WO 02/ 12350 PCT/ GB01/ 03497 PHOTO NI TI ATED REACTIONS This invention rel ates
to photoinitiated reactions, for exanple curing and polynerisation
reacti onsyQ oamisoore particularly to UV curing used in phOT/GBOI/§3IBT

technol ogy, as well as to photoinitiated colour formng reactions. Wthin
the grow ng real mof Wcuring technol ogy, one of the nost inportant
applications is in photo- imaging. Ever since the birth of photography, new
and innovative ways of obtalnlng |nages by exposur e to |light have been
expl ored. Even the silver habH T3] RERCTIOMBI ch still forns the
core of photography has under gone substantlal change, as for exanple when
the introduction of T=grain enulsions took place. Al though substanti al

i mprovement s i n pHoispohyaerionechhotegythavkobedniadeedver the |ast 20
years, the §é’£§t£bﬂétYE8{f éiagmm@cgéf@ﬁg'énétbéiyrngysgt%hed conpared to
the photosensitivity of the silver lid process. One of the major goals
in photopolyﬁ%?Ct%%m%hc%nﬁsm@Bea@@#%%%%l%ﬁéys%%SWYl9P¥$n5fu§¢¢véﬂ hal i de.

Two basic heesp & vihaer eaShREL BGPL 0RO Y8BT aguadt YyabYSehd:bayead unity
exi st. The f|r t of _these is nost famliar as the acrylate chem stry used

in nost %?Elf?¥@%n$aﬁ?%%Fl?F§/ cure systenms. Thé approach here is
t hat of the chai nyieRih i e Mwm@%@@l%f:mxmb@@lcmdwgppnes
converted by the ﬂ%tlator nnlet into radical is cﬁgab e_of converting

many pol ymer?sante ?é%%f%slw%?§ %Rﬁc?? lc%ﬁ&@??hﬁ q Yield for this
process is himggitwt Btetlsiote ashdilgires ehathdovgsapver heali aed

innovative ways of obtaining images by exposure to

light have been explored. Even the silver halide
process itself, which still forms the core of
photography has undergone substantial change, as for
example when the introduction of T-grain emulsions took
place. ’
Although substantial improvements in photopolymer
technology have been made over the last 20 years, the
sensitivity of the processes is.still very limited
compared to the photosensitivity of the silver halide
process. One of the major goals in photopolymer
science is to approach the sensitivity of silver
halide. ' |
'~ Two basic methods of increasing photopolymer

quantum yield beyond unity exist. The first of these
is most familiar as the acrylate chemistry used in most .
commercial free radical U.V. cure systems. The
approach here is that of the chain reaction. Any
photon which is absorbed and becomes converted by the
initiator moiety into a radical is capable of
converting many polymerisable molecules very quickly.
Thus the quantum yield for this process is high, but
still not as high as that for silver halide.

The second basic form of photopolymer quantum

yield enhancement is exemplified by the cationic U.V.



The second basic form of photopol ymer quantum vyield enhancenent is
exenplified by the cationic U V. WO 02/12350 PCT/ GB01/ 03497 -2 curing
syst ens. W@ 02/ki3s0 i nst ance, the absorbed photon gener at esPAT/GBORDIIADT C
nononer species which is capable of catalysing polynerisations,
cross-linking, or even nolecular cleavage. This technol ogy has been

described 5 as_capabl e_of produci "l,i ving pol rs" which will continue
growi ng as |ong" §Xﬁ§?@§te,ﬁ8n5ﬂgﬁ ﬁBFE@gFES ¥ggea§?PFPe§v§PP§8Pe. The

reactions argendwosesera caehaytvel yosbmerceppatied waitheighahpabeactions of
the free rad'cala%iocess. Furthernore, althou he. 10 quantumyield in

r h
terns of reatted WoréeurasP? Ym?ﬁéﬁ?éﬁpeﬁkl§rﬂg§F&FﬂFFﬁﬁte?rtﬁ¥e | ow
reactions | implecshati @leaesgeut i Dhibyteehsohogf, HeEf beenndekcadbiede

speci -out i ag igytation | ‘er of . phot opol yner
inagigg has é%fé%ﬁ%%%% %gé§£$§%can%ug?£%$n§iﬁ%EX%gﬁgg V%l§g|w%§? an
adequat e nunﬁﬁmtb¢u©h@x©wéngoaﬁhéoageaSteubetraagemonomhe deleveigsof a
| arge anount,of é@{@pwgﬁie%g’fets Eﬁésyeag%gangpwé,edh%@gvgﬁS' mpl e

reflectors and conveyor ts used _In conbination enable s aimto 20 be
achi eved. FdfelHugingy $Hev| cgpPaheedsot Bhpechasdn| reacedonndoderhi¢ered in a

control | ed fasdd omrailenl corbbaBs e tRerth8hhoPs! PHithbQFhanNe| amp i nvol ves a
substanti al | oss of sjty. The subsequent-use of_ optical conponents

i nte
and &en phdFBHFBHWéY%%}ge%ntEpﬁ%sr%ﬁu%%a?F%dym%1%C%$e%véFIabIe phot ons
fromeven a niddire oyl Tyl ndarpih O @i £ €ret Kabs Yok oved @y ebns | LihseW t hin

(s Tl omens el LA uage of L aserse has. fexeloned Al Lhough the
species out of the imaged area.
A limitation in terms of photopolymer imaging has

15 always been the amount of time needed to deliver an
adequate number of photons to the area to be imaged.
The delivery of a large amount of random photons is
easy. High powered lamps, simple reflectors and
conveyor belts used in combination enable this aim to

20 be achieved. For imaging, the light needs to be
collimated and delivered in a controlled fashion. To
collimate the 1ight.ou£put from aﬁy lamp involves a
substantial loss of intensity. The subsequent -use of
optical components and even photo tools serves to

25 reduce the yield of available photons from even a very
powerful lamp to a remarkably low level. -

It is within this environment that the usage of

lasers has developed. Although the amount of energy
that a visible or U.V. laser will deliver is relatively

30 low, the intrimnsic collimation and the intensity of
photons delivered at a given wavelength make the laser
a useful light source. The use of computer guided beam
manipulation in combination with mirrors enables one to
eliminate photo tool usage, and further enhances the

35 amount of photons available for the photochemistry.

Nevertheless, these improvements have been only



30 low, the intrinsic collimtion and the intensity of photons delivered.
at a given wavel ength nake the | aser a useful |ight source. The use of
conput er wabdedsbeam mani pul ation in conbination with m PeDGBOEMEDT es one
to elimnate photo tool usage, and further enhances the 35 anount of

phot ons avail able for the photochenistry.~ Neverthel ess, these inprovenents
have been on]y WD 02/12350 PC{/GBOl[O349§ -3 increnental, and | aser imged
photopolynerl%#ﬁﬁﬁﬁggi  afBIstRPRT sIBRESY BReCSPPYETeRaPFRESSFEEess

achi eves exdrenecflanslswelfTebencyvey Nhlide phothesdavalepaent step.

The actual effici f th tochemstry.is 5 relativel d
W th chain rERCEPON BrocEeloePEor PEREY oY, ViRERS I RE ERPVEFVRAPPHESEM oi on

i s devel opedstamat The aehwnkabffiaikncatafythe devebohsmhbttehetkstry
i nprowyes th [ : r.si)ver has . _produced, the silver
e gh%#%?%f%%ytﬁé916¥%§%5¥g whth VELad .rgggg oR proc?ﬁ?ﬁ

avai |l abl e acc el opnent reaction, irch¥in Sproduces
nmore silverlt Thaisonlyiwgte photohlvan prhidatemal gieat isndabelopédsi | ver

atons and a i i i i h tion
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i nvention td“ﬂﬁ%?@%%eﬁh%i@#ﬁ$?%@h¥%@1@he'%¢¢¥%Y%ﬁc§lb76bhb@%ch@ﬁﬂcal

reactions ysedhidedardheusalvén PROLODOI Y NBEcd@ElNgs 4ggording to one
aspect of thjs invention, there is provjded a nethod of carrying out a

phot &ni t i atdsF e LR PH Y e T St Pon WhtiFidri rigdst imkPHECdF BO%Bbstrate, which
conpri sés prpViving THEaH | ¥ngldSiiaien CoMFdisrgt@ Poyyaeei sabl e and/ or
orosel i nkable . comos 1 pnand o, dent. phoLol ) b 2oL, 551 Yal 4, e
obtained due to the propagation which occurs in the
development process.

15 It is an object of this invention to increase
gsignificantly the efficiency of photochemicai reactions
used in particular in photopolymer imaging.

According to one aspect of this invention, there
is provided a method of carrying out a photoinitiated

20 polymerisation and/or crosslinking of a substrate,
which comprises providing a reactive substrate
comprising a polymeriséble and/or crosslinkable
composition and a latent photoinitiator, activating the
photoinitiator and exposing the reactive substrate

25 composition with the resulting photoinitiator therein

' to photoreaction conditions wherein actinic radiation -
causes the composition to undergo polymerisation and/or
crosslinking.

In a second aspect, this invention provides a

30 method of carrying out a photoinitiated reaction which
comprisges applying a reactive substrate selected from a
polymerisable and/or crosslinkable composition and a
colour changing substance to a support, activating a
latent photoinitiator applied with the reactive

35 substrate and subsequently exposing the reactive
substrate with thé resulting photoinitiator therein to



25 conposition with the resulting photoinitiator therein to photoreaction
condi tions wherein actinic radiation causes the conposition to undergo
pol yrer i a0 bom3and/ or crosslinking. In a second aspect, POT/SBONIENT | ON
provi des a 30 nethod of carrying out a photoinitiated reaction which
conprises applying a reactive substrate%elected-froma polynerisable
and/ or crossljnkabl e conposition and a colour changing substance to a .
support, actPRAEPRGET1PAt ERRIPpRECEBENIEPEESR applnéd wRERathenf eactive 35

substrate andagubseguenthysexpesi ag hﬂ@e&?@cgbi?me§QQ§E&éheaﬂHVBrthe
resul ting photoinhti tor therein to WD 02/ 12350 PCT/ GB0O1/ 03497 -4-
phot or eact i oRF CSRAI-FORT " fhefRLRUECcErAFES 1B8FREFEAY ¢ usESet he substrate to

under go pol ysebksakienbandbolocaldgshbikEngdoincoktguroabangetiespasti vel y,
s _consti.tution as 5 a result of

t he gybstrage gei?g g%cggly nndi&ied inai% st
its exposure®tB RErinPE Fadi arToR AT & >FeaBtCohra’sthyR ofCt AE net hod, so
t hat the resléébhgonpobyagei sédthadherhodossbi hketd theposktiohingr col our

ocat ons. of*e R RBarF oAt ren” of ‘ERer15o8, apbPEe O bRBLPARY g or ¢

| ocati ons of ron subst _ _undérstandi ng of the
above- descr i peangedngepetance aupvrasfpPyes cidevebophehribhehpstoy with

silver hali de l-ons,h i sskDb. t i t hat .simlar
approach nigﬁ?ebﬁﬂg?§%€e§?néﬁﬁggg?%$%oﬁg é§5£%%o?%%%F§§%$§?%a€?naaeAlthough

no avt®cat al §EPELTREActi on of sinilar nature has yet been commercially
exploited, it hasphegnaéospshdhay &f Stmd| abovaPbill-€BEH08-8EEP: CaR be

I ntroduced wé&@égaégfytggoég éﬂgggénéig%égistry with silver haiide'
emulsions has made it possible to establish that a
similar approach might be viable in the field of

15 photopolymer imaging. Although no autocatalytic
reaction of similar nature has yet been commercially
exploited, it has been found that a similar
amplification step can be introduced within the
photopolymer field.

20 . While it is feasible -to comsider the inventive
principle as applying glso to colour compounds or
chromophores per se, it is envisaged that the colour
change will take place during a crosslinking and/or
polymerisation process to enable areas at which rection

25 has taken place to be identified. Leuco crystal violet
is an important chromopﬁore in this respect (latent
colour formers are generally termed "leuco dyes").
Other leuco dyes to which the inventive principle may
be applied include leucoxanthene and leucofluorans.

30 The latent photcinitiator is most commonly to be a
protected photoinitiator whose protection is removed in
a reaction which takes place under preliminary
conditions. Such preliminary conditions preferably
include the use of a photoinitiator as such which, when

35 exposed to actinic radiation, is éble to interact with

the latent photoinitiator to cause the latent



20 While it is feasible-to consider the inventive principle as applying

al so to col our conpounds or chronophores per se, it is envisaged that the
colour ohanyesm || take place during a crosslinking and/ peT/GBol/§3aRT i sati on
process to enabl e areas at which rection 25 has taken place to be
identified. Leuco crystal violet is amSinportant chronophore in this
respect (latent colour formers are generally termed "l euco dyes"): Oher
| euco dyes tohottiighi ttikeromvienthey ecqrvandigal ecarait s bendgplyeng i ncl ude

| eucoxant he : or The | toiy ti I S nost
comonl y to%%lg%éqdﬁﬁﬂét%géye'd Sﬂ?ﬁ oéz%%%}g oﬁ%%%%rﬁgic't i%\ﬂ%ssé removed in
a reaction wihetrwiscesinslimeasathddre pleddnibrd ywitorngifeomce Sieh

prelin nary i s RSEfanahlg i ddoliide dhe dseh o f PROLQRI ti ator as

such whi ch, en 35 exposed to actinic radiation,” 1s able to interact with
the | Btent PHEES A%t TV TETSs &gh T MNP DF AT PERFEED 1/ 03497

-5 phot-oi ni 4iatomdsy B Gameidee b idat itdedd dwinhotidisd or . The
present invention w.ll, unless _otherw se indicated,. be described with

reference t &t &oh WSHdeHoMmayQiSREiity t NE IBREMCHHE & MM ator. 5 There
i s then oveealhrgys &dirdemd D RIHGITEAC tdaais tbc inapvidd  dngskbyted idtclaide
application_qf actinic radiation_.at two %i.sti nct .V\C/%}/el engths. In
particular &H&W OEnErGY-THiAEe LT 14 S 87 B enpl oyed in a-
firste-or puelildisedr {rplkathdredetd an irsgewicsn dxpdlund idff sge i n achi eving

?gd: g?igg\r/]\n ?%u )é %SH%S Caéfsnéagslhg%gp?ﬁr% né’g]%ocﬁivq\}jtg‘ll: %%;iga(%gho ip E)![ (r)"rgacti on
in which t hepplbsedr atse a £ Looldy ey iccagreciidromidtossidadantl Preferably,
laser direcLyl fR¥eRtion in which the substrate is polymerised

and/or crosslinked. Preferably, laser direct imaging

15 is used in applying the low energy source of actinic
radiation. - B

Such method embodying this invention thus uses an
amplification step, in which a second photochemical
reaction is carried out subsequently to a preliminary,

20 ﬁreferably photochemical reaction. In this connection
recent work by Bradley et al Journal of Photochemistry
and Photobiology A: chemistry 100 (1996) 109-118 has
been centred around the development of vinyl-dioxolane
based monomers as a more amenable alternétivé'to.vinyih

25 ethers conventionally used as monomers for cationic
U.V. curing. Such a material is (2,2'-diphenyl-4-

methylene—l,a—dioxolane):-

30 O O

35 .
The vinyl dioxolane structure can be produced from

SUBSTITUTE SHEET (RULE 26)



15 is used in applying the | ow energy source of actinic radiation. Such
nmet hod enbodying this invention thus uses an anplification step, in which
a second whor/ashem cal reaction is carried out subsequenPCYGB01/@3497
prelimnary, 20 preferably photochem cal reaction. In this connection
recent work by Bradley et al Journal of Photochem stry and Photobi ol ogy A
chemi stry 100 (1996) 109-118 has been céntred around the devel opnent of

vi nyl - di oxol ane based nononers as a nore anenable alternative' to vinyl,.
25 ethers cor¥efetonal Photséibsakpronbrsting watpshrs althuglring. Such a

material is (ZzRer GhOPROEL- 4re "BLAYL 8P LE32 0L X f‘B&Qlé:t:?Qn%E 3ap The
vi nyl di oxol ane structure can be produced from BSTI TUTE S é% ULE 26)

WO 02/ 12350 PETFERRA¥®58397 -6 a ketone photoinitiator starting material

al though other nethedsiaestavaepobtedf on the abedyciépdr&hcsuch a
structuyre. Experinents r in the_above refgrence ‘5 denpnstrated that

ported
t he acixd cata‘?@%%Stﬁﬁ5?§p5$§5eF'%a??%ﬂ GeFALYELati oni ¢ speci es and such
vi nyl - di oxol gieotosslynnerpsacien vsing si opttonhti opéciepodnydresusiat i on but

rocess. i n wh EIVE 0o RELENE T2 priodtcRt SATENT1S oo iRl A PTEIBI ¢ 1 At or
in the secommblhymtwisacionnbud PhthePho@bhuPh~Pha1l® ROMP-like (Ring
Opening Metathesis Polymerisation) procesé in which a
ip , ketone is pfbduced which is to act as photoinitiator in
the second photoreaction. '

‘9‘\/\ - 2 5)
TR e B | T
Ph" Ph P;><;m
15
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The wvinyl-dioxolane behaves as a ketal-protected
carbonyl compound and the process generates a
polvketone as the dioxolane ring is opened, generating
the theoreﬁical parent ketone for the dioxolahe ring.
25 In the reported experiments, the ketone used was
benzophenone, a well known photoinitiator of acrylate
polymerisation.
It has similarly been found that the free radical
polymerisation of the same compound results in the
30 photogeneration of the theoretical parent ketome.
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O 07'Ph + PhkPh " ~r 20 Ph The vinyl-di oxol ane behaves as a

ket al - protected carbonyl conpound and the process generates a pol yketone
as the divoaot/s3s0 ri ng i s opened, generating the theoretikPkal/GBarexp7 ket one
for the dioxolane ring. 25 In the reported experinents, the ketone used was
benzophenone, a well known photoinitiator of acrylate polynerisation. It
has sinmilarly been found that the free-Fadical polynerisation of the same
conmpound results in the 30 photogeneration of the theoretical parent

ketone. R R O [RoPh] 0 Ph Ph Ph PhXPh 35 SUBSTI TUTE SHEET (RULE 26)
WO 02/12350 PCT/ GB01/03497 -7.0 R O-Ph R~ Ph Ph Ph.0 Mnongr OO 10

Pol y{ ket one 15 -The d(Bquane ring opening reaction is applicable to
formation of B whoje \y etonLe—&unctRﬁﬁETW/Tnitia?orpgnﬁ\Ph
co-initiator speci@gs ra ng frnom such
5
ihﬁmmmx
o) 0
10
Poly(ketone)
15 The dioxolane ring opening reaction is applicable

to formation of a whole range of ketonic functional
initiator and co-initiator species ranging from such
simple well known materials as benzil dimethyl ketal
through to exotic materials such as di-iodo butoxy

20 fluorone (a visible active photoinitiator used for
stereolithography). When made in the form of the
required vinyl-dioxolanes, the resulting compounds act
as "latent photoinitiators", capable of being activated
by low doses of-U.Vﬁ'light on formation ofucatalytic

25 quantities of acid from cationic initiators or by
ongoing radical reactions. Examples of such compounds

are:

SUBSTITUTE SHEET (RULE 26)
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known materials as benzil

di neth

yl ketal through to exotic

mat erials such as di-iodo butoxy 20 fluorone (a visible active

phot oi ni tWabpr23ssed f or

stereclithography).

When made i nP€TYeBOIDOIPDf t he

requi red vinyl -di oxol anes,

photoinitiators”,.

the resulting conmpounds act as "latent

capabl e of being activated by |Iow doses of U V: I|ight

on,formation of catalytic 25
by ongoing radical reaction
SHEET (RULE 26) WO 02/ 12350
0 OCH3 O CH3 2,2-dinethoxy
2-methyl -1-[4-(methylthi

N G C N(CH3) 2,8F O\ -- ?:%ﬂ
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benzophenone 2- et hyl

fl uorone SUBSTI TUTE SHEET (

2,2-dimethoxy-2~-phenyl acetophenone

quantities8ef acid fromcationic initiators or
s. Exanpl es of such conmpounds are: SUBSTI TUTE
PCT/ GB01/ 03497 -8 OCH3 CH3 -C Ph CH3S CGCN O

- 2- phenyl acet ophenone
enyl ]-2 norpholino propan- | .-one CH2CH3 S O
CH2Ph 2-benzyl -2 \ ‘ met hy‘fgﬁi 0

henyl t hi 0) phenyl ] phenyl kellt ohe O O/ 4- phenyl
uinone ff \ \ \ 1 Bud 09 %HB -7 odobut oxy
RULE 26) WO 02/ 12350 PCT/ GB01/ 03497
2-methyl-1-[4-(methylthio)phenyl}-2-
morpholino propan-1-one
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~ C
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O

Di-iodobutoxy fluorone |
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-9 O her compounds which can be used are various benzoin ethers; as well
as di et hoxyacet ophenone and 1- hydroxy-cycl exhexyl - phenyl ketone, and

2- hydr oxywQ@e2/mssthyl - | - phenyl - propan-1-one and et hers t her rPOf/GBB1/@&4gh
enhanced phot opol yneri sati on nethod enbodying this invention typically
involves an initial irradiation of a f+$m containing a cationic (acid
producing) photoinitiator, adrylate and vinyl-dioxol ane based |atent
phot oi ni tiator. TRitder Néukés@amok&nwaaﬁ|aﬂaﬂuqrxﬂuﬂhe pol ymer

formed in thi I fncr ease,
!b%n%b%ﬁ’l Wy le mniymh and d'l%tth gﬁﬁ%z 5&%/ i s

which is a E{Inﬁ Imt _on reactlon rates. Sub uen oW ener gy

i mage- wi se eRPIFGRY - qm%é@%%%%ﬂaé%ﬁmWé'ﬁﬁ&ﬁ@ellP@éﬁ@mhyﬁquyra1ght of

wavel engt h IQeghwoqg@héﬁyﬁp%@ag-fluernlae@n@h@k@l&% srfrdd¥e cationic
initiator, but adgg ate_to hot Hhe initiator fornmed fromthe
cl eavage of the df° F&H@nFF ? P?q PPEFSAeRT fethad irpeiiinge and

t herefore caahuavehwentabnhtgﬁebaldgsagﬁslabsla@hhnumlélrelatively short

tine. An 20 I f t hat I di t i
of " phot of g RbFELEGAEPEE. TG e E RO OBY RCer FARAPEe & HETIEN (| eneck of

having to depkméucahg t protpahytesicsat, i anrgieatgy anida vtihe 1l-dd etcolanan
RGeS o BRBLAN o fR,e RS AL LS, ! ealing 0Oy s SR eed 25 0 Lhe

fl ow schene © accaompany Fawin e€rabl y~i'nm general,
cati ohfc- aCIdnéredﬂccmgntthSOthetpaﬂymsrsﬁohmaé sulphgﬁlumE@nmawodonlum

salts a”d'S?EtﬁﬁﬂﬁﬁhﬁrQHHOHBEaEEhEeCQHQOQFQéoéiﬁy“EhEFEQQeL”w%g chi evi ng
conversion o atent photoinrtrator t hough” a-sul phonyl oxy Ket ones
can al so be GiSed E§lm@a§F@hFcO§cFéaEFéQGCPﬁ@eﬁhoﬁébﬁﬁﬁpépﬁr§O Y%és

low energy image-wise exposure, the system can.be flood
irradiated with light of wavelength long enough to

15 avoid further photolysgis of the cationic initiator, but
adequate to photolyse the initiator formed from the
cleavage of the dioxXolane ring. This irradiation is
not image-wise and therefore can involve far higher
dosages of light in a relatively short time. An

20 application foxr this -example is that of laser direct
imaging of photoimageable coatings. The technology
eliminates the bottlenéck of having to deliver all the
polymerisation energy via the laser in an imagewise
fashion. An example of this technology is summarised

25 in the flow scheme of Fig. 1 bf the accompanying
drawings.

Preferably in general, cationic acid-producing
photoinitiators such as sulphonium and iodonium salts
and salt-form orgonometallic compounds are utilised in

30 achieving conversion of the latent photoinitiator
although <a-sulphonyloxy ketones can also be used as
cationic acid-producing photoinitiators. These
compounds are exemplified by the following compounds:

bis[4- (diphenylsulphonio) -phenyl] sulphide, bis-

35 hexafluorophosphate or bisg-hexafluorocantimonate

optionally in combination with a mono-or-poly-[4-



conmpounds are exenplified by the foll ow ng conpounds: bis [4-

(di phenyl sul phoni o) -phenyll sul phide, bis- 35 hexafl uorophosphate or

bi s=hexaWaorwast i nonate optionally in conbination wth BCVOBOv@49pol y-[ 4
WO 02/ 12350 PCT/ GB01/ 03497 -10 (phenylthiodi phenyl] sul phoni um

hexaf | uor ophosphate or hexafl uoroanti mppate bis'[4 - (di (4 - (2

- hydr oxyet hyl ) phenyl) sul phoni o - phenyl ] sul phi de bi s- hexafl uor ophosphat e
5 bis [4- (dipméﬁylﬁhhydiphgayhylbumbhbmhﬁmshbﬁbﬁﬂh@koph@&@mﬁtks@Ephide

bi s- hexaf |l u 8@”%198¥E%Et1&ona 4- (cycl opentadienyl) [(1,2 4,5 Gr~)
(et hyl et hyl Denzenel -iron I hexaf | uor ophosphat e

4-i sopropyl - 4- nethyS[@rmdemyklthydmnxyetdymh?hghyll@uﬂgﬁ@nﬁum

hexaf | uor op a p orate, as well-as

2- hydr oxy- 2q%ﬁggg¥?iai%%gg%eggﬁpﬁgﬁg %Qg%?ggﬁggﬁéﬁgne 15 A wi de range of
formulations is possistédi(Gederhyiyoxyerhyhepbanydhsvlabdip) oduci ng

phot oi ni ti atﬂaen%bﬁsar@ﬁmaelﬁlbnhéﬁsfmegsaﬂhﬁ&agtg 25 to 3% by weight - of

the materi al e acted on. For he latent-initiator, the practi cal

worki ng range is £0 tadm X HBIRARTght [ Gf A4 4t i)~ to be acted on.

Wiilst it is m&&&%@éﬁhyhﬁtbéﬁkénél0§§§§(MI | heberi1ablg EQSEH§EEEtE|y mat ch
the silver hallde process |£ ter ot osensi.tiy % nonet hel ess it
pernmits products ¥ o-PeLHBPET ndd™%h X% @%gh%?Y%%?@9n%HErﬁﬁs@lPﬁ@nY§5

productivity of iim@gbmpuprbeessesodepedssnitOnoactinic radiation curing.
Practi cal experlqpce ha shown ﬂgrtlcularly conveni ent to work

in the W range. %5¥?F ??tﬁl%g%?ﬁﬂ%h?%¥% O%%%?olﬁftV%i r$and the

2~ hydrcxy 2-phenyl-3-
toluenesulphonyloxypropiophenone.

15 A wide range of formulations is possible.
Generally, for the cationic acid-producing
photoinitiator, the ‘amount is in the range of from 0.25
to 3% by weight of the material to be acted on. For
the latent initiator, the practical working range is

20 from 3 to 10% by welght of the material to be acted on.

Whilst it is uniikely that this process will be
able to completely match the silver halide process in
terms of photosensitivity, nonetheless it permits
products to be obtained which dramatically increase the

25 productivity of imaging processes dependent on actinic
radiation curing. Practical experience has shown that
it is particularly convenient to work in the UV range.
With vinyl-dioxolane latent photoinitiators and the
aforementioned acid-producing producing

30 photoinitiators, one can use UV-radiation of a
relatively short wavelength in the first photochemical
reaction and UV-radiator of a longer wavelength in the
second photochemical reaction, or vice versa.

A second procedure embodying this invention is in

35 the field of photoimageable inks for sequential build

up (SBU) technology where cationic systems are to be



af orenenti oned aci d- produci ng produci ng 30 photoinitiators, one can use
UW-radiation of a relatively short wavelength in the first photochem cal
reacti on vemd2/IMser adi at or of a | onger wavel ength in the sPCDG#B01/03497

phot ochem cal reaction, or vice versa. A second procedure enbodying this
invention is in 35 the field of photothhgeabl e inks for sequential build
up (SBU) technol ogy where cationic systens are to be WO 02/ 12350

PCT/ GB01/ 03407efexregs éner tedthaert advaerrgadvanphyedaslphysi cal

properties. g@@ﬁepﬁgeedur@hﬁengféééaafé a@ﬁon¥§£§eég'th¥ of -the method of
this invention. One_of erials which can be made in a dioxolane ring

5 bl ocked foYRFFatisdpropdl £RF oRaRrAdnet (FiIN@ . InTanbkant hofes afe

part'CU|ar'Ytﬁ@lﬁébéﬂlaissﬁﬁ§thl§&ﬁ3bef@édéOﬂﬁnéual§§61§neﬁ§1£§e i odoni um
enerators of CI d cat sts for cationic

salts hems r
ool yet i sati DICCKRS BOLE; BF) 1 E9OBTPY Aot OReR HRORS oL TH) - 10 a
sel f - sensi tlmi@xmsheﬂESSaﬁ@ppiMC@IlﬁrwmﬂﬁbBe agansnoitivereasi ng

quantumylel , tial di atj on_.of 1he-iodoniumsalt d|r ctlyln an
i mage-* Wi s O? ajs%ﬁ&%ﬂlw&sﬁ# %ﬁ ottt ARG %?T@F aci d
pol ymeri sat iare caemeystorFhet rasldtczamgalyd;m | Bod Scseheni ¢ ve to an

aut oacoel er gl NG Leackl o0 then. fLood ol adi o ek thynar yishble

radi ation ance §ensrt y ope f'or i ng aser direct
i magildg wit e prtbi m@@abiél@wwﬁ@recm @ppemeret(aam eorofidds sat echnol ogy

is summariseg.dis the {]omn sehemenofnQth Rig13s of £Q8 acconpanyi ng draw ngs.

A third exanple of the same concept relies on_the radical cleavage of'the
di oxol ane. 1¥rpdielerndPEathe | indaniwt sksidixrctoll yir s Heragswavel engt h

light is wise fashion results in production of a small amount of

acid polymerisation catalyst. The resulting film is

15 sensitive to an autoaccelerative reaction when flood
irradiated with near visible radiation. This enhanced
sensitivity opens the way for using laser direct
imaging with photoimageable SBU dielectric. An example

] of this technology is summarised in the flow scheme of

20 Fig. 2 of the accompanying drawings.

A thifd example of the same concept relies on the
radical cleavage of the dioxolane. If a free radical
initiator sensitive only to short wavelength light is
formulated together with acrylic monomers, acrylic pre-

25 polymers, and a latent initiator, the latent initiator
being sensitive to longer wavelength, the resulting
mixture can be exposed to give an autoaccelérating
reaction. .

Another example of the use of a latent

30 photoinitiator is in the printed circuit board
industry. BAs the volume of boards produced has
increased dramatically, so have concerns over the
environmental impact of board manufacturing processes,
especially with regards to the emigsion of vapours

35 which are difficult to contain or collect and

reprocess. A process responsible for generating



formul ated together with acrylic nononers, acrylic pre 25 polyners, and a
latent initiator, the latent initiator being sensitive to |onger

wavel engtwiQ o/l35¢ esul ting m xture can be exposed to gi veP@IVGB01/03497
autoaccel erating reaction. Another exanple of the use of a latent 30
photoinitiator is in the printed circuitt2board -industry. As the vol une of
boards produced has increased dranmatically, so have concerns over the
envi ronnent abrgapact veidvoa e e tis ivhg Ergdessdsion especisatigus t h

regards to thg, effhg,gkng@hgdsga%%u&aﬁgﬁdwh%@oar JUIICUd: 40 ganaln o

collect and repro ocess on5|ble enera ing
PCT/ GBO1/ 0349323?151[12 or ganitdivapoecess §é;1|eorE§E dat W@H&qimhaﬂazt icorgtday vari ous

coating nethgdsy gof ki lildd flgggltuqla@ eabhe folder H@%ﬁr ed LRI SM . & dn-this

process the PCB is co ete coated wth aliquid mul ati on which
can. be® dri edtPnPERIBFENS BPRO§OFEBGIEEVE FRECESENsI tindgeEas ng. | magewi se

exposure of éﬁﬁoﬁ@@él ag and @@Ia%@;ggeahdd%ﬁ%ls%efu@ﬁt RN 1Yy aqueous
carbonate or ﬁ%nl c solvent allo formati on of openings in. the mask for

pur poses of e&B BneYt aaPeeaﬁnééFBPnﬁFéc@ﬁeﬁffgaﬂrlﬂlcs Spéawﬁm Gdy- e 10
summari sed Iﬂohh&tfl.bﬁWoSCbpﬁﬁlﬁbsFtLg tﬁeofnatshtefoacmm@@@éisng;xdr awi ngs. In

the f f I tri | at trol
Leahnal ogy t BOTRRUCE oY el PRIRACE" GABBIFoB ssIONe Kol PubaHe Hfecessar y

A fewd5 nansham&uised mavemetﬁﬂuweéchemenbfoﬁmge Babdr theeduci bl e LPI SMs
into the rrargg%géﬁ%g%lggt dEQ%X ggpear to be technically inf erior to

traditional
In the face of 1ncrea51ngly strlngent regulatory

requirements, control technology to reduce or eliminate
vapour emissions will become necessary. A few

15 manufacturers have ventured to introduce water
reducible LPISMs into the marketplace, but they appear
to be technically inferior to traditional solvent based
product .

Use of a photoacid generating initiator (cationic

20" . initiator) in conjunction with a dioxolane blocked
acrylate initiator permits formulation of a 100% solids
LPISM. This system has the advantage of producing no
emissions. Such a 100% solids formulation which can be
made tack-free on exposure to acid catalysis, but

25 remains developable, can be made by following the
teaching of the present invention. The LPISM thus
produced can be U.V. dried, being heated to.complete
the solidification process and to ensure complete de-
blocking. Subsequently it can be re-exposed to image

30 the formulation and still be developed and finally
cured in a fashion familiar to the industry. The use
of dioxolane blocked latent photoinitiators preserves
the radical initiator during the imaging step whilst
the coating is U.V. dried.

35 A variety of approaches can be used to effect the

U.V. drying. Vinyl ethers, cycloaliphatic epoxies and



Use of a photoacid generating initiator (cationic 20 initiator) in
conjunction with a dioxol ane bl ocked acrylate initiator. permts

f or mul at ivod 0wi238 100% solids LPISM This system has the ROV&BOHEHEIIDS
produci ng no em ssions. Such a 100% solids fornul ati on which can be nade
tack-free on exposure to acid catal ysisi3zbut 25 renmai ns devel opabl e, can be
made by following the teaching of the present invention. The LPI SMthus
produced canoketbn¥. cdmpedndbeicag beatieddt es. podpinetre sabhie sol i dification
process and e c | o n e it ;gan be

re- exposed t%B%ﬁgﬁE% ﬁgﬂéﬁggﬁgﬁggg6nﬁ§%d%§t§g§§bgg§§§g§%se & and finally
cured in a f@Eﬁﬁ@nlﬂakﬁrﬁaforofﬂhétﬂﬁdaéﬂsyd Theinse isofidrdgel Hse bl ocked
| atent phot obpi LLaLRL$ePLESERLES ankinBy ki adifal bRk ﬁb@écgfﬂéknGeF%gﬁt' magi ng
step whilst the coating is UV. dried, 35 A variety o proachg&s can be
used to effeeY EABLIOWLIY rargrAgn Vﬁﬁyﬁlﬁph@?suséﬁeloEPPﬁEEYVClépéﬁles and

WO 02/ 12350 F634£5804/ @34%3 al3igyet aaﬁe@omﬁ@a%naanr%lﬁssﬂdas
pol ynmeri sable solyents.. Alternativel yse o %g materials as cCross
f

linkers for ¥emcti bhaPPeey Fasineifsc éFQBFéOHEB@l ar BYEFP¥E resins, and
bui I di ng resfunobi el asobeeghy Srbyieatiepsa.reaathofe6RAcBbGO iaayused-
Finally, it .is ossi bl %o use, a giﬂ | _ether functional resin and react
it under caf?%n? E%ﬁ%?ﬁ? ngy ?ﬁ © %8?69?- functional solvent, or vice
versa. Such technol ogy may be represented by the follow ng: WO 02/12350
PCT/ GB01/ 03497 -14 OROROR R R



Vinyl ether as solvent. Solid vinyl ether polymer ROOR H+ O O + OR Epoxy
conpound Solid pol yether as sol vent R R Oxetaue conpound Solid

pol yet hewas2/sbvent. RL 2x H R An exanpl e of maT/edvdoxar al ysed
control |l ed nol ecul ar wei ght bui | di ng resénl on O 4x R-OHIlk RR An exanple
of an acid catal ysed absorption of sol t by reaction with pol yner

SUBSTI TUTE SHEET (RULE 26) WO 02/12350 PCT/ GB01/ 03497 -15 The overall use
of such LPISMtechnology is summarised by way of exanple in the flow
schene of Fig. 4 of the: acconpanying drawings. Simlar, applications are
found in the manufacture 5- of fl eRogOBRphOR printing pl at es and ot her

i maged printing syt\%@. A8 a furtlher lexa I+e the technol ogy can be
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applied to the field of visible active photoinitiators. The increased
usage of these initiators neans that nany 10 areas have to be configured as
red |ightwaenessothese providing an exceedingly difficul pPCEoBO/@INENt tO
work in. Visible active fornulations can be made with this' technol ogy so
that they only becone visible sensitiveirsafter U V. irradiation.

Substantial production and 15 handling benefits ensue fromthis. Yet

anot her applicaﬂmheidydﬂaklnﬁsﬂunﬁ(BuaMtEPISMgﬁhdhﬁdﬂugyyigxciner | anp

t echnol ogy. no, hro u t he, exci | a woul d be
easi |y capable ‘9% ?owe}é% ie%t T3t 3 %sg%?wzﬁng‘ﬁ?}?t ng/ag?a?engt h
sensitive ca |cojih|ich¢ m¢¢<anpasylmgv@r§¢w1mgt}wck clear filnms. A low

trat f t , ' ti |
concentration o S%%ﬁﬂly |3Eﬁy'cé@155§ e qué{Qﬁ%Cq£%¥ %ﬁ%op ica

density in thick coatlngs 'S not nor na

pol ymér i sat ioh. fh@m#a@lwmlﬁgﬂ*@inm@&t%Imdlgthqirniftl@@l@ﬂo certain
initiators \@yﬁ&w ePo- #hot obl eachi ng e. g. acyl phosphine oxides. Wth
correct fornulation, 'use of a |ow_concentration _of cationic initiator in
conjunction with2§ @ SHSERRE SFGERIE f de FERAICTY iGH% Rf or results in

t he ongoi ng,agdglisdd o frddratiomg of £ fveei B Bdi £al i vdi ghed O1ni TiiSor-Hecause
t he dloxolaqfs- are bk%i shifted with respect to their ﬁgent initiator,
optical density HFFRETHHTIAT KRE TS A FOTT IPotts ondf F32%8- r adi cal

i nitiator beirersShaureodus sk atomfygonel td sreced hl Sghit I’lzcﬁmzﬂsj; uncddeom with the
Col o 19, idiste Lompes ueuldl prable L Wae MO BRLIR0 o
of fields. in. Visible active formulations can be made with this’
technology so that they only become visible sensitive
after U.V. ilrradiation. Substantial production and
15 handling benefits ensue from this.

Yet another application is in conjunction with
high intensity excimer lamp technology. The near
monochromatic output of the excimer lamps would be
easily capable of photolysing low concentrations of

20 short-wavelength sensitive cationic initiators in very
thick clear films. .

A low concentration of any initiator, whilst
necessary for controlling optical density in thick
coatings, is not normally adequate to effect

25 polymerisation. Thus the curing of thick films is
limited to certain initiators which undergo
photobleaching e.g. acylphosphine oxides. With correct
formulation, use of a low concentration of catiomic
initiator in conjunction with a dioxolane blocked free

30 © radical initiator results in the ongoing, in-situ
formation of free radical initiator. Thus, because the
dioxolanes are blue shifted with respect to their
parent initiator, optical demnsity can be controlled,
only a small proportion of free radical initiator being

35 produced at any one time. This, in conjunction with

the cold running of these lamps, would enable the use



The latent initiators described here are not confined to bei ng unbl ocked
by phot ochem cal processes 5 yielding acid noieties. Any bl ocked acid of
suf ficiemostisagt h, for exanple a bl ocked tol uene sul phoRCT/GBoOi/B497
especially p-toluene sul phonic acid, will, on unblocking, catalyse the
breakdown of the dioxolane ring on theiéatent .photoinitiators. Exanples of
such 10 conpounds whi ch can be used are the thermally unbl ockabl e bl ocked
superaci ds pobdubed bytkKnhnginbindasori eschAolbgymih unhlidekivagieari ant on
this techno gg%-%éasbe useful for a nunmber of the exanples given here,
especially t D0% S0l i ds LPI SM and the 15 i nproved handling for visible
initiated processéze | esemmaiyd tidieochatdstribedth¢nedahereopr ovi des  for

the synthesi éoz?fllﬁggeé@t bYahgchuphobok ok ot gﬁfbxcﬁemﬁasic Lbed syat hetic

met hod, for exa by reaction of a car group rma vinylic
funct ifonal | s&& Hﬂo%@%@n@oﬁﬁﬁﬁesforA@Xah%P@ke yagsé of guféiiedenar bonyl

group presendtidngteg, fosm @:fza%l/énéﬂbié@}@éaoﬂékhéﬁé sQl?KBh?Eea&hﬁg as
| at ent photoinitiat y is,useful in the | owi ng-

appl i cati onsS Sp%%l%flﬁ%Pnﬁ?éu%%ﬁ %%?%%ﬂ%}9 FRagi YL EPCECRndust ry) 2. U. V.

initiated sanshlidSiaihgn ehtyigedl €heiprddiodons 3f MKi agoxbsihke active
formul ati ons_geasy trolling e cu%% of _thic fllns

5 Tprovi ngr SHBI TR FRe BT, PRGET oL LT ST at | BRETEARE PI PH
exanmplees i | lausipatreds eh perlepasatbonmsed attexohanesewhaithycan be used in the

met hod of th' ékéﬂYSUEiEEked superac1ds produced by King
Industrles A thermal unblocking variant on this
technology can be useful for a number of the examples
given here, especially the 100% solids LPISM and the
15 improved handling for visible initiated processes
A In summary, the chemistry outlined here provides
for the synthesis of a deactivated photoinitiator by a
prescribed synthetic method, for example by reaction of
a carbonyl group to form a vinylic functionalised
" 20 dioxolane ring, for example, by use of a leuco carbonyl
group present in the form of a vinyl functionalised
dioxolene ring as latent photoinitiator.
The technology is useful in the following'
applications.- A
25 1. Primary and Secondary imaging (PCB industzry)
2. U.V. initiated sensitisation of visible
initiators
3. Making visible active formulations easy to
handle. 4
30 4. Controlling the cure of thick £films.
5. Improving shelf life of U.V. curing
formulations.
The following examples illustrate the preparation
of dioxclanes which can be used in the method of this

35 invention:



WO 02/ 12350 PCT/ GB01/ 03497 -17- Exanple 1 Synthesis of

2- phenyl -2' -[4- (4- et hyl phenyl t hi o) phenyl] -4--nethylene-1, 3-dioxol ane
Into an apparat3ss consi sting of a 500m round 5 bottonmedré€T/aski/exyoi pped
with a Dean and Stark apparatus/condenser, were added the follow ng
materi al s: 25.37g [4-(4-nethyl phenyl t hioyphenyl] phenyl ketone, 9.21g
(+/-)-3-chloro-1I, 2-propanedi ol, 0.25 p- toluenesul phonic acid nonohydrate
and 200m t dsetyele 10 The reacti on m xture obtained was heated to ref | ux

under atnospheric pressure until.the act i IeI (wat er

col | ected). %é%%%ﬁ?tag % eh ?Y% 9 %e 4te was?lm?(?&T n}; shed W th
200M nol ar Poshyii eaﬂbehb.yéesel-mBedlandlané then water. The organic |ayer
was then dried ovgy %é]u@aslq £ 10t yoﬁvagpé)d(% d.andsdistilled

under reduced pr essure I nter |ate was taken and dri pped
into & refl pahgpred uﬂ@ﬁko@q@bﬁﬁgél WY - puPes dend 29§31k 20 in

t etrahydr of ‘H@‘aﬁé&%/&&ﬂ&éﬂé‘@? | e fe 2288t 4t ¥R NESKEG, £ Qynd bottoned flask
fitted with a’dropping funnel and condenser. After adding_the internediate

over a peri GR%EITHEES hot? s3 Y%e[‘h‘r 4 uretiiakohery ket rpRen%1} yPRABY Lhour .

The resul tangeﬁ&@@tlgnzjj@xwye y\@scgjéo@@gi;[agil@%y@ﬁéu@@i\er@ nasped tw ce
w th water, dr| ed over nesi u sul

e and r tara/ vaporated to | eave
a clear oil ‘%W%MOJE %t‘?‘%h P }@%i&r§%s?% ced mﬁxlé%‘ll%n? 30
Synt hesi s ofTiH -Mayt Uboxel anerdesbyvaihe® whs oedphdrogpi aeftuknt o an
apparatus C%%%é%ié%héﬁpﬁ%%%é”%réé%ﬁ%% until the reaction was
complete (water collected).
The resultant reaction mixture was cooled and
waghed with 200ml molar sodium carbonate solution and
15 then water. The organic layer was then dried over
magnesium sulphate, rotary evaporated and distilled
under reduced pressdre.
The purified intermediate was taken and dripped
into a refluxing solution of potassium t-butoxide (22g)
20 in tetrahydrofuran (50g) contained in a 250ml two
necked round bottomed flask fitted with a dropping
funnel and condenser. After adding the intermediate
over a period of 1.5 hours the mixture was refluxed for
a further hour. The resultant reaction mixture was
25 extracted with ether, washed twice with water, dried
over magnesium sulphate and rotary evaporated to leave

a clear oil of the above captioned target substance.

Example 2
30 Synthesis of di-vinyldioxolane derivative of

camphorquinone
Into an apparatus consisting of a 500ml round
bottomed flask equipped with a Dean and Stark
apparatus/condenser, were added the following
35 materials: 37.4g camphorquinone, 50g (+/-)-3-chloro-
1,2-propanediocl, 0.2g p-~toluenesulphonic acid



bottoned flask equi pped with a Dean and Stark apparatus/condenser, were
added the followng 35 materials: 37.4g canphorqui none, 509 (+/-)-3-chloro-
1, 2- propavedd/od3s0 0. 2g p-t ol uenesul phonic acid WO 02/ 12350P€UGBEBRUHID3497
-18 nonohydrate and 300mL benzene. The reaction m xture obtained was
heated to ref |ux under atnospheric pregsure: until the reaction was
conplete (water collected). 5 The resultant reaction m xture was cool ed

and washed wbohbh2/d0al el 390dilumbhydhegen Thar beRata ons @littier and t hen
wat er. The organi.c |l.ayer is.then dried over. magnesi um sul phate, rotary
evapor at ed aﬂg%aangi%Fgﬁwﬁﬁgﬁg'F&Uﬁ?é USr 8056e 2T SPRETSGr i f i ed

i nt er medi at epuasstiakennaid dhiepped.ctiphowasr eblpiieng Sekttietr-on: of pot assi um
t - but oxi de (ggg% ok getrahydrofuran (200g) contained in a 500mM two

necked round bo ?oneg'Flask fitted with a dropping funnel and condenser.
After Raddi ng t he Theerasdlhtet 15cgveion poxiede ofa? tootsdtdedm xture was
refluxed fory asnEHriher LW HOWLS 5~ TBE4E 65U agti Lxture was
extracted mﬁ?ﬁsether, masheglt&hcgrwggﬁ'%gtg&?gg?%gdgggggpgkégnesium

sul phat e andspéuhiypnesaporacadvesekeavéheaoEpanicolbyst whe abewre- capti oned

target produgtsed0o¥0-02432350uRCEHHEBALLA349%: axt9evEbALMBaalapnd Met hod of
carrying out _a Ehot0|n|t|ated ol yneri sation and/ or crbsslinking of a
substrate, @hFthlésAprrses 5?@9F8¢n§r§sﬁééétive substrate 5 conprising a

pol yney i sabl e andfgs wiesslédkat&rmediate was taken and dripped

into a refluxing solution of potassium t-butoxide (509g)
in tetrahydrofuran (200g) contained in a 500ml two
necked round bottomed flask fitted with a dropping
funnel and condenser. After adding the intermediate

15 over a period of 2 hours the mixture was refluxed for a
further two hours. The resultant reaction mixture was
extracted with ethef, washed twice with water, dried
over magnesium sulphate and rotary evaporated to leave
a clear oil of the above-captioned target product.

20



conposition and a | atent photoinitiator, activating the photoinitiator and
exposi ng the reactive substrate with the resulting photoinitiator therein
t o phot ove@o2/12380 conditions wherein actinic radi ati on caPpe®sBIhe3490
conposition to undergo polynmerisation and/or cos slinking.. 2. A a nethod
of carrying out a photoinitiated reacti®n which conprises applying a
reactive substrate selected froma polynerisable and/or crosslinkable 15
conposi ti on @mgr@s eol our changi ng substance to a support, activating a

| at ent phot oj niti ator %ggliﬂd wi t.h the reactive subsiangi and subsequently

exposing the' r ede I EHE ST X e & NGy S 45HDi ni ti ator therein
t 0 phot or eagtooymeatich t icmsa2d fomhered sl Ak 1mg cof adi atbonreasises t he
substrate t unde 0, i sation-.and/or. crossl.inking or colour change
respectivelgﬁm¥%§ ééﬁ%#%%%%?ﬁéﬁf%ﬁ%%ﬁmﬁIﬁéa?Eﬁﬁ?i%%P?$F? S constitution as
a resdt of damprisdinsr ecolywerisiltle aahdfdoncmpssititlesisie one stage of 25

the method, 1. 1 he t4 ! ' -
e method, s thale {he Lesul 1%}%??5;%2@{&&?&%@ aggﬂ?ﬂi&?%t?%%uti on on

conposi tion or “col our changed_s | corresponds inits [
t he support REPGMEL T PRERT ard EXRIBLHDETS ceraOn W FHessse ratlel 3. A

met hod' acCondidg 4.0, 04 BidN dnoai MHAIE) N Dge1.30: 4 ALeitoADRLol Gkt ator s

a protected photoinitiator whose protection is thermally renoved under
prel i mi nary C¥BHei9BhhereIn AthHeH Ad@HA HgP® catedm@®r 2, wherein the
I at ento phot QidMgdfitioon St MRS b BhK M sl did enBohose protection is
removed in ?ﬁphot oreaction which takes place under prelimnary
phot or eact i 6 O FOIE. WD 02/ 12350 PCT/ GBO1/ 03497 - 20

2. A a method of carrying out a photoinitiated

reaction which comprises applying a reactive substrate
selected from a polymerisable and/or crosslinkable

15 compogition and a colour changing substance to a
support, activating a latent photoinitiator applied
with the reactive substance and subsequently exposing
the reactive substrate with the resulting
photoinitiator therein to photoreaction conditions

20 wherein actinic radiation causes the substrate to
undergo polymerigation and/or crosslinking or colour
changé respectively, the substrate being locally
modified in its constitution as a result of its
exposure to actinic radiation at at least one stage of

25 the method, so that the resulting polymerised and/or
crosslinked composition or colour changed substance
corresponds in its distribution on the support to the
locations of the modification of the substrate.

3. A method according to claim 1 or 2, wherein the

30 latent photoinitiator is a protected photoinitiator
whose protection is thermally removed under preliminary
conditions.

4. A method according to claim 1 or 2, wherein the

latent photoinitiator is a protected photoinitiator

35 whose protection is removed in a photoreaction which

takes place under preliminary photoreaction conditioms.



5. A nethod according to claim4, wherein the respective photoreaction
conditions include application of actinic radiation at two distinct
wavel engtw@ 02/€35A nmet hod according to claimb5, wherein a POWGBS1/6é3eT gy
source of actinic radiation is enployed as part of the prelimnary

phot oreaction conditions in achieving-ano-i ragew se exposure and a high
dosage of actinic radiation applied as a flood is conprised by the.
subsequent phot oreacta areclondli 4¢omsdidd To Alaenhed abepedhngh&o cl ai m 6,

wherein | ase Lrect i I i d i | yi_ng_t | ow_ener . source of
actinic radi% ?gﬁfgggeagﬁggggé?ﬁggégycgﬂd%?25%§egﬁf§§gedF?pgﬁbu|%§¥(ﬁ
reactive substrateindcbeagobyieni s&dtandlbdstingss Mavkdegnianhshe subsequent

15 phot oreacti on gondj t.j C t ! , or 5, when
£ONAL th ANFog %%c%%%ﬁdt@ coLghng, tonclhalm 3 18w

I n
appended to claim2, wherern . pC rised and/or .crosslin
conpodi ti on @EEHETVsSPEECH| of r RBLLT6R BFCéaFierndSosMPilRiGEWESe Paxposur e of

the substrategr 89e0§£89§h£h99yt9h§€bk@h@tﬁ@ﬁiébh&&tﬁ%h%giﬁ phot omask after
activation of the photoinitiator under conditiaons _such that the

conposi ti on YSRLETIGEI uRB el BBICPSFFnBFPSSIEn2BAdPoPLIEF0SSFRARI R. 9. A

met hod accorgininie aayiptecrdhpglebal s a2b1vbar eéencbhgragkiinbg radi ation
is UV-radiatjon. %8' A et ho accord%ng to agg one of clains 3 to 9,
wher ei n t he 3% eFEPPRBESThi PPREITS@6ht BPnE RV FAGFS ‘substi tuted di oxol ane

ring zand yiel ds & ketronestitweh aceiddiated:o Il aii. 6 A wietitheih abeoedi ng to

claim e Wheael Loy, giolsnes£amaaundes, BLacked dbi-ghans, prccursor o

di et hoxyacetopheronef achydioxyadystiobexykophehypve thereby a '
predetermined distribution of reactive substrate to be
polymerised and/or crosslinked in the subsequent

15 photoreaction conditions.

8. A method according to claim 3, 4 or 5, when
appended to claim 2f wherein the polymerised and/or
crosslinked composition attains its distribution by
carrying out imagewise exposure of the substrate

20 composition to actinic radiation using a photomask
after activation of the photoinitiator under conditions
such that the composition does not undergo
polymerisation and/or crosslinking.

9. A method according to any preceding claim,

25 wherein the actinic radiation is UV-radiation.

10. A method according to any one of claims 3 to
9, wherein the latent photoinitiator contains a vinyl-
substituted dioxolane ring and yiélds a ketone when
activated.

30 . 11. A method according to claim 9, wherein the
dioxolane compound a blocked dioxolane precursor of
diphenyl ketone, 2,2-dimethoxy-2-phenyl acetophenone,
diethoxyacetophenone, 1l-hydroxy-cyclohexyl-phenyl
before, 2-hydroxy-2-methyl-1l-phenyl-propon-l-one, 2-

35 methyl—l—[é—(methylthio)phenyl]—2—morpholinopropan—l—
one, 2-benzyl-2-N,N-dimethylamino-1-(4-



before, 2-hydroxy-2-nethyl-I|-phenyl-propon-|-one, 2 35

met hyl -1 - [ 4- (et hyl t hi o) phenyl ] - 2- mor phol i nopropan-1- one,

2- benzyl - g oNoMh ket hyl ami no-1- (4 WO 02/ 12350 PCT/ GBO1/ 03434,GBHA k3497

nmor phol i nophenyl ) - 1- but anone, isopropyl thioxanthone, canphorqu.inone, [4-
(4- met hyl phenyl t hi o) phenyl] - phenyl netpane, - 4- phenyl benzophenone, 2-et hyl
ant hr aqui none or di-iodobutoxy fluorone-. 5 12. A nethod according to any
one of cl ai neodpholihdpheheiéin-bheahahent iphplopwilt catexanticaerpl oyed in

an amount of 1ram.3.1,0.10% b, val,aNL .80 Lhe SUDRL Tl 3, A et hoc

according to an ern nlnary condi ti ons
i ncl ude t he gBeprésehbenef - 4-phehyhi bephopbenpheat 8rewhiyéh yields an acid

catalyst for'aﬁ?ﬁra&@kﬂsh ng,Ok; L Esdbgaei%% £phgtghpi tiator. 14. A method

according to clarm™13 ereint nary set of conditions includes
the presence of 1%. ah m@dmﬁmmr%m$muwm¢ @F @laHns -4 oren

organonetal | {¢ corpednd Eheaﬂaéeﬁﬁ|BHQBMiH%MEﬁEQE@ 1slémp$09§ah99 accordi ng
to claim 14, wherein the photoinitiator is selected f

bi s[ 4- (d.pheﬁ9|§%@bﬂ5npé)f5ﬁ@n§|yOs%Pﬁhbnewebﬂét 1) EE?aFPE%FBﬁF%sphate or
bi s. - hexaf | uor oantd M ah&:- h&Ptd @fetkd dnd & U Ntd obf Widiids 4 to

noxar | ot oant? moRAFESbisEPa PEEdL %alxr??'ﬁgﬁ‘ﬁ%ﬁ%%%%ﬁ%hg PERSI ) sul phoni o-
25 phenyl] sp-pbéteebds- ﬁexafiuﬁicppnepdaazmtba&){:%hidh {delds an
bi - hexat | GoTEHAE %%Q’%EI(J%%E fggjf%%% %3?%%5}?’:?“?1, 2, 3, 4, 5,
6-1j) - photoinitiator. ’
14. A method according to claim 13, wherein the
preliminary set of conditions includes the presence of
15 an iodonium or sulphonium salt or a salt-form
organometallic compound or an a-sulphonyloxyketone.
15. A method acéording to claim 14, wherein the
photoinitiator is selected from;
bis[4~ (diphenylsulphonio) ~-phenyl] sulphide, bis-
20 hexafluorophogphate or big-hexafluoroantimonate
optionally in combination with a mono-or-poly- [4-
(phenylthiodiphenyl] sulphonium hexafluorophosphate or
hexafluoroantimonate T
bis[4- (di(4- (2-hydroxyethyl)phenyl) sulphonio-
25 phenyllsulphide bis-hexafluorophosphate
big[4- (di (4- (2-hydroxyethyl)phenyl) sulphonio) ~
phenyllsulphide bis-hexafluoroantinomate
(ns—2,4—(cyclopentadienyl)[(1;2,3,4,5,6—n)—
(methylethyl) -benzene] -iron(II)hexafluorophosphate
30 4-isopropyl-4-methyl diphenyliodonium or diphenyl
iodonium hexafluorophosphate
tetra- (-penta-fluorophenyl)borate, or
2'-hydroxy-2-phenyl-3-toluenesulphonyl-
propiophenone.
35 16. A method according to any one of claims 13 to

15, wherein the cationic photoinitiator is employed in



(met hyl et hyl ) - benzene] -iron(11) hexafl uorophosphate 30 4-isopropyl -4-net hyl
di phenyl i odoni um or di phenyl i odoni um hexafl uor ophosphat e

t et r a- (- pawrt@nkisgor ophenyl ) borate, or PCT/GB01/03497

2' - hydr oxy- 2- phenyl - 3-t ol uenesul phonyl - propi ophenone. 35 16. A net hod
according to any one of clainms 13 to 15z2-wherein the cationic
photoinitiator is enployed in WO 02/ 12350 PCT/ GB01/ 03497 -22 an anount of
from 0. 25 t oaBoahyunei gift farth hes suwbser atve wel ghtAamet kee according to
claim3 and %h%%%&%tor 9, wherein the prelimnary conditions include the 5
presence of a conpouﬁﬁ which is thermally deconposable to yield an acid
catal yst for the unbl Ackéhgodfatherdiagend phaimi Bi dndtotaiml8. oA net hod
accordi ng togcl ai / rei I s _a.hl d,_p-tol uene

sul phoni ¢ ac?d.a%gE%é? %e?%%&igéggf i%%gggqéﬁésp%ggggﬁggtc aim wherein
t he substrat preseageactyki c¢ospbyndawéich is thermally decomposable

to yield an acid catalyst for the unblocking of the
latent photoinitiator.
,18. A method according to claim 17, wherein said
compound is a blocked p-toluene sulphonic acid.
10 19. A method according to any preceding claim

wherein the substrate is an acrylic substrate.



