‘latibﬁ |0?Multi&@tﬁﬁﬂéhéﬁ%@&ﬁ?@ﬁﬂwl can then be
conbi ned w a reac er the organic liquid
r erhibg eehchye adeptmunaliphen-reastivegspacies tisorgawv apticks,anulti-photon
Pr ef er abl the,organic li,quid js, renmoved by . heatin
phofGiRaFE oo P&t A elsPoh FERPOR O g 0Rparet by he
metlfias leddripbd hiovetdWyhihed hkhdde kaeWR N B1RtaSt, aRl MhPPhiRd
times_and_tenperatures can generally be selected so 10

comgergigd haveilablee Thesprpaipopents, eancle qazebingd ynsleny safentight’ hepnditions

. i ) tivel v. . .
o APOREITRR, i NS, S LYy 00
alth@rohlien demetimiex profiratse tfram ianbyel6 tifeand thérhel stabigity she®bint) to

i X| d to.nix the inorgani .
add i BB aCiERI 16 Y FUChSBE b ot 5 gpaese b Gpilitate
dissdftibn oPEREEINFRAGHL)Y & oHRIPOR Be B, 1P Bedi®ArbViBe gt the

optlonally non-reactive s eC|e§, I norgani c partlc es,
solvenflis thqshms@as toplnd teastaappieciabby with dheswimpenents nbihe composition.

s SATPABTR g0, B B AT RS0y Saabs R ERERE)
reactive §pReictitbell &dnCh]SPddYNeBin®s serve as a solvent for the other components.
The components of the multi-photon photoinitiator system are present in
photochemically effective amounts (as defined above). Generally, the multi-photon
reactive composition contains from about 5% to about 99.79% by weight of one or more
reactive species from about 0.01% to about 10% by weight of one or more
photosensitizers (preferably, from about 0.1% to about 5%; more preferably, from about

0.2% to about 2%); up to about 10% by weight of one or more electron donor compounds
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commercially avail abl e. These conponents can be

conbi ned under "safe light" conditions 20 using any
woreaen3mazl manner of conbi nation (optionally, RPT/S2003/030563

stirring or agitation), although it is sonmetines

preferable (froma shelf |ife and thermal stability

(prei%%at%ggri) l%]ogtétgl 1 r‘]?agod bt0|a€ (ﬁ)’ el‘fﬁ)f: %p%?&ggltf ¥ ugtg{rj 0(1?019) about

5%)§ @i fkorh ab@ut 0d1 % 30 blbtillt cm%dj‘y mlgbtr of DB N®nd sl)ectrcﬁodc\zmbrs
can_ be use r ed rovi ded t hat so| v

(profe e Ao ot 0ol 6t Ao 5D AP Germ BiSoel PRiePhG! Sonds in the

%mm% s, ¥e (P8 vl wtaRbRead! vent s
Com'?nc ude, ?oreéxanplgmpacet&ﬁgwnﬁ lE?Joroet gng and
ac #hephotordaetiveldvapositian tis wedspeith bstviets 810 el T %dy volume
sonetines .serve as a solvent for the other conponents.

of inppganic et s of the mul ti-photon photoiniti ator

SY al @il 3hBet 2 28MkivésLaR b tnﬁﬁﬁﬁ“é&{' ifi Ahd YuRf }glﬁ%ﬂ MBctive
amounts (as defined above CGenerally,

compesitignspiiepending npeaw thevdesi gise. Smtm@@fm*@sm@memb@ms
ut. 99, 7 % b [ _nore
il G B et Kbt St BBloablrasoligisgror.
inhibilirg Btabafze N 8ltAKiJIE Bs bR, anEiSdn dntL(TSr ﬁ%ﬁe&? [e&blhable
fromabout 0.1%to about 5% nore preferab from

fluorigrsitand gheplike: J@muntzs%n tyRss 06 sudbodditvgsand thgisingmpergt

s g TR B B0 RS ST e 2, o about

0. It% tmthabxhatscd;ﬁ%f tiw irepti@f eriadibye ncﬁﬂrmmab poltym@rid Hartders in
about

nd from about 0.1%.to abo 10%
the GRTLIO: IS B SLrRBle. BeBEHL O Ry il RRTige flpgghming
prop@gﬁk't SQcH]-png/ﬁ]@n@Bﬂx‘dErs % hRsad BHIRsd S He%ﬁitpaﬁﬁb %3 the

solid corrp03|t|on (that is, the
reactmq sgm:les}f Fglcmqampém pglymeng blndthgt(ﬂw sqltﬂ)le 1nthElsame solvent that

. hot Qr eact j.ve col bet
i w Rrah RS rGOEARY P el e R ol SRR Rty
affedt @fid @uyseQdf rédltlioh io¥ % reafive epdcits| ¢tmasd utilizéd1€Binders can be of a
mul ti - photon reactive conpositions, dependlng upon
é

molqcwir geeaght suitabieito psbievesdesitgd FmafaEming papertics| 2 olution
rheoﬁ)%é' ée%}tevctam %' Ht’)?& Rr wre%ﬁ{sqj%tw@n%%ﬁt% 0@% art i ﬁﬁ@ﬁfosdaltons

I Xxot ropi ¢ agents, catdrs
prefetrahhyhjetm@ abstnalﬁ ,000281d $00.000 dalvons} mioreags ferdidy, :bptween about

15,0 gnf BREOOG pl R SR ED s REDEFOE B Bl Db and
poly?tgﬁnéinl@:i g(??@t?lgéth)ﬁfmetﬁ&gﬂdﬁﬂep Eboil}ﬁst?féﬁe)cw&eﬁ}léﬂﬁﬂé) &éﬂu'los@ %cetate

_ ose skill he ‘art is Wt
butys%@p@d dlfie like. SSuitablemontsactivs fotohergebinders.dfptesans can be mcluded

i P S e P B R 8 BBl W o cb oy
weigdht bMHe@bt3l Efinposition.

Prior to exposure, the multiphoton reactive compositions can be applied on a
substrate, if desired, by any of a variety of application methods. The compositions can be
applied by coating methods such as spin, knife, bar, reverse roll, and knurled roll coating,
or by application methods such as dipping, immersion, spraying, brushing, curtain coating
and the like. Alternatively, the composition can be applied drop-wise. The substrate can

be made of any suitable material (e.g., glass, fused silica, or silicon) and can be chosen
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chosen to be conpatible with the reactive species. For
weza@apbme2 pol yneri c binders that are sol ubl e i PCT/82003/030563

same solvent that is used for the reactive species,

and that are free of functional groups that can
fron?g\CﬁElé%rYet of Fifihd shd®, gﬂ}%tﬁ@r Qfab&28LpeDBin@ upb the artlcular

reactive species, can utili1zed. Bi'nders g ep
apphwitioo uhd theveeghd oﬁwptoa\trbeo boutlitteideve desired

filmform ng properties and solution 20 rheol ogy (for

exanpl e, nol ecul ar wei ghts between about 5,000 and
EXAVMIOE§O00 dal tons; preferably between about 10, 000

and 500, 000 daltons; nore preferably, between about

15, Gdessanber 958, 1964, @immmaisysedsn itheatxampins| Wave epramercially

avaﬁ& §%M@%§§{(&I§ i Cf)yr ene%kg dq%,aifrgé a?g]seatlt szfyc%)%erp%hy

avat@id HbASEibACPEEhRy Cbéfhﬁéﬁl@l Barr@0dn} N¥ dnidkethe Haild @é@igelatlon CGI

nonreactive polyneric hinders, if present, can
7460n Biggbedomemihexafioreanmennte sahag som@e%%y amaé?‘é? femy

f afyhe

Saribfiet Rofi iy FE LGP Bhlertfc b a0 M P LB S AR 0T
prepa@aidnis weere penfasictiivader saferilidhes tagpd:veadpmmaalre surirgy wfah@

if desired, by any of a variety of application
COMPOIHEA%. The conpositions can be applied by coating

nmet hods such as spin, knife, bar, reverse roll, and

knurled roll coating, 30 or by application nethods
PRERARAEOR YO BXAGMPLEer si on, spr ayi ng, br ushi ng,

d
compos PR Sl Prak S iU SOSN8 42
eth}ﬂﬂékylcb@) mﬁtlﬁfxyw&zeﬁﬁlv&a@@r@a@ﬁ&ffbﬂéwi e.g., glass,

fused silica, or silicon) and can be chosen 38 WO.

be uti

2004/ 031862 PCT/ US2003/ 03056 froma w de varilty of
filnms, osheet ot hér~suyt aces, dependi on the
parti # Cr ap Ilcatl on a the thod of exgosure toppgy,

ved se noi ed,
chenmicdls used in the ex es oRekveE omer ¢
avail adl e from Al dri ch Chef cal Co., MIwau W .

Borate salt was comercialQy avail abI e fromDO
Specialty Chem cals, Tarrytown, NY under thez2trade
designation CAd 7460. Diaryli odoni um

hexaf | uor oanti nonat e @ was conmercial ly avail abl e

from Sartoner; Conpan st Chester under the
trade desi i on CD10 10 pre@
performed under saf to preven prerrature
curing of the conp@;tl ‘

(Et0),0P

_O  PO(OEY,

3

1-methoxy-4-(2-ethylhexyloxy)benzene (1)
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PREPARATORY EXAMPLE | The two-photon sensitizing dye,
bi s-[ 4- (di phenyl am no)stryl]-1-(2- 15
webtdwlobssky | oxy) , 4- (et hoxy) benzene was prepar eBCEES2003/030563
follows: OH ~Br,, yo HBr O P(CeEt)3 fomal dehyde X I \
,10 X 12 NOI, HO NO (Et0)20P ,OPQ(CEt)2 O -

T
g, 14- mml)hmc;thteﬂm(ISO()hﬂQ dR-ethyBeryll Bromittey(1pH8 &s8Ounol) was stirred

mec&%r%gl IHH(AGWZ %}%#PH% H%%@@&%%Sﬁnt S Wgévarsr%ﬂuted with
watét (175 EY] and'BeRand &3hhiY pRAYd vhﬁ%&l%ilat@@l Rt Vﬁéﬁﬁ@f%?e\/?ﬁy&tracted

After cooling, thé mxture was dil uted : i
witlf heﬁnﬁ,)anddh@cqm@ned prgamie gae/nrscwph aehehisy ostépey witle d.0 MNaOH

er was e th hexane
and ST 3 B e e R0 Pl B AP prespre o
g1veMtrN&Qrge &l dTlﬂ@&Iﬁﬁe pRb@rwRrdidtingd avaér MM prdskifte to give 152 g
was renpved under reduced pressure to give an

(80%9 ﬁﬁﬁgleéﬁ oil. (el 38rii§eCf BduemHeds distilled under

reduced pressure to give 152 g (80% of a clear oil.
(bp 135-138 C at 0.4 mtHg). 10
2, 3, Bibis(bromnsnrethy))} )-mbthoxy b rethy ik xeloRybeazaneqzy ) benz

oo bk S K o bhpbrsmecned606 00 o,
para{f&llﬁaldeh?@é gigi 91%9%&%1& 38dQ16b mb) r%ld)HBla(%SE/rbl x§:1 a@&icdamd 100

, %1 n acetic acl
mLheat }eﬁdltetddo'ﬂo °C. Tfheeacaalmtxqihermedttbl 80 fi€and dleaﬁrz(ﬁomuﬂdehyde
ol. ved ive an

par a dis ¥t
aissg i SRBls POV Y A PrapEnSua iR Th Rt s Bt adves
coolkl t6 esUne tbripRrdtRRMThe ALhA WhLdilntEewith bhdihBetahicHde Y568 mL),
w th nethylene chloride (500 n),
and the organic layer was washed three times with water and once with saturated
NaHCO;. After drying over MgSOy, the solvent was removed under vacuum. A pale-
yellow solid was obtained which was recrystallized from hexane to give a yellow/white
powder (71.6 g, 81%).
Alternatively: 2,5-bis(choloromethyl)-1-methoxy-4-(2-cthylhexyloxy)benzene can

be synthesized according to procedures in U.S. Patent No. 5,189,136.

Phosphine derivative (3)

A mixture of 2,5-bis(chloromethyl)-1-methoxy-4-(2-
ethylhexyloxy)benzene (28.26 g, 85 mmol) and triethyl phosphite (37.4 g, 0.23 mol) was
heated to reflux for 6 h. After cooling, the product was heated under high vacuum to
remove residual triethylphosphite. A thick oil was obtained which slowly crystallized after

several days and was used without further purification in the following step.
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and the organic | ayer was washed three tinmes with

wat er and once with saturated NaHCO3. After drying
worend/ 3804, the sol vent was renoved under vacRPOIUSA03/030563

pal e vyellow solid was obtai ned which was

recrystallized fromhexane to give a yeI | ow whi te

1. 6 81
e Sl idmriaminng hy-EREh RO SIS Lmes ey aens 0
nzmma@urem pBY sg\ﬂlhﬁ?dleﬁeﬁw@qsp(ﬂdl(iﬂ)gg , 0. 7hAREdYr es in
U S. Patent No 189, 136. Phosphi ne derivati ve %g?
diphgpydensinobepzapdebyds €26 gaﬂéﬁémyl)) and Jrytteteaby dupfigran $400 mL) was

addegh %ﬂﬁ?éh%&;ﬁ@‘% ‘?cg&dfs(% ]lgiﬁn Qetra%%}ég@ %,4?428](34 . The

mix@rdiwadétiresd 008 Ihbﬂ@,at tdtbm Weﬁ@émﬁre when hﬁ&bb}ﬂnmakaenhwqhunder
vacuymtag, renove rq? riet hyI hosphite. Athic
vacuiny Wetdet ROk & 3 %vaev s, 9& & TiXEe dfap gxtracted several

e 8 BBl i

driedPGTerPF2H03ABBME BBlvent was removed under vacuum. The crude product was

puri 00 Sl RO U F R o e RO e G g R ane

to givah thikht H@edsolRil(14.40MEDEG%).4- di phenyl am nobenzal dehyde
g(lZ.%% ggg45. 1%I ;m,goané)dry tetrahydrofuran (400 ni)
was added dropwi se potassiumt-butoxide (1.0 Min

b‘gﬁ? m., 44 mol). The 5 m xture was
PR@%@ xt‘%ﬂ@srﬁgz room tenperature, then the
s olPy@ntativasf Ke@NeceporRdesl is uaswbm Wit £o6f NAQ@OMZW\@S
added to the residue, and the Xt ure was extract

(appseximptely 4%%@@@%@@%% fr@H’eOECFﬂooN g (Napsevile bl Wé%jplaced

in RSO ARLS AL ERSIER L oG of IS YSpanc an

5.04cgremie obtrnmlhdmyphsnqu)lane fa. éﬁrnlngpls:of silane péir gramtod giliaphwyas added

undetorgnS 1{1}'8%21’( qng%u\félr 88@:&4 %fgj ?@ %%634 fgehrlegg{}g elég]negl(gagqgm%rgted

soluERARA A28 at oA o R api &ﬁﬁfa@:‘ly N hOhrs bh@theh ldhie@tLPEeMYa white,
sol is described. 100 of NALCO 2327 (approxi nat el

powdany, Eguteatest sdliapeassidder) tofdedanicrdiwatenal W fiNegier3PPIg of water),
v1gor<5‘l%s§¥\ﬁisrre%| f?? g%glo:h?s ﬁrpd t%]@ﬁ %ﬁ' efcﬁt%ts'i ag'réén’?‘%(mrpoefétﬁ)rrega@g%g%t

The gtlRasva filterddrost, hmyaaltw&ly{v&hlaamaoﬁﬂ rﬁﬁeglﬂsﬁﬂes;omfze&whanemd
dneé)er gram of silica) was added

The treated silica was dispersed in acetone (20-25% solids) using a high shear
Silverson LAR mixer set at 3/4 speed for 5 minutes. The resulting dispersion was covered
and allowed to sit for a minimum of two hours. The dispersion was filtered through one
micron Gelman acrodisc, 25 mm glass fiber syringe filters, and the percent silica solids
determined.

A sample of the above silica/acetone mixture containing 10 g of silica was added
to 4.87 g of cycloaliphatic epoxy resin available from Dow Chemical (Midland, MI) under
the trade designation ERL-4221, mixed well and vacuum stripped while slowly heating

using a rotary evaporator and oil bath and maintained at a final stripping temperature of
130°C for 30 minutes. 0.26 grams of 1,4 butanediol and 1.54 g of HELOXY 107 (Shell
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under medi um agitation over a period of 5-10 m nutes.
The resul ti ng non-aggl onerated solution was heated at
wO0eBasEnr approxi mately 22 hours and t hen dr P€DUBZN03/030563
yield a white, powder. The treated silica was added
to de-ionized water (100 g silica to 300 g of water),
Chefifkalf ML AHR 'a)édéc{ & Ridhiscbsly Hﬁk‘t‘ixﬁe arfd Mk 0 SRV 3000
rpm hiihg arestkatk lndl\I&S(hEVZ\&ﬁééd wixeh tcﬁgide b |sﬂmalepdsxymﬂa Somﬁmlng 60%
de-1oni zed water, and dried. The treated silica was
silicypy; petehed i n acet one (20-25% sol i ds) using a high
shear Silverson L4R m xer set at 3/4 speed for 5
Exgqmtgs§ The resulting di spersion was covered 25 and
wed to sit for a mninmumof two hours. The

di mg &f 188 sm@ﬁ—ef)d))lyt I ﬁfépaﬂaa M BRarApIe mssr@mﬁ@mmh a solutlon
acro ass fiber syrin ilters, and t

of 053 g@ﬁpmqm@ad 0 B3P of Bib e hrsmin -5 @ eeeryloxy) 4-
(met\%g%(\ﬁge erde @éﬁ%&%ﬁ&lg lg‘éfégcﬁ(f o%ﬂﬁ%%%n%ﬂg&@fu%r?@ﬁ%wk%

JackeotR Mk gorf, Mmﬁx)wocghqm Z‘raichlo%dhamd Tthbluuml ens s@Rd mixed
the trade designatl on ERL-4221, m xed wel] and vacuum

at 3000 rrpfer IAracRIsYRA 3P ReTsTgcudYhE V4 Speﬁtdaemer and then spin

con EYBPE 0, 04 Bkl R 2 il

ethylyrimethoafsiland (@cilbsin’ﬁdlymwmlﬁk)l T cgatefl waErOX¥rellb@n soft baked in

VWO 2004/ 031862 PCT/ US2003/ 030563 i cal
on SS0EVER G 0806 & BRSSO a00RRy THoMGPELdiy ckness
Wasg%@ggguﬁé@ély%omue%gs at 3000 rpm using a Fl ackTek I nc.
FVZ speed m xer to give a silica-epoxy sol

c oAwe-phatien B@Wmelszatnon avabpevfemﬁﬂ usirRepiPHEPBBed/Tisagpljfe

laser @H%cstﬁaegl%(lwlci%ﬁg Xe\éatx t ?E\;ﬁ'ﬁ/@feﬁgtg 03 ?56 PS]&%}C/V\@Q 100 dS’ pulse

repeftiOBfat@oD§0 MHz, and beam diameter of approx1mately 5 mm. The optical train
Bi s-[4-(di. phenyl am no)stryl]-1-(2-ethyl hexy| oxy

. consfsied ?folseyy)cbm%%w(rfmg)mnészran%b@mxwé%ro%%waha z?ngétogto vary

the %51 pi oefng Wr@cSﬁea e}e&%lfﬁm SMi3kEAR e N%ﬂet CiiﬁtGQIhe

oroet The so ution was s

‘ sarnptlr:x dtie amra@px@)verplmwamcd Q@0hes egopld svagd bmgWa 'Mie@oklﬁek of the

A e M b SN N R
subsé&afedvé-BORINEMEMORE D focul brhhlat ABLRANY 370 Ai@/min using a
(Celest, Tullytown, PA). The coated wafers were then

compgiet cm@led,u Thaxis plagOlo@XBesrinfaskay 36 2Rinrgtoa svite bare e the20
mlClIOIH %pgc%'é dM con(allayep bt erBSlCH&ﬁA{'rb%gS \Lég Qp%ggdcl%%&lsons above the
first layer. Each individual bar was exposed by raster scanning the stage and moving over
by one micron after each pass.

A second coated wafer was exposed at nominally 240 mm/min in a pattern to form
a 3 layer pyramid-like structure. The dimensions of the bottom layer that was attached to
the substrate was 0.25 mm by 0.25 mm. For each successive layer z-axis position was
moved up by 15 microns and the length and width were adjusted to be 80% of the previous
layer. Each layer was created by raster scanning the stage, moving over by one micron

after each pass.
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was approxi mately 60 m crons. Two-photon

pol yneri zati on was perforned using a di ode punped
wabowgappsht re. 15 | aser (Spectra-Physics) operBtT/0§20a8/030563

a wavel ength of 800 nm pulse width 100 fs, pulse

repetition rate of 80 MHz, and beam di aneter of

ap?{)lgﬁ‘iu teﬁ#)ysuﬁe Hg@hvﬂf@rs%é Bﬁledtc{nka)d fho RORH gattg fbr&f minutes
| ow di Sperston turning mrrors, a ean1expaﬁ er, an
and thph tlealnrédctedrsh oms tamorad by dehieloppientcia lprgpyvene glyaobmathyl

60X m croscope obpj.ectiye 0.85)..to. foc t.he | jght
ether acefig i lsg%rﬁmn@ﬂlwe 'Tixf;é?@'\'g@s ;w%}lgw ‘f‘\?u. atit pubfand
exanii@é@hﬁn%’/‘%%ﬁgin?g{ecﬁaﬁ nROSddpRN TOE dbGorkd MEh&RRIRRE Lattice

| ectl Jjusted to sét the focal point at the
struates$ hddyadogirstiuntuenl frdegrity THGe usddysuts aeee dleaslymisiblg and the width

underneat h. t ocused b at . nomnal ly..170 nm m.n
of th gt s il P00 SR i e ARng o 2B P i
strucite A1k @ ¥h R e 2ol idahaRioNal8ddRy S Alisht §PwadibiseRRd on two-sides
acing. A second | ayer of perpendicular bars was

S
of e@E payse that Bappigtitovied talsesaderatien add deseleratipa of tieggdges during raster
indi vidual bar was exposed by raster scanning the
ngge and noving over 25 by one nmicron after each
pass. A second coated wafer was exposed at nom nally
240 mmmn in a pattern to form a 3 | ayer
EXW&E@-I i ke structure. The dinmensions of the bottom
| a . .
byhgfhésts%n%nnp‘i%%n?etrﬁag%@ &0 Hoto&x@?lﬁﬁ’&%ﬂ Asths\H6 Forth gé)rgﬁfbtely

or each successi ' ayer z-axis positi

scan

inorgwmsc threevdichengion) sthictmieds dersomstciterih 8'hk datgeastanthres aitdied in

re adjusted. to be, 80% of e.previqus 30 |ayer. ﬁ%
exarfilf dovaib St rEin Bty ra 70 S U e B B0
DegQ4ENRY BRI ABIE (AN maAhthRed 8BF0D TR Ht-2 Hbhrs/\éh 2RA s34 B630led

PCT/ US2003/ 030563 " Fol | owi ng exposure, both wafers
to ropey emipatedite ohey Wal tierhigtexpmited UsHig BSCARHNE elscliprumidiessope.
he. ynreact resi.n S.r ve I . ;
The IS SMAROLIGRE HETE 11 QTS the oS RUE PR PBdyidig be gpeact
rinse. The sanples were lightly coated with AuPd and
exam ned using a scanning el ectron m croscope. The
EXAMPLEDed nanoconposite lattice 5 structures had good
StHHEtHE AL L b padiGus {dkdhctuator.
o1 oy EhEHE e O SRR PR R gt
Resinrermp@mnt | ed target di mensions. The pyram d-1|i ke

1 SED0F R B P R BOR Serip e Coifpagy (west
ChedtBa b AWeSR 2sti§ trRW-BabRyARAR]s8E RinhAfe R YIRS BhelsabinRkbrcially

of thé stages during raster scanning. ]
available from Sartomer Company (West Chester, PA). NANOCAT™ magnetic iron

oxide is a free flowing powder of 40-60 nm diameter nanoparticles that is commercially

available from Mach I (King of Prussia, PA).

Stock solution A:
16.25% PMMA (120,000 g/mol, Aldrich), 19.0% of SR9008, 19.0 % SR368,
0.25% Bis-[4-(diphenylamino)stryl]-1-(2-ethylhexyloxy),4-(methoxy)benzene (4), 0.5%

CD1012, and 45% 1,2-dichloroethane by weight are combined and stirred until a

homogeneous solution is obtained. This mixture is referred to as stock solution A.

43



10

15

20

25

30

10 EXAMPLE 4 In this exanple, sintering of two-photon
pol yneri zed resins to forma conpletely 'inorganic
wo booe@3dsrensi onal structure is denonstrated. BOEUS2003/030563
|attice structures created in exanple 3 were heated
inair at 1 &mnto 700 C, in a Vulcan furnace (Mdel
#3- 350 15 Degussa-Ney, Bloonfield, CT) maintained at
700 C for 2 hours, and then slowy cooled to room
StodkeoheioaBir e. They were then re-exam ned using a
scanni ng el ectro ' os . t hree- di pensi onal .
e e PR SREh A AR T e 1 gl il g by
weigh® a{:éecdrﬁﬁlﬁ&lt and tl@ﬁ%!gﬁtﬁd%n%% 101 RilEXATRb Sar ?@ pakibheRs ke
abrication of a polyner magnetic m croactuator.
presﬁiﬁsmd tiRy eepiarappdaonrarSRAGO8 The rasulting midwieoheefersask tplaaswck
lg %r avai |l abl e from Sartoner Conpany (West Chester,
SOUBRY B- SR368 i's tris(2-hydroxyethyl) isocyanurate
triacrylate that is commercially available from
Sartoner Conpany (West Chester, PA). NANOCATTM
Stockrsghwsion€ i ron 25 oxide is a free flowi ng powder of

40- part .

4029 BT B BAIPRIA AR S DBkl D BTRAELENNY i
Tarr§ @i, INO) 142- dibﬁloZ&él’thWM& wéigh, a@@@oxg&ﬁ'@d and“dllﬂiiﬂedh?o stir until the

19. 0% of SRI9008, 19.0 % SR368
catafysiisthorpughbn disparsad: o) S ek §is) sphltlegi%%mlﬁ%ckwbm ofpiqcke

y 0

solcli B B RIEREE of 4ol ymltuntts heseri iRt o oiapned, T
resultirtg dolwmion hoemlgené asistoslobaltii@nCi s obt ai ned. Th| S

m xture is referred to as stock solution A 43 WO

2004/ 031862 PCT/ US2003/ 030563 Stock solution B: 42%
Spupgoagg,gg)@mag&%zgtfg}ﬁS 15% NANOCATTM and 1% ol eic acid
ch) by i ght are conbi ned and then bl ended on

a § hnmlhccm wafexmrfr tlepred| byrsgekipa theng for éﬂé@nawé irpa 3:1 mixture of
sulfi rc a @ §98@1 golglt{ﬂoenl) L‘S? épcrlreg e?érgm g ?fg??s 18@{)(11 in ‘%%J)f followgd by

thorSﬁglﬁﬁnﬁlﬁ)é with Geiokized wiel MidAir{gla2@in00h Bbﬁi@bandl%d?tﬁelﬁlﬂo%

Al dri ch% 0.66 % lrgacure 819 gO ba,
dry. To promote adhesion of the Curable composition to the silicon surface, the cleaned

silicon wafers are dip coated in a 2% by weight solution of 3-(trimethoxysilyl)propyl
methacrylate in slightly acidic (pH 4-5) aqueous ethanol (190 proof). The slides are rinsed
briefly in anhydrous ethanol, cured for 10 minutes in a 130 °C oven, and then allowed to
cool.

A portion of stock solution A is dispensed onto a primed silicon wafer and spin
coated to form a uniform film, approximately 40 microns thick. The coated wafer is soft
baked in an oven to remove the residual solvents (approximately 2 hours at 80 °C), and
then cooled to room temperature. A portion of stock solution B is dispensed onto the
dried, coated, wafer and spin coated to form a second layer approximately 10 microns
thick on top of the first layer. The wafer is then soft baked again in an oven to remove the
residual solvents and remove stresses in the film.

The coated wafer is then placed between the poles of a permanent magnet such that

the magnetic field lines are parallel to the substrate. The assembly is placed in a 50 °C
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10 Tarrytown, NY) 1, 2-dichloroethane by weight are
conbi ned and allowed to stir until the <catalyst is
wo bevosight y di spersed. 15 g of this sol ution iBCT/US2003/030563
conmbined with 7 g of stock solution B and bl ended on
a 3roll mll until a honpbgenous m xture is obtained.
ovehlF6 24 B 1o 18wk hdaAltid SalcBhiERl Rl SHPRK A8k Hid A,
C. 15 Spin coating a magnet i zation: “Thin sitli1con
coolealf te reoma tempEraaree d e rosted kiafir i$ thenvdmovedGoniheuseebiyy The

3:1 mxture of sulfuric acid 8% so i on) and .
PerpiRD G PO Bt EId ST ERST AL RricpB) 1ok Blang R oogiting
temipBRARRY 8haésgmecwi t h dei oni zed water, rinsing again

with isopropanol, and then blown dry. To pronote

adhesi on of the curable conposition to the silicon
Exlg%xfeace, the cleaned 20 silicon wafers are dip coated

= 2% by wei ght sol ution of
3- (Two-pRblonpyEinleyizMisoR erfoffRid\@bisyd @hsble Qictleipafiped
. aci di clp?pH fl;y)kﬂ aqqeouswgt_hanol (]%O pr oofl. 'P%eﬁe ,
Ti:sgpphysslaser €SperctiaRhysien operafing at awRyakngsos | pulgeuwigith 100
' [ lowed t.0 .

fo i R B sOMTE Bhati e ol d S Sy B B aprca
traim cqusistecf lowldispersiompharingndrreR] Abeadbexpandedart eptical MeAuator to

upi formfilm approxjnmately 40" m crons thick. The
vary the oBHC Pt pad 84 PPX iRutetFiAN AHCTBYORe OBISFTOMNA 1S) to
focsaihié HURY inSFhe/ {RROERXA IR i
Qct hen goollned t%ﬁ?%%m t enper-at u?gdﬁl‘%gﬁti%éﬁé %%stl%gckgw'
Thequisiitonof tt8 tisrastoprerigentive it aljudted todet thel focabptintat thaf er

.and .spin coat t.o form a second |l ayer, appr oxi mat el
res A RHE et R 1 Fipy R TR o Pl S50 R e fpglgpmeats
the faeutdicteamal 50 Bak@en gz dofpafer Q¥RbILeA, 3-8RR Bk RS o3R) the
resi dual solvents and renove stresses 1 n the fgl I m The

body 9P drxife Brongs S thal H0aeedieensimangiohs 13olThs heiighiof the body

: : nefic field |lines,.

s ASEERAED O S AR ey | ATBOIEL A ol OBt o

appraxiraatbly S0 MW . \WheXDBet A8 :362vdd@hideiSRO @0aDEH3) atodaAm/min to
far 24 hours t | Low t he gnetic nangparticles to

forr el VcRpeS Y ol hebal o e cotdarBan sb Folibmicrons. The
bRARRISHiY 1Rn dd: ah SRR oy

expbRURAILE 1ien STV BRopHAIE e1}co) B ERBRKEENJ fld fiffied o

dry slopénefihomfteraperh@esst 0.5 Tesl a and an operati ng

t e%%r\%fgrra%d%icr%tsmllc l‘rilrsc’ztarg 81ag:e'd 05n t%é %? 2 E:Ieeé:tromagnet and aligned so

that the microstructure 500 is approximately aligned in the center. The microactuator is
observed under a microscope as the current supplied to the electomagnet is slowly
increased. The flexible prongs 518 and 520, and extension region 512, are observed to
deflect out of plane as the current is increased. The electromagnet is removed and a
permanent bar magnet is slowly brought close to the undersurface of the wafer. The
microactuator is observed under a microscope as one pole of the bar magnet approaches
the bottom of the wafer. The flexible prongs 518 and 520, and extension region 512, are
observed to deflect in and out of plane as the magnet is moved to and away from the

structure.
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Two- phot on pol ynerization is perfornmed using a tunable
di ode punped Ti:sapphire |aser (Spectra-Physics)
wopedasisay at a wavel ength of 800 nm pul se wi BthUsD03/030563
fs, pulse repetition rate of 80 MHz, beam di aneter of
approximately 5 nm The optical 10 train consists of
| o ﬁit'lrﬁlpe?ro? E2BoditHeRts Wt ¢ nfv@itfon v BAR SLDBLEe rI\J"Iev?jprheless, it
optical attenuator to vary the optical power, and a
willbe@Xdestood thae vaimn nodificsioop earoty maedd whqutldefarfibg fibm the
. focys the_ light into,the sanple. The average power
Spir é{"kl sape gt fhsq?‘f?é‘tl%nﬁF%Offi%‘gg}? S&Frwmb BeRs gffi YBH’H‘%FC scope of
the foMBwiLIQgRkOPe obj ective is adjusted to set the foca
point "at the resin/wafer interface. Referring to
Fi gures 3A-3B, the coated wafer is noved underneath
15 the focused beamat 50 mmi’ mi n using a conputer
controlled, 3-axis stage to formthe body 505,
flexible prongs 518 and 520, and extension region 512.
The height of the body is 40 mcrons. The | aser
output is then tuned to 755 nm and the average power
adjusted to approximately 50 mMN The substrate is
noved under the focused beamat 10 mimn to formthe
cured structure 517. The height of the cured region
517 is 10 mcrons. The 20 exposed wafer is then
devel oped in propyl ene glycol nethyl ether acetate and
allowed to dry slowy at roomtenperature. The wafer
and m crostructure are placed on top of an
el ectromagnet and aligned so that the mcrostructure
500 is approxinmately aligned in the center. The
m croactuator is observed under a m croscope as the
current supplied to the electomagnet is slowy 25
i ncreased. The flexible prongs 518 and 520, and
extension region 512, are observed to deflect out of
pl ane as the current is increased. The el ectromagnet
Is renoved and a permanent bar magnet is slowy
brought close to the undersurface of the wafer. The
m croactuator is observed under a mcroscope as one
pol e of the bar magnet approaches the bottom of the
waf er. The flexible prongs 518 and 520, and extension
region 512, are 30 observed to deflect in and out of
pl ane as the nagnet is noved to and away fromthe
structure. 45 WD 2004/031862 PCT/ US2003/ 030563 A
nunber of enbodi nents of the invention have been
descri bed. Nevertheless, it wll be understood that
various nodifications can be made w thout departing
fromthe spirit and scope of the invention.
Accordingly, other enbodiments are within the scope of
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the following clainms. 5 46 WD 2004/ 031862
PCT/ US2003/ 030563 WHAT IS CLAIMED IS: 1. A
wonéotio3 ot on reacti ve conposition conpri si ng: PC/@$2088/030563
| east one reactive species; 5 (b) a nmulti-photon
photoinitiator system and (c) a plurality of
substantially inorganic particles, wherein the
particles have an average particle size of less than
wWHOStCIIAMEDNSNS in  dianmeter. 10 2. The nul ti-photon
reactive conposition of claim1l, wherein the particles
1. ArmultiipeongaeGtecompasibon SYBPEES n size. 3. The
ok 1Bk POcligaghdy, composi tion of claim 1, wherein
e particles ar substantially binodal in size
(b)s tarmhidtitphoton gdieteinitihtee syatérhj andhot on reacti ve
conpositjon of clajm1, wherein the particles have
feert P g&k?yégéu?%t@ﬁ@g] ineggantBatgles i - phot on reacti ve

wheffél 8 |t 1Rlve %bé?aé%}ééﬁﬁ@l% &izB of R8s ﬁﬂﬁfa%&flbrrﬁi%}dﬁ%ﬁ‘ﬁ

sel ected from group consisting o
dialmeter.zat i on, plasma treatnment, Corona treatnent,
organic acid, hydrolysis, coating, and titanation. 6.
The mul ti-photon reactive conposition of claiml,

2. Whel“h;%irﬁhlﬁ%oﬁﬁ%éﬂtﬂ'étcbﬁw?_@ﬁtio@éfﬁdilﬁﬁi €QRIéif @i Farticles are
mul ti - photon photosensitizer and an el ectron acceptor.

substantiplly Tiomodagperse phdtcon reacti ve conposition of claim
6, wherein the systemfurther conprises an el ectron
donor. 8. The multi-photon reactive conposition of

3. cl arbenultiihetodi Badtive cBhpbsitighet @ain30, viivedia siensdrticledre
has a two- phot on absorption cross-section greater than

substptally pippdR sl AP WO 2004/ 031862
PCT/ US2003/ 030563

4. The multi-photon reactive composition of claim 1, wherein the particles have been

surface treated.
5. The multi-photon reactive composition of claim 4, wherein the surface treatment is
selected from the group consisting of silanization, plasma treatment, Corona treatment,

organic acid, hydrolysis, coating, and titanation.

6. The multi-photon reactive composition of claim 1, wherein the photoinitiator

system comprises a multi-photon photosensitizer and an electron acceptor.

7. The multi-photon reactive composition of claim 6, wherein the system further

comprises an electron donor.

8. The multi-photon reactive composition of claim 6, wherein the multi-photon

photosensitizer has a two-photon absorption cross-section greater than that of fluorescein.
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9. The nulti-photon reactive conposition of claim®,
wherein the nulti-photon photosensitizer has a

WO a4 pBssDN absor pti on cross-section at | east RCBHUS20®830563
greater than that of fluorescein. 5 10. The
nulti-photon reacti ve conposition of claim®6, wherein

PO e g S SR F g
pho&@ﬁtsitizeﬂhtfs a twiorgtabit@t asbrption arosgveltien@t leastalng ek gicater than
overl aps the single photon absorption spectrumof the

that\oh Buey§ess81-t i zer using the test procedure described in
U S Pat. No. 3,729,313. 10 It. The multi-photon
reacti ve conposition of claim®6, wherein the

10. phdthe smritiphbtoarreacive s:ehnpctﬁé«m 6fr adaniRh odkeemtin eheBplanabefsfizer is

l ecul es .in_whi s ar onnected to a .
capibl LG BT Y b QU B EG By et Buigus
1rra<Yi@t'1&hn%%axk‘%%&ﬁraﬁé@th%@%@l%seﬁe kRigR pHofiH é&@fp%@n Epectrum of
(pi)-electron bridge which is subStituted with one or

the phwteserdidear usingale ept proegdurgrdssgrihed (e 1. Srdlae . 65573%3 13.
whi ch two acceptors are connected to a conjugated it
(pi)-electron 15 bridge; and (d) nolecules in which

11. t WOrhe & aRippbonatartice @Bﬁ‘@bﬁﬂoﬂ 6 Q21606 vagadif thd ﬁho&&bﬂmlzer is
el ectron bridge which is substituted with one or nore

selegted érpfrb]ﬁhm@ﬁgpq: Bgng r(@,)upglecv_r[;s inprachiwa qlor}@ﬁsb@rg igonnected to a

conlblﬁgcctl kvﬂgl ?en.grgﬁ Ib?ldge éﬁ% g r%a%le 1% W%? E\xgé qu?lo@ are connected to a

conﬁﬁﬁbt%dl TRPOLRROE BEiHEY K hfANPabkhituRa With 6hcdrThdre MtBHR hftepting
e reactive species is selected fromthe group

grouens) Htoilemgle@ﬁn whiopl twoescephes acoyhatakto astopjugated ,x (pi)-electron
.epoxies, vinyl _ethe c anate esters, and m xtur )

bridgeian 69 molscilas inlichdie i -CHRGESHE PaMeEied &0 esﬁ%gﬁlt%ff BAPL-

elecbn Blid %J‘%vﬁrch‘@@ﬁfb%h(ﬂ;tédr\%t}?b&c&rrﬁ e RLhBh %nétﬁng g?@&;%‘?t ed

romthe group consisting of iodoniumsalts,
chl oronet hyl ated tri azi nes, dlazonlun1salts
aziniumsalts, tri [im

12. 51 Rl ad e o Ron o i fﬁ@ﬁ%ﬂﬁfeﬁ Sholsemiizer i

Rhodgagieipe conmposition of claimé6, wherein the el ectron
donor conpounds are selected fromthe group
consi sting of am nes, am des, ethers, ureas, sulfinic

13. gg :'131% gﬁ\.gg :hg%sr}a F?Cq v% }gm@@ é(%bc?g %%%%%&ﬁ’e?&h gt?e‘ redct{@ rsBéc?es is

seleBled o200 3 Qipabsistink dthicodaed) ardticacadatds, andends seppales Svinyl
salts of xanthates, salts of ethylene diam ne
ether cyapatesgsiess, and mixtures thereof.

14.  The multi-photon reactive composition of claim 6, wherein the electron acceptor is
selected from the group consisting of iodonium salts, chloromethylated triazines,
diazonium salts, sulfonium salts, azinium salts, triarylimidazolyl dimers, and mixtures

thereof.

15.  The multi-photon reactive composition of claim 6, wherein the electron donor
compounds are selected from the group consisting of amines, amides, ethers, ureas,

sulfinic acids and their salts, salts of ferrocyanide, ascorbic acid and its salts,
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acid, salts of (alkyl)n(aryl)nborates (n + m= 4),
SnR4 conpounds, where each R is independently chosen

wo ec@mioarseng al kyl , aral kyl (particul arly, benzpt¥/1S2003/030563
aryl, and al karyl groups, ferrocene, and m xtures
thereof. 5 16. The nulti-photon reactive conposition

dith‘i’«gqa?aﬁ{ighéld a\‘i"ii1 &5 @51& E?ﬁﬁ of ??ﬁth&lsse %al?som'iﬁﬁ&e d;ﬂalﬂﬁ‘xte %traacetlc

oxi1 de, a non-"oxi de cera

acid‘IBalesrdfe(hlkym,Karymeomdst(n +ph @t@ISﬂlélamﬁmpoand@ ReEd dacb R 1§Jf
dcI ai m](]y wherein the a%ﬁi es are 10 selected from
indeneadaptly o QUEAIPGE kY. ! (pgrgularty, benzyth eyl gudglkaryl

gro@wﬁs e BceRaRhPhixuds Hor, W02, V03, Fe203, Fe304,
Fe204, Pbzr0.5Ti 05503, BaFel12019, Cr02, Cr203, Co,

M2, M3, SntCoCh, and m xtures thereof. 18. The

reactj.ve co SItIO of, cl.aim 6 .
thelrb%&t“? Phigtop SrASHY S gom g of el .lde-ivheffgﬂ a&fﬂquepepﬂse
a me@NPKits, anBetal, d)ma Moy, RaTonRRIdd Rkdn¥icA&tgd speci es;
(b) a mul t | - phot on photoi nitiator system and (e) a

plurality of substantlally i norgani c particles,

17. Y\’hegflﬁl ulttlr@'b()?&{ Iteié Ecor ?thlgrhoﬁ glg{g},g? \?ﬁa rréllﬁlgﬂl r{ﬂczlgs aqfe

seleped tfionh € g@owp QIBRENE of Allz()ljl,@roeﬂn%l ZaO)Biah, BYTiO BaZrOs,
vol une. The article of claim19,

b 65% b
SUT{rel 9 Wike Feetdn EdDss M P ZieTiocs BoFr ot ROy Canf» Co,
Mo®», M6 lsﬁkjd@gj Aa xﬂﬁ&%%@tth%%of met hacryl ates, styrenes,

epoxi es, vinyl ers, cyanate esters, and m xtures
thereof 21. A met hod for maki ng an organi c-i norganic

05| risin r0|dJn a nulti-photan
r e a el Iglél%cfgwggyiefuftb\% cew&iﬁ%}lgq cla@b ﬂheéeqa dheparticles comprise
metgB&dLs, (2) a nmulti-photon photoinitiator system (3)

and a plurality of substantially inorganic particles,
49 WD 2004/ 031862 PCT/ US2003/ 030563 wherein the

19 par&i Sﬁlgfééaﬁ%’%s%% average particle size of |ess than
“abou 1 [ ;

ons<in dianeter;
(d) an at least partially reacted species; (b) a multi-photon photoinitiator system; and

(¢) aplurality of substantially inorganic particles,
wherein the particles have an average particle size of less than about 10 microns in
diameter, and said particles are present in the composition at up to about 65% by

volume.

20.  The article of claim 19, wherein the reacted species is selected from the group
consisting of acrylates, methacrylates, styrenes, epoxies, vinyl ethers, cyanate esters, and

mixtures thereof.

21. A method for making an organic-inorganic composite comprising:

(a) providing a multi-photon reactive composition comprising:
(1) areactive species,
(2) a multi-photon photoinitiator system,
(3) and a plurality of substantially inorganic particles,
49
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(b) irradiating the nulti-photon reactive conposition

wth sufficient light to at least partially react the
W@ owpo3istt on; and 5 (c) renoving a sol ubl e porpeDOSIN3/030563

the nulti-photon reactive conposition fromthe

resulting conposite. 22. The nethod of claim 21,

whedrbth iheparBOIRP hiavi ChverBE BaricRGidc T 168 TRASIHo8E 1(Pmetrons in
sufficiently elevated tenperature for a sufficient

drametar; of tinme to pyrolyze the reactive 10 species

and.to at | east rtially fuse t j : . 231

o IR RO A BB B BBl B e
?aﬂtig eda0t theofiposied;waen about 500 C to about 1400 C

or about 2 hour to about 48 hours. 15 24. The ngth

. ! ; d
of (&) esmmavas a plebleipArtionef dsmAki-BREFR reRSCOBPOEHOR ?@Fﬁ the
gQSMQ&Q%ﬁwo&%QS'St'ng of netal salts, fluxing agent,
yes, “sol -“gel "precursors, organonetallic precursors,
and conbi nati ons thereof. 25. The nethod of claim 22,

wherein the fluxin nt conpri ses, boron oxide,. bori
22,20 B BethBg oGS Ad: BRT T RBEREPES e FREPGIERA
suﬁ? ifélﬁl ; 1R A teﬁ‘#)gfralﬂgé f&%‘%ff‘icﬁc‘arﬁ Anfdit SttifiRe &f pyrbl9hEihk Mehctive

ructure time and tenperature sufficient

spetios amhioent deaat pantiatyafiusd the pgrtictessol | dat ed i nor gani c
structure. 25 27. The nethod of claim 22, wherein the
particles have an average particle size from about 1

23.NM TR ABMH oFeRifA?Y, Whkrein the composite is heated to a temperature of

between about 500 °C to about 1400 °C for about 2 hour to about 48 hours.
24.  The method of claim 22, wherein the doping agent is selected from the group
consisting of metal salts, fluxing agent, dyes, sol-gel precursors, organometallic

precursors, and combinations thereof.

25. The method of claim 22, wherein the fluxing agent comprises boron oxide, boric

acid, borax, and sodium phosphate.

26.  The method of claim 22, further comprising the step of sintering the structure for a

time and temperature sufficient to achieve a substantially consolidated inorganic structure.

27.  The method of claim 22, wherein the particles have an average particle size from

about 1 nm to about 150 nm.
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