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(57) Abstract

A procms for producing and ﬁxmg an image uses an imaging medium compnsmg an acid-generating layer or phase comprising a
mixture of a superacid precursor, a sensitizer and a secondary acid generator, and a color-change layer comprising an image dye. The
sensmzercanabsorbmdmtwnofasensmwwavelengthwhlchdoesnot,mtheabsenceofthesensmw,causedecomposmonmthe
superacid precursor to form the corresponding superacid. The secondary acid generator is capable of acid-catalyzed thermal decomposition
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of the secondary acid generator and formation of the secondary acid. The components of the acid-generating and color-change layers or
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undergoes a change in its absorption of radiation upon contact with the
secondary acid. This mediumis inmaged by first inagewise irradiating it
with radiation of the first wavel ength,” which causes deconposition of part
of the superacid precursor, wthout formation of unbuffered superacid but
with formation of a protonated 5 product derived fromthe dye.
Thereafter, the whole nediumis irradiated with radiation of the second
wavel ength, wi th deconposition of part of the renaining superacid and
formation of unbuffered superacid only in areas of the nedi um exposed to
the first, imagew se irradiation. The nmediumis then heated; in.areas
exposed to radiation of the first wavel ength (hereinafter called the
"exposed areas"), 10 t he unbuffered superacid causes acid-catal yzed
deconposition of -the secondary acid generator, thereby causing the
formation of a -nolar anount of secondary acid nmuch |arger than the nolar
amount of unbuffered superacid present before the heating. In the
non- exposed areas, however, since no unbuffered superacid is present, no
significant generation of secondary acid takes place during the heating.
Thereafter, 15 the mediumis further heated (in practice the two heating
steps can be conbined) to cause the conponents present in the two |ayers or
phases to m x, so that, in exposed areas, the secondary acid brings about
t he absorption change in the i nage dye, thereby form ng an image. ‘Thus, the
- imaging mediumis a single sheet which develops its image w thout any need
for treatment with a devel opi ng conposition 20 and wi thout requiring
any waste material to be peeled fromthe nediumto produce the final imge.~
(The term "unbuffered superacid" .is used herein to refer to superacid which
is not buffered by the sensitize, and which thus provides an acidic species
stronger than that provided by buffered superacid, that is to say
superacid buffered 25 by the sensitizer. Because of the extrene acidity

of superacids and their consequent - tendency to protonate even spe0|es whi ch .

are not normally regarded as basic, it is
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possi bl e, and indeed likely, that "unbuffered superacid" will in fact be
present asWQ93M7es buffered by sone conponent of the i magiRCI/VO0EIB| ess
Rasic than the -2- ‘WO 95/ 29067

PCT/ US95/ 05128 sensitizer. However, such buffering by other species nay be
ignored for present purposes, so long as superacid is present as an acidic
speci es stronger than that provided by superacid buffered by the
sensitizer.) An International Application No. PCT/US95/ XXXXX (Attorney's 5
ref 8001PCT) filed the sa | i ' nd claimng priority .
fromU. S. Application Ser{%%gggﬂg?'gggé ‘fﬁt“g@‘qign | 25, 1994 descri bes
a modified formof the '¥83 ipvefidaSreldiey & Brbedss For ﬁgﬁxgthﬁxmhgeilﬁatﬁran

sensitizing dye process") using a sensitizing dye having a first formand a
second form timaging mediuny for neg/inthispropessinti al |y greater substantlal

absorption 1n a fi1st veyel aagily NS S0 8 100s machon el Qeladigre
formis ag unpredmaitnal ApplisitiotNbe PET/USIS 022 tpmlcatm MROWO BiAgsee | S

inits first form the nediumis |mag,&vm se exposed to actinic radiation in
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generator and OI’ITB.tIOI’l 0 the ‘Secondary acid, followed by
two | ayers or Mgem:mtbr capablnemflmdq:rgamg thérmal dédmposihoastoipnodﬂoeasé&&dary

ﬁwragicﬁfnst Icgﬁ\@g‘i tﬁﬁ age@#%phgi rageg d |nt t he, nonFﬁi(dp%qed ar as of t he
t d
sensiti zing yﬁe%g?eramdpﬂﬁ%a ?Bﬁné%nﬁﬂﬂeﬂ”f&&ete:#r aturd as%mslen |t°ch

exposure can be carried out in ane wavel engt
the image is t caubetheiseperacid T prodince/the tsecondaryl midaﬁomdhasmndm'yacﬂegenhhﬁnpf
fixing i mages produced b the af ore nt.i oned 489 612 and i .ndi.cator
sensitizing dy@dAwE contacting the secon acid with an acid-
sensitive mate_nal whlch changes color in the presence of the secondary acid. (For
15 convenience, the type of process disclosed in these patents and application will
hereinafier be called the *489 process.) |

U.S. Patent No. 5,286, 612 descnbes an 1mag1ng process using an

magmg medium compnsmg an acid-generating layer or phase and a color-change
layer or phase. (For convenience, the type of process disclosed in this patent and

20 applications will hereinafter be called the *612 process.) The acid-generating layer
or phase comprises a mixture of a supéracid precursor, a sensitizing dye and a
secondary acid generator. The sensmzmg dye is capable of absorbmg radiation of a
first wavelength which does not, in the absence of this dye, cause decomposition of
~ the superacxd precursor to form the corresponding superacid. The: superacid
25 precursor is capable of being deéompqsed, by radiation of a second wavelength

~ shorter than the first wavelength, to form superacid. The secondary acid generatoris
capable of acid-catalyied thermal de_compo'sition. by unbuffered superacid to form a
-secondary acid. The color-change layer or phase comprises an image dye which



the fixing process of the invention may al so be useful for fixing inmges

produced Ry ot her processes but having unchanged superacid precursor
present i&y?@gﬂgn- exposed areas of the final inmage. As di§€E{§§%‘6“%m t he

af orenenti oned patents and applications, sone conventional non-silver
hal i de photosensitive conpositions, for exanple -3- WD 95/29067
PCT/ US95/ 05128 phot oresi sts, contain nol ecul es which are inherently
phot osensitive, so-that absorption of a single photon brings about
deconposition of only the single nolecule which absorbs the photon.

However, a dr o ggﬁ,g I Jbﬁ@rp PIMETIIC ﬁi}aah%g | L
conposi tions can (gesa{:]hi e ggni“? the gﬁgﬁggﬁgﬁﬁe r?m ecul e iﬁyﬁé“%bﬁt'es
a secondary -r eeid! iThis medinm issimaged by dirstt imagewise drrddiating: itdwith raiativn’ 6othe
conversion of _a plur ?I ity of, nnl'eculcﬁeﬁa f or .each _phot on absorbed. For

exanpl e, phot rtsyave e, causes sleromposiiion of (pae of theasupemneist pregursos al
reaction prodyg ks ' LrHarhe I (o PR | mgnat
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precursors which,. upon . exposure tq ulfrayjolet radiation, deconpose to
produce super Eadiation qfthe -‘1°_§°"t‘{)w§¥§,l with QQ‘?OE_'PPEPP? of past ofhthe remaining.

Qther materia rhati ' ' I &GS 4 imlar ner ... The
af or enent i one%‘fpae%ﬁ)cﬁqg?is%ns -a%%gg%ng S ges_ ri 1ed %r cz%rs%%gi_?f?ge med%wlch
i magewi se br eekgbsed to theafifstDintagewikepicadiationr The medituc & thel Heatdeth areas
superacid is effected using i magew se exposure of the _nediumto radiation

of a wavel enge¥Pospd trradiation of thenfirstwavelength heseinafier called thei ‘texposed arcase
it of0a oA R B LB el e
breakdown of géirratex dietebyycansing tieformation of & tholar drioifint F 860HRUIAY. acid'muble
exposed areas, of the medium a nolar quantity of the
larger than the molar amount of unbuffered superacid present before the heating. In
the non-exposed areas, however, since no unbuffered superacid is present, no
significant generation of secondary acid takes place during the heatmg Thereafter,
15 the medium is further heated (in practice the two heating steps can be combined) to
cause the components present in the two layers or phases to mix, so that, in exposed
~ areas, the secondary acid brings about the absorption change in the image dye,
thereby forming an image. Thus, the imaging medium is a single sheet which
develops its image without any need for treatment with a developing composition
20  and without requiring any waste material to be peeled from the medium to produce
the final image. .
(The term “unbuffered superacid” is used herein to refer to superacid
which is not buffered by the sensitizer, and which thus provides an acidic species
stronger than that ptowded by buffered superacid, that is to say superacid buffered
25 by the sensitizer. Because of the extreme ac:dlty of superacids and their consequent
tendency to protonate even species which are not normally'régérde'd- as basic, it is
 possible, and indeed likely, that “unbuffered superacid” will in fact be present as a
_spécies buffered by some component of the imaging medium less basic than the




sécondary acid larger than the nolar quantity -of unbuffered superacid
present in W2¥9867%cas. The secondary acid is used to bring aPODUS05128
aRsorption change (hereinafter sonetines called "color change," with the
understanding that the "color" nmay not be in the wavel ength range visible
to the human eye) of the 25 I ndi cator dye, thus form ng. an i nmage. At

| east the non-exposed areas of the image thus produced still contain
unchanged superacid precursor, and this superacid precursor is still

susceptible to decg osr i on by eLebuéorra et c radjation with formation of
acid.  -4- V\Dsg?ﬁ OWEVEr, suc er species may be ignored for present

. PCT/ US95/ 05128 Pﬁfagﬁ I the
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- al so present i nMWmacidﬁuﬂ’dedWﬁbyenmm) actice it is usual I y
necessary to incorporate |nt this typ magi ng nedi um a_nol ar quantlty
of superacid precursor sub\d 933 gPQL tioRaNos, PCT/USESREXX X% (Attomey's of
superaci d rgequir PCTIRS RSyt &éﬁl" | t ene n
of superacr5e duﬁgéﬂc rrasg\%l‘ese e%Xs*ﬁ?’é‘g?gﬂ e%ggatgﬁgﬂﬁ\ge&gﬂ _?ro altjé)

sensitivity of tApplicatigi SwgiabNoce8/232,735,dilekABrDS, 1994 defiribesa arsdificd foRf off
_ superacid precursor 8Bresent, and a substantial excess of superacid

' precursor is nedired8Pdroesss (hemsinafiercalled thecfindicatar sq@mzmméymmopm’m wsinga

ﬂg?gﬁi tqﬁa(rjrzltsyloggﬂ?g eccﬁggr% generﬁzg?ﬁ‘dﬁﬁlya #%%t ﬁ{xﬁ&eﬁ&bf %Vﬁhggf

" the secondary a@ulskmiaﬂyagredter bubistantialabsorptidie i fa0 fitsTewivelipth Hm%e fhah GRE
' No. 5,286,612 descri bes 612 Hﬂ;gl ng nmedi um containing 1 nole

' sensitizinid dyeS@nﬂﬁP% ipfong foun 9f ithis process, dag first fo rmt:&mpmt@qatedffompwhﬂary

ccordingy. ol EHEHERm S oY bibrSiobBe T, WriRSE RSkt Ao sitizina dre s

| sensi tizing dyeid jthgistoformsS HRORBIUR B ihRgoWit exPORING dHARIAiAHPE ifi he first

- unwant ed superaci d precursor deconposition and acid generation in
| non- exposed ar e3avelength range, thereby causing, in the exposed areas of the acid-generating layer

or phase, the sensitizing dye to decompose at least part of the superacid precursor,
15  with formation of unbuffered superacid. Acid-catalyzed thermal decomposition of
the secondary acid generator and formation of the secondary acid, followed by
admixture of the two layers or phases of the medium, are then effected as in the '489
process. Finally, a reagent is introduced into the non-expoeed areas of the medium
to convert the sensitizing dye to its second form. This indicator sensitizing dye
20 process has the advantage that the imagewise exposure can be carried out in the

same wavelength range as that in which the image is to be viewed.
| This invention relates to a process capable of fixing images produced
by the aforementloned ’489, 612 and indicator sensitizing dye processes, although
_ the fixing process of the invention may also be useful for fixing images produced by
25 other processes but having unchanged superacnd precursor present in the non-
o exposed areas of the final image.

As discussed in the aforementioned patents and applications, some
conventional_ non-silver halide - photosensitive compositions, '_for example



The present

invention relates to a process in which the superacid precursor '
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The aforementioned apphcatxons and patents descnbe processes in
which xmagewme breakdown of a superacld precursor to produce unbuffered
superacid is eﬁ'ected usmg lmagewme exposure of the medxum to radiation of a
wavelength whxch, in the absence of the sensitizer, ‘will not cause breakdown of the

 superacid precursor. The imagewise distribution of unbuffered superacid thus

produced is used to catalyze the thermal breakdown of the secondary acid generator,
thus producing, in the exposed areas of the medium, a molar quantity of the
secondary acid larger than the molar quantity of unbuffered superacid present in

these areas. The secondary acid is used to bring about the absorption change .

(hereinafter sometimes called “color change,” imth the understandmg that the
“color” may not be in the wavelength range wsxble to the human eye) of the
indicator dye, thus formmganxmage
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At leasx_t the non-exposed areas of the'image thus produced still =

contain unchanged superacid precursor, and this superacid precursor is still

' Susceptible to decomposition by electromagnetic radiation with formation of acid.
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15 In theory, no chemical reaction is thernodynamcally’
conpl et el y WOPHHIZ| bl e; however, as any chenist is aware, tRETASIFOSIMBNY
reactions where the equilibriumlies so far to one side that no detectable
trace of the other supposed conponents of the equilibriummxture are
present, and the term"irreversible"” is used herein to mean such reactions
which are for practical purposes irreversible. 20 - Dependi ng
“upon the type of reaction used to bring about the deconp- osition of the
superaci d precylsor cid.may or nmay not,b nerated during this . )
deconposi ti on._L5¥B£8F€W%§%Fﬁ‘@8 Lﬁ"?‘%a"e]tl %@%‘E’GE&%&%W sed; qresqif, as is
necessary L0 PhayAR! tidcse thehufgb dipB Predhb i aR U BickQ"
of the inmage dye, [ssfnce such a c angef’vvi | mcreasé taﬁeaﬂig%dtnuqﬁ]a%%ﬁ cal
density [err] dinfoftenatelpgin pragtigsit is uswely me¢essaryito incarpoate dmtocthist type of
contrast and quality of .the i e. Accordingly,.if the fixing, reaction does
result in proddt rgeditym, %l,mqg ﬁ‘l‘aé‘ﬁ PPB%I%éX%@W&“BéSP, ¥ darger, thana

| east the yon-%@%f&(egm pluperszid Fojdfred rqﬁﬁg | & “%&m] by
deconposition of the s pe-rac?'rd pre-éu{r'ggor, tﬁhus irhgili‘éléﬁ%g%t 'S a@%@‘hﬁ?@ o

affecting -6- genttfti@b/of9iPeracid during the imagewise exposure (and hence the overall
PCT/ US95/ 05128 the.qptical .density of the non-exposed areas.” For reasons
expl ai ned bel o¥eNSIRYIRy iTJAEIRE PEOCESH) i maenéd@mﬁh%?onsmmmqfsapweas

of the imge c fﬁr@s% | H%axﬁi hebed gﬁbe% | | TR
optical densi tﬁ%ﬁof In %ﬁ'gangx%gge _arag;%é%#att%e | rrag‘g.ﬁ%ﬂgo} f]E ndEded o1
Thi s inventi on optimunpquanituin yield Imfagi, ty optithwmmelapquantinoofsupaatid-precurso
gener at i &% | ayer o&fcgh se comprisi n&&em xture of a suplg?:lci d.‘i)re;:pursor ’r a .
sensi ti zek! and 18Ys ﬁ%@“&ggm Jpolag guantity of secondanyacid generated by
conprising an i %m'hpbﬁ#i:ﬁ | gy | abl e of
absorbi ng acti ﬁ?@g?eégl atron o aoﬁ%g%z%%ﬁdg@g%ﬁﬁ&ﬁ#‘cﬁﬁ%ow%ﬁ@n
the absence of afdrementictietli UcS., Patents Nod eS,086,652 tdepdtibes 40612 ki Reddivirhd
precursor to forma first acid, the secondary acid generator is capable of

aci d- cat al yzed cPainiag 1 mole of sensitizing dye, Siraoles of superacid precursorand 8 euantityr y
aci d, of secondary acid generator sufficient to yield 10 moles of secondary acid.
15 Accordingly, most images produced using media of the 612 or indicator sensitizing
dye fypes are susceptible to post-imaging changes due to unwanted superaﬁid
precursor decomposition and acid generation in noﬁ-exposed areas.
The present invention relates to a process in which.'the superacid
precursor remaining in at least the unexposed areas of the images produced by the
20  methods discussed above is destroyed, thus fixing the image. '
 This invention provides a bmc&ss for producing and fixing an image.
This proceés uses an imaging medium compnsmg an acid-generating layer or phase
comprising a mixture of a superacid precursor, a sensitizer and a .secgndary acid
generator, and a color-chahge layer or phase comprising an image .dye. The
25 sensitizer is capable of absorbing actinic radiation of a sensitizer wavelength which
.. does not, in the absence of the sensitizer, cause decomposition of the superacid '.
precursor to form a first acid. The secondary acid generator is _capaBle of acid-
catalyzed thermal decomposition by the first acid to form a secondary acid, and 't.he

.5-



~and the image dye undergoes a change in-its absorption of radiation upon
contact with the secondary acid. The imaging nmedium further_ conprises a
reacti ve WOAYMAY capabl e of bringing about the irreversi bPETHSRYMi tion
of the superacid 15 precursor. Finally, this invention provides a ]
process for fixing an inmage in an imagi ng nedi.um the inmagi ng nmedi um havi ng
exposed areas conprising an image dye at |east part of which is in.
protonated form an acid, and a sensitizer, and non- exposed areas
conprising the image dye in unprotonated form .the sensitizer, a 20

superacid precursar_an secondg i or . ). his imagin di um
the sensitizefMag ngg%ergoegfa %@%‘l‘%‘é ag’g%ﬁlg{é%&%‘lhg{l‘lﬂbhp%q c%nqg%n?ﬁi er
vwavel engt h WyegdhddfescidiOln theprésefit process the Mhedilifl is Bisgewise éxposed ! flactinic
deconposition of the superacid precursor to forma first acid, and the
secondary aciradigéer ofither sensitiner wayslength, dhersby gausing: iy thejexposedrareas of the

d It by the fi I d, forr .second id. The, 25 f
br ocess. compricikecnpatng, Ryer 6t Prdk, oBk Bliafr J0 Blobnoss ot Int e gt e 0
non- exppsed @Yhaasidreduror Bt this irageddse exosiift leidstlo Mgéﬁiderfoﬁﬁﬁi% oy -

destroys the superacid precursor, thereby fixing the imge: -7-
95/ 29067 first acid in the acid-generating layer. reafter, the medium is hepied tosameh) 28

e the. 615" phecseeseotiens BEARE SREESRAIES, Rl o obedEa chid-cAE, Bipoaly "

the imagi ng rgedbiBbdifion bfthedtdtidaniacid ]gfeﬁh@atﬁi' fukd foMRMAbR BF R ée%oﬁlgﬁfis&d.t 0

produce the imagew se distribution of Ti [ '

ORD

\ irst acid in the nedium.

-Figure 1 shovEhetdomponents of the dcishgénegating andcolorechange bYers!oepham_saaéghﬁ:_ed, o ‘
DA oD Shbw ¢ HBetsby e an b, bied areesing tbs Jiufo e Seoppdein geidc takes o
B L T
' Finally, in at least the non-exposed areas of the medium, the superacid precursor is
reacted with a reactive material which irreversibly destroys the superacid precursor,
thereby fixing the image. -
15 . In theory, no chemical reaction is thermodynamically completely
| irreversible; however, as any chemist is aware, there are many reactions where the
equilibrium lies so far to one side that no detectable trace of the other supposed
componeats of the equilibrium mixture are present, and the term “irreversible” is
used herein to mean such reactions which are for practical purposes irreversible.
20 o Depending upon the type of reaction used to bring about the decomp-
osition of the superacid precursor, acid may e_r may nd_t be generated during this
decomposltlon. If acid is generated during the decompoeilﬁon,.it is necessary to
prevent this acid from bringing about a change in absorption of the image dye, since
such a change will increase the minimum optical density (Duin) of the image and
25 hence (at the least) reduce the contrast and quality of the image. Accerdingly, if the
" fixing reaction does result in production of acid, sufficient base should be introduced
into at least the non-exposed areas of the image to neutralize the acid produced by
decomposition of the superacid precursor, thus preventing this acid from affecting

&



10 Figure 3 is a schematic cross-section through an i nmaging
medi um of t‘Hg%'?%ogZ:nt invention as it is being passed bet wee®CAYSEFPSIZ® hot
rQIIers during the inaging process of the present invention. As already
described, in the process of the present invention, a reactive material,
‘capabl e of i rreversibly destroying the superacid precursor, is used 15

to bring about the deconposition of the superacid precursor renaining in at
| east the non-exposed areas of the image, thus fixing the |nage and
rendering it n . us {1,on

coul d ot herw sghlél %ﬁ%‘o?gﬁ{lﬁgbﬁ%&%@ ?%gaafgéér eég]ﬁ g’f‘ﬂ?‘@ ‘\{\hbe?ow’

preferred typesintbduction iof ¥ sufficient mbﬁntfofrbaseimtd il aivas gfthe imafé EHFBY effected
process: (a) - terials_capable of effecting a. nucI eophi | i c-addition/

el i mination rea¥{hQy smﬁpap aﬁ?ﬁéﬂ&a@leomﬁ’ﬂm optical \depsits (D) 0 theeaxposed
radi cal or. SNArg« gﬁ his variant of the present process Wil |
herei nafter be calle e S|nple nucl eophi |l e” process; 25

(b)  Matesials capabl e Ofhisirveationals providesdin ghedili comiiisiiy
pr ecursor, this variant of the present process WI | "herei nafter be ca f

the "reduct i on"gepeIgting layerprphase gempeising @ gyixture of a superacid precursor, a sensmzer

ot dat 1 on r saudPiases Ry B8 b i T ROE e s cBprisi apdmage dye.

herei nafter be lﬁmhkmédhhﬂ theuedsmhisldabitﬂeloxasswﬁhy%um@mﬁo Ehs%ﬁﬁuié}f ee
usse

preferred variants_of the gresent process will now be di sc

separatel y, and”&‘ﬁ@ﬁﬁ!fwblc dpﬂsmtelmtbetabmceo mem;eausﬁdemmpnsaimmfs

Kot copn; 1% pr S SPF pcumsbifa 108 it st the SPesniattend grucruf ixcapeble

nucl eophi | €S alof acid-catalyzed thermal decomposition by the first ac_rd to form a secondary acid,
and the image dye undergoes a change in its absorption of radiation uoon contact
with the secondary acid. The imaging medium further comprises a reactive
compound capable of bringing about the irreversible decomposition of the superacid

15 precursor. : _

Finally, this invention provides a process for fixing an image in an

imaging medium, the imaging medium having exposed areas comprising an image

dye at least part of which is in protonated form, an acid, arrd a sensiﬁzer,,and non-

' exposed areas comprising the image dye in unprotonated form, the sensitizer, a

20 superacid precursor and a secondary acid gerrerator In this imaging medium, the

sensitizer is capable of absorbmg actinic radiation of a sensitizer wavelength which

does not, in the absence of the sensitizer, cause decomposition of the superacid

precursor to form a first acid, and the secondary acid generator being capable of

acid-catalyzed thermal decomposition by the first acid to form a secondary acid. The

25  fixing process comprises reacting, with the superacid precursor, in at least the non-

~ exposed areas of the medium, a reactive material which m'eversrbly destroys the
superacid ptecursor, thereby ﬁxmg the image.



known; when the superacid precursor is a diaryliodoniumsalt, as in the

preferred, orns of the '489, '612 and indicator sensjiizing.dye
I magi ng g‘;&ogsézsgg%i descri bed above, the sinple nucl eophile tﬁ@@%"gwﬁ% I

typically lead to cl eavage of one of the aryl-iodine bonds with formation
of an aryl iodide and an adduct. of the nucleophile wth the second aryl. -
ring (i.e., a product in which an aryl conpound is substituted with a '
resi due of a nucl eophile derived fromthe reactive material). Wen the 15
nucl eophile is negatively charged, 'such reactions normally do not lead to

the formation of acid fifi I &l : {3 ase
¥ HBuld'Be HoRA" A, Gn REME YroCessesSoF @g J’?ﬁ%{"fy ?ggﬁ%%g

I's required.to neutralize such acid. Two nmechani sns of ition
of nucl eophi bech ascthe 'él2yprocess descuibed above, mare shamthe imagewise exposurehef ther st
"mechani sm shown at A, | i 'oni.c 20, . addi ti.on/el.i m natii on reaction of
Cho onar 1 y pUnaEng medinn o e adietiom o, the 7S Hpveicinh it Beafei prodiwe the |
nucl eophi | & ifagcanatbionBhrbe b rsPxdid i 8 mécuhown at B and is a
free-radical coupling nmechanism Preferred reactive materials for use-in

t he sinfl e nucl eophi | e Figure d sshows dhe agactionst leading\ta |destruction adfthé tsixseracid m
"monoval ent netal" js usged h@{}%i n to 25 i ncl ude anmoni um and substituted

armoni um gr oBEYIsORIDGertain Rrelerred progesses Pﬁ%ﬂfﬁ?ﬂﬁm"% on is potassium or
cesium As illustratedg eyl of
effectiveness of vari ﬁ%ﬁ%ﬁ‘ffﬁeﬁéﬁwgﬁﬁx@%@Q‘?ﬁ%‘ﬁi um ~
| ithium < soexposed <areast af theimcid-generating Ryer du¥ing3he dafidus steps of a first '
PCT/ US95/ 05128 _The effi'-cif@c‘éy of f.i--xatjopagcfpends al so on the
nucl eophi | i cPrefered Rragess Af € PReRgnt nventiaRnand bi | ity with the mediumin whic
the fixgtion is being Wale Tl ' ' PYo oYe] e for
~exanpl gapol ystyrene. P?ieégg?ggasa ts grgo%%%gg%%?ﬁ%ﬁm'wd _
car boxyl at e, theqteskat inverition isiét, isfbeingopassed between aquiircoflivtaolers Aluring the
illustrated | n the Exanples bel ow, the times of heating required for
fixation (whifRagingprocessof the present invention. o |
~ As already described, in the process of the present invention, a
o | _reactive material, capable of irreversibly destroying the superacid precursor, is used
15 to bring about the decomposition of the superacid precursor remaining in at least the
non-exposed areas of the image, thus fixing the image and rendering it no longer
susceptible to changes caused by radiation which could otherwise decompose the
superacid precursor. . |
'Therearethreé’preferredtypeéofréactivematerialsforuseint_he
20 present process: ' - |
(8 Materials capable of effecting a nucleophilic - addition/
elimination reaction with the superacid precursor, via either a free radical or SnAr
reaction; this variant of the present process will hereinafter be called the “simple
| nucleophile” process; ' : '
25 ~ (b)  Materials capable of stoichiometric reduction of the superacid
. precursor; this variant of the present process will hereinafter be called the
“reduction” process; and '



ol course inversely proportional to the efficiency of fixation), for seven
represent aWa@es22967T um salts, are in the approxi mate order: CcRCDMUSHS05128>

- fluoride > acetate > iodide > hydroxide - phenoxi de >benzoate. The choice
of nucl eophilic reactive materials for use in the sinple 10 nucl eophi l e
process varies dependi ng upon whether the-image to be fixed is a binary

I mge (in which any given pixel of the image is either colored or

uncol ored) or a continuous tone inmage (in which any given pixel may display
a range of gradations of color). en the image is a binary inmage, the

nucl eophi | e provi ded by t®k r'e%lcfl‘&\gi}@P éﬂi%mg@ﬂﬁp%%@rénmom%lﬁé

hage aye of ROl fifoBE W pikodil procld il RelcliGet "B g mehe"

the image is a conti huous tone I nage; cl'eophiTe " provi

reactive mat er i“ghcledphilededvx datdgstbprocesst han the i nage dye or the anion of
the secondary acid. To see why these basicity relationships are inportant,-
consi der an imagi ng syst crpess three prefesred variarts of; the Aresent) peocessywill nowy beper

unit area of t ; i i yqreant i nmnat.e as
'he. super Aot d Ao Selghelfyac Bereh ilMelsBANN WIHAE Glacll COIAFRGALS 7.
secondary aci d cgpsideraticis.coR@idh torallithe vatams 9ilhbé désciibed.ayer, and 6 nol es of
an indicator sensitizing dy.ia. and 1 nole of an acetate or iodide salt as the

nucl-eophi lic fiS 1 col or-change | ayer. The order of acidity
of the conjugate acids ofnthe ,vari I ssyned.to be: . 25
acetate < protonat ed senwmﬁwﬁggf%ﬁgi’%c% y m@w%ahﬁ&gg of
il lustration, ikhowh; Wheh IRIsipeficid prédurser & #ididrilodonfing $alt URCinAthieCreferred
generated during the i magew Se exposure generates 25 nol es of secondary

aci d durily t hdommsaef thg '48% 7’612 @and dudicator sensitizing,dyss imaging processes slesaribed hat
only three -10-

PCT/ US95/ 05128 ab?%\‘gcgfg{!’%‘fgg@‘é?@h% Process will typically lead o gleayage of one afithe (|
\[M;Ir f]h ??ns aﬁiegﬁfyg{igcﬁh@wﬁwm FortAEOHIRP 28 ryl U6HBE ahd Gn laHBGKE W e RUIIHHIIE) -
with the second aryl ring (i.e., a product in which an aryl compound is substituted
with a residue of a nucleophile derived from the reactive material). When the
15 | nucleophile is negatively chargéd, such reactlons normally do not lead to the
| ﬁnnmﬁadofaddﬁmmlﬁﬁsmpnmﬁdpnmumonsonoa&ﬁﬁdmdbmwisnmmhedﬁ:
neutralize such acid. _ : .
| Two mechanisms of uncatalyzed addition of nucleophiles to diaryl
iodonium salts are shown in Figure 1. The first mechanism, shown at A, is an ionic
20 mhﬁﬁumhﬁnﬁmmbmramﬁnnofﬂn:SuAquw.Tmsﬂwaminwdmmﬁm;\MMwhnuw
take place when the nucleophile is capable of being oxidized, is shown at B and is a
ihzqmﬁmﬂam¢ﬁmgnmdumhnu _
| Preferred reactive materials for use in the simple nucleophile process
are salts of monovalent metals (the term “monovalent metal” is used herein to
25 include ammonium and substituted ammonium groups), desirably such salts in
which the cétion ié pofassium or cesium. As illustrated in the Examples below, for -
acetates, the order of effectiveness of various cations in fixing has been found to be:

ammonium ~ lithium < sodium << potassium < cesium.

9.



nol e of superacid precursor is deconposed during the i magew se exposure)
and [err] ch 0.2 nole of superacid precursor is deconposed during

t he i mage m&gglz%ll exposure). At the end of the first heat® % 12§ hen
super aci d-cat al yzed deconp- osition of the secondary acid generator and
generati-on of the secondary acid has been conpleted, but no m xing of the
aci d-generating and col or-change | ayers has occurred, the amounts of the
vari ous conponents present in the acid-generating |ayer at the three
gray-scale levels will be as follows (for a nore detailed explanation of 10

h the f || | in th
e ot onoth GmURhU S BBicl? kil oo R iEMoBRREl hethe AR Sl 1 1°
(Attorney's reinpabilifcRith thepmedivm tuewdhcli ¢hie fixation is bemg dMeh, which is
[err] 15 Iod_g;ﬁum sal.t 9 0.8

HSbF6 y an organic polymer, for exampée polystyrme Preferrecb sa_its[ arerthose

1

0.1 having fodfice, sqrbpeylate iodifh, IvSIORIBE, phEHE or bngpate alons. s

5 5  illustratéd in the Examples below, the tithes oftheatingrequired for fixatién (which is
2.5 5 The aci d-generating and col.or- chanrgﬁ | ayers are then
ni xed by heat9fngoutse IT%WB'aI&EOPﬁmPWué? r the; sificiergysiafe xatiog)y ofdreseveal

situation (pr ﬁ%):mm h all the inage dye
di ffuses int o%géngacdl gs;iﬁig:ga I’ng %ﬁg% ayer é@gfe any of the fixing
reagent di f f useghiofide>bbdlwoide > aptate > Widide> Rydrokide ~ phiRaexidy Shlddatdi  f used

in, the conposition of the various parts of the acid-. generating layer wll
‘be as foll ows: WO 95¥heochwice of nucleophilic reactive materials for use in the simple = ‘

PCT/ USQ]% 05 1%1%&:%88%"15&:&5@%& dependmg upon whether the i image to be ﬁxed is a binary
' image (in which any given pixel of the i image is elther colored or uncolored) or a
continuous tone image (in which any given pixel may d1splay a range of gradations
of color). When the image is a binary image, the nucleophile provided by the |
. : reactivematerialcanbemi'ebasicthantheimaged'}'eortheanionofthe.secondmy-
15 acid. On the other hand, when the image is a continuous tone image, the nucleophile
provided by the reactive material should be less basic than the image dye or the
anion of the secondary acid. To see why these basicity relationships are important,
 consider an imaging system of the indicator sensitizing dye type using (per unit area
of the system) 1 mole of diphenyliodonium hexafluoroantimonate as the superacid
20  precursor, and 5 moles of an oxalate ester as the secondary acid generator, both in
the acid-generating layer, and 6 moles of an indicator sensitizing dye and 1 mole of
an acetate or iodide salt as the nucleophilic fixing reagent in the color-change layer.
The order of acidify of the conjugate acids of the various components is assumed to
Cbe: | | B |
25 acetate < protonated sensitizing dye < oxalate < iodide, |
* and for purposes of illustration, it is assumed that each mole of unbuffered superacid
generated during the imagewise exposure generates 25 moles of secondary acid
during the heating step. For ease of comprehensxon, it is assumed that only three

-10-



Dii n ' [err] [err] lodonium salt 1

0.9 W0 95/29067.0. 8 [err] 1 PCT/US95/05128

1, 15 Phenyl i odi.de 0 0.1

0'2 oxal ate secondary acid generator 5 2.5

0 Oxal ate anion 2.5 5

Unpr ot onat ed i mage dye 6 ' 3.4 ' 0.8 10

Protonat ed i mage dye 0 - 2.6 5.2 The two
fixing reagents, cesium a et ate and ce i ym i odi de g.considered
separat el y. | n SF3Ye SCalEs devishs %‘@sP’G?ﬁn&dBt ¢ dmage,cnamgl }mt-ﬁmhrz %G“P? t he
fixing reagent fgﬂ:ﬁ r

t he oxal ate anlpgé 19‘&8&%%@% gg??xg%é‘e\#l l% %]5 um sg??

W th cesi um ac@idlé mflsﬁpmﬂrgeahewis devomposed dmmglmhmﬁn@dvuser emﬁsmel)mae
and phenyl iodide, so after aII he fixing reagent has diffused in, the
conposi tion of Done(ip 3¢hich 6.2 5%999 P"F%EAB@FUS%F@ leremposed dgy&sﬂwmagsmsas

fol I ows: ERxpos leEKSoJuf“éﬂ.elA{ @r rJ,nd of the first heam&é.e ét%, when superacld-catbls'g&% g%:?\fnp-

| odoni um sal t
ositioh of the secondary acid genetatbhantl/generutiofl ®f the secondary dcid has been
0.2 Oxal at e, secondary aC| d generataqr

1
5 completed, bt no myjximg,tof thei apid-generating and color-change layers 1;315 5
o Utn g;gt gga;[ rGrg ' ?, ﬂ% ou?nts of the vatious comP%Béhts present in the acu.}1 géne?%t}qg] layer
at melmfbeegray‘-m Ibvels will be as folldws (for a more detailed éxplanation of
30 Phenyl acetate 0 -12-.
10 how the following values are derived, see the explanatlon of Table 1 in the

aforementioned copending International Application No. PCT/US95/XXXX

.I—‘I—"UU'I[\)_OH

(Attorney’s ref 8001PCT):
" Exposure Level .
Dumin (Dmax)/2 Dmax
15 Iodonium salt 1 0.9 0.8
HSbF, 0 0.1 ' o 0.2
SbFs 1 0.9 0.8
Phenyl iodide 0 0.1 0.2
Oxalate secondary aeld ' |
20 generator _ -5 2.5 ' 0
Oxalic acid 0 25 _ 5

The acid-generating and color-change layers are then mixed by
heating. For the sake of illustration, consider a hypothetical situation (probably
impossible in practice) in which all the image dye diffuses into the acid-generating

25 layer before any of the fixing reagent diffuses into the same layer. After all the
image dye has diffused in, the composition of the various parts of the acid- '
generating layer will be as follows: | |

-11-



WD 95/ 29067

The | odomyworesnemlzt has been destroyed only in the [err]
regions are not fixed. Becau

internedi ate density and [err]

protonated i mage dye is nore acidic than acetic acid,
acetate to acetic acid and is itself

t hus decol ori zi ng sone of the inmage dye, 5

nucl eophi | e.
any but [err]
poor er

Accordi ngly,

regions unless it

nucl eophil e than acetate.

PCT/ US95/ 05128

ch’?({sr?élﬂ 128

it converts cesium
returned to its unprotonated form-.

re

and renoving the acetate

‘is not generally of . concern in Doy nary inmagi-

. image dye is t
generati on oflo
effect. In C

mat eri al ,

t he products of
are phenyl i &%

pi.cal |
Bnﬁ
r-ast,

mthe 10

alpte seoppdaryaridal ents) 15

protonated in [err]
1§ odoni um sal t O | |

r egl ons,

when cesi umyi odi de i s enpl
t he |8d|de nucl eophile’is | ess basic than either the
t he oxaBate Phenyl ipdideuced from phe secondary agjjd generator.

reaction of the diphenyliodoniumsalt with cesitumiodide
and cesi um hexaf | uoroanti nonat e,

ium becausg al
so that furtfer

ed as the reactive

have no vigs§ bl e

i odoni um superaci d precursor is not destroyed in
reacts with the oxal ate anion,

The resul tExpostirediével of [err] regi ons only

which is a

t he

mage dye or
ordingly,

so after all generator xi ng reagent Bas di ffused in2.5the conpositiog of the
be as follows: Exposure

vari ous part t he aci d-generating |ayer"
Level [err] sl afiof [err] b

0 protofatéd rrl

1 Phenyl |od| de nnagze({yé 6 _
seconddy aciPtbtgnatednnagedye 0 5

0 Oxal ate anion

5
Unpr ot onat ed i mage dye Theéwo ﬁxmg reagents, ceﬂmacetate and cesium lodlde 8Bt nownat ed
b€ considered separately. I thie case of cesium acetate, 2 e nucleophile derived from

i mage dye

will

[er?-

1.9

34
2.6

| odoni um sal t$
1

2.5 52

5 25

1

988 Oxal at e

the fixing reagent (i.e., acetate) is more basic than either the i image dye or the oxalate

anion. The products of reaction of the diphenyliodonium salt with cesium acetate

15

generating layer will be as follows:

20

lb&nmunsﬂt

SbFs

Phenyl iodide

Oxalate secondary acid
generator

25

Oxalate anion

Unprotonated image dye
Protonated image dye -
cst

Acetic acid

30

thudamume

0

- O =~ O OO W

Duin

-12-

Expomnelzwd
(Dinax)/2 Dmnax

0.9' 0.8
1 1
0.1 0.2
25 0
25 5

4.4 1.8
1.6 42
1 1

' 1
0 0

' are phenyl acetate, cesium hexafluoroantimonate and phenyl iodide, so after all the
iﬁungxeqymthmsddﬁwaiuyth:cmmmomnoncﬁﬁhe\mnowspmt;ofﬂuzamd-'



[err] 1 1 1r
0 WO 95/29067 . 1 0.2 -13- WO 95/ 29067 PCT/US95/05128

PCT/ US95/ 05128 No i odonium salt remains in any of the three regions. All

| evel s of color are thus fixed, and the imaging nediumis suitable for
recordi ng continuous- tone inmages. In the sinple nucleophilic process of -
the present invention, the 5 .nucl eophilic fixing reagent cannot
normal |y be incorporated into the acid-generating |ayer containing the

superacid precursor and t secondar Ci enerator, for two_reasons.
Firstly, in alnost all coﬂﬁ%?@@é&@?%ﬂ%%ﬁw@gpﬂéx in {hq Pmlyefeﬂ’&ﬂéthe
basi c than the preoRgafe/deansity at® el Aefions aRInd fided! MBika f&@?{@gﬁﬁ%f%egge

produced during Imaging and Tnterferewth the acid anplific
t he super aci d- cdyteaisymerd atidic thahlaseticnbcideit copyerist desiumpicetdte te acatictrid/ and isd

generator). Secgn t he thermal reacgtion hetween t.he nucl eophile and, the
superacid pr ecd?%e&lr%r'g“?qe??e}@ WW&"&@B@%@U%@Z&@&P@%M ‘?pgle image,dye,
tenperaturg to e hi t % | : .
Accor di ngl-i, it*@?ﬁ‘?@ﬁ?ﬁ%‘%ﬁ‘%ﬂﬁtg P‘ralcf?p é}ég? e nug}l%%gﬁég?éghﬁoﬂsng
reagﬁnt Fnto thmtde:tfbyg??awlrm@d.-@pgoh nsunhbsaﬂeedctsamth_h' ﬂmTh aaeﬁf&ﬁ,vr]higmsye][
or phase, convenien e ¢ol or-change_| ayer _or ase. us, .the choice o
a nucl eophilic 4P9?rﬁb}'i\‘"é§%‘1‘f’ ‘&’pmgnjped‘ﬁ?“}mﬂbgﬁ“gt@ Druim E&GIQNS; Qnlyiiig ROk he
superacid prec u ﬂéﬁ ifn@d{‘i‘lﬁil' |4l kaf f t hr ough
t he i magi ng m%ﬁ%ﬂlﬁr@%%% i(i:)la{’l y throu ga poly Bre%%“sgrrgaflfﬁ? Hﬁ@fu@fel ﬁ

Process 20 typically protonatéd int i, ecficis, Go thao firtler @enératorp of 26l from the
i nvention, the reactive maI rial eppl oyed stoichionetrically reduces the
super aci dIQ)r ecpdepium, salt il haye ne visthle ¢fiegte non- exposed areas of the

equal to the ol ar - amount apPEet #th bEIGRTBAEE R lfiRES B8 rBRVL i ¢
the iodide nucleophile is less basic than either the image dye or the oxalate anion
produced from the secondary acid generator. Accordingly, the products of reaction
of the diphenyliodonium salt with cesium iodide are phenyl iodide (twd equivalents)
15 and cesium hexafluoroantimonate, so after all the fixing reagent has diffused in, the

composition of the various parts of the acid-generating layer will be as follows:

, Exposure Level
Duin Oned2 Dinee
Todonium salt 0 0 0
20 SbFe 1 1 o
Phenyl iodide 2 1.9 - 1.8
Oxalate secondary acid | | o
generator 5 25 0
Oxalate anion 0 25
25  Unprotonated imagedye 6 3.4 08
* Protonated image dye 0 26 | 52
cs' 1 1 o
T 0

0.1 | 0.2

-13-



so, for reasons discussed above, it nmay be necessary to introduce

addi ti ongjo eyRpgH S 25 of "base into at |east the non-exp&s,’gg’rs@r as of
Gk

the image to prevent the acid produced by reduction of the su

precursor fromaffecting the quality of the imge. Reducing agents with
oxi dation potentials nore negative than the reduction potential of the .
superacid precursor in the particular environnent of the inmaging nmedium .
-14- WD 95/ 29067 : _ ' .

PCT/ US95/ 05128 (typically an organi c pol yner such as polystyrene) woul d be
expected to destroy thdosiodeniag salpfeneiiisi aryeaihe BEIURS, A'nerévgb%@
agents for which the el ectron transfer. i s sonewhat thernddynam cally

unf avor abl e Relpr are thus Sxedianddhe jmaging mediam is isuitable] fort tecordingocontinudiess aus e
-of the faSt’t(jnléri&Xgé si bl e deconposition of sone 5 . superacid precursors
(such as iodonium asrt.s) which follows electron transfer. The reduction
potential of the prefemaHe dihple! haclesphitie pbdess ioF mfedﬁ}eg U%Fﬂldr? thbe
literature as about -0.2 V, as nmeasured against a saturated cal one

el ectrode (Smleqphilic fixiag meagsny cannet narmially iberincosperateddghtot the acidegenerating

POYENL 21 o Gyl ot b5 AR AT Bl i e B 5

mi xtures, i treasdnsh G MmbRaA doRReivhbIe cafes Sthe HugledPhife wilP bb Aicge BXdidat i on

potentials of about -0.2 V or |less, as neasured against SCE i n acetonitrile
sol ution, tyfhasadhe seqondaryracid\generator, and willothus buffer| superarid praduesd dufing
exanple, enpiricallyv,it. has been found that..ferrocene and . = |,

11l Tt nyiasi, sl unctfiSe SRR ol 48la, whplifcatian, (e o ey Superapidronalyzed,
respeciipvel ythbhmal dk8RipdSitioRSF the secandiiry Rcid pbritratdh)e ﬁ%n‘ay Ghl 'tﬂ&fnaj | xin
reagents, whereas decanet hyl ferrocene, having an oxi'dation pétentral of

-0.12 V undereactinnsbetwoeniithe oucleophileandethe superacidf precursorr isdlikely to Prozeed r ed
cat echol 5. cRGey RdRcHom SHeRmBR & demdee che el 1ot Bhoumagig
gifﬂ{jgygﬁm "editiie! 159" Rt OnAScordiigly, "R B2 HofmARTHREMES 45 NinfOdh& the
: - nucleophilic fixing reagent into the acid-generating layer or phase from a separate
15 layer or phase, conveniently the color-cha'l.lg'e'l'ayer or phase. Thus, the choice of a
nucleophilic fixing reagent depends not on_ly upon its reactivity with the superacid
precursor employed, but also upon its ability to diffuse through the imaging medium,
i.., typically through a polymeric matrix. - |

| |

20 * In the reduction process of the present invention, the reactive material
employed stoichiometrically reduces the superacid precursor present in at least the
non-exposed areas of the imaging medium. Such a reduction can in some case
‘produce an amount of acid equal to the molar amourit of supefacid precursor reduced
so, for reasons discussed above, it may be necessary.m introduce additional amounts

25 of base into at least the non-exposed areas of the image to prevent the acid produced
by reduction of the superacid precursor from affecting the quality of the image.
Reducing agents with oxidation potentials more negative than the reduction potential
of the superacid precursor in the particular environment of the imaging | medium

-14-



state transjition netal salts and conpl exes. Most reducing fixi r nts
cannot be i_‘ﬂ%’_&b’d’ﬁt ed into the acid- generating |ayer cont a?ﬁ?ﬂ'&’?’ﬁ&
superaci d precursor and the secondary acid generator, for two reasons.
Firstly, in alnost all cases, the reducing fixing reagent will be nore 25
basic than the secondary acid generator, and will thus buffer superaci d
produced during imaging and interfere with the acid anplification (i.

t he superacid- catal yzed thermal deconposition of the secondary:acid

t d
gener ot or) ¢ o BBy ah e A8 501sR e Bl e ki 1SRG "
PET / Uﬁ9|5]{ 0|51 f28 sppcmﬁddpmcth%oxc readfjl?y twevléryh re(:ucmg) agergsm‘er azvhicle the ellecndﬁlr I
the she ife elmagl malmoo or (iCOI‘In is normal ly
necessary to Hﬁ’fapéfteh ]3 ﬁgﬁ{e,nmyost @W Reneseitli ng
Layer of phase i [penRibg éﬁ&%ﬁé %x & lof RIG T, %mlg%%né&ﬁ%oq of some

col or-change | ayer or. phas us, e ch0|ce 0 I'Xi ng

reagent dependsuperacid pkgcumow(suclsayxedmﬁM| salts)wiltith foilowslgbeotonittngfes,cur sor

enpl oyed, but also upon its abjlity to diffuse thrqugh the inmging medi um
i.e., typically through ahsoredygtion nefential L%ﬁ’e BW&’E"&IS diarylidoaium | salty cis

redUC|ng reacti C L
jeducing 2ot Rolf SRRl B SRR QRS2 10 bl 1o
reduci ng agent caromelc&étmoaet(se:mcindweammml sohtionor Alfidugh the Geduction

reagent which is initially present in_a different |ayer or phase
(conveni ent | y tpotentialsnf-sugh salts inathe,polymers txpically,usedhincimaging, medis willevary

gigggﬂfgr 8&%@%@%@%&1&;3@% r;ﬁdaéz{hl%v %f},%gdgﬁgfolfow igng -

advant age of eriuilrédetivé Bfatetiats Which%o have oflidation poRatals £ abiit €02V or ks, G do
not diffuse rapidl y t hrough t he nmedi um enpl oyed. For exanpl e,

hydr oqui nones, measured jagaipsto3CH in acetonitrie soluggn,rtaprpalﬂjopmfom welldn the present
suf i ci entl'y sty ong r eduel N0 Fa0SRl Sk clRlohfY if REORlHToiak it fbiSoene and
1,1’-dimethylferrocene, having oxidation potentials of 0.44 and 0.34 V respectively
15 against SCE in acetonitrile, are not effective fixing reagents, whereas
decamcthylferrocene,_ having an oxidation potential of -0.12 V under these

‘conditions, is an effective fixing reagent. | '

Preferred fixing reagents for use in the reduction process include

hydroquinones, catechols, enols, aminophenols, phenylenediamines, hydrazines,

20 hydroxylamines and pyrazolones, and inorganic compounds such as low oxidation

state transition metal salts and complexes.
| Most reducing fixing reagents cannot be incorporated into the acid- -

generating layer containing the superacid precursor and the secondary acid generator,

for two reasons. Firstly, in almost all cases, the reducmg fixing reagent will be more

25  basic than the secondary acid generator, and will thus buffer superacid produced

' during imaging and interfere with the acid amphﬁcatlon (i.e:, the superacid-

catalyzed thermal decomposmon of the secondary acid generator). Secondly, the

reaction between the reducing fixing reagent and the superacid precursor is likely to
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potential of hydroqui none itself has been neasured by Hammerich and Parker

(see Act %V%S%dﬁ Scandi navica, B 36, 63-64 (1982)) to behi,éﬂiéa%@ red |

agai nst a standard cal onel el ectrode in dichl oromet

but the deprotonated fornms are nuch stronger reducing agents. The baS|C|ty
of hydroquinones .is also greatly altered by deprotonation; neutral

hydroqui none is a very weak base [err] estinmated at -7) whereas the nono-
and doubl y-deprotonated species are strongly basic (wth conjugate acid
pKa's of 9.85 and 11.4, respectively, nmeasured in agueous environ- 25

ments, al t hoyghesdhi aFREieRy hasidlyval Hos 'Ibtﬁﬁex’ﬂﬁré“t@%ﬂd&" the Gl fi “afé"ﬁﬁ:e

conS|der|ng the behavi or of these species In non-polar nedia suc
organi ¢ pol yrimagingymedium tpoushett. | Acdondinglygitrie diomhallyT iecessany o irrodaoe ¢he

LS ool RO B i i e S Y i

6 goner i oF ik S ihalieRly e oSlonball IoBe O phpad | "o R R
or the éifi cnedm;ﬂg)ﬁnngermgurdﬂpeadtababﬂ&edp@meﬁsmhctmownhsihbiSﬁpeﬁf:ldt he -
e act o gend RS eripyuredgitalet iion 8 obfih S AR Frensh the fmpog redimoe,
and this basijg, @ﬁl@ﬂlﬁh:dﬁ?ﬂ ?;oa fmdriombtei. hydr oqui none, converting it to a ..

strong reduci ng agent whi cts with the iodoniumsalt, and.thereby
fixes the i mage. This tlypsnmé qas&scdmsvaver,lﬂlbuﬂuahgokem\tehmmmnhsﬁ teel ow.
Nucl eophi | e/ Redox Cat a.I Rrocess The nucl eophil e/redox catal yst process

of the preserf® qufé Gmagm\m W, as two eqpe&neet%namplmsoq— - ‘

producegp tNe radigng) F@dhbﬁgdg@ﬂﬂ%m Bk
precursor as does 5| rrpl e nucl eo rocess d| scuss«,%ﬂ vélg!f%v%'ver

t he nucl eophiphese; enhﬂxacﬂagtqtswhmhomemnaﬂy rpreseaniint a adiffesent dayeer ordiphaser ent
br ocess 1 ol | ASomYBHIEOEH, s UG FHBRER LATEEOF BRAce) aPHL ebioh cQueys the preowsarco
el ectron | theactualreducmg species during the heating step following exposure. Such a two-
component reducmg reactive material may have the advantage of enabling the use of
15 reducmg reactive materials which do not diffuse rapidly through the medium
employed. For example, hydroquinones, in their protonated (i.c., neutral) form, are
not sufficiently strong reducing agents to des'troy iodonium salts; the oxidation
| potential of hydroquinone itself has been measured by Hammench and Parker (see
Acta Chemica Scandmavma, B 36, 63-64 (1982)) to be 1.3 V measured against a
20 standard calomel electrode in dlchloromethane solutxon), but the deprotonated forms
are much stronger reducing agents. The basmlty of hydroquinones i is also greatly
altered by d_eprotonatlon, neutral hydroquinone is a very weak base (pKya+ estimated
at -7) whereas the mono- and doubly-deprotonated species are strongly basic (with
conjugate acid pKa's of 9.85 and 11.4, respectively, measured in aqueous environ- -
25  ments, although of course these values must be viewed with caution when
" considering the behavior of these species in non-polar media such as the organic
polymers typically used in imaging media). Thus, hydroquinone itself, in its
protonated (neutral) form, may be incorporated into the acid-generating layer



15 transfer so as to produce an electrophilic cation species fromthe
superaci d PVOOSR¥MSF, and it is this electrophilic cation spe®CTasasDias
interacts with the nucl eophile. Accordingly, the nucl eophile/redox

catal yst process may enploy weaker nucl eophiles than the sinple

nucl eophi |l e process. The preferred redox catalyst for use in the process is
a copper 20 conpound. As illustrated in Figure 1, the copper conpound
catal yzes the deconposition of the superacid precursor, with formation of
at | east one electrqphili,c,species, whj]e the nugleophile serves to react
with the elect r‘i?ﬂfﬁmgé ag dedqnaun *ﬁu%‘mﬁ’r‘%g’("n <f gecondlagy; askk grnerater, without
el ectrophilic s@g RO ; H =] .| I ' e
dye reaction, i afﬁ%\?ve t%pg} oceeﬁf’ﬁ'q’li n%@%l%%%%&bﬁcfgfgsg@é#@g
col ored productcatalyridithernml decummositionodfothe isecdnkaryi avid)igegerater)i Uipon thestingh b

destroying or at ]east .yndesirably, affect]| t he, i mage.. The copper conpound
used in the prRgsma é§?¢ﬁ9§?°%¥‘t%ﬁl9ra§ -g@mgagmrbywbﬁw%&omm

catal yzi ng t he [ C ' ' ' 067
T o5/ O 10g s SEAae, b S bishE mBlofel QEbGedtaf Hhe Rpradiilone, clfbrfnd
catal ysis. For toxatohg reducingagént)wiick rezicts witly tHediodeniami salt] 411l thereby fixes the

However, it is not necessary that the copper conpound actually added to the
i magi ng medi umip8ge Ibls@me(qf)prgqs&iséﬂus@fq#de, the/tixamples belawer (11) salt and a

" reduci ng agent .élLo &i&ém Sy Y copper(l) 5 species in situ,
and i n general Mspeci es and a reducing agent is
nore conveni ent in view Ofhd pficleoptilRireddx |datalysofprocipes( the padset ifvention,

oxi dation. The copper conpound used nust. al so, of course be conpatible wth:

t he ot herl®onpovkieh discillustrmted @t gCnip Kignurend, produges the sgme cproducts dfroropther

containing a parstapifdh phle SyncBeld pRieuROf 3R dbes S snfFle niflefPille Biopess
which is readi |discibsedabRs] Howeres thé niéleophile/reddic@italystppéss RinschRmSdally)
salts include cogper_(l |) acetate, copper(ll) ethylacetoacetate, copper([ll)

acet yl acet onat diffepsnt from the; simple; oneleephilel processniat that thermusledpbile/ogdosr
catalyst process relies upon an oxidation/reduction transfer catalyst to effect electron

15 transfer so as to produce an electrophilic cation species from the superacid precursor,
| and it is this eleétrophilic ‘cation species which interacts with the nucleophile.
'Accordingly, the nucleophile/redox cﬁtalyst process may employ weaker
| _nucleophiles than the simple nﬁcleophile process. _ |
The preferred redox catalyst for use in the process is a copper
20 compound. As illustrated in Figure 1, the copper compound catalyzes the
decompésition of the superacid precursor, with formation of at least one electrophilic
species, while the nucleophile serves to react with the electrophilic species, thus
preventing reaction between the electrophilic species and the image dye; this
electrophilic species/image dye reaction, if allowed to proceed, tends to produce
25  irreversibly colored products and hence unwanted color in the imaging medium,
""" thereby destroying orat least undesirably affecting the image. '
'Thecoppergompoundusedinthepr&sentpmcess must of course be
one which is effective in catalyzing the decomposition of the superacid precursor, and
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- conpound is a catalyst for deconposition of the superacid precursor, it is
not necesgglo¥nddsUse a molar quantity of copper equal to the nolar : uantlty
of superacid precursor 15 remai ning after imaging, and PRIASESPHES use of
such a | arge anmount of copper may be undesirable since the copper nmay
contribute slightly to the [err] of the image. The optimum anmount of copper
may be determi ned by routine enpirical tests, but typically it has been
. found that about- 1 nole of copper for every 10 nol es of superacid precursor
remaining after imaging is sufficient. 20 When a copper(11)

| d
salt i's used & Q@peirg i opperl et 20RGhired Ty ALk ChASAOC Ky TmE O

any type which.is effective in reduci ng copper(Ll) to co
i s conpat i bl ecopper(l) tagetatgtmay bwagbmeﬂmymss h&loweser, itois Mot inecessHop thit the Nt | y

the reducing agent is econda Q| JThe t of reducing agent
present shoul W“E&@?H’Qf a%@ @%&B&CGW Perl) spesiasy Sipey . | n

Sone cases, ﬁ?])r@ltdﬂﬁd‘?&ﬁéﬁr ehtOwill t as
a-separate conponent of the inmaging ned ?udr% Si ncg&gome poPyme&%%m

used in 5rrag|spgcm-'ema¢u, andjin gmmmdofampw@mmdmamag&ms
reduci ng groglﬁe);e and t. s can t msel ve J“ync ion t.he reduci ng agent .

Thus, the re dft <@ 95‘}023309@ tion. The

PCT/ US95/ 0512&, qﬁﬁs?l éo%?s%t rating and
col or-change | geyrcﬁﬂﬁfohﬁ%g?eas a%}ﬁg&tl. magl %%ﬁ?#%%@gﬁ% &
pol yneri ¢ bi mafdahe imaging medivay if,las is tyghical, rthe em:etcompﬁmdtxbaﬁc&pmh iKt8Q@uUCi ng -

agent w || rmal-ly be re ent As al rgady |nd| cated, redox catal yzed
deconposi ti oﬁ%ﬂr r‘E?fﬁ t3ng A pelymerie binder inder,athe wopper ed

by genefgtio r A r.opriate
nucl eopﬂ?l e rbs? ese%%lbqlg srléeg%% \PB ltkhese e trophi I%léﬁ 8@1}&"?9‘1 t end
to cause undd&'efeabde.:oppd:rdl) ﬁ:dtsmuluﬁe Wﬁ(ﬂ)ﬂe@[&mphl l e

shoul d be chosen that the re ive Iec;rophlllc speci es_gener at ed by
deconposi ti o ﬁ?&F‘Q@M aﬁﬁ aqetylagetonate, o iSincesthe raoppers 10

wi th the nuclgamBihfiy mmw&&wmﬂmm&w‘m di Al he

reactive _ touseamolarquanutyofcopperequaltothemolarquanmyofsuperacldprecursor
15 remalmngaﬁermagmg,andmdeedtheuseofsuchalargeamomnofcoppermaybe-
' mdemrablesmcethecoppermayconmbute slightly to the Dy, of the i image. The
optimum amount of copper may be determined by routine empirical tests, but typically
it has been found that about lmoleofcopperforevery 10 moles of superacid
precursor remaining after imaging is sufficient. |
20 ~ When a copper(ll) salt is used fogether with a reducing agent, the
reducing agent may be of any type which is effective in reducing copper(ll) to
copper(T) and which is compatible with the other components of the imaging mediurn,
" Conveniently the reducing agent is a secondary alcohol. The amount of reducing agent
présentshouldbeSuﬁciehttoreducéallihecoppei(ﬂ)tooopper(I);: hsomecaéés,it
25 may not be necessary to provide the reducing'agentasase'p.amtecdmponent of the
- imaging medium, since some polymeric binders used in imaging media, g,
poly(vinyl alcohol), contain appropriate reducing groups, and thus can themselves
function as the reducing agent. Thus, the reducing agent may have the form of a
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nmaterial should be a better nucleophile than the image dye. Preferred
reactive nawe®b/a067for use in the present process are carboxpCcausssosizese
carboxyl ates, in addition to being nore nucleophlllc than the inmage dye,
shoul d be derived from a carboxylic acid which is significantly less acidic
than the protonated formof the 15 i mge dye. The carboxyl ates can al so
function as a base required to neutralize any secondary acid which nmay be
generated in non-exposed areas of the |nag|ng medium (Note that certain

car boxyl at es rray aI so be effect h&’& | e nucl eophil e process of the
i nvent i on ) Al tral pinger ’tnnﬁt ta64 gqn dm@%lﬂ}'m or

am ne. e g
2-am noet hyl i m azoI [ onek Es%condiﬁgy am‘i@f eoph| qu‘P ﬁ/the
am nes (for _exammgwm@wammiwmﬂtmmmwwﬂasdnw tertiary

am nes, for exanple pentanethyl pi peridines, are not recommended for use in
the present process sinceA$ indigated, yedex (catalized r decomposition of miperacidng

i Shoset i PR e SRR DR SR e Gt

the mol ar amourgpegiés, Satidefualdissl 4 eppro phigdeophile a8 dpRe&it Cto2 Réaét With these
addi tional anmount of a basic material (which may or may not be the sane as

t he nucl eophi | eglecnpphlhc speaissy theydtewd ta; Kse rngdesifgble ealeriformation inf the imaging

Cecondary act d HelBRL B BARBpHIS S Bid %8*3 M R REARA oD smesies
not restricted defierafed Wﬁ%ﬁommwlawmb%&fdﬂﬁt &Y

catal yst and nucl eophile into the non- exposed areas of the di um

However, Hbvi ouwltly thq)nuqimphdmrethgnethanemh mgnmmdmwyomedmm |
are | ncor por at SRARRAICEHE B pehet el B i Tmles e, relthet] feactive
al t hough one ormieyidls 18 used irf G W%M@W@b@ﬁwo nxew'cmokﬁw in"
phase separ ate from bot h the acid
_ addition to being more nucleophilic than the image dye, should be derived from a
| carboxylic acid which is significantly less acidic than the protonated form of the
15  image dye. The carboxylates can also function as a base required to neutralize any
secondary acid which may be generated in non-exposed areas of the imaging medium.
(Note that certain carboxylates may also be effective in the simple nucleophile process
of the invention.) . '
Alternatively, the reactive material may be a nucleophilic amine.
- 20 Suitable amines include primary aniines (for example, 2-aminoethylimidazolidone),
' secondary amines and nucleophilic tertiary amines (for example, 4-dimethylamino-
pyridine). Non-nucleophilic tertiary amines, for example pentamethylpiperidines, are
not recommended for use in the present process since they do not appear to be effective
in preventing reaction between the electrophilic species and most image dyes.
25 . The molar amount of the nucleophile provided should be at least equal
_. to the molar amount of superacid precursor present, and preferably an additional
amount of a basic material (which may or may not be the same as the nucleophile)
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generating.and col or-change | ayers, provided that the conponents of this
third la phase becone interm xed wth the conp nts_of the .
aci d-gené?gtgl%n%&fgmd col or- change | ayers or phases during ?’%gﬂ#gﬂ?qlﬁﬁ.step -,
of the process. For reasons simlar to those discussed above in relation to °
the sinple nucl eophile and reduction processes, incorporation of the redox
catal yst or the nucleophile into the acid-generating |ayer or phase is
specifically not recommended, since reduction of shelf life of the inmaging
15 medium or interference with the superaci.d catal yzed deconposition of
t he secondary ddbé PRV |p§,d, i MallAAtibis Of gﬁ«g&? CRaFI ' For
obvi ous reasosr?gﬁldwggt eve?éd\?g.}i ati gﬁf thgbf)r%glcien SIN) hﬁ% preggﬁ{"g&f&r‘w ntion
i s used, the breakdpiwnef thetsecondarysicis genetator befoseor durinigtintaging. does not produce
20 unwant ed interactjons with. any, conponents of the imagi ng nmedium and

does not adversely affetf® PIFEEnt PI9Cess is jot westrcted, to. any, particular! sfor theo

reactive nat gpd rekihX | H"d% [ to

t he nmedi um ?ﬂ@ﬁ?@%%@?ﬁ%ﬁﬂ#or sh Wﬁ%‘ﬁﬂ?@%‘ﬁ%‘?%ﬁ%% from.
destructd on aheditmn. sHpweverj cbvioustyufor conbeni¢rice the fixing/eompinenisadre pisvidsge
such unwanted cql or..The reacgtive ,material shoul d 25 not strongly
absor b t he waAdiR e imaging, medium, PrRE.Lq gng, the, SiBE 1components aree

with this pr &ﬁgﬁm'ga heartd i i,gggél ' I ' bl e

in the coatiﬁg S utlg%té%édrlgﬁy ésereagéjto(l)-.pr ep%r@@@ng@#gaﬁné@ﬁégggg%st .
be conpati bl emay ifidesited betincorpérated distoacthird tayen br phish separaté fiofisboth thegtddL | on,
the reactive materi al -2?- ' 95/2906&?% - .o _
PCT/ US95/ 051 B¢nerating and o [PEeVidedithat the camponents efi this thisd layetorat i n

requir for bekoin nikd withP a&in%rdﬁ’éﬁtﬁ Ralels ﬂg¥e | v, af fect
t he irraefgq ng r@gi&fm} e.ég;l.ﬂl,taj'oy caa@%ﬁng{ebuc mg_g‘_?fsglks%g??l on é‘fi Hium
Finally, as fchangedayevset pliases duringrthehedting stept offthe proebsl |IRbr beassiiof@ilas@ t hat
it does not advergely affect the shelf life of the 5 i magi ng medi um -
: those _ above in relation to the simple nucleophile and reduction processes,

incorporation of the redox catalyst or the mucleophile into the acid-generating layer or

phase is specifically not recommended, since reduction of shelfhfe of the imaging

15 medium or interference with the superacid catalyzed decomposition of the secondary
acid generator is likely to result. -

General Considerations |

For obvious reasons, whatever variation of the process of the present

~ invention is used, the reactive material should be chosen so that it does not produce

20 unwanited interactions with any components of the imaging medium, and does not
© adversely affect the quality of the images produced. Thus, the reactive material used

for fixing should not contribute unwanted color to the miedium, thus aﬂ'ectmg its

Dinin, ni0r should the products resulting from destruction of the superacid precursor

by the reactive material produce such unwanted color. The reactive material should
25 not strongly absorb the wavelength(s) used in the imaging process so as to interfere
o with this process. The reactive material should be soluble or dispersible in the
coating solutions normally used to prepare imaging media, and must be compatible

with all the other components of such solutions. In addition, the reactive material
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Apart fromthe use of the reactive material for fixing, the process of the
present i nMEAPFEW6Tay be of any of the types described in thg’cé.‘ 78328 ons
a,nd patents referred to in the "References to Rel ated Applications and

Pat ents" section above, and two preferred processes of the invention will

" now be described wth 10 referencée to Tables 1 and 2 bel ow, Figures

2A- 2D of the acconpanying draw ngs show the changes in acid concentration
i n exposed and non-exposed areas of the aci d-generating | ayer at varl ous

| oot ot on? FBURESSShsdh s 50 s BIAERpeinE pEFERRE ol B B8eRhian, o

parts of Tabl esotiﬂfbnslg,graci@b&cmr s rﬁﬁfﬂavéﬁ tmmgﬁa@ Jn‘éedxmnse%clﬁ,s

are actually protonat and which safts are forned S may depend

Epon whe][ Iher t heausmglbmklmmtﬂlstgmnglféhmdmm |Eualglyaes fm@ypassluhle,l thqmntlve
Ho
the i magi ng. andieieReh ahqﬁiﬁssc teen"sp fhaf 4088 oF ety BREH' 0 sweifite of ok

2 shows thg c "ﬁ\?a?l.ﬁ Rdfafn.t he conbi ned aci d-generating and col or-change
| ayers after th onents thereof have 20 becone interm xed. -21-
WO 95/ 29067 Tabl e | EXPOSAparHiom the use of the reactive material fon\ﬁﬁng)ﬁ@ﬁﬁtesﬁﬁﬁ

%WE;EgLRE vpythe present 1l\1/1tir|enuon may be of any otnﬁ)le rIlypes desqygggdgg(’tbﬁ aa?’\@:ags PR'

gener at or re [Pfiets”
gonerare | pubds RS R gAY TR pricnipe S o

0.75 VPy - above, and two preferred processes df teyinvention will now be descnbed with
0-25 Secondar¥ aCI d to Tables ?f 9hd 2 below; Fllg?lres 2A-2D of the accompanying drawings

show the changes in acid concentration in exposed and non-exposed areas of the

acid-generating layer at various Stage_s during the second of these two preferred

processes. For ease of illustration, Figures 2A-2D are not strictly to scale.

Furthermore, in some parts of Tables 1 and 2 there may be some doubt as to which

15  species are actually protonated and which salts are formed, and this may depend

upon whether the various reactions are controlled thenhodynamical_ly or kinetically.

However, these doubts do noi affect the essential results of the imaging and fixing

processes. The last sectibn of each of Tables 1 and 2 showé the composition of the

_ combined acid-generating and color-chahge layers after the components thereof have
20 become intermixed. '
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[err]

Secondarm.ggs,@og;enerat or 10 [err] s AFTER
HEATI NG Ph- VPy | ST 0,75 Ry PCTUssostzs |
1 VPy 0. 25 Secondary aci d generator
10 [err] - ' 0.75 . Jerr] . .5
Secondary acid 10 [er] . 4. 25 AFTER
FI XI NG Ph- VPy ' 0.75 VPy - .
1 VPy ' 0. 26 PhQAc
5 PhOAc 4 25 Tabl&9Ac
1 HOAc [err]
5 [err] 5 r eag .
L & Fhagent ~ EXPOSED AREA NON E§P9,§]§p AREA
10 I mage dye seconderampondnsalt 4 Mbles .Unprot cmaﬁﬂﬁmgmge dye Moles
10 Ph-image dyersecomdar-y—actt—satt- 425 Uul.n ot-ofrat-ee—a
1 K/ secondary acid sat. PRIOR:TOI EXPQSURErred process of the
present inveftTom s oFThe—789 Cypeamt S eS—acomentonat—RenRhase
pol ycyclic a ti.,c. sensitizer,. 1-v|nylbyrdg VPy) being shown irl Table [.
As shown in REK fﬂq'ﬂ? to HT&glﬁ bcps\?% rpacid gengragpised arfd 10
non- exposed f § ¢ the inagi ng mefi ut conpr 8a quantity (shoyn - 322-
WO 95/ 29067 PCT/ WS95/ 051p8
in Table 1 ag 1 nole for Si rrpIAprEﬂ |Mbgwiﬁmsmgnl es concer ni ng
Tabl es 1 andj=2-
' Ph-VPy 075 | vey 1 .|
VPy 0.25 Secondary acid generamr 10
HSbF, - 0.75 Phal*SbFg o o 5
Seoondary acid generator 10 Co
- Phyl*SbFy 425
AFTER HEATING
Ph-VPy 075 | VPy ' 1
VPy 0.25 Secondary acid generator " 10
HSbFs : 0.75 | Phol"SbFy 5
Seoondaryacnd _ 10 : :
thl SbFe ' 425
AFTER FIXING
Ph-VPy ' ) 0.75 VPy 1
VPy 0.25 PhOAc 5
PhOAc 425 KOAc 1
HOAc _ _ 6 KSbFg 5
KSbFs - 5 Cu reagent 1
Cu reagent ' 1 Secondary acid generator 10
Image dye/secondary acid sait 476 | Unprotonated image dye 10
Ph-image dye/secondary acid salit 4,25 '
Unprotonated image dye _ 1
Klseeondaryacldsalt 1

0.75 [err] 5

The first prefen'ed process of the present invention is of the *489 type

- and uses a conventional non-basic polycychc aromatic sensitizer, l-vmylpyrene
" (VPy) being shown in Table 1. As shown in this Table, prior to imaging both the

5 exposed and non-exposed areas of the imaging medium comprises a quantity (shown



(see below) refer to noles per unit area of the imaging nmedium and are
only by wayW@PS306Ustration, since the proportions of the vaPCE§95/05128
conponents may vary widely) of the vinylpyrene sensitizer, a larger nolar
gquantity of a superacid precursor (5 noles 5 of [err] are shown in Table
1) and a still larger nolar quantity (10 noles are shown in Table 1) of a-
secondary acid generator. The imaging nediumis first inmgew se irradiated
with radiation of a sensitizer wavel ength (conveniently 365 nmfor the

) ) BB g b i 7
phot osensi ti ZeS(sE@BelSW?éféﬁb@nﬁé@ﬁéHtﬁﬁare@@f&B%haﬁﬁ@%ﬂ@ﬁlﬁhtéﬂarhréﬁ
the superacid precursor occurs, wth formation of unbuf f er ed superaci d,

since a non- basogillustasion; siace the p;gmtnoxm@ﬂ the mnmmpqnenqsunmm wiflely) of
illustration, 0,75.ml e of su raC| recursor deconnosed dur,| t he
i magew se expos@F %egee 3’5 a larg 5“8#’5 ggl R’?%Wér‘# é‘?ql%
of the 15 S ﬁﬁtﬁzl@%FErﬁe YhWh ui"I%lBCﬂ) asatal $tiEl Mirgh Ss1at Qﬁﬂu@t (10 B3fR8 tare

However, at a phenyl: radical is generated, "whi
subsequent I y bedmmna’fabbd)@datsecanderyrmmem i on deri ved from t he

non-basi c polycyclic aro I C. senS|t|zer ( vi nyl.pyr.en
fol | owi ng which el imn nat F%h &%ﬁfgﬂlﬁ%ﬂl MW@W@‘” ofa
prienyl at ed for mdikivphenar BI6S b 10k TelviBfipyRie) Bich i 1BsciBar
site to 20 gili ad| cal becomnes attac%g does ncotl a @%’?P
‘the essenti al |hyag1ers§nmnzerf Dmmgﬂmmim-moﬁtlmhgemexposnm, inTthe expasedtaneasond
of the imaae |rrad| at un;)uffered su aC|d IS Msent in,the

as Wé‘“ﬁb“

exposed ad QF%‘H“BQ?H&%@RP’? s
115 g RO S e B
(The conpositi ommbasﬁdlsemmzeﬁmpneé.d Tabledsshm&vscﬁurrmpasesmf ﬂhlsuaﬁdsmﬁg‘tﬁiniole
the 1magew se u(l) Jﬁa‘é&‘"fr@aﬁé‘o@%&% decomposed during the imagewise exposure.
The secondary reactions that follow the fragmentation of the
15 superacid precursor are not entirely understood at present. However, it is likely that
a phenyl radical is generated, which subsequently becomes attached to the radical
‘cation derived from the non-basic polycyclic aromatic sensmzer (i.e., vinylpyrene)
~ used, following which elimination of a proton occurs, with formation of a
 phenylated form of the sensitizer, shown in Table 1 as “Ph-VPy.” The exact site to
20 which the pheriyl radical becomes attached does not affect the essential imaging and
fixing process of the invention.
Thus, at the end of the imagewise irradiation, unbuffered superacid is

present in the exposed areas, whereas in the non-exposed areas no unbuffered

, superacid is present. In effect, the acid-generating layer now contains a “latent
25 image” in superacid, although this image is not visible to the human eye. (The
composmon of the non-exposed areas of course remains unchanged by the -

1magew1se ultra-vmlet exposure.)
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WO 95/29067 The imaging nediumis next heated. In the exposed areas, the
unbuf-f er o ssmpegAaci d present catal yzes the deconposition Oiczﬁﬁgﬁﬁﬁﬂpdary
acid generator, thus producing a large quantity of the secondary acrd (10 _
nol es are shown by way of exanple in Table 1). However, in the non-exposed T
areas, no unbuffered 5 ‘'superacid is present, so that essentially no.
deconp05|t|on of the secondary acid generator occurs and essentially no
-secondary acid is generated. In the final step of the process, as discussed
in nore detail bel ow, the conponents of the acid-generating and col or
change | ayers becone i nThe imagig redium is asst kedted. haln tH&eeffﬂis&l QAN U

| ayer contains,kl |l es of ,an indicator inage 10 .. dye, 1 nole of copper
conpound, 1 n"m k‘gslfggas‘}f’@ﬁ’ﬁ SRt csatalyzescthe, @fPS?SWEchCﬁE Womiarxiatld)n of

‘this reducin s of a
reactive matg%’ gﬁ‘iﬂﬁ' %ﬁgwﬁ as pg;1 a{blge;{}ran% tI) e ﬁegé%%u‘iy(mgfeé aéegg’PX‘F’e i s
abbr evi at ed "bgAwiy of example im Tablext)o Huveves;da thé h@a-efa;]msed afealsy itbutfeRal
reduci ng_agent and the reactive materi,al deconpose a remai ni ng superaci d

precursot, wisuperaeid is presppk.osq Hhat wysqnﬁelmecém@m.@ﬂ thef secomdary acid

correspondln phenyl i odide
(omtted fro%eﬁﬁmg{}toc%sand po as |um exa o?%érﬁ%%gﬁd) In the exposed
areas, the potassi um adatthé M&qy@ﬁﬁé@i&ésd}!sﬂiﬁuﬁﬂ@ﬁiﬁﬁk@d&mjbéﬁﬁeﬂﬁf the

secondary acid. The copper reagent catgléa/zes deconposi tion -of the rénaining
superaci d pr &ompopents; of the acid-genesating, nghange layers: be¢cams inteimixidr eact

h th h b
Gye. (I pr aceBlCt Eshes s RS GRHaRERIaPH ooy o 7 ?#%"eehé?@p%pé%giﬁfq
somewhal0 mor eysohiole6fl coppertcvinpuid) 1 Riokslofd fedliBing Agerkt!( Lﬁsdmﬂpwau&a the

exact type of decorrp05|t|on products produced does not affect the essenti al
nature of thdymxidation of @siyctpgzsentarelgnoremeable 1 for simplieity)ami6 mobsss

Tmvedi atel y. G0 PO gty St 48 roieftu At R e 4t seetmsnisor
O ot o PSS ONED. 8L e 0 g G
agent and the reactive material decompose all remaining superacid precursor, with

15 | generation by the reactive material of the correqundmg amount of phenyl acetate
(Table 1 assumes), phenyl iodide (omittéd" from Table 1) and potassium
hexaﬂuoroantlmonate In the exposed areas, the potassmm acetate is protonated by
the superacld and some of the secondary acid. The copper reagent catalyzes
decomposmon of the remammg superacid precursor with the formation of phenyl

20 catlons, which react with the most nucleophlhc species remaining, here assumed to
be the image dye. (In practice, the dmmpomhon of the superacid precursor is
probably somewhat more complicated, and other products may be produée‘d'f
however, the exact type of decomposmon products produced does not affect the

_ essential nature of the present process.)

25 ' " Inthe exposed areas, the unbuﬁ‘ered superacid and 5.25 moles of the
secondary acid are immediately neutralized by the potassium acetate The
decomposition of the superacid precursor is catalyzed by the copper compound,
leading to formation of 4.25 moles of phenylated image' dye. 4.75 Moles of
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VID 95/ 29067 secondary acid reversibly protonate, forma salt with, the

i mage dye. WRP#H2%6E phenyl ated and the protonated i mage dyesPEFESESHI%d. 1
Mol e of the inmage dye remains in its unprotonated, |leuco form In the '
non- exposed ar.eas, the deconposition of the superacid 5 precur sor
consunes 5 nol es of potassium acetate, leaving 1 nole of potassium acetate
remaining in these areas. None of the image dye is protonated, all
remaining in its unprotonated, leuco form The provision of the excess

ot assi um acet at e es.to ensuyre that, Lf a . nt of wncata ed
Itoher ?r;: udecorrpos:?F?E rv&?‘dt 'F‘Fé(e’:fﬁ’ r REPRatE, 06“’93?? a@’%e%c%re' i b&lﬂhe
non- exposed ar e@-ggg %é:dnﬂld: e ﬂi&ﬁhﬁt@&tix?:g?? dyéddare coléted.s BMole P Yhe irﬁi%e dye

secondary acid Ing wll be neu zed by potassium acetate before
the secondary arenminsdn itsfuhprotonatednleuco form.he i mage dye. The excess
pot assi um acetate al so en@gréges that, if, mnor ‘ﬂec Qsi t.i.on

t, h .
secondary acid generat or RAOFEPFed: A, iy 8%8?‘6‘85’58; Hégewgﬁcld

conpl eted, st he e&gﬁf%ﬂhis@méﬁk%fgﬁ‘&ﬁsﬁiﬁ%&ﬂaﬁ,l i lltfn%l% ﬁgq:ol%sﬁlfhe

pot assi um acet a s wll 15 - ‘'not affect 1nage dye in

non- exposed ar esetaté remmining irntheseargas. | None of the émagecdyefis protandséd; all remaininghe
"neutralization' of the superacid and s of the secondary .acid.by the
pot assi um acet amel%wam?%iﬂce éﬁ‘l"‘d. F (T8I A ﬁqece)gggsdp?tgs rAgetale
regarded as an | o b aleS tH ' '%ﬁd‘ﬁ atuntatalyZad tEmaP HecoRigositid! '
i n which the pr%g%%tmgirl%dgéss?’?ggﬁigrmrlm y F:ar ri ggd%z‘&%l, to prot oxgggﬁgo%@%é
the sensitizer secohduty acidogenemtor doesl ocaurtih umnrexposedyareateduring the heating Step,

e’ expood”ar cie, wxsll eoual OF sbccoaiey GadoPHESS ik b6 ArubRiesRc oy autmsiam
Subst ant i ai 1y | 235u¢ Bffond 18, sebdhanial ol kgpie chaRQIIA o Bakde BIGECPAY chcts
produced di r ect potadziunh acethterdso ermsaresatiat if ainarcdecompositioh of thep s¢coadaly acid
precursor, although of course the secqondary acid is typically a weaker, acid
generator does occur after the imaging process has been completed, the minor
amounts of acid generated will be neutralized by the potassium acetate and thus will
| 15 not affect imagé dye in the non-exposed areas of the final image, R
" It will be seen from Table 1 that the “neuu'alizaﬁon” of the superacid
and some of the secondary acid by the potassium acetate produces acetic acid.
Although acetic acid is normally regarded as an acid, it is insufficiently acidic in the
polymeric binders in which the present procéss is normally carried out, to protonate
20 the sensitizer or the image dye, and is thus not regarded as an acid for present
purposes. - '
~ From the foregoing description, it will be seen that, in the exposed
areas, the superacid catalyzes the breakdown of the secondary acid geherator, so that
the final quantity of secondary acid present is substantially larger than the quantity of
25 unbuffered superacid produced dxrectly by the imagewise radiation acting on the
| superacid precursor, although of course the secondary acid is typically a weaker _aci& '
than the superacid itself. This “chemical amplification” ‘of the supéracid by the

secondary acid generator increases the number of moles of acid generated per

25



than the superacid itself. This "chem cal anplifi cet ion" of the superaC| d’

by the s : acid generator increases the nunber of m)l '
gener at eﬁsggrg@%?i WD 95/ 29067 Einstein of radiation absor{)l%é and thus .

i ncreases the contrast of the inage produced by the present process as
conpared with sinple generation of superacid by a superacid precursor. 4n
practice, it has been found that, under proper conditions, at |east 20, and
in sonme cases 100 or nore, noles of secondary acid can be |iberated for 5
each nole of unbuffered superacid present in the exposed areas follow ng

- the imagew SeEh{s{e%%ﬁaumonIM&bémadtﬁustlbeefsepﬂerdoh&dsttaf@& AR pro®icegsi um

acetate fixing reagent is repl aced by a fixi ng agent containing (say) 5

mol es of a redgadhmg)resgahtpm$ @s memparest Wi a%'QPQvﬂmeﬂauonmfdsﬂmrqmﬂ dysaum
~acetate), as in a t cal uction roce resent |nvent|on
the final resEHHel'arc eﬁ'lmcq ﬁ%ﬁ&egfbm* dﬁ‘épeél"lon@

di phenyl i odon &rméﬂdwrhnééemsweﬁ&oﬂaﬂyeem Gl f’b@rﬁé&aﬁf

t hus produci n{;dd%i] m)%mtes of HSbF6 in both exposed-and non- exposeg areas. -All

t hi s unb6f f er esthsmpte af ivhbufferednsperacid presentt im ther espdsed Saread following the base

in both the exposed and.unexposed areas. In the -exposed areas, ‘the |ast
mol e of base ¥BAgEWINRIHAANPD-cs 1 nple of secondary acid, Wnereas |n the

non- exposed areas, the N%ﬁ% .3 erlrliid E&Eﬁ{}?&%@
phenyl at ed i mage dye dis un |'“Ealfjftoe be T or rred‘ﬁ? the re uctlon process,

because the pheagsmitds eeplased byhe fixing ageat edntanngga(say)es nales of heedumng agent
chronophore, the_ amunt f col,qred i e d e will: t he sane.
The second préﬂ@ﬁr‘!‘ﬂeﬁ)ﬁsﬁg °?‘Hg$g P)aﬁ%lq ‘P\%‘%F@@%@ZD (

of the pconp fi[,@ Tk sgﬁqy ,ﬁﬁ,ﬁ%’
sens|t|2| ng tgpe SES as t e sé’n{shlgtlze?éan I n cator sensi %ngwdlgle
havi ng an unpfeﬁnwanehb ﬂtphen)dmdomum sdlbpresent ifdboth the exposed and non-exposed

areas, thus producing 5 moles of HSbFg in both exposed and non-exposed areas. All
this unbuffered superacld is 1mmed1ately neutralized by S moles of the base in both
the exposed and unexposed areas. In the exposed areas, the last mole of base

15 - neutralizes 1 mole of secondary acid, whereas in the non-exposed areas, the last

" mole of base remains unchanged. Althougli phenylated image dye is unlikely to be
formed in the reduction process, because the phenylated and the protonated image
dyes have the same chromophore the amounts of colored image dye will be the
same.

20 | ' " The second prefen'ed process shown in Table 2 below, and i in Figures
2A-2D of the accompanying drawings, is of the aforementioned indicator sensmzmg
type and uses as the sensmzeranmdxcatorsensmzmgdyehavmganunprotonated
formand a protonated form
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-06- WO 95/ 29067 Tabl e 2 EXPOSED AREA ' NON- EXPOSED

AREA ConpofEp$5/29067 Mol es | Conponent PCT/USISN05128 | o
PRI OR TO USE [ S- DYE] 1 [ S- DYE]
1 Secondary acid generator ' 10 Secondary aci d generator _
10 [err] ' 5 [err]- 5 AFTER
I NI TI AL ULTRA- VI OLET EXPOSURE [err] - 0.75 [err]
0. 75 [ S- DYE] -~ 0.25 [ S- DYE]
0. 25- Secondary aci d generator 10 T b|§Qcondary acid generator
10 [err] - 4. 25 er'ty 4.25 AFTER
| MAGEW SE VI SI BLE EXPOS 0.
0.75 [err] E%%H ARFé YE] ’?aN‘EXE’gééD AREA;
[err] dary aci r
Secondary aci d |gener af Oomponent 10 ﬁ%?&#‘ Ia é°méﬂto 4 Zylolag
[err] 3.5 AFTER 0. 25
0. 25 [err] | [S-DYE] 0.5 1 SersDYE]ry aci d generat or 1
10 Secondary ag |sécondary acid generator 10 10[ er f $econdary acid generator 4. 2%0
[err] - Phl'SbFe 3.5 AFTER FI KI NG Ph,lI"SbFe 5
AFTER INITIAL ULTRA-VIOLET EXPOSURE
[S-DYE-H]'SbFs _ 0.75 [S-DYE-H]"SbFy : - 0.75
[S-DYE] 0.25 [S-DYE] 0.25
Secondary acid generator - 10 Secondary acid generator 10
thl *SbFg - 425 Phyl SbF. . 4.25
AFTER IMAGEWISE VISIBLE EXPOSURE _
[S-DYE-H]’SbF, 025 | [S-DYE-H]'SbF¢ 1 0.78
Ph-{S-DYE-H]"SbF¢’ 0.75 [S-DYE] : 0.2
| HSbFg ' 0.5 Seoondary acid generator 10
Seoondary acid generator 10 Ph,l*SbFy 4.25
Ph,I*SbFs - 3.5
AFTER HEATING
[S-DYE-H]'SbF, = - 1025 [S-DYE-H]'SbFy ' 0.75
Ph-[S-DYE-H]'SbFs’ 0.75 [S-DYE} 0.25
HSbFg 0.5 Seoondary acid generator 10
Secondary acid 10 Ph,!I*SbFs _ 4.25
Ph,l*SbFg S 35 :
AFTER FIXING
[S-DYE] 025 | [S-DYE] - . 1
Ph-[S-DYE] 0.7 HOAc : 0.75
HOAc 6 KOAc o 1
Image dye/secondary acid sait 65 | Secondary acid generator 10
Unprotonated image dye 1 Cu reagent -~ 1
Ph-image dye/secondary acid sait -3.8 PhOAc ' 425
Cu reagent _ 1 .| Unprotonated image dye - 10
KSbFgs ) 5 KSbFs . 5
| Kisecondary acid salt 1
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[ S- DYE] 0. 25 [ S- DYE] 1
Ph[ S- DYE]yye ' 0.75 HOAc 0.75
HOAc 095/29067 6 KOAc | mage dye/ secoﬁﬂf‘{ﬁgﬁ(ﬁlassal t
5.5 Secondary aci d generator 10 Unprotonated inmage dye

_ 1 Ph-image dye/secondary aci d salt
4. 25 Cu reagent
10 [err]

1 Cu reagent

3.5 PhQAc
Unpr ot onat ed i mage dye
[err] 5 K/'secondary aci d sal t

As shown in Table 2, thas sReiméh MaBleUn) thHy hh?lhg/ m&lhR ﬂﬁu&ﬂgﬁ coritamk (thé' N9
dye in its unprotonat ed form Both the exposed and non-exposed areas _
initially conpens#iging dysl ia itsf unpretopatad iform.i Bythithe, e:@okdgﬂnmbﬁposﬁllafvast y

1
5
1 -27-

of a superacid. curso er are.sho Ta 2; a sw tabl e
obant Ly b S chaftind 3, BRI Re Wl EhoitizBiacave, 2 darsry mler auiniy

rene, is al ﬂ@g&s sh&¥n n
E?. |1 larger %ﬁ%uantl?ﬁﬂm%eﬁfgﬂwsﬂgm [ nihl'a e2 ?-Eﬁ@bq ééa(':‘gf?gary

aci d gendr at oef a mor-basie golygyelisciromatic; semsitizer, lsuehwaspyrene,asiaho éutlwdedrin the
but .j s absorbed by -

{he. non- basi cHSEHL G e S5 ghows i bl 7141 fargst ifar Aumngies cbsmlssave of
1y, DI Ng near ul tra-viol et

- superaci d pregiguwithn Tabld df%‘ib&inkiﬁ&ich)
radi ati on; the anount of radi at i on appI| |s "sufficient to cause the

deconposition of |ess tWheumagngmdu(tﬂ 1¥ Sirstihilankiet imeitated ovithi faliatibh avHieH | n

Table 2 and Fj 3}%3%}2%?&%5@3 su eraC| d E‘tr‘}g‘glrjésoﬁ hu produm ng a | ‘

cor r espondi ng! £ R0BY lﬁrmﬂmah‘és
the 15 10 SeNbiaft enSitiSer, NfE ot sﬁaﬁt %%g%t a@ﬁd[ %t.ng

Table 2, and | eaving no unbuffered s peraC|

layer. Thus, typicelly theing ineart iultra-violet aradiation; tb«mmme otamcﬁitmwetpﬁhéaali’d e 2,
al |- areas of tuIE .aci d- c%enerat
s cxent to Jecgmposmon of less than one mole (0.75 mole is used for '

xllustranon in Table 2 and Figure 2A) of the superacld precursor, thus producing a
coxresponding 'a.mo_un_t.of shperac'id. This superacid immediately protonates the
sensitizing dye, producing a salt of the dye shown-'as'“[S-DYE-IfI]*SbFs"’ m Table 2,
and leaving no unbuffered superacid present in the aéid-generating layer. Thus, after
this initial ultra-violet exposure, as shown in Table 2, all areas of the acid-generating
layer contain 0.75 mole of the sensitizing dye salt, _0.25 mole of unprotonated
sensitizing dye, 4.25 moles of superacid precursor and 10 moles of secondary acid
generator. This situation is illustrated in Figdre 2A, which shows the acid level as
0.75 times a threshold level (indicated by T in Figures 2A-2D) at which all the
- sensitizing dye becomes protonated.

~ (The phenyl radical generated by decomposmon of the superacld

precursor during this blanket exposure is ignored in Table 2, since as mentioned

~ abovein connecuon thh Table 1, these phenyl radicals w:ll usually become attached
- to the non-basic sensitizer. Even if some of the phenyl radicals generated do become
attached to sensitizing dye molecules, this will not 51gnxﬁcantly affect the overall
course of the process shown in Table 2 and Figure 2, since a phenylated form of the

15

20

25
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l'ayer contain 0.75 nole of the sensitizing dye salt, 0.25 nole of
unpr ot onat SM09%?2967i zi ng dye, 4.25 noles of superaci d precur B6T/USPROSILE

ol es of secondary acid 20 ~  generator. This situation is illustrated in
Fi gure 2A, which shows the acid level as 0.75 tinmes a threshold | evel
(indicated by T in Figures 2A-2D) at which all the sensitizing dye becones
protonated. (The phenyl radical generated by deconposition of the superacid
~ precursor during this blanket exposure is ignored in Table 2, since as

nent i oned 25 apove iin conpection wifh Table 1. these phepyl radjcals
will usually bei@ﬁ’é‘%@)@n@’&“ﬂ’og? FXP -thé‘PgefS%ﬁE? F?‘Eﬁr‘?gﬂzvg)rf’f‘?‘?n%t!ﬂ%m@f

t he phenyl radi &gngq”ﬂf; §o§§t§tﬁ'ﬁs : | dainZd

mol ecul es, thi S&ﬂ%rﬁo no% l"sélggm ’|cant'y a??e’c t éﬁ%\%?a Iﬁog?l}ir%g}élq%?dlyﬁ%
process shown in Tabl e 2 Afir Rhguinitidl, ukrasvielet eiposyieatthel inaging)fmédiam- 8-
WD 95/ 29067 sengitizing dye woul d be expected to yndergo the, sagme. type of
prot onati on andiMRESWaEFPOsEsht ?g&q.%.n‘é‘.,t%ﬁ/if!%ﬁt g’Pﬁ?LiF%ﬁg% Yisih r§éﬁ‘ RIS 55
the non-pheny! alifef i ilusthtbdiG il TiB1d 22! Al Showh I Tube Pufd F ‘iR thd B8a BC

I magi ng nmedirum I's I'magew se exposed to radiation in the Trst Wwavel eng
range; visibl e pfitheadcidgenetating layahwhichfisrexpbdedstorthe ivisible radiatibs, this ¥isible

shown in Table 2 and Figure 2B, in the area BC of the_acid-generating |ayer
whi ch is exposetadiationheausess the protanated jsensitizing (dye; to phetosensitize; the supewas

t he protonated nsiti zi p Y . Je [Pr=Tm 0 -
and hence bri ngsrgﬁl%%ll %%@%ﬁ%@&@%@%@%ﬁ?ﬁ% %lf% -rmé(é:i @??gﬁé@r é%i d
precursor, W t hagepridpretirssr withfgenéfation Of 4 Turthérd). 75 nleef fupeshcid; So it ithd he
10 . total anount of acid present exceeds the threshold T. The additional

super aci d18ener total cameunt of agid; ipresenteexreeds the thseshald ds The additienal; superacid

mol e of previousl n an | LLizj eayi. 119] .
unbuffered su pegwﬁyhfe‘gé@geo%@g% Mg?tg%gmsljﬁ%wogls 3{‘]‘5@ OSB?IVE?—‘E?}Y
purposes of il irbfnated senbifiting dye, Sleavifig (018 @6ledof AMbifiéred supefabid in the
ultraviol et and visible exposures ‘separat ela/, al though - _
‘exposed area BC, as shown in Figure 2B. (For purposes of illustration, Figure 2B
shows the acid generated in the ultraviolet and visible exposures separately, although
15 of course no difference exists chemically.) In the non-exposed areas AB and CD no

change in the acid level occurs, the acxd concentration remains below the threshold

T, and no unbuffered superacid is present after the visible exposure.
" Thus, at the end of the imagewise irradiation, unbuffered superacid is
present in the exposed areas, whereas in the non-exposed areas no unbuffered
20 superacid is present, all the superacid generated being buffered by the sensitizing
dye. In effect, the acid-generating layer now contains a “latent image” in superacid,
although this image is not visible to the human eye. .
It is expected that the decomposition of the superacid precursor by the
sensitizing dye during the imagewise visible exposure will be accompanied by
25 phenylation of the photooxidized sensitizing dye by the phenyl radical derived from
~ the superacid preéur_sor, followed by elimination of a proton. Accordingly, at the end
of the imagewise exp(;_sure, the exposed areas will contain 0.75 mole of a phenylated
product derived from the protonated sensitizing dye, this product being denoted
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15 of course no difference exists chenmically.) In the non-exposed areas
AB and ﬂﬁmﬁﬁge in the acid | evel occurs, the acid congentration

remai ns be owthe threshold T, and no unbuffered super aci d Fg’"ﬁ?ﬁgsé?ﬂ after
the 'visible exposure. Thus, at the end of the inagew se irradiation,

unbuf fered superacid is'present I n the exposed areas, whereas in the

non- exposed areas no unbuffered 20 superacid is present, all the.
superaci d generated being buffered by the sensitizing dye. In effect, the
aci d-generating layer now contains a "latent inmage” in superacid, although

this image i spRe&.IVE. '!I-ﬁ* 0 mety, *g.mﬁl [ al

deconposi tion %fs he s p%}#gc}%%lggursoere O?esﬁéﬁgfecéf%éﬁiy %@? Walthe '
i magewi se vi siendain inthe §SHDYEH] Shity ﬁlmnrmhmpeesemn%e expa3bd apsag wild be @f5 t he
photOOX|d|zed sens t|2| dye b en radlc | derived fromthe
superaci d pr e®Rg{esun %&%ﬂe@é"ea}#g molds oft yperagid preenrsay) end at
the end of t mgs; #ﬁﬁ%}o m)l e
of a phenyl a’?@ pr o !Jégts&d&él ve ?‘r;o the pf%nai eg sensﬂa{x&g&ﬁgt@\? Mhis

product Hei ng(’mlermm:;ﬂ)sﬁm of the[ mon-¢xposedT aizag of .cotifve ﬂeﬁimisnmmaﬂg@bﬁ@x‘? of
sensitizing dye will galn in the [err] form Al so present in the exposed
areas Wl | bem!?gswﬁﬁ"é“‘ Wl&red superacid, the 3.5 renaining nol es of

superaci d precursor, ang, ?géﬁﬁ? gﬂgﬁy t or

remai n unchanged at th| S p0| inig %e’ﬁggrrposmll%%h%]ﬂgﬁga EQ

areas of coum&mmmbmﬁdmmememaﬁmpeﬁum%wﬂe W%id The
I mging nmediumis next heated. I.n the exposed area BC, the unbuffered -

superaci d pr cEsagtatorg] mmmaelweamyw serondary agid (Hdimolesace shown ‘

gener at I t econd y Cld 10 ,nol es
are sho% loww%gguﬁ%ﬂeg?(a% e |n2%b#d SZlEOtI—;&gﬁﬁ'e&Zs@afi wever, i the, ¢
scal e). Howevfin-exposéd)areas NABX pad (0D oA anbilTered! saPerabid W pwéskht Sghd the
superacid is present, and the _sensitizing dye/ superacid salt doés not

catal yze the Wasitizpng sye/superanid splt does-notratajyze the decomposition of the secondary
acid generator, so that essentially no decomposmon of the secondary acid generator

occurs and essentwlly no secondary acid is generated.
15 - In the final step of the process, as discussed in more detail below, the
| | eomponents of the acid-generating and color change layers become intermixed.
Table _2 assumes that the color-change layer contains 10 moles of an indicator i image
dye, 1 mole of copper compound, 1 mole of a reducing agent (the products produced
by oxidation of this reducing agent are ignored in Table 2 for-simplicity) and 6 moles
20 ofareactlvematenal,shownaspotassmmaeetatemTablez Table 2 further
assumesthatthexmagedye:smorebaslcthanthesensmmngdye In the non-
exposed areas, the copper compound, the reducmg agent and the reactive matérial
‘decompose all remaining superacid precursor, with generation by the reactive
material of the con'espondmg amount of phenyl acetate (Table 2 assumes), phenyl
25 iodide (omitted from Table 2) and potassmm hexafluoroantimonate. In the exposed
~ areas, the potassium acetate is protonated by the superacid and some of the
secondary acid. The. copper reagent catalyzes deeomposmon of the remaining .
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acid generator, so that essentially no deconposition of the secondary acid
gener at or J¥OWSRYAd essentially no secondary acid iis gener atR&F/USPS/05128

In the final step ofthe process, as discussed in nore detail below, the
components of the acid-generating and col or change | ayers becone

i nterm xed. Table 2 assunes that the col or-change l'ayer contains 10 nol es-
of an indicator imge dye, 1 nole of copper. conpound, 1 nole of a reducing
agent (the products produced by oxidation of this reducing agent are

ignored in Table 2 for sinplicity nd 6 rmle 2 . of reactive

{rﬁt ter ![ ﬁl shown SﬁBefﬁ‘B mae@[%? ’P:JZ‘?B gnyq%gq) Q'%Fﬂ‘r‘ieﬁtg[]w’&g@r@%“
: a e |rrage : %Eﬂia%’ﬂ%‘ thivel m% n the non-
- exposed areas, pper conpoun He (raag ucl ng b&ﬁ (? he reactive

mat eri al deconrpose aI | rerinithe agp«saqbaras,l ﬁlemnbnﬂ‘ersd)rsupmxﬂ apdries adolesofdthe

the reactive material of the corr nd| nt henyl acetate (Table
2 assunes), pher‘-i9¢°n§5fy aci @mm g?l&g&liﬁo 9‘5) Him acetates Which also

hexaf | uoro e h ?‘ﬁﬁll m’zﬁg [

pr ot onat ed mag&tsouper acl g et sonerﬂlf% ﬁe t'&e‘eglo gﬁ agéné tdgopa?olcelrthe
reagent cat aI Yz pheniigtedform of mi’sdyétbbmdueermemongspo?ﬂmg unpyétofiited 8¢es/ thereby
superacid precursor with the formation_of phenyl cations, which react with

the most nucl eopempyiag $he absorptienyin thenfirst avelength, 1ange dye o th the, sensitizing dye.

In the exposed I gé&gi.sg

secondary acid a g%%ﬁgégﬁ?%{fwyé\lguﬁw { e poyésm um acé?éa?émpﬁﬁn%h
also 5 depr ofl@iditgeto thecfohation of 8.8 tholesof (pheﬂiiﬂitbd ilagOdyei 58 Moles of the
sensi tizing dye and the phenyl at ed formof this dye to produce the

correspondithg” uspeandary-acid) rexgesibly trmetonssp mérfemrvgsamwtbtsbwpegméyq nBothethe

Super achd pr ecuPbBIREd aif 1o photSneded nddc 3 o Enloh | 1 WIBIEIRE bl Bhef k"

formation of 3. erfiBin®n 1 uRpiSRNBRUCKRuCITRIM. BBigure QEsWsag-a cﬂl}eth&%moles

secondary acid reversibly protonate and form a sal t with't i mage dye..
Both the of secondary acid (3.5 moles of aryl cation are also formed) remaining in the
| exposedareas
15 In the non-exposed areas, the potassium acetate deprotonates the

sensmzmg dye, returning it to its unprotonated form, and thus reducing the Dy, of
the:magemthlsrange(assummg,aslsusual thattheabsorpuonchangemthe '

image dye is an increase in absorptxon, i.e., increase in color, in the relevant

wavelength range so that the non-exposed areas are the Dy, areas of the image).

20 The decomposition of the superacid precursor and the deprotonation of the

Sensitizing dye consume 5 moles of potassium acetate; 1 mole of potassium acetate

remains in the non-exposed areas. This excess of base is represented in Figure 2D as

-1 moles of remaining acid. None of the image dye is protonated, all remaxmng in its

unprotonated, leuco form. The provision of the excess potassium acetate serves to

25  ensure that, if a small amount of uncatalyzed thermal decomposition of the

| -secondary acid generator does occur in non-exposed areas AB and CD during the

heating step, the small amount of secondary- acid resulting will be neutralized by

base before the secondary acid can effect changes in the image dye, as described in
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phenyl ated and the protonated i mage dyes are colored. 1 Mle of the image
. dye remalﬂggsagdés unprotonated, |leuco form Figure 2D sho hically

the 5.5 noles of secondary acid (3.5 noles of aryl cation ?%%SBSPBrned)
remai ning in the exposed areas. 15 : ©In the non-exposed areas,

t he potassium acetate deprotonates the sensitizing dye, returning it to.its . -

unprotonated form and thus reducing the [err] of the irmage in this range
(assunming, as is usual, that the absorption change in the inmge dye is an
i ncrease in absorption, i.e., increase in color, in the relevant wavel ength

range so that midie degit GERAG UTI @REess I FotistRnk Slckdate? ARBS erdurds Nz that, "B9finor 20
The deconposition of the superacid precursor and the deprotonation 0 th

sensi ti zi ng dylecamppsitian of the secondary meid-generatoradass aceyr aftenthecinudgingoprosessum

epr osent o1 R b DRplARL B RR GG of A eRAFHaRR il s Teumiiendcon wage

dye is prot Onﬁbﬁﬁbruxﬂ|dcethﬁf@id&hﬁ§wﬂnn¢ttﬁdéﬂﬁﬁé§ecﬁﬁtlﬁ%e ﬁcﬁu&gm% ﬁbﬁh .
nsure. , [ a

provi sion of the excess potassium acetate serves to 25
smal | amdunt &nalimageal yzed thermal deconposition of the secondary acid

gener ator- does occur in : pas ar eas ur| t he heating
step, the small anount 5?88%%% %g(fﬁ,bgceean "Q@qu Paﬁﬂl WEQPFI&S ageat/ py
base before t hetasshem tidetale withth fediicinf (fBGh %@eﬂ@&m %%&t
described in -31- nore detail bel ow. e excess po SI um dcetrate afso

ensur es that , base wnllrp;pdmdbmm rasults if sot fae as theambungs afxiodorgd irange dye does
occur after the ' egl ng process has been conpl eted, the minor amounts of
acid generat e8°%°¥‘1 be neutralized by the potassium acet ate and thus will. '

not affget image dye Inmemxmqw PO ITHhE pRA ént%véﬂgﬁ tHBHS of '

wi Il be again be seen that aci ng the copper/reduci ng;' agent/ pot agm um

acetate w th theripagingrpyoee scribagloint the alfgrementioneddsternatipnagpplicationl No. base
wi |l produce i’&‘i‘ﬂﬁw&\ﬁomney’s?’eff %oﬁ;c.bhe anount s of coI ored i mage dye

are
One advantage of the present process is that, at least in many

preferred en_rbodlments of the invention, it is possible to compensate for any
15 premature breakdown of the superacid precursor which may occur before use of the
imaging medium. Such premature breakdown may occur, for example, by exposure
of the imaging medium to radiation during transportation and storage or because the
mixture of the superacid precursor and the sensmzmg dye in the acid-generating
layer or phase undergoes slow decomposition on protracted storage. If, as m the
20 second of the two preferred processes described above, the ﬁrst step of the process is
blanket exposure of the imaging medium to radiation in the second wavelength
range to generate superacld and convert the sensitizing dye to its protonated form, -
the blanket exposure can be adjusted to ensure that the present process works
properl_y, even if some decomposition of the superacid precursor has occurred earlier.
25 - For example, to take an extreme case purely for purposes. of
" illustration, suppose that the imaging medium shown in Table 2 is exposed to so.
much ultra-violet radiation during storage and transport that premature breakdown of
0.5 mole of superacid precursor occurs. At the beginning of imaging, all areas of the
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concerned. 10 The fixing process of the present invention
may be use®@P¥2906hy of the imging processes described in tRET/USISO5128

af orenmentioned Internation Application No. PCT/US95/XXXX (Attorney's ref.
8001PCT). One advantage of the present process is that, at |east in many
preferred enbodi nents of the invention, it is possible to conpensate for -
any 15 prenature breakdown of the superacid precursor which may occur
before use of the imagi ng nmedium Such prenature breakdown may occur, for

exanpl e, by exposyre of the:iiagin um to .rad at| n_duri ..
transportation Hﬁar‘“& Gb‘ﬁgﬁmg‘?mb éa@?gef’tée‘?ﬁ‘%ﬂg yﬁ’f fgadggsaré:pﬂdary acid
precursor and the,Sa654l9 fold diss%?elacla NieQfridt #RANES aﬁdle%flpmsﬁatea sﬂﬂﬁ%g

under goes sl ow feconpodsition on pfotracted storage. If, as in the
second of the tdye. pAﬁbespee&abannb&smsdeﬂsmnne ﬂmhmdumt@fplwtenatedsensuimg dye

t he process is bIa ket e sure, t he ng nedi ym t,0 d|a ion in th
secogd wavel englff erﬁ%ge? %Qfe‘ﬂg}agmm &¢P ﬁ%@%@ 9?’?1’??
dye to itssprot gual ehif Arfiith @29%%%@15&9&3@@@% ge@g&nﬂgg mon RAEOHY €

that the present process wor properly, ‘even i e
superaci d prec ue:epmsuﬂeaﬂzeonedmmavill-ntmmﬁﬂs anole of protonated sensmzﬁrgrd)e;(mdaw:il

to take an extr mecase d}éfor oses,.of illustratiqn, oseth

t he i magi ng ned anasJ€ e rhIEﬂ‘dﬂV"Pr ?Hl’éfa‘”
radi ati on duri ngw 5195 qﬁﬁgﬁga rlﬁtr?h%‘féi@ Qxe?at |l e
of superacid precursor occurs At t he ! nni ng I magi ng, ar as. o

the -32- WO 03528616 6f swystiracid.t Also, providednthét fio substantibl bmakddw:zofismﬂmid 10
nol es of secondary acid generator,. 4.5 myl es of superacid precursor and 0.5
nol e of pﬂgtonaP@M%MWE|%§mw B And; na um ,0f) dhe preseat

Llh'?r Znerjgf e'?f egfﬁoé@?@ may WUS? fﬁ%féﬁe’s@ggﬁ u&%t&ﬂé%degdgm 1(g’hl
a further 0.25 pmﬁtdmagntgeeﬁenﬁhllyrmam m&a&aﬁmﬂmx‘mm ubedsfor the
imagewise exposure, since the unprotonated sensitizing dye, even when exposed to
such radiation, does not cause substantial decomposition of the superacid precursor.
15 For similar reasons, the present process is also relatively insensitive
to variations in the radiation used for the imagewise exposure, such as variations in
laser output, differences between individual lasers in ‘an array used to form the
| imaging beam, timing errors in laser drivers, etc. For example, in the process shown
in Table 2, the imagewise exposure causes decomposition of 0.75 mole of superacid
20  precursor. If the imaging radiation delivered to the imaging medium varies by
i20%', some exposed areas will experience decomposition of 0.6 mole of superacid
precursor; while others will experience decomposition of 0.9 mole. Thus, after the
imagewise exposure, the concentration of unbuffered superacid in the exposed areas
will vary from 0.35 to 0.65 mole. With appropriate control of the heating step, this
25 range of variation in unbuffered superacid concentration will have minimal effects
. on the final image in cases where the medium is designed to.be éssentially binary,
i.e., any sﬁeqi'ﬁc pixel is either at Dpin OF at Dinax.
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exposure, the nmediumw |l contain 0.75 nole of protonated sensitizing dye,
and wi | | ;29%%&3 I n exactly the sanme condition as if no premature breakdown
of the si precursor had occurred before inmaging, bUfCTHES0FI8; o
ultra-violet exposure generated 0.75 nole of superacid. Al so, provided that
- no substantial breakdown of superacid 10 precursor occurs during
transportation and storage, a nedium of the present invention whichis
produced with the sensitizing dye in its unprotonated formis, prior to

i magi ng, essentially insensitive to radiation of the wavel ength used for

the inmagew se exposure,g péﬁeg }ph@ﬁ en
exposed to such radiati olﬁwgéeéﬂaﬁegg%%ég su g‘tpgﬁ[{?% eCO?T‘%)C‘))gIa[ ﬁ%sgqglﬁht h
superaci d pr eaung@houglbto catalyze thermal decdniposition dfather seacmiasy atideganefi@nt
process is alsqQ relatively |l§§ ensitive taq varj %pgh?yn I, n the radi ati on used

for the |nage(ml%§f5§§‘ﬁ€%¥ebe uffered syperacid), atis (thatthe processdeences
bet ween i ndi v 0 imn
errors in | as“'lgi1 i V@@%s%ﬁp&@%?ﬁﬁﬁoﬁﬁ@ﬁdﬁ%r{sh%f}%%éfggﬁgh %Qﬁ%@,rg)& e -2?
the i magew sanestpsswerful cridie species nipnscedni exisoin Ghe presence of moreethasi che20 -
“precursor. If the i ma?mr;%radl ation de%ed to the | rr%g]l ng medi um vari es
by [err] dsonﬁ%’k’ﬂb@b@ ds the hydroxem of @%dl;lslgel of
super aci r o)

o e s 354 b Vs e e bl RS BRARAA W&%&? - ed

superacid in thélﬁrsewﬂ?ﬁéﬂh eédéb?tm ﬁrbsdmpmcésml&ﬁﬁlﬁgetﬁm@hﬂbﬁomﬂihﬁ@n

appropriate control heati ng step, this 25 range of variation in

unbuf f er ed .s Hiawever, dnctba cbsencet ofowater,| the (depampositiom (of the superacid pthe!rsornal'

any spel £ o AL fadid ot R Brotsed A Byl BuBE R had ' ackl Bonkies' +©
PCT/ US95/ 05128n Siffese tHelarid-catalyaid Idéélﬁﬂgd‘slﬁdﬂ bf Yali\®Nsdcbfddry %i&:gé&'i‘at&fs a

first acid strong enough tq catal yze thernal. deconposition” of the secondary
acid gener at MhﬂwmommIQMym@Mmeoutwmhtheghl y

desirable t thpﬂrggu?gosf an% the sensitizer dlspersed m ‘a polymeric binder, and such
binders can readily be chosen to prov1_de an essent:ally anhydrous environment for

15 the process. |
' " For the present process to occur, it is obviously necessary that the
sensitizer, having absorbed the sensitizer radiation, initiate the decomposition of the
superacid precursor. As is well known to those skilled in the art, for such initiation
to occur, it is necessary to choose the sensitizer andthe superacid precursor so that
20 the excited state of the sensitizer can reduce the superacid precursor. The choice of -
appropriate pairs of sensitizers and superacid precursors may be made empirically,
although techniques familiar to those skilled in the art, such as use of the Rehm-
Weller Equation, may be used to reduce the amomt of empirical testing necessary.
In principle, i in the present process the mixing of the components of
25  the acid-generating and color-change layers or phases should be effected after the
o generation of the secondary acid from the secondary acid generator. However, in
practice both the generation of the secondary acid in the acid-generating layer and
the mixing of the components of the two layers or phases may be effected in a single



conduct ed under essentially anhydrous conditions; as chenists are well
avware, theY¥09529%06%st powerful acidic species that can exi st PFHUSHSI28
presence of nore than one equival ent of water -is the hydroxonium

(hydronium) ion, [err] . Accordingly, if the nmediumin which the present
process is conducted contains water, at |east part of the first acid
produced by the present process will sinply generate hydroxoni umion.

However, in the absence of water, the deconposition of the superacid

precursor 10 i el n agidie [ ©S. . . OX0Ni UM

lon, and this aB‘I”%ﬂng sgeiegipgezﬁggﬁfe%?%ﬁe%ﬁeggg@ P%Elfc“gtg g%z%ggg’g@/o%%‘ggﬁﬁﬂr of

vari ous secondagill agpichlBebe leadehitiallyVobmplety Before mixingi G theatwid layEsPorC phasks

the present process is carried out with the superacid precursor and the,

sensi ti zer di spbecomesisignifigant,yand thusihefors the nopperucomprundeangd reagtive-material he
I

process. For ¢ hepeR L e rorcehatied IS Sraf Biih OB imacl e sopereipresen
the sensitiszer, j\a¥ atid-geheating thyeh\6r pis&i ti zer radiation, initiate the

deconposition of the superacid precursor. As is well known to those skilled
in the art, for such initQbviovsly # ipiropertant that shereamaponents afshe neidgenerating

The sensi (i sor IsiFF bR aad W stitehtar res l pbfre nop It anER Ay, B Fafict

appropriate pai {hgolﬂéseﬁﬁ i MEdinA! WHIF typRialy bé fornRabysating A¥idlRneRARg and
enpirically, although techiniques famliar to those sKilled in the art,; such
as use of the Redlor-chamige dayefs feam ansolution log dispession onethu @esuppertanbo preveit

i xi ng.of Pho. cOvgRHER EaRE, 598 ublalbiclesile 1 srat B IeE R o eueops Fggdiom

layers or phasean@ﬁ%%tﬁmbeoﬁfi R61-85ucdlb Medilif. ORPRIanY, GE aefd-géiﬁmsﬁgggy@riy

acid fromthe secondary acid generator. However, in practice both
generation of t beated dromlzany organit medium andi thegeoler-changg layer froan cint Agueous

m Xi ng of the co ne of th l.ayers.or phases may be effected in a
si ngl g -34- q@g@.z typ%caﬁ titvwlé advglntageoustopus%aco compound an areacgve

material which are readily water-soluble or -dispersible so that these components can
15  beincluded in the aqueous medium used to coat the color-change layér.

Any of the known superacid precursors, for example diazonium,
phosphonium; sulfonium and iodonium compounds, may be used in this invention,
but iodonium compounds are preferred. Especially preferréd superacid precursors
are. diphenyliodonium salts, speciﬁcally (4-octyloxyphenyl)phenyliodonium

20 hexafluorophosphate and hexafluoroantimonate, bis(n-dodecylphenyl)iodonium
_ hexaﬂuoroantlmonate and (4-(2-hydrdxytetradecan—l-yloxy)phenyl)pheﬁyl iodonium
hexafluoroantimonate. |

When the present process is of the *489 type, 'any conventional 'non-

~ basic polycyclic aromatic sensmzer may be employed. When the present j:rocess is

25 of the 612 type, any infra-red sensitizer capable of sensitizing decomposition of the
superacid precursor with the production of unbuffered superacid may be employed.

Preferably, the infra-red sensitizer is a squarylium dye, since squarylium dyes tend to

have high infra-red extinction coefficients, have long singlet excited state lifetimes



heating step, since the acid-catalyzed deconposition of the secondary acid
gener at or Wsr's}z &@;pl cally be essentially conplete before m >é, of the two

| ayers or phases becomes significant, and thus ‘before the oppe ound
and reactive material present in the color-change | ayer or phase begin to
deconpose the superacid present 5 I n the aci d-generating |ayer or phase.
Cbviously, it is inportant- that the conponents of the acid-generating Iayer
or phase and the col or-change | ayer or phase not mx prematurely. In
practice, the present imaging mediumwi || typically be forned by coating

acl d- gener al | \nigf lasGiRleO the” BRRAGN | Faifed. eaOHBA BAbH!WEh Ctped%ra § rles3” 1 ©
a support. To prevent 10  premature m Xl ng, |s usual esir

coat one Iayedependsb. slmmhtthﬁndemyitmmgxeg&te hEpdyinencﬁdmmadmeWMe
medi um Typical | t he_aci d- ti I,S coat ed.from an organic

medi um and thgb & tﬁéﬁ'&?‘eg ?B\ﬁr B%V%&&&H RFE3ent processase: t ypical |y
It Is advantageous to u ?%in;ﬁ‘&%ﬂﬁn@ﬁ%l i ch
are readily water-sol ub e or dispersible so at tah ﬁ@oé@%pﬂg%he&ﬂng% 15

be inclufled in the aqueous nedi um used @ k2@t the col or- change | ayer. Any.

of the known s wkllgwram d precursors, for exanple diazonium phphohoni um
sul f oni um and Hhi um conpounds, may be used in this invention, but

i odoni um'conpounds are ejserr jq{wlﬁﬂe%ﬁﬁgngug%%[ﬁ_%%ursors

are di phenyl i odoni um I ts, speC|

(4-octyl oxyp hpyrylu).mymeth}rllduﬂn or Gr(b&&[b]4ﬁeebhbmﬁﬂhMG(hylﬁdtne '3foupin

hexaf | uor oanti nonat e, s(,n dod rﬂg henyl )i odoni um hexaf | uoroantl m)nat e and
(4-(2-hydroxytetradecan 1 150 dky(;é ehpKoi2Rysiabytylidene) hydroxide or '

Convent fonal KAz q%?é?’éé’hfsm ycyc?*iaéé&ﬁ&{d?‘é@ns. . z"#@%\?“ﬁi enpl oyed.

Wien the present proces@?iis & 9-(benz[b]-4Hepyrful-4-ylidese)nrethiyl] 256 H-thio- -~
sensitizer capable of sen5|t|2|n deconposi tion of the superacid precursor
é&b@;ﬂd selepegyran-4oslideng)meth

with the prodPaRdryliden ybgroupingd| v,
have high fnfrared ;i?.‘vrﬁ’%ﬁ%ﬁf 53 fy‘%dcféir’#‘é? erdbpfs, T B S 1
state lifeti nb.poslﬁEn a substituent in which a non-aromanc carbon atom is bonded directly to '
15 the benzpyrylmm, benzthiopyrylium or benmelenopyryhum nucleus, subject to the
prov1so that if said 2-substituent contains an aromatic nucleus, this aromatic nucleus
is not conjugated with the benzpyryhum, benzthnopyryhum or benzselenopyrylium
nucleus to which it is attached (see Internatxonal Apphcatxon No. PCT/U S9l/08695
Publication No. WO 92/09661), _
20 b) squaryhum compounds of the formula: |

P R
N
R R2
o l I - 2
—=C C—AQ
O.
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WD 9529067 (which assists the electron transfer reactions upon which the
present proVe9s2édends), show little tendency to aggregate BFTIHNAE2SC
films, and have |l ow visible absorptions. Exanples of infra-red dyes useful
in the present process are: a) dyes conpr|3|ng an |nner salt of a
conmpound of the fornula: 5 . [err] wherein:
[ert] is a 4-(benz[Db]-4H pyrylium net hylidene, 4-(benz[b]-4Hthio-
pyrylium nmethylidene or 4-(benz[b]-4H sel enopyrylium nethylidene grouplng
. Zis a 1, 3-(2-hydroxy-4-oxo-2-cycl obutyl i dene) hydroxide or 10 1

. 3-(2- hydr oxy- 4,151#111@1%(%1%6)@4 ﬂﬁ@abulaldﬂmbpmwgnuﬂmavmggn wibdtucited tystem
| 4 (benz[ b] - 4H pyran-4 4- (benz[ b] -4Ht hj o-

: i dene) net h

. pyran-4-yli dene)cﬁmluﬁyﬂe ity ﬂ'{%ﬁﬂﬂﬂ{)’i‘}’"ﬂﬂ“&éﬂérﬁ& M@%F%ﬂ@%ﬁ:‘tﬁyfom“lae
, Wh | t

D na on R YRR it oSy GecB ol adlfVe WikaenS R pSE R

~directly to 15 are&mlh@epémnuwm@ammmﬂl haticOor dyelvatiphAieqRpy; andm

nucl eus, subj ect Jo the proviso that 1f said 2-substituent contains an

aromati c ndcl euR’ andi R" arecsach indeperdeatly a hydsegencatom, graw aliphatis, cyrloaliphatic,

b I benzt h
attached (see | RGPS TG ShP el G St At Rl Biees ol M g
WO 92/09661); 2(s an organosulfony v% ouf)lor R> 2 R* tbgether arithome intervehing iftrogen Bidmm

. [err] -36- WO 95/ 29067 in i ch [err] andierr ar e eachachrorm hori c

- group havi ng an fomsaa wyeloeliphatict emaromatic ring (see U.S. Patents Nos. 5,227,498 and
5,354,873, and the corresponding International Apphcatlon No. PCT/US92/09992,

10 Publication No. WO 93/09956); and
' ¢) - squarylium compounds of the formula:

RS
R* | _FR
.1\C/ 2
R R™
1 | l 2
Q= C“‘Q
3

in which: _ .
_ Q' and Q? are each a chromophoric group having an unsaturated
15 system conjugated with the squarylium ring and such that in the compounds of
formulae Q'CH;R' and Q*CH;R? the methylene hydrogens are active hydrogens;
| R' and R? are each independently a hydrogen atom or an allphatlc or
cycloahphauc group; and o
. R’ R* and R’ are each independently a hydrogen atom, or an
20 aliphatic, cycloaliphatic, aromatic or heterocyclic group, or an electron-withdrawing
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conjugated wth the squaryliumring and such that in the conpounds of
formul ae J eLL d [err] the nethylene hydrogens are active hydrogens,
[err] anﬁ‘?é%ﬂoggre each independently a hydrogen atom or gﬁ’rés? B c or
cycl oal i phatic group, and 5 [err] and [err] are each independently a
hydrogen atom or an aliphatic, cycloaliphatic, aromatic or heterocyclic
group, or one of [err] and [err] is a hydrogen atomand the other is an
organosul fonyl group, or [err] and [err] together with the intervening :
nitrogen atomforma cycloaliphatic or aromatic ring (see U S. Patents Nos.

No- - PT] Usoz) BRYRaTIe towaEthe IR SRl ot iR oot MR PR e

conpounds of subgech to thelprovisaesthati - which:” [err] and [err] are each a
chronmophori c group having an uns? 4r

L ed : st em,conj ugated with the
squaryliumring and such that¥®® eﬁcﬂﬂﬁé’u@n@y rm g diyalent grewp pf abich &1 r ]

t he net hyl ene hydrogensg; i gﬁﬁga; [ rch'l':ﬁ rr .. ar ach

i ndependently a hydroge%ﬁg{éoﬁs%rﬁgdr?%gﬁp atlctooﬁr;é cyc g%‘é‘gﬁgt‘f@"gﬁﬁ%ﬁ‘fm and
[err] and [err] are.eacproupsiapandelned, yr all thres ofRY) Ritadd R ahaypfordla trivalent
al i phatic, cycloaliphatic, ar \c;@t ic or heterocyclic group, or an :

el ect ron- wi t hdr awi ng - 3§toup of\yuch a-single; atom, 18 honded|to\the carhen @tase to on
density at the carbon a t ' il 4 lﬁﬁh , Subject to the

provi soes that: two of [err tﬁegﬁéd& gﬁiﬁngﬁor &g di val ent group of which

a single atomis doubl e bondeso bf R°)R* and [Rormay, aopdther Witk thd E@bdVatom to

groups -are attached, or all three of [err and[err] may form.a trival ent

group of which a si ngl eWBicBrtheY, are attached, oFa R ring: eicall shrbe of RoR*tand R° ‘

10 may, together with the carbon atom to which they are attached, form
ani unsaturated ring - -
(see U.S. Patent No. 5,227,499 and the corresponding International Application No.
PCT/US92/09992, Publication No. WO 93/09956). _
When the sensitizer used in the present process is an indicator
15  sensitizing dye, it may be any molecule, the absorption spectrum of which depends
reversibly upon its state of protonation ﬁnd which can photosensitize decomposition
of the superacid precursor used, provided of course that the dye is COxﬁpatible with
the other components of the imaging medium. The state of the lndxcator sénsitizing
dye called herein the “unprotonated form” need not necessarily be a neutral
20 molecule; the unprotonated form may be anionic but capable of being protonated to
a neutral or cationic form. For example, ﬂuor&ﬁcein monoMyl ether can exist in a
non-aqueous medium in anionic (deprotonated), neutral or cationic (protonated)
forms; both the anionic and cationic forms are yelldw, while the'neutrai form is
colorless to the eye but absorbs strongly in the mid-ultra-violet region (around 320
25 nm). The spectral shift of the sensitizing dye 'upon protonation may be either
' hypsochromic (to shorter wavelength) or bathochromic (to lbngér wavelength .
Fluorescein monomethyl ether exhibits both behaviors; the first protonation of the
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whi ch the three roups are attached, or two of [err] and [err] may,

t oget her wiWR2B®6Car bon atomto whi ch they are attached, foPGTAISISPE28 or
all three of [err] and [err] 10 may, together with the
carbon atomto which they are attached, forman unsaturated ring (see U S.
Patent No. - 5,227,499 and the corresponding International Application No.
PCT/.US92/ 09992, Publication No. WO 93/09956). Wen the sensitizer used in
the present process is an indicator 15 sensitizing dye, it may be any

nol ecul e, the abs t spectrum of ,whi ch pe evers on its
state of proton%ﬁlﬁ?rgﬁ fg ?ﬁﬁf?n ?ﬁ'ﬁ eﬂé‘ﬁtv@’gls 8%4)#‘3}93%9” fo the
superacid prec%ﬁgmc%ﬁﬂcal%gybgggcmnﬁ@gmﬁe t hat the dye IS conpatible
with the other conponents of the imaging nmedium The state of the indicator

sensi tizing dye call ed heP@fquhmdm;tqsrmnamsdd)fearﬁor usedu thotpresent press y

be a neutral | ecul e otonat rm ma. . be anr oni ¢ but
capabl e of bei n’é’cwg?l é@bt’ Mggfiy%ﬁ’x ‘? r&m um
fluorescei § nongyys Bimaest JRfms @é)gﬁ,,%‘gﬁgh

(deprotonat ed), neutral or c |on|€&cyb(pro Ohat ed) qy d a%m C
and cationic fosther asubsmddovquxmlmwnt h(soqmnohmhnf oand i pymhhmlrt edyest o withe
eye but absorbs_stron In the m.d-ultra-vigplet i.on (around, 320 25
nm. The spect rtgpryw ’tﬁ'ém?;lé‘ﬂgﬁnt H‘fi ﬁ& Reing, respeidllyreRrefeared.

\ietlgleengtlﬁslglcngrescel Wﬁgﬁaﬁﬁ et her exhlhgft?e% H%eh“f&f‘%ﬁ@ kﬁ%ﬁ{s st

prot onati on of mhmtmﬁ&reprotdtﬁt@&bﬁﬁﬂﬁﬁ ani oni ¢ form causes a hypsochrom c
shift, whjle the second ton. on.to the atl ni c form causes a :
bat hochrohY ¢ shift. Pref @ﬂ@%ﬂ@@ ‘?ag dyes for use in the

et dine dyes. hydr oxypyry F %mmwﬂ“m@'mgﬂﬁﬁmw nene dves.
2 6-b1s(4-methoxyphenyl)—4-(2-(4-bromophenyl)pyndme
2,6-bis(4-methoxyphenyl)-4-(2-naphthyl)pyridine;
2,4-bis(4-methoxyphenyl)-6-(2-naphthyl)pyridine;
15 2,4,6-tris(2,4,6-trimethoxyphenyl)pyridine; and
6-b1s(4-methoxyphenyl)—4—(2-(l ,4-dimethoxy)naphthyl)pyridine.
A specxﬁc preferred tnarylpyndxmum dyes 1s the protonated form of 2,4,6-tris-
(2 4-dimethoxyphenyl)pyridine.
A specific preferred quinolinium dye i is the protonated form of 2-[2-'
20 [2,4-bis[octyloxy]phenyl]ethen-l-yl]qmnolme (the unprotonated form of this dye is
available from Yamada Chemical Co., Kyoto, Japan), while a specific preferred
' xanthene dye is the protonated form of 3' 6'-b1s[N-[2-ehlorophenyl]-N-
' methylammo]splro[2-butyl-l l-dloxo[l,2-ben21soth1azole-3(3H),9'-(9H)xanthene]]
(wlneh may be prepared as described in U. S. PatentNo 4,345,017).
25 | . | _ Methods for the preparation of tnarylpyndmlum dyes are described in
| the literature. One convenient method for the preparation of such dyes bearing

identical substituents at the 2- and 6-positions is described in Weiss, J. Am. Chem.

Soc., 74, 200 (1952) and comprises heating a mixture of an acetophenone, an
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5 dyes, hydroxythiopyrylium dyes, styrylpyridinium dyes,
styryl qui nolinium dyes, and other substituted quinolinium isoquinolinium
and pymtﬂ ‘Byes with triaryl pyridinium quinolinium BRECREHINThe dyes
bei ng especially preferred. Specific triarylpyridiniumdyes which have been
found useful in the present invention are protonated forns of: 10
2,4,6-tris(4- net hoxyphenyl ) pyri di ne:
2, 6- bi s(4- nmet hoxyphenyl ) -4-(2-thi enyl) pyri di ne;

, 6- bi s(4-met hoxyphenyl ) 4- (2- (4- br onophenyl ) pyri di ne;

31 Aok R D i s o

2

2, 6-

2,4-b

2,4, 6-tri s(2,a8id-A diliydidpsadie {fddﬁ&édﬁme peiilimate intermediate, but is oxidized

2, 6- bi s(4- et hoxyphenyl%u4 (2-( 4 d| nmet hox %) napht hyla)yrl di ne. A specifi c
preferred trita xsfsumlartetheﬁsst,

(2, 4-di net ho(yh\ﬁﬁ]hen | d| ngorﬁhsilgﬁ'ﬁ%cﬁ d(fm%ﬁ'g'ihy% ﬂuellﬂ(i;lalwrelolfm Xe S the

protonated f

[ 2, 4- bi § oct ydcapsie} phasy! b&mﬁaaﬂa yhﬂtawhe"m&tenem(thsesunp&ﬁewa&:ed fir g

this dye is available from Yamada Chemi cal Kyoto Japan), while a

speci fi c pr efhydroxydi dtmnélndyerlg,ﬂﬁdmlﬁhmtbw pyridise, which undergo -

1 G owor 1 2 oS BRE Bl Wi RCMEh ot ERLES Siiind g o8 e cc

as described rhéthdd, deschBédn m:;hlﬂ{e?’”%m@ieﬁs, 2976, 1, can produce aﬂ%g@fés for

the preparation of triaryl pyridini umdyes are descr’i bed i n the Iterature.

One conveni ertianylpynidthianardyes, elngthisthird meshod, fan anyraldihyde bentaining theldegitedal. '
Soc., b 20d eeBeand 40 aepRmonR Som it e et A Bybstheat w apaiatte . o
acelat e ?Ldzﬁﬁgﬁééﬂ?ﬁme‘%ﬂﬁfdﬁﬁ‘drﬂ%’iﬁsﬁzi%%?é it m”
i nt er medi at e salbuderived ofronii thedacetophenone containing the desired 6-substituent. The
 resultant pyridinium-substituted dihydropyridine undergoes loss of pyridine with
aromatization. | |
15 | Any secondary acid generator that is capable of acid-catalyzed
breakdowntongeasecondaryacldmaybeusedmthepresentprocees One
preferred group of secondary acid generators are 3 4-dxsubst1tuted-cyclobut-3-ene-
1,2-diones (hereinafter for’ convemence called “squane acid derivatives™) capable of
generating squaric acid or an acidic derivative thereof, since squaric acid and its
20 acidic derivatives are strong acids well sulted to eﬁ'ectmg color changes in acid-
sensitive materials. Especlally preferred squanc acid denvatlves are those in which
therelsbondedtothesquancamdnng,vxaanoxygenatom,analkyloralkylene
group, a partially hydrogenated aryl or aryle group, or an aralkyl group The acid-
catalyzed decomposition of these squaric ac1d derivatives causes replacement of the
25 ongmal alkoxy, alkyleneoxy, aryloxy, aryleneoxy or aralkoxy group of the derivative

with, a hydroxyl group, thereby producmg squaric acid or an acldlc squaric acid -
denvat;ve having one hydroxyl group.
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to the pyridine by the internedi ate chal cone. A second nethod is simlar to
the first,woss296ss hydroxyl am ne or unsymmetrical di nethyl BCRGS9508128n

pl ace of ammoni um 5 acetate; the  penultimate internmediate in these
cases are the N hydroxydi hydropyridine or '

NN- di met hyl am nodi hydropyri di ne, which undergo eli m nati on and

aromati zation without the need for an oxidizing agent. A third nethod,
descri bed in Krohnke, Synthesis, 1976, 1, can produce asymmetric

triaryl pyridiniumdyes. In this third, nethod, an aryl al dehyde, containing

~ the desired 10 4- substTihe exaet mechanism, by (vhieh SGHREICasid ar AR agidic,deravative e d

2-substi tuent e r ted,t t hen
Ceacted wth ¢ RSTRHER KAt iR rPll SN oR) Boriiing b6 VRl of Sl

cont ai-ni ng t he agidsddriatife empidyed.Udn tsomEheasés; Fot bﬁmplpmudmwl LHEih&H’&S lohé Wred
di hydr opyri di ne undergoes | 0ss of pyridine with aromati zati on.

Any secondary &othd grpupe rattached: vigt oXygen tems do dthe sguarie acid ;%mmum to

give a secgondary acid 04] referr
‘group of econé‘é?‘?“%&sf’&ﬂg?gagr gl?(gnea%q%“% gfeg{]’& %‘&%ﬁ@% o7 ﬁ&'

1, 2-di ones (herg?d@%taeﬁ dréyil gfotipVidi forAmgaRe s@shricRitbor scidie 'd@ndﬁwthﬁéfedﬁS )
capabl e of generating squaric acid or an acidic derivative thereof, since

squaric acid aﬂini othes cases, for gxample Mnmﬁ(pe@nyéb@leoxm]wclabutc&-emlﬂ-@mq, ed
to effecting cql or,cha [ ci.d- terials eC|aII
preferred squa gc‘?"o"r}g’é‘? ?ﬁ%%‘émﬁ’ bgnpﬁawyﬂgg ?‘%’éﬁ apd
the squaric acijdagdedty thit theMeChahiipl of (48 forthatioh ik :ﬁfgra&idﬁybp Gingbenzd

partially hydroge ated aryl or arylene group, or an aral kyl group.” The
aci d- catldl yzedanbecationaorisimilar group teea di rpositioniwithin themolegule (probably to

I f th 5 & Kk lkéj g é lYl
(r)(rapa?;:alr(rg)r(l; gr t he .2 Iﬁl’l naﬁ;@é ox%thga eneoxyémﬂ{ﬁ/n ar d%Ie?xy
produci ng Squargi&ufg@mb ﬁdvs\bﬁ’d&?&h%ﬁcﬁﬂiéag'rbﬁp ffigrtited® I YiBet Bed) ALitht ot these

hydr oxyl group 9067
pathways is possible. However, in all cases the net effect is the replacement of the

alkoxy, alkyleneoxy, aryloxy, aryleneoxy 6_r aralkoxy group present in the original
15 derivative with a hydroxyl group to form squaric acid or an acidic derivative thereof,
" Those skilled in the art of organic chemistry will appreciate that the
susceptlblllty to thermal decomposmon of the squaric acid derivatives preferred for
use in the present process is related to the stability of the cation produced from the
~ ester grouping during the decomposmon process. Although the stability of specific
20  cations may be influenced by a variety of factors, including steric factors, which may
be peculiar to a particular ester, ingeheral it may be said that the squaric acid esters
preferred for use in the present process'are:
(@) primary and secondary esters of squaric acid in which the
o-carbon atom (i.e., the carbon atom bonded directly to the -O- atom of the squarate
25 ring) bears a non-basic cation-stabilizing group. This cation-stabilizing group may
| be, for example, an sp’ or sp hybridized carbon atom, or an oxygen atom;
- ® tertiary esters of squanc acid in which the o-carbon atom does
not have an sp” or sp hybridized carbon atom directly bonded thereto and
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The exact nechani sm by which squaric acid or an acidic derivative thereof
s forned,,l present process nmay vary dependi ng upon the type of
squaric §¥P§5%§§?vative enpl oyed. In sone cases, for exanpﬁgnﬂéﬁﬁmﬁﬁ§yl
~squarate, one or both groups attached via oxygen atons to the squaric acid
ring my thermally 5 ‘deconpose to yield an al kene or arene, thereby. =
converting an al koxy or aryloxy group to a hydroxyl group and formng the
squaric acid or acidic derivative thereof. In other cases, for exanple

. 3-am no- 4- ( p- vi nyl benzyl oxy) cycl obut - 3-ene-1, 2-di one, there is no obvious

-mechani sm for formation,.of a. ' 7] I . alLene, and it ears -
t hat the nmechani sm of r(g?d fornme ?%%g:agk gr%ﬁﬁ%cﬁﬂg%fﬁﬁpﬁmag%o
carbocat i on dfavé afispBér @ Iybpidized Tarbohl ki HireBOP bohded théretd, Brdvifed MhtmiY ©
(probably to the am no group), and protonation of the remaining oxygen atom

to forma hydPossp ybsidizedicartion ater i(en asdeast onn offthese sphier sp hylpidizegrcatlem. | n
ot her cases, neither of these patﬂ s s pgssiple, However, in all cases -
the net ef f e@OP% If {TAOTEIPAR ORRHE W@%ﬁ?ﬂ%ﬁs&ﬁ egily. ﬁ’e@k rbey rasm)y is

-~ aryl 'enecg<y orcoa;@gégwﬂnoa&%maaghlééﬁugri gi nal >t,'{15 Za;ri vative with

a hydroxyl group~to form squari.c acl cidic derivative thereof.

Those ski | | edt will baepparentofo skillethbrganicakieniisty that, provided @ak Jfehé BffrethBe
susceptibility tg@ t her qal . deconposition of the squaric _acid derivatives

pref erred f ortiofed tYRSS Of £SISF gRQURINgGS 18 PEasent, in the squaric acid dervativerol producef t he
! 4 _ Mt : T ok |
At hough ¢ he CoF HyEftRyl Bonh ik s Rboiiisiddd, Wi GBS BIRER 1 SALOF RS
variety of f atiephydroxpkgroop oﬂ@mcmi&iaofnm,m@nwﬁm&a%ﬂtgﬁroﬁ& S |
e

particul ar ester, in general it nmay be said that the §quari c aci sters -

pref er ridd f ogreppdaes nptintesfeze with the theamal dacomppsition. fndend, the avide wariatiodar y

esters of SqQuaLd: ey el - tom(i.e.. the carbon atom
bonded di reck&? é/éxl?lg?xfﬂ:gs é@%%%%gg%%%eﬁﬁﬁup% _ tQ control
non- basi ¢ caiotien- proplities 2of Ghe)r derivativé)i forC ekarfiples it8 Dedmpatitilig" With GierPe:
for exanple, an [err]. or sp hybridized carbon atom or an oxygen atom (b) -
tertiary est&pmponenisefthe imagingmediumm,oz itsisplubility in solvents useddo fermedatingve an

Lerr] or sp QyRfbill Ge iff e PPpaieitil oF heé fhdgnd Madiesh, ' her et o and 41-

15 | Examples of squaric acid derivatives useful in the present processes
include: -
(8 those of the formula:
1
0 OR:

N
o/ R

| in which R' is an alkyl group, a partially hydrogenated aromatic group, or an aralkyl

20 group, and R? is a hydrogen atom or an alkyl, cycloalkyl, aralkyl, aryl; amino,
- acylam_ino,- alkylamino, dialkylamino, alkylthio, alkylseleno, dialkylphosphino,
dialkylphosphoxy or trialkylsilyl group, subject to the proviso that either or both of
the groups R! and R? may be attached to a polymer. Among iﬁe derivatives of
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('’c) tertiary esters of squaric acid in which the [err]-carbon at om does
have an [ eW®952996hybri di zed carbon atom directly bonded t hePETHSIAAR ded
that this [err] or sp hybridized carbon atom (or at |east one of these
[err] or sp hybridized carbon atons, if nore than one such atomis bonded
directly to the a-carbon atom -is 5 conjugated wth an : -
el ectron-withdrawi ng group. It will be apparent to skilled organic chem sts
that, provided one of the aforenen- tioned types of ester groupings is

Pher mal decorm oSttt cSpesiafoipteRed sioled ¢ ot fn BRIGHES B o BB GHec”"
group of squarig ghehfl substitfitel lalkiyl Broup ROAAUEAE & tothll T \Hotl &ibré fidh abBMt200aln 10

group does not interfere with the thermal deconposition, Indeed, the w de
variati on possidtoms, andiR{ is antalii group gontaining met meverthan gbowt 20 carborsatgms,or
can be varied to control ofher, properties of the der.ivative, .fiqf1 £X I

its conpati bi| i??ﬁ%yi ?%‘Pr@&‘@bﬁ‘ﬁ%ﬁ’&ﬁ?@& i34 ok Uttt a0d, (K, 14 keazy1
sol ubilitygin s?wﬁgﬁékmfse&éﬂngwoati ng solutions used in the
preparation of The 1maging nedium 15 Exanpl es of squaric °
acid derivatives useful i¢)thethoseefthe formudasses include: (a) those of
the formula: [err] in which [err] is an alkyl grqup, a partially

hydr ogenat ed aromati ¢ group, or. aral kyl 20 QR 9roup, and [err] is a
hydrogen atom or an al kyl, cyclo ‘K{ aral kyf 7 aryl, am no, acyl am no,

al kyl am no, dial kyl am no, al kyl t hidg,\al kyl sél eno, di al kyl phosphi no,

di al kyl phosphoxy or "trial kyl silyl gMNoup, gubject to the proviso that either
or both of the groups [err] and [err] mayjbe attached to a(IBoI yner. Anmong
the derivatives of -42- Formula 1|, espg¢ially preferred groups are those
in which.(a) [err] is an unsubstit d '

3
0O OR

in which R! and R? independently are each an alkyl group, a partially hydrogenated

~ aryl group or-an aralkyl group, subject to the proviso that either or both of the groups

10 R! and R® may be attached to a polymer. Among the derivatives of Formula II, an

especially preferred group are those in which R! and R? are each independently an
unsubstituted or phenyl substituted alkyl group containing a total of not more than

about 20 carbon atoms. Specific preferred compounds of Formula II are those in

* which R! and R? are each a tertiary butyl group, a benzyl group, an a-methylbenzyl

15 group or a cyclohexyl group, namely di-tertiary butyl squarate, dibenzyl squarate,

bis(a-methylbenzyl) squarate and dicyclohexyl squarate.
() those of the formula:

-
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or phenyl substituted al kyl group containing a total of not nore than about
20 carbo and [err] is an alkyl group containing not nore than about
20 car bor%é%%@?" or a phenyl group (which may be substit ut ®§TES95/05128
unsubstituted); and (b) [err] is a benzyl 5 group and [err] is an am no
group. (b) those of the fornula: [err] in which [err] and [err] .

i ndependently are each an al kyl group, a partially hydrogenated aryl group
or an aral kyl group, subject to the proviso that either or both of the
groups 10 -~ [err] and [err] may be attached to a polymer. Anong the
derivatives of Fornmula ILm=&n especiallgypreferred group are those in which
[err] and [err] are each i ngendentl unsubsti tuted or phenyl
substituted al kyl group conkgkning: to%f not nore than about 20 carbon
atons. Specific preferred cofpoundy of Formdl & Il are those in which [err]
and [err] are each a tertiary buty|| group, aPenzyl gr Qg an

a- net hyl benzyl 15 group or} a cygdl ohexyl oup, nanely di-tertiary butyl
squar at e, dibenzyl squarate/ prstte(r]-nethyl benzyl) squarate and

di cycl ohexyl squarate. (c) hose of ? formul a: -43- 4 in which nis-0
or 1, and [err] is an al k{)’ene group 0 &Q

r'{)arti al ly hydrogenated aryl ene
group. Anong the derivatives of Fornmula II'l, .an especially preferred group

more than andotich §13 8 of 17 Rl Ayg Blof of dpahall hyieeeaued arasten

of the for rru?r?(;u;{. eAsmbng thevderivhtivesiof Forriila 11, ?ﬂﬁg&@ihﬂ} fe&rﬁﬁéﬁ% %xglr}g%s%r

partially hydrogenated aryl ene group..Beside fragme
[err], the ¢ ehia isal and R isoan alkylenn group conteiniz not more thannabuat 42 a (
non-fra%rrent%gl[b%n%%so is attached to a squarate ring, directly or via .

(d)  those having at least one unit of the formula:
[ : Rs ]
\ BVAN
N\ / \
0) o

n

N

in which n is 0 or 1, and R’ is an alkylene or partially hydrogenated arylene group.

 Besides the fragmentable groups R, the compounds may alsb contain one or more

10 units in which a non-fragmentable group is attached to a squarate ring, duectly or via
an oxygen atom. | | - |

The squaric acid derivatives of Formula IV include not oniy_ high
polymers, but also dimers, trimers, tetramers, etc. including at least one of tﬁe
specified units. The terminating groups on the derivatives of Formula IV may be

15 any of groups OR' or R? discussed above with referénce to Formula I Thus, for
example, Formula IV includes the squaric acid dimer derivative of the formula:



an oxygen atom The squaric acid derivatives of Formula IV include not only
hi gh pol ynB¥Ye 95867 al so dimers, trimers, tetraners, etc. incPGHUIR128 cast
one of the specified units. The term nating groups on the derivatives of

Forrmul a .1V may be 15 any of groups [err] or [err] discussed above with

reference to Formula |I. Thus, for exanple, Formula IV includes the squaritc
acid dinmer derivative of the fornula: -44- WO 95/ 29067 [err] The squaric
acid derivatives of Fornulae- 1 and Il are usually nmononeric. However, these

derivatives of Formnul ae | d Il can be incorporated into p mers by
havi ng at | east oneCIﬂ){—&-&@—w&s [err] and [err] atta Hy
pol ymer. Attachnment of th quar acid derivatives tg”a po rinthis

manner may be advantageous in that\jit mp\ Qi MNincoppatibility and/or
phase separation that m ght occur bfEwe Ferfc squaric acid

derivative of Formula | or Il and a‘pol "needed in an inmaging
medi um The attachnment of the groug®d T8N R\ to a polyner may be -
10 effected in various ways, wbf'ch wdl be 64ni|ia@ to those skilled in _

the art of polymer synthesis. The squaric acid derivatives an:&/ be
i ncorporated into the bacKhensquaficaaqid| derivativésoof ckempilae iInand Jbl areeusually

ST A R ETE R TR e ER R T
one, Ot e, 7,40 e b b K G115 00 AP0 st )
to form anSani dgolymekagitachinent ofthecsquarik acidedesiyativésctoax palyder iin shisvmammer a
i nikages 't hat R SHSTBaHRI i ek § TR PP MFGTRRIDI SURhPRIECPaBHER e
alone or in admgpgh iifhtYcbhr BEWEn 4'idAbMEAL Eghabie didFdetivative of Formula I or II and
~ apolymeric binder needed in an imaging medium,
| The attachment of the groups R!, R? and R® to a polymer may be
10 effected in various ways, which will be familiar to those skilléd in the art of polymer
synthesis. The squaric acid derivatives may be il_xcorpor_ated.into the backbone of a
polymer, for example in a polymer similar to the dimer of the formula given above.
Alternatively, the squaric acid derivatives may be present as sidechains on a
polymer; for example, one of the groups R!, R? and R® could contain an amino group
15  able to react with a polymer containing carboxyl groups or derivatives thereof to
form an amide linkage which would link the squaric acid derivative as a sidechain
on to the polymer, or these groups may contain unsaturated linkages that enable the
squaric acid derivatives to be polymerized, either alone or in admixture with other
unsaturated monomers. ' | _
20 ‘In the present process, it is generally undesirable to form substantial.
~ quantities of gas during the acid-catalyzed decomposition of the secondary acid
| generamr since such gas may distort the imaging medium or form vesicles therein,.
and such distortion or vesicle formation may interfere with proper image formation.
Accordingly, if the _deco:hposition of the squaric acid derivative yields an alkene, it
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20 : In the present process, it is generally undesirable to

form suba} '9&47 quantities of gas during the acid-catal yzs&wgg S?ng? Siti oh '

of the secondary acid generator since such gas nay distort

medi um or formvesicles therein, and such distortion or vesicle fornatlon
may interfere with proper inmage formation. Accordingly, if the -
deconposition of the squaric acid derivative yields an al kene, it -45-

is desirable that the groups [err] and [err] be chosen so that this
alkene is a liquid at [err] and preferably higher, since sone heating of

Sonet | e, has AR hAY gRABUR | RGN kst il JESRTPRIGNAT o

Somet i nes, however ber at may be

medi um cont aiap20%C,ahd preferablychigledrsinier soutet ieating bfthe alkene w‘llllh%\ﬁ&bl?fbc@rir a .
highly volatile al kene will not result in distortion of, or vesic

formati on i n,during ﬂae@nldmatalemd ﬁeqonpp@ttm e¥pragtinegs, bOWS‘@xoﬂhdallsenadﬂbdrated
generators for en SS ar xalJ c_aci.d der atLve t hat
under go ‘aci d-8%% ﬂe%fye%!@ilw ?cggmog?gﬁl%m thesqgiric gc aéieﬂ e that

derivatiye thpefibn éf0h HAAYNIatas ﬂk’e’ﬂe' WilPGlof! réstilthire AsBdrtiont bf, or v%&ﬁt&ough |

oxalic .acid and its acidiC derivatives are not quite such strong aci ds as
squaric-acid farmhhman,athemedl\uE.rr vatives, oxalic acid and its derivatives

ff tl t ds f t d |
S derivatives are. " nghmaftirel ol bE sfbndany Felf acsereionsdog o °Xt%e' .
derivatives. lh@nf HB6css afe Skafit aidederivafitds! that undefoRichd-64 tﬁl?gedﬂgn the

present 15 process are rather nore di verse i'm struct

squaric acid gﬂmoxakcaodmaaMdIWVeﬁlmﬁfoabmﬁem oatali¢ acid hemidster. any‘

P he. P[Siﬁﬁﬁwgﬁrymf BEAanaCHs BRGR dervattes a0 . Ol GIShORRE S0l as
practi cal B S0 BncPits héiGic! depiviies! @@ﬁr%wwd r@&gﬁamegpéswgpgeé

corrponents o I magi ng medi um may sa e expose
that the 20 stronpneidsd'oausedu&hrmosttmeb@es.ne&lsb; otalicegnmhsiehoaﬁi&smaae

thermally at a era e,in the ra .0f , about 140 err t o about
180[ orr] ) s SRUHEATGHoHYY GRS e AH Ry

. The types of oxalic acid denvawes preferred for use in the present

15 process are rather more diverse in structure than the squanc acid denvatlves, and the

~ choice of oxalic acld derivative for any spec1ﬁc process may be governed more by

the thermal breakdown properties of the derivative than its exact chemical structure;

~ in general, forpractlcalreasonssuchasthehmltedtemperaturerangetowhlchother

compohents of the imaging medmm may safely be exposed, it is preferred that the

20  oxalic acid derivative be one which begins to decompose thermally at a temperature

in the range of about 140° to about 180°C, as measured by differential scanning
calorirneu'y in a nitrogen atmosphere at e 10°C/minute temperature ramp, in the

absence of any catalyst. Since the presence of an acid catalyst lowers the thermal

_ decomposition temperature of oxalic acid derivatives by at least about 20°C and

25 potentlally significantly more, derivatives which deoompose uncatalyzed at about
140° to about 180°C, will, in the presence of acid, decompose at temperatures as low

as .about 65°C, temperatures to which other components of the i imaging medium can

in general be exposed. -
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calorinetry in a nitrogen atnosphere at a 10[err]/ m nute tenperature ranp,

in the absW@2528867any catal yst. Since the presence of an aci 95105128

| owers the thermal deconposition tenperature of oxalic acid derivatives by
at | east about 20[err] and 25 potentially significantly nore,
derivatives whi ch deconpose uncatal yzed at about 140[err] to about
180[err], wll, in the presence of acid, deconpose at tenperatures as |ow

as about 65[err], tenperatures to which other conponents of the inaging

- medium can in general be.gxpgsed. 46 /2 7 The factars affecting
the ability of the oxali cﬁsﬁfé&%awémgv&ev‘?s@%naiﬂﬁs oxdfie £ defudtyes o

- thermal deconpQgiérg8acid-Batalydéd Meringl dBeoIEpoRiticaChrdengindilaf t8thbde! ¥fF&diting e

af orementioned squaric acid derivatives to undergo the same reaction, and
thus the pref erability of therafgrementiongdesquaric neidlenivativesde undergorthe saphe reaction,

hl ade: (2) SO YiechroieEen ongh e ety of e tofaf Rl APPIGHIY erEred
a-carbon g om gyﬂ%w&h@ﬂ&ﬁfv@mﬁemﬁegﬁéﬂrﬁ&%iﬁemde:the -O_atomof the

oxal at e groupi ears a non-basic cation-stabilizing group. This
cation-stabilizing group (8py primdryrandx seeondary sestere rof | oxalicsacidibr whichethe

carbon atom or an_ oxygen at ertiary, esters of

oxalic acid in OrpATben : Q=%§Wﬁ&é%¥@%8@%dmg¥é‘?g?? ?W}P_@ﬁhe oxalate
of "oxal o aci d BPRRrare & Son-bad BATh bRIERE erdlE Thl canb'sbbliain Bhth®

hybri di zed car hggy 5y, 8P estmple, ki spPasrdphyblidized Carbé Stoir 0flan 6R¥gehfatdind err] or

sp hybridized carbon atom (or at |east one of these I.err| or sp hybridi zed
carbon 1510 atons, if ndbk t Hertiaghesters of oxalimadid i ¢l ior-carbonyatom ddes

e s ot Sy Yl B i o
bi s(her oxal ate) of a di Q) Prige el okdife £ B WA b Bcdtbod B8R adkl®
have an sp’ or sp hybridized carbon atom directly bonded thereto, provided that this
sp’ or sp hybridized carbon atom (or at least one of these sp’ or sp hybridized carbon |
15 atoms, if more than one such atom is bonded duectly to the a-carbon atom) is

conjugated with an electron-withdrawing group.

(d) an ester formed by condensation of two moles of an alcohol
with the bis(hemioxalate) of a diol, provxded that the ester contains at least one ester
grouping of types (a), (b) or (c) above. One examjale of an ester of this type is that of

20  the structure: : _
0

0—¢c—C— 0—C—C—0
[ 1
c 0 0 O
which can be regarded as formed from two moles of menthol (2-methylethyl-
. 4-methylcyclohexanol) and one mole of the bisthemioxalate) of 1,6-bis-
(4-hydroxyinethylphenoxy)hexane. Since the structure of the central residue of the
25 diol in such esters can vary widely, the solubility and other properties of the esfq:s
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groupi ng of types (a), (b) or (c) above. One exanple of an ester of this
type is vﬁg? 0 the structure: [err] which can be-regarded as forned
fromtwo noles of nenthol (2- nmet hyl et hyl - 4-nethy|cyc|ohex

nmol e of the bis(henioxalate) of 1, 6-bis- (4-hydroxynethy|phenoxy)hexane
Since the stucture of the central residue of the 25 diol in such esters
can vary wdely, the solubility and other properties of the esters -47-

WD 95/29067 can be "tuned" as required for conpatibility -with other
conponents of the imaging nedium while the nature of the end groups, which

under go the aginthd Stafiédast legéired fdi'%ﬁiiiﬁﬁ&hw Rith GtRetH &?nﬁb?&i}t@%f'tﬁ%’ﬁﬂngfﬁ?em ly

of the nature of the central residue.
oxal at es der i medium, o‘f\rhlfk)ltb?rmﬂmtdfoﬂneoﬁtnd)gmm,e “dnclemndérguldlg aeid-forming

ethyl enically ted u row .d hat e er contains at |east
one ester gro gﬂi% d:qc %‘8?'3’)&“(83 %éﬁ’&fﬁﬂ Q‘Y etl‘PWeOQEF?a?qﬂ&ahm d
derivatives diesiduesed above, use of a poI ynmeric oxalate rather than a-

nononeri ¢ one may be advantageous in.that it may avoid inconpatibility
and/ or phase separ atlon(eio polymncm)@latesodmedbﬁonepolymenmﬁabﬂbxalate

derivative and a [ | nd ede n an inag medi um Use of a

pol ymeri ¢ der?s%f 5&1 zﬂ’dﬁfy ﬁ?ffﬁdﬁ?‘i STPuPy Wﬁ?gghattthsemmm Bt ough
t he i magin ngyp@ r | t I

oxal at eg cgnmgﬁt%fr%d in ﬁl%lﬁ%r wa sté)a?b’p%g‘g%we\ p‘gg;eg?‘ ?% %/%

oxal ates by fdens'atlwsrdrsaugedrabomluae of @ polymeric oxhlatdrathee theih dlhﬁn@ﬁérﬁf one

groupi ngs 15 ongri ses an e l.eni cal | y. unsat ur_at,ed group and t hen
pol yneri zi ng W@egg M&)ﬁ’%ﬁ?’? mmw ity; ané/erophase separation ' :

‘I?'ﬁlaygﬂ&/(ligtn: ?giatl y unsat mégﬁ g%@fﬁﬁﬁve%%ﬁ*ﬁwé a‘i 8&@ )
met hacryl at e agrimagingahediem: Hdsexifracpolymeric derivative aisoitends/te inhibit diffusion of
 the oxalate through the imaging medium during storage before imaging.  Although
polymeric oxalates can be formed in other ways, at present we prefer to form such
| oxalates by first forming an oxalate ester in which one of the ester groupings

15 comprises an ethylenically unsa.turated group, and then polymerizing this ester using
a conventional free radical  polymerization initiatof, © for example
azobis(isobutyronitrile) (AIBN).  The ethylenically = unsaturated group is
convemently an acrylate or methacrylate group, while the other ester grouping in the
monomeric oxalate can be any of the types discussed above.

20 (®  Condensation polymers of oxalates, provided that the ester
contains at least one ester grouping of type (a), () or (¢) above This type of
polymer also possesses the advantages discussed under (e) above.

Methods for the synthesrs of the preferred secondary acid generators
described above are given in the aforementioned U. S. Patent No. 5,286,612 and

25 Intematrona] Appheatron No. PCT/US93/10215.
o Themagedyeusedmthepresentmvenuonmaybeanymatenalthat
undergoes a color change in the presence of the secondary acid. Thus any
conventronal indicator dye may be used as the acid-sensitive material, as may the
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mononeri c oxal ate can be any of the types discussed above. 20

(f) Condwx9/29067 pol yners of oxal ates, provided that the cBEEPSHEOM2EI ns
at | east one ester grouping of type (a), (b) or (c) above. This type of
pol ymer al so possesses the advant ages di scussed under (e) above. Mt hods
for the synthesis of the preferred secondary acid generators described
above are given in the aforenentioned U S. Patent No. 5,286,612 and 25

I nternational Application No. PCT/ US93/10215. The i mage dye used in the

R R T IO NS S Ry

used as the aci o as may the -48- | euco dyes
di sclosed in U.‘g@%ﬁg@en s&ﬁg@w?%é% 263; 4,720,449 and 4, 826,976, which
are al so sensitive to aciPrefdrred§ uses of the dndicdtor bensitizing dye forne ofithe presentdy e

formof the present process include: 5 © (a) t he use of
vi si bl e i magewi precess gasdydes t o produce a visible i mage whi ch may be

positive of negative; (b) v:%
exposed atgthree dlffere{)wav engt(ﬁ‘; %r e§§ a prlntppgg‘g%) 5 ;E

the use of near infra- redm(a‘g%vmemﬁxaybtpbaﬁvabnmaﬁa produce a 10
vi si bl e i mage havi ng good Berr] when viewed in reflection (in this process,
the protonated from of th®)senitfueziondalss Q%&quer%sﬁrm%n

e ot B s Wy AT . o
exposure to form an ul trgyvi O{hetuséﬁfnear infra-red (700-1200 hfi) @adiation Rstodik a
the formation of a full color inmage using a_ single source .
10 . visible image havmg good Dyin when viewed in reflection (in this
process, the protonated_from of the sensitizing dye hasa near infra- red
| absorption peak and the unprotonated form of the dye has a
substantially lower visible absorption than the\protonated form);
(d) the use of ultra-violet exposure to form an ultra-violet
15  photomask; and
(e the formaﬁon. of a full color image using a single source
(preferably a laser) at a single visible or near infra-red waveléngth to
effect magemse exposure of all three acld-generaung layers of the
medium.
20 Process (¢) above uses an imaging medium of the invention having
" three associated pairs of acid-generating layers and color-change layers (each pair
comprising an acid-generating layer and a color-éhange layer may hereinafter be
called a “bilayer”), with each adjacent pair of bilayers being separated by an acid-
~ impermeable interlayer. This type of imaging medium comprises: |
25 a first acld-generatmg layer comprising a sensitizing dye in its
protonated form, optionally a cosensitizer, a superacid precursor and a secondary

acid generator;
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(preferably a laser) at a single visible or near infra-red wavel ength to

effect | ] exposure of all three acid-generating |ayers of the
medi um 5883%9%‘37 Process (e) above uses an i magPREUSEHPNIA® of t he

- invention having three associated pairs of acid-generating |ayers and

col or-change | ayers (each pair conprising an aci d-generating |layer and a
col or-change | ayer may hereinafter be called a "bilayer"), wth each

adj acent pair of bhilayers being separated by an aci d- inperneable
interlayer. This type of inmaging nediumconprises: 25 . a
first acid-generating | Rﬁ‘l?:hhﬁé 2t 1n7Ad d4.0 1t r ot onat ed
form optionally a Coseﬁgﬁtic&er, a ﬂ%@%a@?@%égaareg‘gﬁxgr%aamé%gg‘?m aci d
generator, - 48yer and zoMprisingaoteactivehaaterial, aycoppeti copgsored Al ACHRE il dye’ St
aci d- gener at iqq:a | ayer and conpri gi ng.a reactive material, a copper conpound
and a first i °é’¥eﬁ aFﬂBFQ%FtﬁQ sprptiom gk radiationsupehcontact withothe seetindatyon

- upon contact | . | d-catalyzed .
deconposi ti oﬁmgﬁph%&ggﬁﬁgg%#%%g%ﬁgﬁgﬁ%ﬁg? QP@]Q sg&;n?ﬁg ?"‘F* é?nerator n

aci d- gerer at ithgfitstueid-generbtinglayer;i d-r esi stant interl ayer superposed on the

first acid-generating layer and the first col or-change | ayer; a second

aci d-generating | ayer d35sbacid-resistanptdntstayessuperpesedm the dirsti acid-generating

aci d-resi st ant..l ; oM.k LSt acid-generating |ayer- and the
rlﬂy@\' Qﬁfﬁlg%@t&caﬁc{r éﬂaﬁgee{a%ért

first color- hange Tayer; theé’second acid-generating |ayer
conprising a sensitizi ngsetpad atid-generating diyen Aispdséd 6m'the® Bppsyed|side 6f the

consensitizer, a superacid precursor and a secondary acid generator, the

second aci d- Tesistan jnterlayer fiom theohsst acid.ggnerating layemand thedfirgt color- ‘

e
wave ; ;alng';] ho %agprggwmpﬁmm ueondhkitizer, & Susteaid PRelisor And’Y sélohlistyC
acid generator, the second acid-generating layer further comprising a first auxiliary
 senisitizer which renders the superacid precursor therein’ susceptible to
decomposition by actinic radiation of a first wavelength in the second wavelength
15 range, but not lsusceptible to decomposition by actinic radiation of a second

- wavelength in the second wavelength range;

| a second color-change layer disposed adjacent the second acid-

generating layer and on the opposed side of the first acid-resistant interlayer from the

ﬁr_st-acid-generating'layer and the first color-change layer, the second color-change

20  layer comprising a reactive material, a copper compound and a second image dye

undergoing a change in its absorption of radiation upon contact with. the second#ry

acid generated upon acid-catalyzed decomposition of the secondary acid generator in

the second acid-generating layer, the absorpt_ibn change imdergone by the second

image dye being different from that undergone by the first image dye; |

25 | ~ asecond acid-resistant interlayer disposed on the opposed side of the

. second acid-generating layer and second color-change layer from the first acid-
 resistant interlayer; o |
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wavel ength in the second wavel ength range; a second col or-change | ayer

'di sposed aWOBEA7t he second acid- generating | ayer and on t¥f7B$H5OHE si de
of the first acid-resistant interlayer fromthe first acid-generating |ayer
and the first color-change | ayer, the second col or-change 20 | ayer

conprising a reactive material, a copper conpound and a second i nage dye -
undergoi ng a change in its absorption of radiation upon contact with.the
secondary aci d generated upon aci d-catal yzed deconposition of the.secondary
acid generator in the secopd aci.d-generating layer .the,absorptian c e
under gone by the second &€ g-gggqrﬁﬁn%?_qyg&dz%psﬂ _8%%?\5&”8%&?‘8&?2%8?
the first i MygedhhA; ackRresistant interlayer from the $€6ondChcid-peher@tfiigSlagerl and1s@bhdyer
di sposed on the opposed side of the second acid-generating |ayer and second

col or - change | ayler-changelayes, the third acid-generatingslayercomprising:g/sensitizing-dye in t®
95/ 29067 a third acid-generating a%er di sposed on tlélg 0 g&sed i de of the
second acid-reé‘PEpéRﬂa[q%rﬁ’EPi 'Y BPRYTES! 0?15“%-5@% “gt PY? PERPBFEnd
_ second colsr - C*A@iagfenleﬁv&,r the thi?d faauf]géna%ﬁﬂg BReL igtheP domphising QWRsPhlidly

sensitizing dye Imits unprotonated form optionally a conSensitizer,
super aci d pr ecsemsitizeandvhicls e cenddrs ythe  superacid gpnecursoror therdime tshsceptible to

e e e " Aeeoipnsision. by BrGue, edAtER ooh e Seet ayeln FB ot s&opdon
whireh ret N f : :
y actinic ra '\@J\kgg%@i rgflgftb??gﬁf‘ﬁxs\é@ﬁtﬁl@Wﬂ&dﬂbdsﬁﬁnsﬁﬁ%tﬁzét‘{"’?%ﬁitg?%me

range, but not sus econposition by actinic raoc t he
first wavel engtfisstiwavelengthdndheisecond:vawe ength range; anghd 10

: a
third col or-change | ayer di sposed adjacent fhe third acid-generating |ayer .
and on th¥ opposed side d‘f‘hFaé” @%%YQWQM%M@F&W@%%
second aci d-gewayeﬁwsnw o8 144 6F (8 St des SRR Berl ¥ from! 6 sbcbeld
col or-change | ayer “conprisi-ng a reactive material, a copper conpound and a -
third i mage dyacid-generating layer and the second color-change layer, the third color-change layer

comprising a reactive material, a copper compound and a third image dye
undergoing a change in its absorption of radiation upon contact with the secondary'
15 acid generated upon acid-catalyzed ,d_ecomposition of the secondary acid generator in
the third acid-generating layer, the absorption change undergone by the third image
dye being different from those undergone by the first and second image dyes.
Very conveniently, in this preferred form of imaging mediuﬁa, the same sensitizing
dye, superacid precursor and secondary acid generator are present in each of the
20 three acid-generating layers. The same reactive material and copper cbmpound are
also preferably used in each of the three color-forming layers.
This type of imaging medium is imaged in the following manner.
First, the medium is imagewise exposed, from the surface closer to the third acid-
generating layer, to actinic radiation in the first wavelength range, thereby causing,
25 in the exposed areas of the first acid-g_énérating layer or phase, the sensitizing dye to
decompose at least part of the superacid precursor, with formation of unbuffered -
superacid in the first écid-generating léyer, without substantial production of
unbuffered superacid in the second and third acid-generating layers. Thereafter, the
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undergoing a change in its absorption of radiation upon contact with the
secondar ¥yd gsi2006ACI d generated upon aci d-catal yzed decorrp05| tion of the
secondary a0|3 generator in the third acid-generating | ayePCTURESOM® pt i on
change undergone by the third i mage .dye being different fromthose
undergone by the first and second i mage dyes. Very conveniently, in this
preferred formof imaging nmedium the sane sensitizing dye, superacid
precursor and secondary acid generator are present in each of the 20

three acid-generating layers. The sane reactive material and copper

conpound_ar e hale ifaghe hitlium ieosed %&aﬁ&nb@?ﬁ%&?@f?&%g manng?“d

| ayers. This type of "inmaging nediumi-s inmged |
First, the nowivelength mggeﬂhus demngmmt pdrt ofrthehsuperacidaprecursarsiy the Getdirl

third acid- enﬁratln % . ct|n|cr lation in the first wavelength
range, there%§ g Fer °|pﬁ and converting\at easts part of the

d- t t .
aci d- gener at iskitiZng dy eﬁnmieas&onafa&ds@awuh ugﬁnbrélyqts rgo@%&ﬁgﬂsuberag pst |

part of the superacid precursor, wth forna [

the first acisu egsltlalprodugtwmq&upemldhnmhe thirdscidagenetatingdaier.t The'metium is
unbuffered su raC|d i.n the s cond and t@lrd aci d-generati ng Iayers
Thereafter, tHa HB3EEWISe GRPQS %&%

first vvavele t t o) t of
Lhe: Super act Gangin (% s e*@sec?ﬁﬁmgc%*gdéﬁéﬂﬁﬁ%“ﬁ%@@ Pl fh

super aci d angensitizing dyetp deicoinpese atileast park of the superacid precigssty ®ith Tofnhitionecond
{otonat ed ,for, W t hout 5 - substanti al

aci d-generatin rtoits,
producti on of°* gﬂ‘b@'&eﬁ?pdsqpﬁ“? i the: econd a mﬂglﬂ)’&&e‘ﬂﬂthMG&lmnm is

(
hoe. oA g HOREARA buftieoiperdfi B 40 ek BAF il SbcMElRRE iyl "0

phase, the sdhereaftes, rihe dwhole cinthgingmeeiiumt is! eqﬁsewatbtradfaﬁbheoﬁ'&ﬂ;erséﬁtﬂ

precursor W th {or t|on of nbuffegﬁd superaC| d in the second
aci d- gener at |W°°§£ gange, thys mmoﬁfhewnmr ed

superacid in }&glc.go Sishat -Q?&Htﬂx‘#g &/t Th eaft g the
whol e-i magi n nmediumis expo%tia% o radiation %‘P%%gé@sﬂ

least part of the sensitizing dye in the third acid-generating layer to its protonated
15 form. The medium is then lmagemse exposed to actinic radlatxon in the first
" wavelength range, thus causing, in the exposed areas of the third acid-generating
. layer or phase, the sensitizing dye to decompose at least part of the superacid
precursor, with formation of unbuffered superacid in the third acid-generating layer,
without substantial productlon of unbuffered superacid in the first and second acid-
20 generatmglayers Thelasthwostagesofthelmagmgprocessareheaungthe

medium to cause, in the exposed areas of the first, second and third acid-generating
layers, acid-catalyzed thermal decomposition of the secondary acid generator and
formation of the secondary acid, and admixing the components of the first acid-

.. generating layer with those of the first color-change layer, the components of the

25" second acld-generatmg layer with those of the second color-change layer, and the
components of the third acld-generatmg layer with those of the third color-change
layer, thus causing, in the areas of the medmm exposed to the three imagewise
exposures, the secondary acids to bring about the changes in absorption of the first,
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wavel ength in the second wavel ength range, thus deconposing part of the
superaci d pWe9sR287 in the third acid-generating |ayer to prd&TBIS 0N aci d-
and converting at |east part of the sensitizing dye in the third

aci d-generating layer to its protonated 15 form The nediumis then .

| magewi se exposed to actinic radiation in'the first wavel ength.range, thus
causing, in the exposed areas of the third acid-generating l'ayer or phase,
the sensitizing dye to deconpose at |east part of the superacid precursor,

with formation of unbuffered. supetacid,in t t hi rd,aci d-.gener at | ayer,
W L hout - Subst anereana ST irpes: xam A es douh b FRHPF ipRe fid B oipper

second aci d- Zocomgot 4 dabaciive niitéial to déderoly W reifinifig S§RFacd plebrsbi REabl

process are heatin mediumto cause, in the exposed areas of the first

second and t hi r of theithreg acidrgenenating layerssthua fixing-the imngges df thessame! sensitizing dye
Secondary  aci d. HEA HIFRCH Ot 419 HEPe AT AL e ot LoE image e GRSHIES CA
| ayer withegt hosseeffe&wr.%%m m@eﬂﬂ@v&aameﬁgmmeeﬁaﬁﬂep@%glg erf s>

second aci d-generati ng r wth those of the second color-change |ayer,
and t he conponeavsiding, forexampledtheaieed forrthrea sepagate sguncesof imagingsradiafion hik of
third col or-change | ayer, thus causi@g I n the greas of the nmedi um exposed

to the three i st be seanned acrogs e imaging mediumy s (o bring about the
changes in absorption of | sl 'eram'n%\ga vior $hdn | T

| mage dyes and thus formtaﬂé?filéécﬁan%a%%rr%ge, n aﬁl)e%?copp%fﬁgggnp%ﬂ géﬁc}ﬂe
reactive materi gthaging deedis @f thé gresentimientiors up®yr aomprige ecswpport dand sdditioral
the three acid-generating |ayers, Lhus fixing the i@ge,. If the same ., . -
sensitizi i dyelaysrsyderi exsmplsch wbbingelaysr &%@M@g FigR; Rgtheasnppert, aeid-

t hree i magew se; £an : ] %&‘@ ' adi ok ?FP%EWE
wavel engt h (for“géarrp éﬁqﬁﬁgﬁ%‘gﬁ‘ (gasl%lg‘glrsgé‘% us g\i%%&?%&@@%@ﬁ#pﬂ%%t e
need for three gapaicther, anatiticstrasite topogitigyer,atd ather auxiliarydayesd)i ch nust be
scanned across-the imagi ng_nedium Besides the acid-generating and

col or-change | ayers or phd®esuppartemployed may be transparént or opaque and may be any

material that retains its dimensional stability at the temperature used for image
15 . formation. Suitable supports include paper, paper coated with a resin or pigment,

such as, calcium carbonate or calcined clay, synthetic papers or plastic films, such as
polyethylene, polypropylene, polycarbonate, cellulose acetate and polystyrene. The
preferred material for the support is a polyester, desirably poly(ethylene
terephthalate). | | |
20 Usually the acid-generating and color-change layers or phases will
each also contain a binder; typically these layers are formed by combining the active
materials and the binder in a common solvent, applying a layer of ‘the coating
composition to the support and then drying. Rather than a solutir)n coating, the layer
may be applied as a dispersion or an emulsion. The coating composition also may
25 contain dispersing agents, plasticizers, defoaming agents, coating aids and materials
suchaswaxestopreverrt_sticking. | | N '
" The binder used for the acid-generating layer(s) must of course be
non-basic, such that the superacid is not buffered by the binder. Examples of binders
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| magi ng nmedi a of the present invention may conprise a support and

addi ti ongl | ayers, for exanple, a subbing |layer to inprove adhesi on
to the ﬁ;ﬁ’b’é’g’tz?"‘féci d- inperneable interlayers (as di scusse?‘ﬁﬂbﬁ?é’?ﬂ%r
separating multiple bilayers fromone another, an anti-abrasive topcoat

| ayer, and other auxiliary |layers. The support enployed may be transparent
or opaque and may be any material that retains its dinensional stability at
the tenperature used for inmage 15 formati on. Suitable supports include
paper, paper coated with a resin or pignent, such as, calcium carbonate or
cal cined cl aygasY ethe BERE' fhe pl W& Akl B uch.as _pol yet hyl ene,

pol ypr opyl ene, pol y€arbonat e, é’gﬁd& osg’ ggg{:?ie arl%_ %8?‘9 'Fsen(?."i%ﬂ'éme’ '

preferred nmatpolyl-miethylstyrenc) Rppolymers of RHIMIRS hid ,butkifidred L ene
terephthal ate). 20 9 Usual ly the aci d-gener?tomgﬁa d%&}i

col or- change #aylsie}, cfopplymess of | meshidh ands cethyintaciylate, bpolyevinylt initgial)] v
0 1S i GO S i s bk
support gnd tippecitityd Tat the'tbifidert 36kt SROWE A KRR ad&eQé’e 'eﬁ‘&%[% be

applied as a dispersion or an enulsion. The coating conposition a ay 25
cont ai n di spesuperagidpecursor, sensisizer; secondary acidogemeratpracappes comp@ind) geasiivs and
materi al s such as waxes t yevent  sti.cking.. Th i.nder used for the

aci d- gener at i Tgfenal grimage ﬁ?{f‘&@%@ Al g‘&ﬁ?"é‘fe@b@ﬂdt"ﬁéﬁaﬁ:ﬁ@kﬂ
superaci d i s #etterhbdrhtafdCne¥udtted ¢ Iﬁ;ﬁ{% Qi hdens - 53- t hat
may be used include styrene- acr.y.l orﬁ?‘?i % cop 5‘%9@‘1@%@@5 ytp%uﬁga,\rentso

pol K( [err] I rethéttyit dogs r&nejntenfer]cpomhrgi?wingdd‘tﬂle ﬁniagand'hlbtlﬁﬁdéremlﬁst(éf)éd(lﬁ-@t_hyl
met h- agcryl ate), copol ypers ,of, net nd ethyl acrylate, poly(viny _
but yr al 6 po|%ﬁﬁdﬁ%%m$mpwﬁwﬁe%msmﬂ@& and pol y(vi nyl o

O s e PR Of eb 5 iy 1
secondary aciwaygeirerwhich, theo aforementignedn 489 andt ?6%2 media have been used.
| Speciﬁcally, thq imaging media of the present'invehtion are very suitable for use in
slide blanks similar to those described in International .Abplications Noé.
15 PCT/US95/04401 and PCT/US95/YYYYY (filed April 11, 1995 and claiming
' priority from U.S. 'Application Serial No. 08/226.657, filed Apnl 12, 1994)

respectively.

'I'hus, one preferred slide blank of the presem'inv'ention cofnprises:
~ asupport; |
20 : amask’layethavingasubmnﬁally_tansparentcentalporﬁonanda
non-uanspgreht peripheral portion surrounding the central portion; and, |
animageablelayercomprisingahimagingmediumofthepresent
 invention which is imageable to form an image which can be viewed in transrission,
| the support, mask layer and imageable layer being secured together so
25 that the support and the imageable layer extend across essentially the entire transparent
central portion of the mask layer, at least the portion of the support adjacent the central-
portion of the mask layer being substantially transparent. o
A second preferred slide blank of the present invention comprises:
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material or inage dye incorporated therein. Al so, the binder should be
heat - st abl WOS2P t enper at ures encount ered during the heat i Hel/S895/05E8
shoul d be transparent so that it does not interfere with viewi ng of the

i mage. The bi nder nust of course 10 transm.t the actinic radiation used
in the exposure steps. The inmaging nedia of the present invention nmay be -
used in any of the ways in which the aforenmentioned '489 and '612 nedi a
have been used. Specifically, the inmaging nedia of the present invention
are very suitable for use in sli nggé? Loidoar t hose described in

International Applicati ofcSURBYtaysas is G35 g4ally FansPaERR 05/ Yy YYY

(filed April 11, 1995 anduCihfiahis BykOiipétpbded ot che A28l 6E Hd MRt B
No. 08/226.657, filed April 12, 1994] respectively. Thus, one preterred

slide bl ank of imhgeableclayest comprising em imegipgimediumzofsthp mresent Rvention which is

a mask layer havin substantiall y.transpatent..central .porti.on and a

non- t ransparenﬂ%%?%%%ﬁ%@ﬁ&%‘ﬂhﬁf?&% g tion: and, an
i mageabl e 4 ayer conpri si qﬁ?@{b VS peRsUsed ot fthd {ia. QiNerida E f&e
which is iﬂrrageabl e to for anclhrrag wﬂi‘ch gan be vi ewe sllénﬁierrgr%st?ngtg on,d
the support, naile thergof frandithersmpport| & leasy part ofithe) pedeativedayey deinpeessamially

that the support and the inmageable |ayer extend across essentially the
entire transpat@i®PE: ral portion of the mask |ayer, at |east the portion

et By Pohasert e RS impabo gl sphcpRStn) Uph, D] Soom

i nventi on conprogetiter to $drm a slidOblknk 2aving athickmpss of attledst about((h8 mmf anthiheh

e Sompold Y sheBRaE G apeie B hSok A LG R el o

present invent @R £ hd Color-forming composition is more than about 0.2’ mm from one
external surface of the slide blank. _ '

For further details of these preferred slide blanks, methods for their
use and slides produced therefrom, the readier is referred to the aforementioned

15 International Applications Nos. PCT/U $95/04401 and PCT/US95/YYYYY.

A preferred embodiment of the invention will now be described,
though by way of illustration only, with reference to Figure 3 of the accompanying
drawings, which shows a schematic cross-section through a full color imaging
medium (generally designated 10) of the invention as the image therein is being

20 fixed by béing passed between a pair of hot rollers 12. _ _

' The imaging medium 10 comprises a supﬁort 14 formed from a
plastic film. Typically the support 14 will comprise a polyethylene terephthalate
film 3 to 10 mils (76 to 254 my) in thickness, and its upper surface (in Figure 3) may
be treated .with a sub-coat, such as are well-known to those skilled in the preparation

25  of imaging media, to improve adhesion of the other layers to the support.
" -On the support 14 is disposed a first acid-géneraﬁng layer 16

_comprising:
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i mgeable to forman image which can be viewed in transm ssion; and 5

a protectd
t hereof fr

r super posed on the inageable | ayer on the opposed side
$se T

support, at |east part of the protective

essentially transparent; the support, imgeable |ayer and protective |ayer

bei ng secured together to forma slide blank having a thickness of at

about 0.8 mm and the 10 t hi ckness of the protective |ayer being such

that no part ~of the inageable |ayer containing the color-formng
conposition is nore than about 0.2 mmfrom one external surface of the

sl i de bl ank.

| east

for their usng:]df glr |t 22@ g?gghé%ﬁhipﬁﬁg%&fz ﬁ%&lfagazji{%?&}%yﬁg@mggﬁy@gdtshe

af or enent i ondidddrium hekaflworoartimomake; Appl i cati ons Nos. PCT/ US95/ 04401 and
PCT/ US95/ YYYYY.. A preferred enpqdinent of .the invention will now be
“descri bed, though by wa@_sof ?‘?!"‘3?@?0518?’54‘% ﬂ?ﬁl‘gﬁf‘Pwtence to Figure

of the acconpanyi ng dr gw
a full color inmaging
the image therein is
hot rollers 12. The i n® T\10"%
‘plastic film Typically the support 14 wl
terephthalate film3 to 10 m|s (76 to 25
upper surface (i-n Figure 3). be treated W
wel | -known to those skilled inlthe preparation 25

oS,

ﬂ.

ise a polyebhylene
in thickness, and its

S t, such as are
OCGH

gi ng nedi a,

i mpr ove sdhegiiRnugirofohstedtfofn is ayailablé front afiadp Cliemi€ils,! K§otd

W?ahgtiai’s'
di sposed a first _acid-generating |layer 16 conprising: -55- 95/ 29067 (

a superaci d eauitizingr dyeasensitizes - the: Jupssaside rgreqyssaInyto- visible radiation at

10

15

approximately 450 nm); _

(c)  a secondary acid generator, which undergoes a superacid-
catalyzed thermal decomposition to form a secondary acid, this secondary acid
generator being of the formula: -
o

(d)  acosensitizer, preferably triphenylamine; and

. (© apolystyrenebinder.
On the opposed side of the acid-generating layer 16 from the support 14 is disposed
a first color-change layer 18 comprising:
(@ }aﬁnﬂinumpcbm,ofﬂnsﬁnnnﬂa:

.56

3

ghi ch shows a sghgmgyi c cross-section through
PN al ly designate® 10Y of the invention as

g passed between a pair of
S\a supporp#~formed froma

to

is

a)!

R 4



|odon|un1hexafluoroant|nDnate (b) an indicator sensitizin e of the
 formula: [ SVPPIBI6T (the unprotonated formis available frorr%?! 305128
Chemi cal s, Kyoto, Japan); this sensitizing dye sensitizes the superaC|d
precursor to visible radiation at approxinately 450 nm; (c) a secondary
aci d generator, which undergoes a superaci d- catalyzed thernmal .
deconposition to forma secondary acid, this secondary acid 10 gener at or
being of the fornula: [err] (d) a cosensitizer, preferably
tri phenyl am ne; and (e) a polystyrene\hkqder. Cn t he opposed side of the
aci d-generating layer 16 fromthe support |14 is dlsposed 15 a first
col or-change | ayer 18 conprising: (a) al|first image dye, of the fornul a:
- 56- [err] (available fromHlton Da"‘\\o.; 2235 Langdon Far m Road,
C ncinnati, Chio 45237 under the tradeni opi kem 37"), which changes
fromcolorless to yellowin the presenc8 gfZan acid; 5 (b)
copper(ll) acetate; (c) a reactive matgrial, nanely potassium acet at e;
and (d) a binder conprising Acryloid B- 2 (avallable from Rohm & Haas,
Phi | adel phi a, Pennsylvania 19104) and p & ); the pon(V|nyI
al cohol) acts as both a binder_and are agent for the fixing process.
10 The aci d- genera®y Qe
18 both contain a binder having |3
substantially above room

(available from Hilton Davis Co., 2235 Langdon Farm Road, Cincinnati, Ohio 45237
under the tradename “Copikem 37”), which changes from colorless to yellow in the |
presence of an acid; )
5 - (b)  copper(Tl) acetate;
(c)  areactive material, namely potassium acetate; and
. (d) a binder comprising Acryloid B-82 (available from Rohm &
th&.PhdmkMﬂn& Pennsylvania 19104) and poly(vinyl alcohol); ﬂm:pobwwnﬂ
~ alcohol) acts as both a binder and a reducing agent for the fixing process.
10 - The acid-genefat_ing layer 16 and the color-change layer 18 both
contain a binder having a glass uanﬁﬁom.unmpmanne_mﬂmﬁunkdbrabove1non1
Superposed on the first color-change layer 18 is an acid-impermeable
layer 20, which serves to prevent acid generated in the second acid-generating layer
15. 22 (sec below) during imaging penetrating to the first color-change layer 18. '
Superposed on the acid-impermeable layer 20 is a second acid-generating layer 22,
which contains the same superacid precursor, secondary acid generator and binder
as the first acid-generating layer 16. However, the second acid-generating layer 22

contains, in its protonated form, as an indicator sensitizing dye, 2,4,6-tris2,4- - .

20 dimethoxyphepyl)pyridine, which sensitizes the superacid precursor to visible/near
ultra-violet radiation of approximately 400 nm wavelength.
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tenperature. Superposed on the first color-change |ayer 18 is an

aci d-i npesg | ayer 20, which serves to prevent acid ge a .o th
second aﬁg-gggr?g ating layer 15 22 (see below) during i ﬁ%ﬁ’ﬁgg“m" :
penetrating to the first color-change | ayer 18. Superposed on the C
aci d-inperneable layer 20.is a second acid-generating |ayer 22, which
contains the sanme superacid precursor, secondary acid generator and bi nder
as the first acid-generating |ayer 16. However, the second acid-generating
| ayer 22 contains, in its protonated form as an indi.cator sensitizing dye,
2,4,6-tris(2,4- 20 Supeidsed valsdobnd bcidideferatibp fyeF 2P H 4 sd@hd cbfor-
superacid precursor to_visible/near ultra-violet radiation of approximtely
400 nm wavel efhgnge layery 24 whighpis ijentioa 10 3he dirploealar-ehange dayes,cexvept that the

aci d-generatinRg.. . ' I che | avier 24 which is
i dentical to ¢%§%?Zt‘gégk%?@@§%%%%é a%exgg&%ef?ﬁgi the Copi kem 37 is
repl aced by a second i mage dye, of ©hH _fornul a: C[E;HH 5 (avail able from
Hilton Davis Co. under the tra-denant"'"&opi kem SEr' , which changes from :
colorless to-magenta in the presenc The next |ayer of the
" imaging nediumis a second gefukjiApe 26, identical to the
| ayer 20. Superposed on the $ a third :
aci d-generating | ayer 28, W : )
secondary acid generator and™¥Wfnder as [ econd aci d-generating
| ayers 16 and 22 respectively. Ho , '
does not contain an indicator sen§ ng d@a, but instead contains a
conventi onal non-basic polycyclic|a mti c_densitize, nanely 1-vinyl pyre_n_el
whi ch sensitizes the superacid pretwsSor to WRt [ a-vi ol et radiation of
approxi mat el y 350 nm wavel engt h. Super posed on Yhe 15 third . ' -
?Séﬁi genprat | (BehilaBlCHrond Hiftor? DaVis €o: Oluiifer tHe lehaE "“Cpikidh %35, S which
changes from colorless to magenta in the presence of an acid.

The next layer of the imaging medium is a second acid-impermeable
interlayer 26, identical to the layer 20. Superposed on the acid-impermeable layer 26
is a third acid-generating layer 28, which contains the same superacid precursor,
10 secondary acid generator and binder as the first and second acid-generating layers 16
and 22 respectively. However, this third acid-generating layer 28 does not contain an
" indicator sensitizing dye, but instead contains a conventional non-basic polycyclic
aromatic sensitizer, namely 1-vinylpyrene, which sensitizes the superacid precursor
to ultra-violet radiation of approximately 350 nm wavelength. Superposed on the
15 third acid-generating layer 28 is a third color-change layer 30 which is identical to
the first color-change léyet, except that the Copikem 37 is replaced by a third image
dye, of the formula: : ' - | '

o




the first color-change | ayer, except that the Copi kem 37 is replaced by a
third i mageWens2906¥ the formula: [err] -58- WO 95/ 29067 ( PeaNIS9S051RRt ent
No. 4, 345,017) which changes fromcolorless to cyan in the presence of an
acid. Finally, the-imagi ng nmedium 10 conpri ses an abrasion-resistant
topcoat 32. The inmaging nedium 10 is exposed by witing on selected areas-
- of 5 the mediumw th three radiati on sources havi ng wavel engt hs of 450,

+ 400 and 350 nmrespectively. The three radiation sources nmay be applied

si mul t aneously or uentially; fqr exampl e, the nedium nmay be scanned in
a raster Fatterﬁegmi &m%q"y“ﬁg%)ﬁ@ M@E%&rﬁ"mr%ﬂlfe@ Py¥aneins thy )
Chree mmoks 1o Pailt B flid. Pl thy BB BEdfRe 20 EmBAGHEN oo felbil
~appropriate wavepesgy32s. The 450 nmradiation, which carries the yellow

channel of the desired i npge, images the first acid- 'ge'n,eratisr;gela er 16,
the 400 nmradiation, whi aheimagingmedium 9isfxposed by, writing ang cméarg@toﬁd

channel 1 Bagoothe S it Serkb Saciaor Bk o i waVilfitnd B A6 a0 IS
above with ref efinfespdctivélygUThs thkée Zaiation) sourcé nfag 6 applicd0sicAEnédusly6r

first and second acid-generating |layers 16 and 22 respectively are preésent
in protonated f$aauentially; for rexample,othes yradium  may pbe oscanred imga negsten spatteman

resent i n-pr ot SHERRY 1Y the £5G5e Biirhs BoRPiiteedlS of BErbpiadt Sydyelepets,
formed in the fér e nidiinaahisy be etpoied sefieatialROthreutdy threkSmadks to radiiGor’ from?

| at ent image i n -unbuffered superacid is also present in the third acid-

gener at i nd01 ay elamps, gevrrating madiatiom\of anpeonriate: wavelengths. s Tbie 1450t mnsradisgion,
does not bufferilg SRS B Jefibw Utafflr dr 45 QR b, nabl ' 800260
| generating layer 16, the 400 nm radiation, which carries the magenta channel,

images the second acid-generating layer 22 and the 350 nm radiation, which carries
the cyan channel, images the third aéid-generating layer 28. Thus, as described
15 above with reference to Figures 2A-2D, since the sensitizing dyes in the first and
| second acid-generating layers 16 and 22 respectively are present in protonated form
(i.., these two layers are, prior to imaging, as shown in Figure 2A, except that all the
sensitizing dye, not merely 75%, is present in protonated form), Iatent images in
unbuffered superacid are formed in the first and second acid-generating layers ‘16
20 and 22. A latent image in unbuffered superagid is also present in the third acid-
generating layer 28, since the vinylpyrene sensitizer used in this layer does not buffer

the superacid produced by decomposition of the superacid precursor.
The imaging medium 10 is passed between the heated rollers 12; the
heat applied by these rollers causes the unbisffered superacid present in the exposed
25 areas of the acid_-generéﬁﬂg layers 16, 22 and 28 to cause catalytic breakdown of the
o secondary acid generator therein, thus causing formation of a qﬁantity of secondary
acid substantially greater than the quantity of unbuffered superacid generated by the
imagewise exposures. The heat and preésure applied by the heated rollers 12 also
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The i magi ng nmedium 10 i s passed between the heated rollers 12; the heat
applied %5%5@, roll ers causes the unbuffered superacid present in the
exposed areas of the acid-generating layers 16, 22 BRHUSHAOSRS:ause
catal yti c breakdown of the secondary acid generator therein, thus causing
formation of a quantity of secondary acid substantially greater than the
quantity of unbuffered superacid generated by the inmagew se exposures. The
heat and pressure applied by the heated rollers 12 al so -59- WO 95/ 29067
rai se the acid-generating layers 16, 22 and 28 and the col or-change | ayers

18, 24 and 3Qaigbmeaacidigd erzﬂin@?l%iehr 6122t dnd 28! SHARKE é&luf.%tg%qﬁ&ﬁcfﬁ%%dt he

conponents present in €each acid-generating layer to In
conponent s pr3@sabave their glassaemsition temperatucss; thus vgasihg el comiwnents iphg@knt int he

three associated pairs of i d-generafing and 5  color-change |layers are

" devel oped" §ﬁ§’ ?ﬁq&'gﬁnﬁgmﬁgéﬁﬁ 'géﬁt“a‘B’B‘v %imcqmmmt imoits assogiatede. |, -
the copper cQpRe. o) shaor AT gmgg | recursor .and the -
base neutrali zeSQP%le@?%g%?flgf%a&gﬁg’er acl gegggésen . Wtoﬁgg@'mﬁ a&fleas,

t he secdndar golcichangeddyere drei ‘tdevé¢lopad”i ahddfixed: st deseribedysbove fWitiCieferbit@ 150! Of

change of the, ] e dye in the associated color-change |ayer, thereby
formng yell g.ﬁi’lg%d&wttge £OPPEr CORYPO ﬁe‘ﬁ%@&smmgémmd precumsodt 30.

In the non-e : LS. e 4 e dye renmins

uncol or ed. Tﬁg@ﬁ%iﬁ:é?r%g rreagﬁgél nter] %‘5%6&%5&96 fg@%sgn ﬁeéfare_as,

unbuf f er ed sﬂ;eeseeoﬁdirpaciﬂlpeodueeubwmmgﬁmh*aéﬁemtm@@gpmﬁ@rb? t
e firs

third acid-generating |ayers 22 and 28 respectively mgrating to t
and second cg?edmagﬁ 3@%&%@#@?‘%8@%@“@1%&@@ By magenty '

crosst glgk 15 f ' T | XL L f th conponent.s
pres enijl bi n egnc%c%ﬁqg%g%?% glg %s@%ﬁag%jgempﬁggﬂ%xwmﬁx*?ﬁbue
col or - changerémgins and the impgeodyeremairshmeplopsd) MPhedtid-AapEmhble L 5pzi ng
dye (in the Ia&iers_ usi ng. i ndicator sensitizing dye) present in the
non- exposed 348 Hevent the Jmbutiered supemeidger theasdcondaniyasid geerated dntthe ng
the viisibl e ghaRa Bhd Bfird'atic-pbdritng e 33'e6 A REHeliCh uifhefing 30 %he £V "9
and second color-change layers 18 and 24 respéctively, thus lpreventing crosstalk
15 among the three images. The mixing of the components present in each bilayer also
' causes the base present in each of the color-change layers to deprotonate the
protonated forms of the sensitizing dye (in the layers using indicator sensitizing dye)
present in the non-exposed areas of its associated acid-generating layer, thus
removing the visible absorption due to the protonated sensitizing dye, and reducmg
20  the Dpin of the images to a low level. -

The following Examples are now given, though by way of illustration
only, to show details of preferred reagents, conditions and techniques for use in the
process and medium of the present invention. '
Examples 1-3 : Nucleophile/Redox Catalvst Process

25  Examplel O |

o ‘This example uses high pressure liquid chromatographic (HPLC) .
analysis of extracted films to show that complete destruction of an jodonium salt
superacid precursor may be achieved, in both exposed and noxi-eXposed areas of an
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20 the [err] of the images to a |ow level. The follow ng Ex | es are
now gi ven, WO8%eM6by way of illustration only, to show detai Pgrgg9ﬁ9fé¥%rred
reagents, conditions and techniqués for use in the process and nmedi um of
the present invention. Exanples 1-3: 'Nucl eophil e/ Redox Catal yst Process 25
Exanple 1 This exanpl e uses high pressure |iquid chromatographic (HPLC)
anal ysis of extracted filnms to show that conplete destruction of an

i odoni um sal t superacid precursor may be achi eved, in both exposed and

non- exposed areas of an - WO 95/ 29067 um of, the pres
vent Lon. by SReEiEImRERB} L Jhe PRFSEHOnASTIDn bE el PRGN it e BiRseiet Bt ahe
absence of the Efeab&0€ t | d

Dmi n and Dmax arggé} ﬁi?%e ac% %%%gﬁfy%ﬁ?ﬁdc%@%rﬁc egﬂggabgggfga%se wer e

coated fromb5 mdest@gedmbmhmnmdm,gmar ate pieces of filmbase. The

reactive material  used in_the, col or- cha r was a tertjiary amne
which acts as both a baselNgrRFidrErnauatmy: %ﬁglm)ggfig e@(ﬂ%ﬁlu\” tqae%?mng

of the aci AG@E

and heat ed‘.)d the%?é%?/& gn&gx%%tﬁesggﬁa&ﬁ%éﬁ%lgﬁﬁ%ﬁ?ﬁge \ég{ege gené;ri?%attgl?arllg Pﬁyer and’
the col or - changeldraisige Iafer was a tertiary amine Tivhich antsas hothfd basgsandea eeducing
prepared as foll ows: FI uid A Acﬁﬁger aC| pre%rsor

((4- oct yl oxyphdggmty Jten PKPOSYEH AR generatiggdayer, thetyvogfilm bases

(2. 2-ci mot hyi - S RHIRE, solbot’tod Bt ey iiide % Rieiiclons in o acid

oxal ate, 4 g) @gﬂeﬁ layeﬁudqhbmdﬂch@euay(en’et hyI nmet hacryl ate), Elvacite
2021, supf)l i ed DuPont de Nenours, ,W/I m ngton, DI%HG g) were dissolved in.
as

Three coating fluids were prepared
Flmd A:

_ A superacld precursor ((4-octyloxyphenyl)phenyl iodonium hexa-
fluoroantimonate, 0.25 g), a sensitizer (1-vinylpyrene, 0.1 g), a secondary acid
generator (2,2-dimethyl-1-[4-methoxybenzyloxalyloxylprop-3-yl[4-methoxybenzyl}-
15 oxalate, 4 g) and a polymeric binder (poly(methyl methacrylate), Elvacite 2021,

supplied by DuPont de Nemours, Wilmington, DE, 6 g) were dissolved in

dichloromethane (114 g). Surfactant FC-431 (available from Minnesota Mining and

Manufacturing Corporation, St. Paul, MN, 1.86 mL of a 2% solution in methyl ethyl

~ ketone (MEK)) was added to the resulting solution. |
20 - Fluid B:
A magenta indicator dye (3,3-bis[1-butyl-2-methyl-1H-indol-3-yl}-1-

(3H)-isobenzofuranone, available under the tradename Copikem 20 from Hilton

" Davis Co., 6 g), a hindered amine base (Tinuvin 292, available from Ciba-Geigy

Additives Division, Seven Skyline Drive, Hawthome, NY 10532, 0.75 g), a

25 polymeric binder (the aforementioned Elvacite 2021, 7.5 g) and a surfactant (Aerosol
. 'TR-70, supplied by American Cyanamid Co., Wayne, NJ 07470, with pH adjusted to

6.4 using a 1M aqueous solution of sodium hydroxide, 1.02 g) were dissblved_in

dichloromethane (159 g, 120mL). .
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di chl oronet hane (114 g).

ﬁgf hlx\//ﬁ n%ﬁf’%”@é?

Fluid B: A magenta indicator dye

(3, 3-bis[1-butyl -

2-met hyl - 1H-i ndol - 3-yl ] - 1 (3H)-|sobenzofuranone
~avai |l abl e under the tradenane Copi kem 20 fromHilton Davis Co., 6 g), a

hi ndered am ne base (Tinuvin 292, available from G ba- CGei gy Addi ti ves
Di vi sion, Seven Skyline Drive, Hawtheorne, NY 10532, 0.75.g), a 25

pol ynmeric binder (the
70, suppli

(Aerosol TR

adjusted to 6.4 using Gofipdrdhjacetylacetohatei(b30 nfg),saldlthe‘simd

Surfactant FC-431 (avail able from M nnesota M ning )
g Corporation, St. Paul, M\, 1.86 nlL of a2%so|ut|on|n
one (MEK)) was added to the resul ting sol RG9S

enentioned Elvacite 2021, 7.5 g) and a surfactant
Anerican Cyanam d Co., Wayne, NJ 07470, with pH

1 4252, 58 0 ) AL ok 0l 5 w00 A

i ndi cator dygg
g) and surfa

(10.6 g5 8.0 nL). 5

coated onto a reflect

avail able from I Cl
to for m_Coat'
poly(ethylen erep
t hi ckness 1Qcoating!fad)go forttCoatirig AQ Flaids B and Crwer€separagly ddatdorito pieces

respectively. The resultant coatings were treated as described below in

Experi ment s 9€poly(ethylene mhma@(%&mmgpm% P mjcron) tlp@lme;s Wit h‘

Ph,gg bi nd 0.5
tgg%)%g%m'ﬁ?ﬁgg&?gl% ul ipdse vveréégl SSOl gggééln dr chi gpo(ranret Elane
wrl ment al procedure Fluid A was '

Imb t hi ck Mel fil
ne‘\F(h"B{allé wﬁﬁ%e |9ﬂt‘h@t¥9ﬂeﬁé§:= gﬁsrh}%( O#I nren);bsﬁwlgxnxgssf od,

i apdbie o I bG8 Thi Wiilgitn DB

no fixjgg r%‘ﬂ-ﬁg’ﬁ#@o&tﬂﬁmd,toform Coatings B and C, respectively.

The resultant coatmgs were treated as described below in

Expenments A-E

15

20

25

l B

followed ion and HPLC

A portion of Coating A, 125 cm” in area, was treated as follows:

() - Exposed to 40 mJ/cm’ ultraviolet irradiation using a nuArc
26-1K Mercury Exposure System (available from nuArc Company,
Inc., 6200 West Howard Street, Niles IL 60648: the output of this
device was measured using. an IL390A “Light Bug” radiometer,
available from International Light, Inc., 17 Graf Road, Newburyport,
MA 01950);

(i) Heated at 120°C for 30 seconds; and

(iii) Lammated to a 125 cm? plece of Coatmg B at 120°C, 60 psig
and 10 f/min.

- (iv)  The laminated structure from (jii) above was heated at 120°C

for 30 seconds; .
(v)  The laminated structure was next cut into small pieces, placed
in a brown glass bottle and extracted with diéhloromgthane (enough
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col or-chan e | ayer, followed by extraction and HPLC anal ysis.

A portion fhg A 125 [err] in area, was treated as fol F’G’\RBJSW?S)HS
Exposed to 40 [err] ultraviolet irradiation using a nuArc 26-1K Mercury
Exposure System (avail able from nuArc Conpany, Inc., 6200 West Howard
Street, Niles IL 60648. the output of this device was neasured using an
| L390A "Li ght Bug" radioneter, 20 avail able from
International Light, Inc., 17 G af Road, Newburyport, MA 01950); (ii)

Heat ed at 120[err] for 30 sec t 0.a 125 [er i ece
of Coating B at 120[err], %gq'ge’%{ﬁ%gfgwgﬁ%%aﬂoémtempmuﬁe ﬂe\ﬁi
The |aninated structure fwwlamawemawmmngtsmeo or®8d. The
seconds; (v) . The |l am nated structure was next cut |nto srral E eces,

placed in a brown gl ass bussidue wasdlisselved dn aeetopitrile {HP durimg)this
- 62- WO 95/ 29067 to cover th es_of f.i for hour

tenperature. The film basB/ &S nBS@H‘“aRW “%Q"%m EH‘ %BT%HE |s"8]$‘|)‘tl°n was
evapor at eds The resi due Wagefdidrolyied 043 xﬁi%asxpdlsﬁdshmemiéﬂﬁdgrade 3 m;
during this process the pol yner precipitated) and the resul tant sol ution

was 5 filtépd Fﬂm@mm@emm@um.(yb&mm:emmlmd nd
(vi) Filtered acetonitri tracts ( alyze HPLC,
using a Hew ett-Packard 1%@ F’E@ﬁ ﬁs'{‘?wﬁﬁ#rﬁ%ﬂﬁ %@QW t'éﬁ‘}ﬂ%e pippgd -
UV-vis detector, a Rainin Mpiwm Bdctor BEShRRP

Spheri sorb QDS2 col umm (lggﬁx 4.6 mm a 5 .%Cﬁ l%“rht?nc %

size), eluted as foll ows: Keystone Sclentxﬁc Sphensorb ODS2 column (150 x 46 mm, 5

10 | micron particle size), eluted as follows:
 Eluting solvents:
X.  An aqueous solution, 200mM in hexanesulfonic acid, sodium
salt, and 40 mM in tnethylamme, adjusted to pH 3.5 with phosphoric

acid;
15 Y.  1:1 acetonitrile/methanol.
| Elution gradient:
0 min 1:4X:Y
S min 1.8 XY
10min  100%Y
20 Flowrate: 1.2 mL/min

Detection ~ 254nm

Reference: 450 nm

Injection volume: 25 microliters.

Under these conditions, the retenuon time of the superacid precursor

25 (4-octyloxyphenyl)phenyl iodonium hexaﬂuoroannmonate was 5.2 minutes. The

integration of this peak was recorded. Calibration experiments showed that the area
under this peak was proportional to the concentration of (4-_octyloxyphenyl)phenyl
iodonium hexafluoroantimonate in acetonitrile solution. |
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El uting solvents: X An aqueous sol ution, 200mMin hexanesul fonic acid,
sodium s 40 mMMin triethyl am ne, adJ usted to pH 3.5 with phosphorl c
aci d; 15%695%97 Y. 1: 1 acetonitril e/ met hanol . EPGE/USASBTIAR ent :
O mn 1:4 XY. 5 mn 1: XY 10 min 100% Y 20

Fl ow r at e: 1.2 mb/m n Detection 254 nm Reference: 450 nmlInjection.

vol une: 25 mcroliters. Under these conditions, the retention tine of the '

superaci d precursor 25 (4- octyl oxyphenyl ) phenyl i odoni um
hexafluoroantrnnnate was 5. 2 nrnutes The |ntegrat|on of this peak was
recorded. Calyg %pe., e-.under
proportional TT

Experi nment B:HE& 8 'nd pr ocessing to gr ve [err] Wi t h copper(l 1)
acetyl acetonat e f| Xi ng c@mm\ 125 the) as lix?!ﬂﬁr d,

extraction and HPLC anal ysj sS. éoat | ﬁ’? A : ?{Zegﬁgfrd!g?ﬁwa treate a\sogl R t
Exper i nght A-ha;d’dercék&gn )3vas usedinstead o (Bl_ﬁfst@pﬁn) was used instead of
filmB in stej : Processrng )Sur e. to glve-
[err] with SXDOSHre 10 givs 08.528L8 :
extracti on aree

10

acetylacetonate fixing reagent in the color-change lam, followed by extraction and ‘
HPLC analysis.

Coating A (125 cm: ) was treated as in Expenment A above, omrttxng
step (i), and using film C (125 cm”) instead of film B in step (ii).

15  Experiment E: Extraction and HPLC analysis of the color-change laver without
€xXposure or process_lgg )

Coating A (125 cm’ ) was analyzed by the process of steps (v) and (vi)

in Experiment A above.
‘ The results from these expenments are shown in Table 3 below.
20 Table 3
Experiment A B c D E
Dinax Dmax Dimin Diin No
| noCu | +Cu ‘no Cu +Cu exposure

Area of HPLC peak at 5.2 | 2388 0 - 4839 0 4833
minutes retention time ' :

(arbitrary units) , _

Remaining jodonium salt | 49 - | 0 100 | o 100

These experiments clearly show that, in the presence of the copper(II)
ﬁxmg reagent, all the iodonium salt is destroyed the Dipin and Dpax areas under the
imaging conditions described above, whereas without the copper reagent, iodonium

salt remains in both Dpjy and Dy areas.
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Coating A (125 cnR) was treated as in Experinent A above, omitting step
(i): 10 288R90¢eént D Processing wthout exposure. to gi PET[USPSPSIARt h
copper (11) acetylacetonate fixing reagent in the color-change |ayer

foll owed by extraction and HPLC anal ysis. Coating A (125 cnR) was treated
as in Experinent A above, omtting step (i), and using filmC (125 [err]
instead offilmB in step (iii). 15 Experinment E: Extraction and HPLC
anal ysis of the col or-change | ayer w thout exposure or processing. Coating
A (125 [err] V\gé anal ézed by the process of steps (v) and (vi) in

Experinment A a results fromthese experinents are shown in Table 3

bel ow. 20 ' i that the IRb! | ino medi
a s c This Igxample sh_owlg that t ffﬁm @f ?g;ﬁﬁéﬁh&@ﬁ?ﬁﬁg&nﬁ ']nedlum
[err] - No cam BRI renderedulight-stabls belincorper@tion of eax popper aeaenn imbd thiPL6lopeak

at 5.2 2388 0 483 L .A833 mnutes retfentjon tine
(arbitray unitshangelayer Hgs P-@Béh?%%%aélap mmagy F°Werrﬁllﬁl’ and %g%f{)gnage contrast,
100 These gxper] ¢ *g{lﬁ%' '  Qf t. copper (11)
fixing reagent 1!115??5,{5%@1{'%2 ﬁxlsipnf)s t |salg§§?§t§yeg tﬁg&FaeI?r aﬁd [err]

areas under the imagi ng cBouhdispersiom$osere ipbepdredtas\followdier eas wi t hout the

copper reagent, iodonium salt rerfi ns in both [err] and [err] areas. -64-
WD -95/ 29067 Exanple 2 1spersion A _

A magenta indicator dye (3-[1-butyl-2-methylindol-3-yl]-3-[1-octyl- .
2-methylindol-3-yl]-1-(3H)-isobenzofuranone, available under the tradename |
10 Copikem 35, from Hilton Davis Co., 2 g), a hindered amine base (Tinuvin 292, 0.5
g), an acrylate polymeric binder (Elvacite 2043, supplied by Du Pont de Nemours,
Wilmington, DE, 2.5 g) and a surfactant (Aerosol TR-70 with pH as in Example 1,
0.34 g) were dissolved in dichloromethane (40 mL). De-ionized water (40 g) was
added, and the mixture was sonicated. The mixture became initially very viscous;
15 sonication was continued, with addition of additional water (ca. 8 mL), until a
marked reduction in viscosity was observed.  Finally, evaporation of
dichloromethane afforded Dispersion A (10.0% solid materials in water). |
'. Dispersion B ' |
. A primary amine base (2-aminoethylimidazolidone, 0.25 g), and the
20  same magenta indicator dye (1.0 g), , binder (125 g and surfactant (0.17 g) as in
Dispersion A were dissolved in dichloromethane (20 mL). De-ionized water (20 g)
was added, and the mixture was sonicated. The mixture became initially very
 viscous; sonication was continued, with addition of additional water (ca. 4 mL), until
" a marked reduction in viscosity was observed. Finally, evaporation of
25  dichloromethane afforded Dispersion B (10.2% solid materials in water).
Dispersi .
Copper(Tl) ethylacetoacetate (90 mg), and the same binder (1.5 g) and
surfactant (0.204 g) as in Dispersion A were dissolved in dichloromethane (25 mL).
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Thi s exanple shows that the [err] of a single-sheet inmaging nmediumcan be
render ed Ilght stabl e by incorporation of a copper reagent into the col or-
change | a 29067 5 al so shown that an initially |ower [ er BCT/E8s808128 her
| mage contrast, 5. may be obtained by use of a primary am ne rather than
a tertiary am ne. Four dispersions were prepared as follows: Dispersion.A A
~magenta indicator dye (3-[1-butyl-2-methylindol-3-yl]-3-[1-octyl - :
2- et hyl i ndol - 3-yl ] - 1- (3H) -i sobenzof uranone, avail abl e under the tradenane
10 Copi kem 35 fromH lton Davis Co., 2 g), a hindered am ne base

(Ti nuvin 292 rvl at ) I 4l bi.nder (Elvacite 2043,  supplied
by Du Pont dé Rb’%i‘ %W&% ‘%éy éﬁ% %&%GP‘PI&%@ A@P@B’GI
TR-70 Wi th plieddiné ifMRWrp visco&b IoniBMiciHAs Chrakd Al IRin

(40 mL). De-ionized water (40 g) was added, and the muxﬁlﬁl%ﬂ\ga%agom C ted
The mi xture [yissasity |\N$S|thely/ederyFmaHr,omer5tlon e lichloronrethme affotdedued,
w th-addi ti on.of add 8 until a nmarked reduction in
Vi scosity vva m%%?%ﬁéb%)r% “%@ S'ragFHon of dichl oromet hane afforded
Di spersison A (10.0% SO|D1§$&§§§ID al's in wat er). Dispersion B A primary am ne
base (2-am noet hyli m dazol'rdone;, 0.25 g), and the 20 sanme nmagent a -

i ndi cator dye (1.0 g), A pblyackylat¢ binder @'.lvamtb maswag)ta:(d)akﬁrtaamqm
Di spersion A re d soI v i n.dichloroneth De- i oni zed vvater
(20 g) was ad %drﬁ%é 3;& )sWﬁ'l'ec e%ﬂ%mm

initially verp. u o] f.
addi ti onal mlqéeiPh(&gg §/ate§ ?W?P a mar ke gﬂ%t Ion | n Vi scoH}O%
observed.  [Evapdratjon e{\'nhdulommeihmmfgaiémspembmbl(m Btesdlidnnatefihle lixdﬂ»dter o '
Di speril on B (10. 2% sol. d rraterl al ﬁter Di spersion C Copper (Il '

et hyl a & oacet ate (90 ﬂfﬂéﬁ Jasdt ° W%md sur f act ant
(0.204 g) as in D sperq.ihﬂaAA were dissolved in d| chl oronet hane (25 ni).
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A superacld prec_:ursor ((4-octyloxyphenyl)phenyl iodonium hexa-
fluoroantimonate, 50 mg), a sensitizer (1-vinylpyrene, 40 mg), a secondary acid
generator  (2,2-dimethyl-1-[4-benzyloxybenzyloxalyloxylprop-3-yl[4-benzyloxy-

15 benzyl]oxalate (200 mg), a pblystyrene bmder (average molecular weight 45,000,
avb.ilable from Aldrich Chemical Co., Milwaukee, WI, 400 mg) and a surfactant
(FC-431, (available from Minnesota Mining'and ‘Manufacturing Cdrporation, St.
Paul, MN, 10 mg of a 2% solution in MEK). were d_iss_oived, with warming, in
sufficient 2-butanone to bring the total weight of the solution t0 7.0 g,

20 - Fluid B | | B

Dispersion A (1.0 g) was combined with 2.0 g of dispersion D, 0.38 g
of 2 9.9% aqueous solution of poly(vinyl alcohol) (Vinol 540, available from Air
Products Corporatlon, Allentown, PA) and a surfactant (FC-120, available from
anesotaMlmng and Ma.nufactunng Corporatlon, St. Paul MN, 0.03 miL of a 10%
25 solution in 2-butanone).
Fluid B2
Dispersion A (1.0 g) was combined with 2.0 g of dlspersmn C, and
the same amounts of Vinol 540 and FC-120 as in Fluid B1.
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VO 95/ 29067 De-ionized water (24 g) was added, and the m xture was

soni cat ed. WR597ure becarme initially very viscous; sonicatPEHUSHYS128 -
continued until a marked reduction in viscosity was observed. - Finally,
“evaporation of dichloronethane afforded Dispersion C (8.05%solid materials
in water). 5 Di spersion D A polyacryl ate binder (El vacite-
2043, 45.0 g) and a surfactant (TR- 70, with pH as in Exanple 1, 3.0 g)
'wer e dissolved in dichloronmethane (307 g.). De-ionized water (280 g) was
added, and the m xture vvahﬁaﬁgeni zed. Evaporation of dichloronmethane gave
Di spersion D (13.8% solid als in water). 10 _ Fi ve
coating fluids were also pygRaies BAE1.0 @) WasSombindddwith 2.6 B REFTEGIeEsioH BS hd 0T
((4-octyl oxyphenyl ) phenyl iodonium hexa- fluoroantinonate, 50 ng), a
sensitizer (1- vithesamerasmoamtsiaf Yigpl 54 anddt(rd 30 ¢s indfluidBher at or

(2, 2-di net hyl - 1- [ 4- benzyl A yl oxal yl oxy] prop- 3-yl'[ 4- benzyl oxy - 15
benzyl ] oxal ate (200 ny), ﬁ%a-%%tyrene bi nder (average nol ecul ar wei ght
45,000, ava | able from Al gsissdisioh B 1GEIg) Was coMBiRAWRR 2.0'6. oftfihefdidn &) dnd
surfactant (FC- 431, (available from Mnnesota Mning and nuf act uri ng

Cor por ati.on, St thersamie amaduntsiaf Vigolo§40-andBC-d2Q a8 mFluidBMEK) were di ssol ved,

with warmng, in sufficieig 2-butangne to bring the total weight of the

solution to 7.0 g. 20 —E——W IO d Bl Dispersion A (1.0 g) was

combined with 2.0 g of di 9eag4 deatifly etdwd fotmed B RALAL ¥huid A Hirk-B
#n ﬁ§ %foductg 'thé' Batfl

pol y(vinyl al cohol) (Vinol 540, "availablé from Air F Cor porati on,

Al l entown, PA) anabout SOTC)amitareflettive Melinexbase lofi5nsil thicknebd witk adtSaolding rod.
and Manufacturing Corporation, St Paul, M, 0.03 nL of a 10% 25 sol ution-.
in 2-butardne). Fluid B2 Boypdifferent calorchange) layers wesespated) onite iseparate pieses

dispersion G apdat g 8 BofilR Fihids B1, Bo"83 and B4 ¥ing ?#&%Qatﬁasgrioﬁ. Fluid Bl
The resultant structures, A/B1, A/B2, A/B3 and A/B4 respectively,
had the estimated coverages (in micrograms/cm?) shown in Table 4:

| Table 4
Structure | am1 A/B2 A/B3 A/B4
Iodonium salt " 109 109 109 109
Secondaryacid | 44,0 40 | 440 44.0
' . generator :
Semsizer 8.8 88 8.8 8.8
| Image Dye 21.8 21.8 21.8 21.8
Primary Amine 0 0 55 55
‘Tertiary Amine 5.5 55 0o - 0
Copper salt 1 o 47 0 47
15 _ - Portions of these four structures were exposed to ultraviolef radiation

in the same way as in Example 1 but at an eiposure of 21 mJ./cmz,'wiﬂl'other'
portions remaining unexposed. The structures were then heated, first at 65°C for 20
seconds, and finally at 120°C for 30 seconds. Optical densities (green) were then
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- 66- WO 95/ 29067 Fluid B3 Dispersion B (1.0 g) was conbined with 2.0 g
of dispersion D and the sanme anounts of Vinol 540 and FC-120 as in Fluid
Bl. "Fl ui dV@45/29067 Dispersion B (1.0 g) was coRcTAisasngiesh 2.0 g
of dispersion C, and the sane amounts of Vinol 540 and FC-120 as in Fluid )
Bl. Experimental Procedure An acid-generating |ayer was formed by coating
Fluid A (pre-heated to about 50[err]) onto reflective Melinex base of 6 ml
thickness with a #5 coating rod. 10 : Four different

col or-change |ayers were coated-on to separate pieces-of this film by

t Fl ui ds_ B #8_coat d.. Th ltant

CUruct r e, APET0edh Do @ionsty s, Tporieiipaed) s veng. WL R cHl0
b

cover ages (lrpA/B @%ﬁ%ﬁa&ﬁ%ﬂ%&bbﬁﬁem@ %d%flf U%ﬁ"gn the

Al B1 . | odoni um's

10.9 mpmpnateﬁlteriataglsstbondary acid - 44.0 44.0

44. 0 44. 0 gener Se

8.8 8.8 | mage &R%'{' & 0fthé D Q%ﬂ“m“‘%ﬂmagedm@lwmthen

21.8 Prisvary mieii&l in slide momﬁs and e)gposed tdintense Tight irPthe gate o%ancgkégépg;

Tertiary Am ne
0 4 TH slide pro_;ectot)(avaxlable from Easxmas Kodak) equipped with aF3§)01W S@Evaﬁfa

o i Exanpt U et g BaRe fork O it G atmoting, Winchester, K1)
for 1 minute. The coated side of the film base Wwas arranged to face the projector
lamp. After this exposure, optlcal densities (green) were agam measured in Dy, and ‘
10 Dinax areas.
Results from these experiments are shown in Table 5 below, in which
~ “PA denotes the primary amme and “TA” denotes tertiary at_nine, and “exposure”
refers to exposure in the projector. -

Table §

Structure | AB1 AB2 | AB3 A/B4

NoCwTA | CwTA | NoCuwPA | cCupa
Dhnin before 0.11 0.36 0.11 012
exposure | | ' '
Dunafterexposure | 036 | 035 051 | 017
Dpin change during | 0.25 0.01 0.40 005
Dinax before 0.95 1.17 0.93 1.09
exposure |
Dinax after exposure 099 1.07° 0.97 1.03
Dinax change during 0.04 01 | 0.04 -0.06
‘exposure -

15 " In structures A/B1 and A/B3, in which the copper reagent was not

present, Dyin Tose substantially during light exposure. In structures A/B2 and A/B4,
in each of which the copper reagent was present, the rise in Dy, Was much reduced
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portions remai ni ng unexposed. The structures were then heated,. first at
65[err] forw@pseesdnds, and finally at 120[err] for 30 seconMﬂwsmmS
densities (green) were then -67-. WO 95/ 29067 recorded in [err]

(exposed) and [err] (non-exposed) areas using an X:Rite 310 phot ographic
densitometer, supplied by X-Rite Inc., Gandville, M, with the appropriate
filter (Status A). Portions of the [err] and [err] areas of the inmaged
structures were then 5 nount ed |n slide. hDunts and exposed to intense

light in the gate of ., an Ektagraphic |1 sIr e projector, (availaple from
East man Kodak) % E?dvvli"lﬁ‘%é‘mg'ﬁ i Avhich 2 8‘@§r\15?‘£ﬂf) the basic

" (available fro [[eTolg }Népl The
coat ed side of n%@e&fflpq%ﬁﬁse W/ﬁ'svp%r@%lge &fdggi’{“%ﬁe pr oJ ector Iarrp &ﬂ
this exposure, AMB2,dnwhichsiettiary ahineceas)usedr e agai n neasured in [err] and

10 [err] areas. Resultg fromthese experipents are hom&ﬂin Table 5
bel ow, in which "PA denot as Bet aHecle staptial on JARYCYeE Py Tpse

Strocture S AR in sfhélts WBTHRTAIBS, WinbikUPEaRs hilgent) B Sudtenly ip,

Cu/ TA No &icRites A/B2 Gind RAB4,ewhith edosporated the copper feagént. (The fall Gn 5,

0.11 0.12 exposure {qerr after ex_posure g 0. 35

0.51 0. 115 prebably dye, lﬂm Iy ofthe image dyg)itsslf in the presencgf the

0. 05 exposure [ 1.17 0.93

1 09 exposur e g&ellpegﬁxaﬂéxﬁcomponentsofthe ugaaﬁg system.) _
Example3

10 This example illustrates the use of a copper salt and potassmm acetate
base to produce a fixed image having excellent contrast. '
- Two coating fluids were prepared as follows:
FluidA
The same superacid precursor (20 mg) and secondary acid generator
15 (80 mg) as in Example 1, the same polystyrene binder (800 mg of a 20% solution in
2-butanone) as in Example 2, Fluid A, and a sensitizer (9,10-diphenylanthracene, 16
mg), were combined (heating to about 50°C was required).
The same Copikem 35 magenta indicator dye as in Example 2,
20  Dispersion A (10.0 g) was added to a solution of an acrylate polymeric binder
(Acrjloid B-82, supplied by Rohm & Haas Corporation, Philadelphia, PA 19104,
12.5 g) dissolved in ethyl acetate (77.5 g), and the resultant solution was added to
31.8 g of a 9.81 % aqueous solution of the same Vinol 540 poly(vinyl alcohol) as
used in Example 2, Fluids B1-B4, to which 73 g of water had been added. The
25 resultant mlxture was senicated, after which evaporation of ethyl acetate afforded the
 required dispersion (which was diluted with water to 17.0% solids by weight).
_ " To 0.5 g of this dlspersmn was added 50 mg of a 20% aqueous
solutxon of potassmm acetate, 200 mg of an aqueous solution which was 0.71% in
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[err] after exposure 0. 99 1.07 0. 97 1.03 [err]
change duri - 0. 0. 04 -0. 06 exposure 15

In struct® u?ég”%ﬁ'él and A'B3, in Whl ch the copper reagent wRSTAHIS/05128
present,[err] rose substantially during Iight exposure. In structures A/B2
and A/B4, in each of which the copper reagent was present, the rise in Dmn
was nuch reduced -68- WD 95/29067 or elimnated. In structure A/B4, in
which a primary amine was used as the basic conponent, initial [err] was
much | ower, and contrast was. higher than in structure A/B2, in which a

oL At Ao e L6 6205 O BEURE O SN Bk L

copper I eagenblutiotilof b eldfacthritqluebsl CO-630] aldbRSrodh BAPSrpirdifon, 196 CAlps

i ncor porated the copper reagent. (The fall in [err] is probably due to
phot ol ytic i RaadoMayre/NHP747D. i nage dye itself in the presence of the other

T examplo 11 ust r at ¢ ofebiBahaRuly Mss Brioarsd BY frsf soptine Fid oA cot-e
base to grodygged talans& sm%mvmc@oecmﬁei basnbf #5hil (19P 839% % lui ds

were prepared as foll ows A The sane superacid precurs and

secondary. acuﬂumeﬂbtafaﬁngﬁﬁ then(&ﬁungl?hﬂd;Bldn todhisudrizd layek,\Birfped'®3 coating
polystyrene binder, (800, ng of a 20% sol u |on in 2-butanone) as in Exanple

2, Fluid A 20 ah@émgz@? tpm waes @K it the: sxpesureS shopm mﬂablmérhdow
conbi ned (heg pm&.&&%&%&gh&p&g%&%ﬂm il Bkémble' I nd 3 Relted’ KoM

35 magenta indicator dye as |
density filter. After exposure, the medium was heated first at 45°C for 20 seconds, - ‘

10 then at 120°C for 1 minute, and the green optical densities were recorded using an
X-Rite 310 photographic densitometer, supplied by X-Rite Inc., Grandville, MI, with
the appropriate filter (Status A). | | |

Finally, the exposed and processed imaging medium was tested for
light stability by exposure to fluorescent lamp illumination (2000 ft candles) for the

15  periods of time shown in Table 6, following which the green optical densities were
again read. The results obtained are shown in Table 6 below, in which “OD” denotes

optical density.

Table 6 .
Exposure(ml/em®) | 505 | 278 [ 144 | 70 | 43 | 18 | o
Initial OD 194 | 197 | 1.84 | 1.83 | 1.81 | 033 | 0.08
OD after 40 min. 198 | 199 | 1.87 | 1.89 [ 1.80 | 0.65 | 0.09
fluorescent exposure , . - :
ODafter 16.5hour | 1.84 | 1.89 | 1.80 | 1.81 [ 1.76 | 0.87 | o.n1
fluorescent exposure ' '

From Table 6, it will be seen that, except for the step having density
20 intermediate between Dyin and Dex obtsined upon 1.8 mJ/em? irradiation, fixation
of the image was achieved. Since this medium was 'de'signed to be essentially binary,
the lack of stability of intermediate densities was not important,
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20 Di spersion A (10.0 g) was added to a solution of an acrylate '

pol ymeri c BVRA¥P6Acryl oi d B-82, supplied by Rohm & Haas Cor BSTASP¥pS128

Phi | adel phia, PA 19104, 12.5 g) dissolved in ethyl acetate (77.5 g), and
the resultant solution was added to 31.8 g of a 9.81 % aqueous sol ution of
the sane Vinol 540 poly(vinyl alcohol) as used in Exanple 2, Fluids Bl-B4;
to which 73 g of water had been added. The 25 resultant m xture was

soni cated, after which evaporation of ethyl acetate afforded the required
dlsper3|on (whi : r t017 0% solids by weight). To 0.5

g of this di speXAmResg N a5 aqueous sol ution of potassium
acetate, 200 noEyain 4aqueous sol ution which was 0.7 1%in - 69- VO
95/ 29067 copperf('l'l")lﬂﬁa'c'et ate and 0.62% i n poly(vinyl alcohol) (Vinol 540),

and 10 ng of a 5% sol uti o’FhimExamplcriﬂammstthéugpemeﬁﬁm of momiovalbhtemétalsm
GAF Cor oratlon 361 Al ps Ro NJ.Q747 | magi ng _nmedi um was
prepar eg by fird 5%‘%?15@%% le@hﬁeppfg)gf%tgnt{lsp@gm}% ¥HHERr 1) on . to
reflectives Melinex base qf aﬂm? 4{@,9&8!??@?}%1 ds'foiéwess using a #4 coating
rod, thenejcoatl ng Fluid B on 'S ayer, using a #3 coating rod.
This i magi ng medi um was Bipigskd, at the exposures shown in Table 6 bel ow,
to ultraviolet radiation using the sane ap r at le 1 and a
neutral density f| I ter M gpereKt, é’Eﬁcé“”Fh(Z r‘Iﬁ;ﬁW%E%yﬁ‘@PW dexa-
45[err] for 20 gg%ze {@}l e en
opti cal den5|t|es Wer e recbr&ehﬁz’m ng an gt Sa%lﬂﬁtmc%fg%eﬁﬁ%naé} add &

densitoneter, seguudand beidX-génemtdrnc(l-[4<benayloxybenzyRkalyluxy]1ihethylpropepyl-at e
filter (St atus A). Finall y, the exgosed gnd processed, | magi ng nedi um was . -

tested fol0| i gHf-benzyioxybenzyl mﬁmmqga%m fleseribed in

(2000 ft candl gy I
whi ch the green op?lg{cen* ﬁ@e%%sfggev%g?gﬁﬁgal n rezsio@jb e res&%meoﬁg?&%% are
shown in Tabl e (gvérsgeovmoleculahi wbightO45,000)0taeailable from Aldrich Chemical Co.,

Milwaukee, WL, 4 g of a 20% w/w solution in 2-butanone).
_F.I.H.M.O;B_S
15 ~ _ A dispersion of Coplkem 35 magenta mdlcator dye was prepared as
| descnbed in Example 3 above. The final dispersion was 15.08% solids by weight.
Portions of this dlspersmn 0S5 g were combmed with 0.11 gof 1M
solutions of the following acetate salts to make coating fluids BO-BS:
_ Fluid BO No acetate salt solution was added (control)
20 | Flid Bl  Ammonium acetate
Fluid B2  Lithium acetate
FluidB3 ~ Sodium acetate
Fluid B4 Potassium acetate
Fluid BS  Cesium acetate. _ _
25 : An acid-generating layer was formed by coating Fluid A (pre-heated
~_to about 50 °C) on to reflective Melinex base of 5 mil thickness with a #4 coating

rod.
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optical density. Table 6 Exposure [err] 50.5 27.8 14.4 7.0 43

i al OD 1.94 1.97 1.84 1.83 1.81 0.33
008 wa‘%”f’g?’k%; 1.98 1.99 1.87 1.89 1.80 @CAESISPS13®

- fluorescent exposure 0D after 16.5 hour 1.84 1.89 1.80 1.81 1.76
0. 87 0.11 fluorescent exposure From Table 6, it will be seen that, except
for the step having density 20 - internediate between [err] and [err]
obtained upon 1.8 mJ/cnR irradiation, fixation of the image was achi eved.
Since this nmediumwas designed to be essentially binary, the |ack of

tabilit f t d t WO 95/ 29067
SEx:rr;:)l esy405 ! gl ﬁ]grg 'l\lﬁécf?gg%ﬁﬁ to Eﬁoces%en%g %5@#%9 gn é?%ﬁ?ﬁfaee PR at es

the use of ackd fim bedring the avidigermeirating layeﬂby muﬁgmms 'BEB3) uSingna Whe
si mpl e nucl eophile ﬁrocess of the present invention. 5

Coat i ng fl ui #924R&™dpr epared as fol | ows: Fl uid A A superam d precursor

((4-octyl oxyphenyl ) phe lﬂﬂagﬁg e&%, ‘yﬁ) « v
sensitizer (9;10-di phe% an?ﬂr acene %n g&g a secon d A/BS

generat & ( 1wefe bvhagparatelyetieuyddasfollowsy] - 1- met hyl pr op- 3- yI 10
[ 4- benzyl oxybenzyl]oxal ate (‘B@; pared in a panner anal ogous to that-
described in U.S. Paterl m umem%ptﬁgytm di ssolved in a

B 8 2l LR B B S S o "

2- but anone) . 3. Each of the six pieces was heated for a different length oftlme
| (between 10 and 60 seconds) at 120 °C. - q
10 4. Each of the six pieces was exposed to a single strobe flash |

from a Polatronic photographic ﬂash unit (model 2350) from which
the ultraviolet filter had been removed The casing of the lamp was
'placedm contact with the film, such that the distance between the
flash lamp and the film was appro:kimately 3.2cm.
15 5. Optical densities (green) were recorded using an X-Rite 310
' photographic densnometer supphed by X-Rite, Inc., Grandville, MI,
with Status A filter |

In a separate expenment, imaging media A/B0-A/B5 were prepared
as described above and half of each medium was exposed to 25mJ/cm of ultra-

20 violet irradiation using the same type of mercury exposure system as in Example 1
| above. The other half of the medium was not exposed. Thefeaﬁer, the media were
heated at 45°C for 20 seconds, then at 120°C for 30 seconds. Finally, the maximum
and minimum gréen optical densities were. measured in the same way as in Example
2 above. _ o "
25 | - The results from these experiments are shown in Table 7 below. |
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Fl ui ds BO-B5 15
dye was prewandsddn® descri bed i n Exanpl e 3 above.

15. 08% sol i ds by wei ght.

A di spersion of Copi kem 35 magenta indicator

PCIUSISDE1A8 Wa's

The fi nal

Portions of this dispersion (0.5 g) were conbi ned

with 0.11 g of 1 Msolutions of the follow ng acetate salts to nake coating

fluids BO-B5: Fluid BO

Fluid

~ acetate Fluid B4

r od.
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Bl

S

pi eces of the

. BO- B5,

using a

called "A BO'
The nedi um was

at 45

di fferent

4.

[err] fo
| eng
Each of

Pol at roni ¢ pho
filter had bee

10

No acetate salt solution was added (control) 20-
Li t hi um acetate Fluid B3

Amoni um acetate Fluid B2
Pot assi um acetate Fluid B5
- An aci d-generating |layer was fornmed by c

Cesi um acet at e.

25

Sodi um

_ o_ﬁqting,FluidA(pre-heatedto about
50 C) on to reflective Melinex base of 5 Blethhi ckness with a #4 coati ng
xX—drfferen Torpr-GiTange tayers Were coated om0 SEparate
Primafter heating and Sashiexposure,; | ng |ayer by coating Fluids
TiméREt | NICoRfrel THENEEAW tANLIOARY NINaBdAica, | hRIGASAT|t eCsOAc
age¢y BS"| 5 wey e each separatelyj treated jas follovys: 1.
(:sgé‘)_i ntof si X pi eces. 2. Each of [the six fieces way heated
~o—secortds—3- Fectr—of t:I.C.D;/\ p; eces—was—heatetor—a
h ol0ting (88Bweep 10.98nd 60 HRonds) &8 12q [0A]. 10 0.9
ME SLX Pl ECERHANAS| EX €d [ o Tngl € obg T11 Tr[om
oqrzé)hi C flim unj t 3%édel 23@8? friom @Qﬁi ch theaéﬁtravi o@@%
1 regipved) Thgpcas) ngogh the | gmp was ¢.61 011 | 012
40 1.01 0.85 0.63 - 0.56 0.13 0.09
50 0.99 1.35 0.67 0.57 0.11 0.08
60 0.96 0.88 0.76 0.56 0.08 0.08
Dhia after heating for 30 seconds at 120°C
028 | 015 0.11 0.09 0.08 0.08
Change m Dnuin ¢ (heating 60 seconds + flash) - (heating for 30 seconds alone)
0.68 0.73 0.65 0.47 0 0
Dusx after heating for 30 seconds at 120°C '
225 - 235 1.56 1.71 1.72 220

Example 5

From Table 7, it will seen that potassium and cesium acetates gave
Dmin values which did not rise as a result of flash exposure after fixing (i.e., these
fixing reagents fully fixed the images). In each case, fixing was achieved with 30-60
seconds heating at 120°C, and high contrast imaging was provided.

This Example illustrates the use of cesium salts as fixing reagents in
the simple nucleophile process of the present invention. '

Coating fluids were prepared as follows:

Fluid A

A superacid precursor ((4-(2-hydroxytetradecan-1-yloxy)phenyl)-
phenyl iodoniurh hexafluoroantimonate, 50 mg), and the same sensitizer (50 mg) and
secondary acid generator (150 mg) as used in Example 4 above were dissolved in a
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pl aced in contact with the film such that the di st ance between the flash
lanp and the filmwas approximately 3.2 cm 15 5.

Optical WMe290€%s (green) were recorded using an X-Rite 31ﬁcnhs§smnmh| C
densitonmeter, supplied by X-Rite, Inc., Gandville, M, with Status A
filter. In a separate experinent, i magi ng nedi a A/ BO- A/ B5 were prepared. as
descri bed above and half of each nedi um was exposed to [err] of ultra- 20
violet irradiation using the same type of mercury exposure system as in
Exanmpl e 1 above. The other half of the nmediumwas not exposed. Thereafter,
t he nedi a were heated at 45[err] for 20 seconds, then at 120[err] for 30
seconds. Fi nsolution efthe same polystyrenerasused iy Examplsdi (Sgiof 820% wi/wssolution in

measured in Erhn gﬂg way as in Exanple 2 above. 25 The
results fromthese €xperinents are shown in Table 7 bel ow. -72- W -
95/ 29067 Table 7 [err] FalidgeB0BRti ng and fl ash exposure Tinme at Cont r ol
[err] ‘Li OAC NaOAc KOAC CsOAc 120[err] (sec.) 10 . 0.93

0. 96 @hg same Copikem735 magentagignage dye (10 g)1adescribed Gn 97
S I8 s ek 2 e e lhor20 s ohyos ot et
8 (133 0 Op&gm‘émmd Ain 1@2 %%f ethyl aEeﬁft and the &s@&m soluuoﬂwéz added tog

[efr] after srlutiomef thgrsaxae Mcﬁmmwmb@cohol) as used in Exatnple 2 (84.08 g of
a 6.6% solution in water). Water (155.92 g) was added, and the resultant mixture
. was sonicated. Evaporation of ethyl acetate yielded the required aqueous dispersion '
10 of the dye and polymer (237 g, 14.4% solids by weight). _ :
Portions of this dispersion (0.5 g) were combined with 0.1 g of I M
solutions of "the_following cesium salts (except for fluid B3, in which 0.5 g of the
- dispersion was combined with 0.4 g of a 0.25 M-selution of cesium Benzoate) to
make coating fluids B0-B7: | |
15 FluidBO  No cesium salt solution was added (control)
FluidBl  Cesiumhydroxide
FluidB2  Cesium acetate
FluidB3  Cesium benzoate
Fluid B4 Cesium phenoxide
20  FluidBS  Cesium fluoride
|  FidB6  Cesium chloride
'FluidB7  Cesiumiodide. | |
An acid-generating layer was formed by coating Fluid A (pre-heated
to about 50 °C) on to reflective Melinex base of 5 mil thickness with a #8 coating
25 rod. ) |
'  Eight different color-change layérs were coated on to separate pieces
 of the film bearing the acid-generating layer by coating Fluids BO—E7, using a #8
coating rod, except for Fluid B3, which was coated with a #12 rod. |
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0. 28 0. 15 0.11 0. 09 0. 08 0.08 Change in [err]:

(heating 60WOSSBM$S + f|ash) - (heating for 30 seconds al one)PQI/ER9S05128
0, 73 0. 65 0. 47 0 O [err] after heating for 30
seconds at 120[err] 2.25 2.35 1.56 171 0 172

2.20 FromTable 7, it will seen that potassium and cesium acetates gave
" [err] values which did not rise as a result of flash exposure after fixing
~(i.e., these fixing reagents fully fixed the inmages). In each case, fixing

was achi eved with 30-60 5 seconds heat i t 120lerr al J, gh . .
contrast inmging was -prov%ﬁ&s@ﬂﬁw@%ﬂﬁ@%ﬁéﬂ%ﬁ*ﬂt %@sq‘? hé/Ble
of cesium sal t Syas g&ﬁwtg?gﬁakaagyondﬁ;si npl e nucl eophil e process of the
present invention. Coati'ng fluids were prepared as follows: 10

Fluid A A superacid preculsor Halfqfzatlytediun was axpasad tol 25mbemf of altsayiolet
phenyl i odoni um hexaf | uor pangi nonat.e. .50 w.and.the sane sensitizer (50
my) and secondary acid gem‘éﬂw H%tﬁﬁg)sggé tyRe. OF mMPTRUry £POSUFe System Géﬁ%
di ssolved kn a -73-  VOpQanhgf0fabove! The thephalf BEthe anEIiRA! 6k EfiSbsed used
in Exanple 4 (59 of a 20% w w sol ution in 2-butanone). Fl uids BO-B7 The

same Copi kem 35 magent a i Bage dhe mediug) was dutsintobsevennstiips, eéchaibpling 2an

above was added to a sol ution f??‘?o g?of t he sane pol ystyrene as used to
prepare Fluid Ain 112 g Sﬁ‘p‘b’ﬁ% an ERexpase ?he resultant solution was

Bampl e 2 (84, 08 g of a 67636 Sqih e 3eraig WhdHemedl f 80 CCoF 30 dxfan "
added, and the resultant # xtuEach of the seven strips was heated for a different length of
0 time (between 15 and 120 seconds) at 120 °C. |
| 5.  Optical densities (green) were recorded in exposed and

unexposéd portions in the same manner as in Example 2 above.

6. The strips were exposed to fluorescent lights (2000 ft.

candles) for 20 minutes. _
15 7. Optical densities (green) were agam recorded in exposed and

unexposed portions in the same manner as before.
The results obtained are shown in Table 8 below:

o Table 8

Timeat120°C(sec.) | 15 | 30 | 45 | 60 | 75 | 90 | 120
Control (no cesium salt)

| Dyyip before flood 048 | 048 | 047 | 044 | 047 | 049 | 046
| Dinip after flood 0.80 | 081 | 076 | 077 | 0.87 | 0.88 | 0.83
Difference -1 032 ] 033 | 029 | 033 | 040 | 039 | 0.37
| Dmacbeforeflood | 1.81 | 2.02 | 198 | 182 | 19 | 1.96 | 1.85
| Dunax after flood | 182} 2.00 | 194 | 1.84 | 189 | 1.94 | 1.86
Difference 001 | 002 ] -0.04 | 002 | -0.01 [ -0.02 | 0.01
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was sonicated. Evaporation of ethyl acetate yielded the required aqueous
di spersign_10: of the dye and polyner (237 g, 14.4% solids by weight).
Port i ons "9 V#0067 g spersion (0.5 g) were conbi ned with 0.1PgT&SIsI0S2S ]
solutions of the follow ng cesiumsalts (except for fluid B3, in which 0.5
g of the dispersion was conbined with 0.4 g of a 0.25 M solution of cesium

benzoate) to nake coating fluids BO-B7: 15 : - Fluid BO No
cesiumsalt solution was added (control) Fluid Bl Cesi um hydr oxi de Fl uid
‘B2 Cesium acetate Fluid B3 Cesi um benzoate Fluid Cesi um
phenoxi de 2@~ Fptd et —ae—tiui-d sium
chiori de FI (lim e oaPdel AR -abi-&2geheld ing TSy | by
coating Fl ui_&%ﬁm&d to abhont 50 [errl) opn fo reflective Meliney
base of 5 mi|Dunhieforedloodni t i £.18 |[cdb88 nb @67 | 0.62. | E0.GHt | dOjOBe] e0i07
col or - chang¢ Dygyeftes floed e _cogt dddbon| 1044 epa0.24 €] po.ege$ 0fot heglogT M b 1|ng
t he aci d- ge Pifference layer by @agf 1|n®.36 Yj &% 17P0} B5.07UF! 0832 #tsocom'i'ﬁg—r od,
except for FRIT G BeqduacT oq.60 977 Y "2 R0 159 L,s‘!?AC G571 %C( 67
PCT/ US95/ 05 ] e Y fdt-ﬁ}'ath sg*f er ! —p §o -
"N BT wer e |-2me L&Q@_ad_é« tloth- Bl b f |ol.6da¢h148diium
was exposed Difference ~np of 11| 1001 \ji .81 1 303 ht-088 [isidg {h@.03a 01(%3} of
mercury- exppsure systemas in 5 - Exanpl e 1 above. The offher
hal f of the| Cesiumiasststenot exposed. . ' _ -
| Dimin before flood 010 | 0.07 | 007 | 007 | 007 | 007 | 007 | '
Dyin after flood 050 | 046 | 039 | 027 | 0.20 | 0.16 | 0.10
'| Difference 040 | 0394 032 | 020 | 0.13 0.09 | 003 | ‘
| Diax before flood 1.45 1.55 1.53 | 148 1.47 1.46 1.42
D after flood 1.49 1.59 1.60 | 1.58 1.59 1.51 1.43
Difference 004 | 004 | 0.07 | 0.10 | 0.12 | 0.05 | 0.01
- | Cesium benzoate ' _ ' -
| Dmin before flood 0.10 | 007 | 007 | 007 | 007 | 0.07 | 0.07
Dmin after flood 057 | 025 | 0.19. | 0.17 | 0.13 0.10 | 0.11
Difference 047 | 0.18 | 0.12 | 0.10 | 006 | 0.03 | 0.04
| Dax before flood | 1.70 1.66 1.77 | 1.55 1.50 146 | 1.29
Dmay after flood _1.69 | 1.70 1.81 | 1.58 1.53 1.44 1.33
Difference 1 -001 ] 004 | 004 | 003 | 0.03 | -0.02 | 0.04
Cesium phenoxide B
| Dmin before flood 013 | 0.07 | 007 | 0.07 | 0.07 | 007 | 0.07
| Dmip after flood 0.56 | 027 | 0.21 0.10 | 0.08 | 0.08 | 0.08
Difference - . 043 | 020 | 0.14 | 0.03 | 0.01 0.01 0.01
hbefqre ﬂood -~ 1.54 '1.46- 1.64 | 1.56 139 | '1.40 1.36
| Dy after flood: 152 | 140 1.61 162 | 141 | 1.37 1.38
Difference -0.02 | -0.06 | -0.03 | 006 | 0.02 | -0.03 | 0.02
Cesium fluoride o : _ -
| Dyin before flood 021 | 0.07 | 007 | 007 | 007 | 007 | 007 |
| Dmin after flood 0.66 | 0.51 039 | 029 | 020 | 0.13 | 0.09
Diﬁ'erence 045 | 044 | 032 | 022 | 0.13 | 0.06 | 0.02
. { Dmax before flood 150 | 1.72 | 158 | 1.60 | 1.61 1.46 1.45
| Dinax after flood 1.40 1.69 | 1.61 1.56 | 1.58 | 1.37 1.44
Difference . | -0.10 | -0.03 | 0.03 | -0.04 | -0.03 -] -0.09 | -0.01
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2 The mediumwas cut into seven stri ps, each having an ex!posed and an

unexposed pWOISEH673, Each of the:seven strips was heated

for 30 seconds.
| ength of 10

STESPRI2B |
4. Each of the seven strips was heated for a different
time (between 15 and 120 seconds) at 120[err].

5. Opti-cal densities (green) were recorded in exposed and unexposed
portions in the sane manner.as in Exanple 2 above.. 6. The stri ps wer e
exposed to fluorescent Ilghtsl__(ZOOO ft candl es) f_or 20 m nut es.

7. Opt i cal
unexposed port i
shown in Table

e

LB b 32._nL4_59.a

Tlma at 1?(’)rprr (sec ) 15

!m,mbefdra(ﬂoﬁdntrcl 040 {cd4inh B3 t) 0.29r] B9 ol eOiZBo )d023

0.48 0.48 0D aftePfi6dd 0. 47 0.7%0-|49.68 O 4663 e} rd.55f | 0.45 | pool48 | 00.30

60 75
0.81 0.76
0. 29 0. 33
1.82 1.9
1.89 1.94

- -0.02 0.01 -

PCT/ US95/ 05128

e 87 0950310 [59.28 T Q. 261CF 0.26 | 0.269] %¢:25 V. 097
Stedibod 0. 1 I3 1 1B 164 0P 55 [ SF [ £5921 133

e 83 Flond - | 154 | 1ph] 165 Lol52 ol 5,58 L b38 | s,

y DifferencgD 95/ 29047 0.01 0 0.01 003 | 003 | -0.04 | 0.20

Tinme at 120[err] (sec.) 15 30 45. 60 75

90 120 Cesi {ipebitms fodide [err] before flood 0.19 0. 08 0. 07 0. 07
0. 07 0. 08 “ﬁn?n Betore flogdr € || 1040 0.32 P 037 F0230] &19 P-d32 [Co38

008 0.07

Dinin after flood T 066 | 051 | 049 | 030 | 021 | 022 | 022
Difference 024 | 0.19 | 0.12 | 0.07 | 0.02 0 | -0.03
Danax before flood 1.74 | 1.93 | 192 | 1.89 | 1.85 | 1.92 | 1.89
Dinex after flood 1.76 | 191 | 192 | 191 | 1.87 | 1.90 | 1.96
Difference 002 | 002 | 0 | 002 ] 002 | 002 | 0.07

From the data in Table 8, it will be seen that fixation was achieved
with all nucleophlles except cesium chloride. Using cesium iodide, fixation was
achieved with a Dpin of about 0.22, whereas with the other nucleophlles, the fixed

| Dmm was about 0.07. Cesium iodide was therefore successful in fixing _the'

intermediate level of density. The rate of fixation was in the order:
CsOBz ~ CsOPh ~ CsOH > CsF > CsOAc > Csl >>> CsCl.

| Examples 6-7 : Reduction Pr(u:eés

10

15

Example 6
.' “This Example illustrates a reduction process of the presént invention
in which a reducing agent precursor (a hydroquinone in its protonated form) is
coated in the acid-generating layer and a reagent (in this case an amine) capable of
converting this precursor to the reducmg reactive material is coated in the color-
forming layer, and is mixed by dlﬂ"usxon into the acld-generanng layer during the
heating step following exposure of the imaging medium.

_ A stock solution was prepared by dissolving the same superacid
precursor as in Example 5 (50 mg), a sensitizer (2,4,6-tris(2,4-dimethoxyphenyl)-
pyridinium hexafluoroantimonate, 50 mg) and the same secondary acid generator as
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Difference 0. 44 0.36 0.17 0. 07 0.03 0 0 [err]
before flvﬁgg /2306?2 1.79 1.70 1.60 1.59 158 1.37 [err] after
fl ood 083 .78 1.73 1.58 1.59 1.61 1. 40 D PCAFUSN5/65128
-0.01 -0.01 0. 03 -0.02 O 0. 03 0.03 Cesium acetate [err] before
fl ood 0.10 0. 07 0. 07 0. 07 0. 07 0. 07 0.07 [err] after flood

0.50 0.46 0.39 0.27 0.20 0.16 0.10 Difference 0. 40
0.39 0.32 0.20 0.13 0.09 0.03 [err] before flood 1.45 1.55
1.53 1.48 1. 47 1.46 . 1.42 [err] after flood 1.49 1.59 1. 60
1.58 1.59 0,0

0.12 0.05 "% %P&*%‘%ﬁé%??ﬁa@“ﬁ?‘é”ﬁmwwgf 8? S%EPOE"%“E'GS“‘B“MQ 580. 07
0.07 0.07 of@ 0% w/w soltibalin D-taltdronhe). Ioadm fhEdDA-Fwhre d

0.13 0.10 31 D](;Ierence 47 2008 8 reprepaldd by adgiig’ /
0.03 0.04 [f%rﬁ iguats pfjthe stork 301‘?31‘8‘6 the Folewing] qadntitied GFOvaridus46
1

29 [err] af 1.69 1.70 1.81 1.58  1.53 1.44 1.33
Di fference hS'&lroq{ﬂnB_ﬁ%.Ol 0.04 '0.04 -0.03- 0.03 -0.02 0. 04 Cesium

phenoxi de [err] befor e.FHnd(Ki 0N6add1ﬁoﬁ)(contr61 07 0.07- 0.07 007
0.07 [err] after flood 0.56 0,27 21 010 0.08 -0.08 0. 08
Di fference 0. £luid By, 20 Mmgqofcatpcbol(l MXdrOXﬂJMene)O 01 [err]

R
-0.02 -0.06 -0.03 Q?lﬁaD 0. 0237m(§(be3)u lﬁ‘g mfluorlde [err]
before fl ood 0.21 0.0 0. 07 tylﬁy(ﬂ'aq 0.07 [err] after

flood  0.66. 0.51 . ..Q'z 0. wm@fwm-obmymydﬁmm*eerence ‘
1.50

0. 45 .44 0.32 0. 0. 13 0 rr fore fl ood
1.72 '11.%58 1. 60 ﬁ‘ﬁdl’l% g‘%m ﬁl&ldm

In these coatmg fluids, the xnolar ratio of superacid precursor to ﬁxmg agent was
approximately 1:2. ' : |
Coating fluids A-F were coated onto 4 mil Melinex with a #6 coaﬁ'og
rod. The resultant films were overcoated with using a #8 coating rod with a_
15 dispersion prepared as follows. The same Copikem 35 magenta image dye as in
Example 2 (5 g) and an amine base (1-(3-aminoprop-1-yl)imidazole, 0.55 g) were
added to a solution of the same polystyrene binder as in the aforementioned stock
solution(lS g in 80 g of ethyl acetate), and the resultant solution was added to a
solution of the same Vinol 540 poly(vinyl alcohol) as used in Example 2.(57.2 gofa
20 7% solution in water). Water (110 g) was added, and the resultant mixture was
sonicated. Evaporatlon of ethyl acetate aﬂ'orded the required aqueous dlspersmn
(154.0 g, 14.5% solids by welght) _ :
_ 'I'helmagmgmedlasoproducedwereexposedthroughastepwedge-
to ultravmlet radiation in the same manner as in Example 4. Aﬁer exposure, the
25 media were heated at 60°C for 20 seconds, then at 120°C for 30 seconds. Optical
densities (green) were recorded for each exposure level in the same manner as in
Example 4 then the media were exposed to ﬂuorescent lights (2000 ft. candles) for
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[ferr] after flood 1.40 1.69 1.61 1.56 158 1. 37 144
Differencewo09529067 -0.10 -0.03 0.03 -0.04 -0.03 -009 PCDUS95/05328
WO 95/ 29067 Time at 120[err] (sec.) 15 30 . 45 60 75 90
120 Cesiumchloride [err] before flood 0.42 0.40 0.39 0.29 0.19
0.23 0.23 [err] after flood 0.73 0.68 0.65 0.55 0.45 0.48 -
0.50 Difference 0.31 0.28 0.26 0.26 0.26 0.25 0.27
[err] before flood 1.53 1.68 1.64 1.55 151 1.52 1.33 [err]
after flood 1.54 1.68 1.65 1..52 1.54 éq8 1.53 D|fference
0.01 0 1§ winutes, gndythe optical lensities ware againggcarded inthe seme manger; Table
before fl ood 7 0.19 0. 22 0.25 [err] after
Fplay sy fhe restied ppusisie”, - !

fl ood 0. 66 0.22 0.22 Difference

0.24 0.19 0.12 0. 07 0.02 0O Tablé903 [err] before flood 1.74
1.93 1.92 4189 1-85 : .
1.92 1.91 [|iExyosure(m¥iem’y §2531 1 3.460 |02.17 Toess [0
0.02 0.02 [oCadtrol (hodiydiFe data in Table 8 it will be seen that
fixation was acODesefisteflobld al | | nL6bedphisBes &58ept 1gdsijumadnljoriie.| Gsing
cestum | odi de, %%E ABodS act' Peod|vah 3 @2l 9f50a00ulosD [ZHaEezr |
W TCOpPIT I €5, T€ I XEU r Sila U U 1. T
was: t her ef or e [sEeeeSS .Eu. Hﬂﬁfi .'.‘?flt ICO{)S J.O,'?t.)?c. .r‘gbﬁ.ﬂat -co.ﬂe‘}‘v’ :ut)\b',‘lf7u S
The rate of fikation vas.in the order—.CsOBz CsORh—=_CsOH = CsE. > (CsQAC
Csl >>> CsO . |f&athethel 6-7- Reduction Process Fxample 6 .
OD before flood 1.98 194 | 1.84 | 1.67 134 | 0.12 | 0.12
OD after flood 200 | 1.98 1.90 1.75 148 | 034 | 0.34
Difference . 002 | 004 | 006 | 008 | 0.14 | 022 | 0.22
Hydroquinone .
OD before flood 2.00 195 | 191 1.63 1.36 | 0.13 | 0.13
OD after flood 203 | 2.00 | 197 | 1.73 144 | 020 | 0.20
Difference 003 | 005 ] 006 | 0.10 | 0.08 | 0.07 | 0.07
2-t-Butylhydroquinone
OD before flood 1.92 1.86 | 1.73 1.53 1.02 | 0.15 | 0.15
OD after flood 1.95 190 | 1.78 160 | 1.17 | 0.19 | 0.19
| Difference 003 | 004 | 005 | 007 | 0.15 | 0.04 | 0.04
2,5-Di-t-butylhydroquinone
OD before flood 196 | 1.80 | 1.66 | 1.58 1.59 | 051 | 0.10
OD after flood 2.00 1.86 | 1.74 | 1.68 1.66 | 0.76 | 0.13
Difference 004 | 006 | 008 { 010 | 0.07 | 0.25 | 0.03
Trimethylhydroquinone _ - _
OD before flood 1.94 190 | 1.8 | 1.71 1.35 | 0.11 0.11
OD after flood 2.00 193 | 1.89 | 1.73 140 | 0.13 | 0.13
Difference 006 | 003 | 003 | 002 | 005 | 0.02 | 0.02

From the data in Table 9, it will be seen that the efficiency of Dmm
5 fixing (zero exposure) was in the order:

control ~ catechol < hydroqumone < t-butylhydroqmnone <
2,5-di-t-butylhydroquinone < trimethylhydroquinone.
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This Exanple illustrates a reduction process of the present invention 10 .
in which a reduci ng agent precursor (a hydroquinone in its protonated form
i s coat edVPASENE” aci d-generating |layer and a reagent (in tRCIUSSES128)

anmi ne) capable of converting this precursor to the reducing reactive
material is coated in the color- formng layer, and i's m xed by diffusion:
into the acid-generating layer during the heating step foll ow ng exposure
of the imging nmedium 15 A stock solution was prepared by
di ssol ving the same superacid precursor as in Exanple 5 (50 ng), a

sensitizer (2 4. 6-t.ris{2.4-di net hoxyphenyvl ) - jdinium ,

hexaf | uor oanﬁPWﬁ%‘i’ﬁe %‘%"%WﬁM '@é@g%ﬁ’rtb‘sa‘é’ﬁf&mg bytthe sensitivity- 77-
WD 95/ 29067 igf teneBiufiswas AdtdeSrehskdby THdorpbratibf o ' S,k
Exanples 4 and 5 (2.5g of a 28%\/\//w w@nﬁ?ﬁhﬁogﬁyﬁ&wéggf&nﬁupl ui ds
A-F were preggherating/layerii ng to 450 ng al i quots of the stock solution the

follow ng quantities of various hydroqui nones: 5 - Flurd A
No addition ) Fluid B: 2.4 ng of catechol (1, 2-dihydroxybenzene)

Fluid Cs 2.4 ng of § | usdtrated-ateh D?X]%éﬁ g ... 3.7

‘g of t-butyl hydroqui ngﬂg Elﬁttlhgﬁgﬁ '4.%@7%&% ;?—ggﬁ?%&%ﬂlyﬂ%ﬁ{ﬁ?none

10 ferrocene idativiative is us@l 8s thg refuding fixinpyteagehtoand e Hlustrtek IRge

coating fl ui t.he | ar, _r.atio of super.acid pyecursor to fixing agent was

appr oxi nat el gﬁﬁﬁbzﬁtydg%ﬁ%’% fregent fo PR a3 g A1xing ToAgent an the|pressnt progessi t h a

#6 coating r‘i’ﬁconﬂbﬁed%'tﬁé&i&&aﬁ‘gh' W@gtﬁf—“féﬁgﬁfgﬁﬁg@n{ h-using a #8 coating
' as follows.

rod with a 15 di spersion prepare € same Copi kem 35
magent a i mage dye as i ICdating fluidsivers prepareddhs follews:ne base _
(21-(3- alral noprop-1-yl)i rﬁ%ﬁﬁjl e, 0.55 g) were ‘

The same superacid precursor as in Example 5 above (25 mg), and
the same sensitizer (25 mg) and secondary acid generator (75 mg) as in Example 4
above were dissolved in a solution of the same polyétyrene -as in Example 4 (2.5 g of
a 10% w/w solution in 2-butanone).
15 Fiuids B0-B4 |
To separate aliquots of a 16.5 % wiw solution of an acrylate polymer,
Acryloid B-82 (available from Rohm & Haas, Philadelphia, Pensylvania 19104) in
2-butanone, 0.184M in the same Copikem 35 image dye as used in Example 3
above, were added sufficient amounts of each of the ferrocene derivatives listed
20 below to make the solutions 0.016M in the ferrocene derivative. The derivatives

used were as follows: . :
Fluid Ferrocene derivative Oxidation potential (mV vs SCE
_ . : in acetonitrile)
| B0 None (control) . Notapplicable
25 Bl -~ Femocene om0
B2 ' 1,1"-Dimethylferrocene 340
B3 1-Formylferrocene 720

B4 Decamethylferrocepg, . -120
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added to a solution of the sanme pol ystyrene binder as in the af or enent i oned
stock sol utWeds2¥6g in 80 g of ethyl acetate), and the resul P&HUSISI on
was added to a solution of the same Vinol 540 poly(vinyl alcohol) as used
in Exanple 2 (57.2 g of a 20 7% solution in water). Water (110 g) was
added, and the resultant m xture was sonicated. Evaporation of ethyl
acetate afforded the required aqueous dispersion (154.0 g, 14.5% solids by
wei ght). The imaging nedia so produced were exposed through a step wedge to

| t | et di at t.h Ex l.e, 4. Aft ,
the 25 Credia ver o heat AF ATCHERERITE JfEr A BEBRR 0¥ fefting FRSATA 6 & o
30 seconds. Opt g&,@{-algﬁll&é bf S%‘aﬁ%&&ﬁ)po‘fﬁé #eﬁé@éréﬂﬂhﬂ%) Bﬁéé"bf%ﬁﬁls{‘lr(ﬁ gy el

in the same nanner n Exanp then the nedi'a were exposed
fl uorescent | i gthickneSOding a #8 ceatdiga‘oql Separately, five cdh-@ﬁﬁ@dﬁ%rﬂ@emprepaed

e ow shows. { hebY semed gk BT s pE ek bite bSpe SARoARRE oL 153 51
13.90 7. %5 3.46 2. 1Thel&e§%o_ym&c€@%@ﬁeit€@a§%ﬁb%y' none) OD before
60

flood . 1.63 1.53 - 0.91 0.10 0.10 OD after flood
1.59 1.69 1.62 1.501. 1. Bive pieces’ of the 2atiddgéreratinge dayer were exposeddto
0.06 . 0.09 0. 03 0.1 1,7 Cathechol OD bef.o e fl
1.94 1.84 1.67 1.3 “1“36101"2 ““8‘3?2“ ¢ SEmeWayLgs 1n ’““2‘1’!(3)’0fl ab?"@%ﬁg
1. 90 1.75 1.48 0.3 g,ﬂ,gm;,g th
0. 08 0.14 0. 22 0.2 ‘%ﬁog | noneB e oreg ?F%o@leo&her Q%gfsfe?&bgi@ce
1.91 1.63 1.36 O. 13remﬂnéd3unexposed

10 2. The five pieces of acid-generating layer were heated at 60°C

for 30 seconds.
3.~ Each of the five pieces was laminated to one of the color-
change layers B0-B4 at 120°C, 60 psig and 10 ft/min.
| - 4 The transparent base was peeled away from each of the
15 . laminated structures.
5. Each of the resultant media was cut into seven portions, each
having an exposed and an unexposed region.
6. Each of the seven portions of each of the five media was
 heated for a dlﬁ'erent length of time (between 0 and 150 seconds) at
20 . .120°C. |
7. Green optical densities (in reflection) were recorded for the
Dhin and Dpax regions of each of the 35 portions in the same manner
as in Example 4 above. : |
8.  The 35 portions were exposed to ﬂuoreecent light ilhimination
25 : . (2000 f. candles) for 20 minutes. -
| 9. The optical densities in Diin and Dimax regxons were again read

in the same manner as before.
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QD after flood

WO 89397 non

0.15 OD after flood

feren

| f
t-Buty

15
0.51
.76
.35 0.11

.13 0.13

Di
2-
0.
0.
2,
1.59
0
0
1
0
0.02 Fromth

5

trimet hyl hyd

19 Difference
5-Di -t - butyl hydroqui none OD before fl ood

0.13 Difference
.03 Trinet hyl hydr oqui

fixing (
hydr oqui none < t- butylhydrqu|none < 2

0.20 0.20
0.07 0.07
1. 7BCTAISSS05128) (2
1.60 1.17 0.19
0.15 0.04 0.04 .
1.80 1.66 1.58
2.00 1.86 1.74 - 1.68 1.66
0.06 0.08 0.10 0.07 0.25

old g fm i Tale 10, el e 78t malf o

ofize, whildthe sefbord?

1.73 1.44
0.10 0.08
1.92 ° 1.86
1.90 1.78
0.05 0.07
1.96

2.03 2.00 1.97
0. 03 0. 05 0. 06
e OD before flood
- 1.95
0.03 0.04

‘0.10 OD after flood

0.04_
0.11 OD aﬁge{e

his flablengiees optlcal densﬁxe@ (rior € ¢ fluoPesdent e
ata in Table 9, it wll be seen that t
reives,gptiseldensitigsafter the,ueresrent exnosMreol ~ catechol <

-butylhydrqu|none <
rogui none. - 79- | nt.er medéb@e

not fixed in

Opsical d¢nsities béfore flierescentiekposury of t he nmedi um was not |

decreased by FiffeQitA209¢ (s8.)0f t@c hydsoafi el g [NeogClIa-12gC e Rg’ 119
|ayer. Exampigy o~ 55 | 1056 05K J"b"‘EU‘ T3 048 032
process of tp 7 TS30°T™, oI —H5 S q—HH
reducing fi» ; oo ey -hg’% il 2070r] 2.37
reduci ng rea functionl 443 FiQfAq] 0440 r@s@3 dr St o
“control |l ed }\BL, Dmom dati on pd.9ht| al.79f | t h85r e_dll.Biln ﬂ@&ge ntl.92 1.76
B2, Dpin 049 | 049 | 051 | 044 | 045 | 050 | 049
B2, Dyax 141 | 197 | 194 | 1.63 1.76 | 1.98 | 2.04
B3, Duin 049 | 050 | 051 | 048 | 050 | 0.51 | 052
B3, Dy 2.15 | 215 | 2,19 | 2.17 | 202 | 2.06 | 2.15
B4, Dmin 035 | 015 | 0.15 | 0.18 | 0.15. ] 0.15 | 0.14
B4, Dyax 132 | 1.16 | 0.86 | 1.00 | 083 | 0.74 | 0.79
Optical densities after fluorescent exposure '
B0, Dmin - 1.11 | 1.10 | 1.10 | 1.14 | 1.05 | 1.10
B0, Dmax - 244 | 230 | 221 | 2.18 | 2.19 | 240
B1, Dmin - 089 | 095 ] 092 | 093 | 090 | 0.88
B1, Diiax - 1.82 | 196 | 1.8 | 1.89 | 204 | 1.84
B2, Dyin - 098 | 101 | 088 | 091 | 097 | 0.93
B2, Dmax - 203 | 1.88 | 169 | 1.80 | 1.99 | 2.09
B3, Dpin - 098 .| 1.01 | 097 | 1.00 | 097 | 0.98
B3, Dinax - 209 | 221 | 220 | 2.10 | 2.08 | 2.14
B4, Dmin - 0.19 { 023 | 029 | 0.18 | 0.16 | 0.15"
, B4, Dinax - 1.105 §. 075 {1 097 { 079 | 075 | 0.80
5 From the data in Table 10, it will be seen that only in the case of
color-change layer B4, in which decamethylferrocene was present, was fixation of
ﬂw]lmnnqgmnsadmewuLasnnhmnedbwthennnmmﬂchmq531ncpnaﬂcknsuyof
these regions after the fluorescent exposure, and that a heating time of about 120
seconds at 120°C was required for adequate fixation.
10 R R R R LR R Ry

From the foregoing,_it will be seen that the preseht invention provides
an imaging medium, and a process for producing and fixing an image, which produces
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Coating fluids were prepared as follows: 10 A The sane
superacid Meeﬁf?%ﬂsf as in Exanple 5. above (25.ng), and the sgkr%ﬂ?gﬁgqlﬁ zer
(25 nmg) and secondary acid generator (75 ng) as in Exanple 4 above were

di ssolved in a solution of the sane polystyrene as in Exanple 4 (2.5 g of a
10% w/' w sol ution in 2-butanone). 15 Flui ds BO-B4 To separate
aliquots of a 16.5 % w w solution of an acrylate polyner, Acryloid B-82
(avail abl e from Rohm & Haas ..Phil adel phi.a, Pennsylvania 19104) in

zbg\ljteanagse ad?gﬁﬂs‘tﬁ#m en amun?é%éﬁgq?r&ﬁ&ﬁ?ﬁgﬁe 55?%2%?%@5

i sted 20 bqiroducbcthemimge;hﬁiwhichtshaﬂd thus(Havblimpravied ldrgy tenm stofage stability.
deri vati ve. The derl vatl ves used gfoll 0\%5aec Fl ui d Ferrocene
derivative mai ghosen 5o; thay itgegn readily be

No trol
Fep(ram(:ggg ro ) mcorporated into thé\&ta&ﬁ%wéwr%%ﬂm lfeﬁiﬁd%ﬂ#e alor-change layer

340 B3 5 of the imaghty migdiusy; lthus;eme prowsmn of the ﬁxmg dgeat &Sbs not require major
Decanet hyl f errocene WO 95/ 29067 An

aci d- gener at i n¢FhpRges @W&Wr‘@aclb@ewq%&md»@f&ﬁ fosmationefadditionsle s

of a transpare i(_)“g pht hal ate) base of 4 m| (101 [err])
. thi ckness usi ngs%egi oﬁa’skl%&rﬁo%‘%%par ately, five color-change |ayers were
- prepared by coating Fluids BO-B4 on to 5 m| Mlinex base using a #8
- coating rod. 5 The | ayers so produced were treated as

foll ows:



Fi ve pieces of the acid-generating |ayer were exposed to ultraviolet
rradi at ' e sane way as in Exanple 1 above (25 [err] exposur over
| f thewl%ér/ie}quThe other half of each piece remained unel? E%le

The f'ive pieces of acid-generating |ayer were heated at 60[ err] for

30 seconds. 3. Each of the five pi eces was |am nated to one of the

col or - change ﬂ"m II mrﬂi 20[err], 60 psig and 10 ft/min. 4. The
transparent ba y from each of the 15
| ami nat ed sruct tr eS. .Each of the resultant nedia was cut into seven

portions, ‘each having an exposed and a@umsposed regi on. 6. Each of the
seven portions of each of tthe five media was heated for a different length
of tinme (between 0 and 1150 sh@oeassy fortproducing and fixing an image? WhicH plocess-
Green opti cal %ﬁngltles (inreflection) were recorded for ‘the [err] and
[err] regqi on§ eh of the 35 portions in the same manner as in Exanple 4

I L S T T Sk s T

densities i nPb&erqomq&am}lxumgoﬁnsﬂmenaeldagacmsmeackensmzér@n‘dmﬂﬂ?r as
bef or e. 5/290&’ aﬁa sul ts %)%Yal ned are shown I'n, TabI e 10 bel ow,
the firét haP‘Fl FFOTRS Rrising A1 ismage dyene

fl uorescent exposure, Vi Is@ngmrsgaggdcabaglg S ‘éﬁs%rﬁﬁb' ﬁéﬂmg%a& taf ter
10

the fluorescent exposure. Table
sensitizer wavelength which does not, in the absence of the sensmzer cause

1.
ir

ha
2.

decomposition of the superacid precursor to form a first acid; : ' ‘
the secondary acid generator being capable of acid-cetalyzed thermal N
10 decomposition by the first acid to form a secondary acid;. and | _
the image dye undergoing a change in its absorption of radiation upon
contact wnh the secondary acid;
magewxse exposing the medium to actinic radlauon of the sensitizer
wavelength, thereby causing, in the exposed areas of the acid-generating layer or
15 phase, the sensitizer to decompose at least part of the superacid preeursor, the
1magew1se exposure leadmg to imagewise formation of the first acid in the acid-
generatmg layer; .
thereafter, heating the medium to cause, in the exposed areas of the
_ acld-generatmg layer or phase, acid-catalyzed thermal decomposition of the
20 .secondary acid generator and formation of the secondary acid; and
admixing the components of the acld-generatgng and color-change
leyers or phases, thereby causing, in the exposed areas of the me&ium, the secondary
acid to bring about the ehange in absorption of the image-dye and thereby form the
image; o . : _
25 characterized by, in at least the non-exposed areas of the medium
reacting, with the superacid precursor, a reactive material which irreversibly destroys -
the superacid precureor, thereby fixing the image.
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Optical densities before fluorescent exposure Ti me at 120[err] (sec.) 0
15 30 WO 9529067 90 120 150 BO—bmn 0 PE3/US9y T8
0.56 0.52 0.51 0.48 0.52 1. 47 2.42 2. 34

220 zis 2o oo oo (INIIMHAL 0 <. o <7 0

1.92 .1.76 B2, [err] 0.49 0. 49 0. 51 0.44 0.45 0.50
0.49 B2, [err] 1.-41 1.97 1. 94 1. 63 1.76 1.98 2.04
B3, [err] 0. 49 0 0.51 0.51 .52 B3,
[err] 2.15 2245 izl"fL‘?}”r"-“’s §CG0F gzt"oi a‘mzl (Fémmfﬂ?.sg BB thepthe
0.35 0.15 0 8nd BhichndBrgoed AdkiBdbhil imination read
1.16 0. 86 reléhve:ﬂat@ﬁalw N . érgoe a ens‘?ﬁdégoalter ??uoresoziﬁnt
exposure BO, anrththesuperac1dprecursor : 1 11 1 10 1.10 1.14 1.05

1.10 BO D 2.44 2.1 40, B1,
[err] 30. goA Pipcsss ac‘ES’ t°o°é§“ ) c&’%“tﬁf’@e@sns%ﬂt tas r]
- 1.82 1. ! 4 I

0.98 101 ¢ §raci]d E}gﬁcurgor o F ?dl%g'g%d sﬁ? anld®"thé nucleophilic a,ddxﬁloB/3
1.88 1.69 lel&ﬁmatldn Q@actioRt. ﬁ&dﬁ&s peeraryl 1od1de and a product in &dﬁkﬂl anlar§l
0. 97 1.00 0.97 .2 2..20
2.10 2.08  2compeynd lféPgﬂﬁthg With a residue of a nB?‘fQPhﬂeoﬁf%fed Qﬁe regctive
0.16 0.1% B4, Lapt] . 1.05 0.75 0.97 0.79 0.75
0.80 5 Fromthe data in Table 10, it will be seen that onIy

in the case of color-chande | apeprotess aceordimgab adan'dhgttb)ahiehéofﬂiﬁ%
ed by the

present, was fixation of the [err] regions achieved, as_ indjcat
mi ni mal changes® ﬂ%ﬁhﬁr%ﬂ@éﬂguw the Tepctive materishis arsaltrhaving 2 notasaivment

cxposur and Sl G S NEQRUAP USRS B Bkl g,
t he present i nvisgtizoate apionyi des
o 5. A process accordmg to claim 1 characterized in that the
reactive material effects stoichiometric reduction of the superacid precursor. |
' 6.. A process according to claim 5 characterized in that the
reactive' material is any one or more of decamethylferrocene, hydroquinones,

catechols, enols, aminophenols, phenylenediamines, hydrazmes, hydroxylamines,
pyrazolones and salts and complexes of transition metals.

7. Aprocessaccordmgtoclalmlcharactenzedmtbatthe
reactive material comprises a first reactive material which is a nucleophile and a
second reactive material which is an oxidation/reduction catalyst.

| 8. Aprocessaccordingtoclaim?characterizedinthatthe
oxidation/ reduction catalyst is a copper compound.

9. Aprocessaccordmgtoclamecharactenzedmthatthe
copper compound is any one or more of copper(l) acetate, copper(Il) acetate,
copper() ethylacetoacetate, copper(ll)  acetylacetonate and  copper(ll)
trifluoroacetylacetonate. |
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an i magi ng medi um and a process for producing and fixing an i mage, which
produces _-82- WO 95/ 29067 a final imge which is essentially insensitive

to radi aY BT he wavel engt hs—used—to—prodiee—the | nage, PERASIHPHRS shoul d

t hus have inproved |ong term sto ] The reactive materi al _ :
needed for fixing can be chosenﬂl lﬂ Iwﬁuleadi |y be incorporated into
the coating solution or dispers SO TS the color-change layer 5

of the imging nedium thus, the provision of the fixing agent does not _
require major changes in the manner in which the nediumis produced, or the
formation of addit.ional;{ayegs_in the i ing nediu - 83- CLAI Mg, 1.

A process for produci ngldand igf?(ffag ﬁ‘ﬁ:of‘ﬁﬁgéo gﬁ?ﬁ%ﬂgg%’a%gge e thsareeeding
provi ding an di4idi oEaradietized &PNBAl Thé Supbradid PratAPRE AkdrridedY st BHomtiAS e
conprising a mxture of a superacid precursor, a sensitizer and a secondary -
5 acid geespaund., and a col or-change | ayer or phase conprising an i mage

Sensi i zer wavel engt h vilich Rbeusge ARtk potindeng dn el iccaing verter
cause deconpqsiid Siinprising'e miRRE I disupieRRIY Pfétulser, fadiciisilizli it a%eéogxaa}we '
secondary aci d generator being capable of acid-catalyzed thermal 1
deconposi t i oracisgenkratdr] ancka colomichange bayer or phasecataprysisg anlimagediyehe i mage dye
under goi ng & change | 1 (S ARRALHLRR Slpebfa o bR hoSR" Adlarith' B
5 sensitizer wavelength which does not, in the absence of the sensitizer, cause
decdmposition of the superacid precursor to form a first acid; : _ '
the secondary acid generator being capable of acid-catalyzed thermal '
decomposition by the first acid to fonh a secondary aéid; and | .
a the image dye undergoing a change in its absorption of radiation upon
10 contact with the secondéry acid; - _
characterized in that the imaging medium further éomprises a reactive
compound capable of bringing about the ir;éversible decomposition of the superacid
precursor. , o o _
12. An xmagmg medium according to c_:laim 11 'cha:at._:terized in
that the reactive matenal is capable of undergoing a. nucleophilic addiﬁon/
eliminaiion reaction with the superacid precursor. o ,
13, An imaging medium according to claim 12 characterized in
that the superacid precursor is a diaryliodonium salt and the mucleophilic addition/
elimination reaction between the diaryliodonium salt and the reactive material
produces an aryl halide and a product in which an aryl compound is substituted with
5 . aresidueofa nucleophile derived from the reactlve material,
| 14, An imaging medium according to claim 13 characterized in
that the reactive material is a salt having a potassium or cesium cation or a fluoride,
| carboxylate, iodide, hydroxide, phenoxide or benzoate aniog_. .
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I"'magew se ex(gosi ng the mediumto actinic radiation of the sensitizer
wavel engt hWQ #9804, causing, | of the aci BCHUR%YHI8g

| ayer or 15 phase, the sensiti e at least part of the
" superacid precursor, the i rragewmﬂiéﬂw Wﬁﬂ%ﬁﬂ ng to i magewi se formation
of the first acid in the acid- ) , thereafter, heating the -

medi umto cause, in the exposed areas of the acid-generating |ayer or
phase, acid-catalyzed thermal deconposition of the 20 secondary acid

O "he acta- gener ati ng. arts cor 83 JERRRRrAf seoBRling i bbi A RRTR

in the exposed thitee rehctiveemaReihll (8 cipables of effodting StoicRiontethé ii-@&imﬁ@ggﬁf fnge

change in absorption of the inmage dye and thereby formthe inage,;
characteri zed. Ispperaeid precues@st t he non- exposed areas of the medi um reacting,

wi th the superacid precursor, reactive material.wich irreversibl .
destroys the superacid pr@gurs%?,mﬁl&géﬁﬁ%xmr%h ﬁléﬁal%weg%m
95/ 29067 2. that RO feasEvernstefiall i9 @ny 6né brmbrelofdedamethPeréaent, hydbsuidoas,

reactive material is one which undergoes a nucl eophilic

addi tion/ el i m catechols,r erals,i aminaphenols; ephenplenediantings,c bydrezines, shydroxylamines;es s
according to clai mf char‘fc t(gri%ed iﬁf‘th 'th%Psu racid precursor is a

di aryl i odoni umPYBEPIONSS, 3 Al F'?—,\'BB £ ¢ TARStuoR &1 i i nati on reaction
produces an aryl i odide d a qﬂggﬁ, | fReditiin caﬂﬁ,? RAAPAYKhrdcterized ;
substituted with a residﬁigdof gﬁnuc egpﬂgile giebri_ve ?drgmthe reactive
material . 4.  thakthe oeactive matesiali comyprisescacfitst déactjve material ovhiclois 4 hacleophile

preceding ol al 15, Char A0 SIS odhd Vit 5 SRk RdBES] Lk 2 %'

18.  An imaging medium according to claim 17 characterized in
that the oxidation/reduction catélyst is a copper compound. |

19.  Animaging medium according to claim 18 characterized in that
the copper co_mpound- is any one or more of copper(I) acetate, copper(II) acetate,
copper(Il) ethylacetoacetate, copper(Il) acetylacetonate and copper(ll) trifluoro-

20. An 1mag1ng medium according to any one 'of claims 10 to 19 -

characterized in that the superacid precursor comprises an iodonium compound.
21.  Aslide blank comprising: -
a support; E
a mask layer having a substantially transparent central portion and a
non-transparent peripheral portion surrounding the central pértion; and,
5 an imageable layer imageable to form an image which can be viewed in
' transmission, | |
 the support, mask layer and imageable layer being secured together so
that the support and the imageable layer extend across essentially the entire transparent
central portion of the mask layer, at léast the portion of the support adjacent the central |
10 portion of the mask layer being substantially transparent, '
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cesiumcation and/or a fluoride, carboxylate,-iodide, hydroxide, phenoxide
or benzoate anion. 5. A process according to claim 1 characterized in
that the WA naterial ef rchi Fic reducti oRCIIUSHSES128

superaci d precursor. 6. Ap i to claimb5 characterized in
that the reactive material is Bmmﬂomgﬂmm f decanet hyl ferrocene, .
hydr oqui nones, catechols, enol Sk -noprenel s phenyl enedi ani nes, .
hydr azi nes, hydroxyl am nes, pyrazol ones and salts -and conpl exes of

transition netals. 7. A process according to claim 1 characterized in

that the reactive materjal_ comprises a first. reactive paterjial which is a
nucl eophil e and a seconé}graé’aiqlg‘% tﬁﬁtttg? WF%%@W%%FBWMH&i on
catal yst. 8. accorflinpto @y oneefcMifisT¥td 20.Cl ai m 7 characterized in that the -
oxi dation/ reduction catalyst is a copper conpound. 9. A process

according to claim8 22. = Aslide hlankgomptisingbpper’ conpound i s .any one or

nore of copper (1) acetate;. capper(l] et.ate, co r(ll

et hyl acet oacet at e, cop$%wpﬁ)£ﬁa§m%g@$%ﬁeﬁs§m%ﬁﬂgmmr an :

trifluoroacetyl acetonatg imfgeable layer supétpbsedC 8 SoreC fidedbf thd ngfg‘igrgﬂ{d”g to
X

any one of the preceding clarns characterized in that the superaci

precur sor corimageable tarfomy awimage whiclpcamhe. vigwed in ttansmissignyandredi um
conprisinng an acid-generating layer or phase conpri si a mxture of a
super aci% precursor, a %Bﬁ?&cglvﬁﬁeﬁﬁ‘d’%&? SR F;&ma&ﬁag%g'émm@e,omwda
col or - change gifeVfheredf fioRP B SPPoIt! at | yart pg&‘é‘ ive idi . hei ng
capabl e of absorbing actinic radiati g%tgha@e se%tél t|¥%?%/g{5§%%a?ﬁ

whi ch does ndtapsparenthe absence of the sensitizer, cause deconposition of . ‘ '
t he superacid precursor éo forma fir

the support, imageab e ilacylelgl ‘and protective .lay'er_ being secured
* together to form a slide blank having a thickness of at least 0.8 mm,
10  characterized in that the imageable layer comprises an imaging
- medium according to any one of claims 11 to 20 and in that the thickness of the
protéctiv_e layer is such that no part of the imageable layer containing the color- |
forming composition is more than 0.2 mm from one external surface of the slide
blank.
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the secondary acid generator being capable of acid-catalyzed thernal
deconposit i WO IBRN6He first acid to forma secondary acid; anpct/ososispge dye
undergoing a change in its absorption of radiation upon 10 contact with
the secondary acid; characterized in that the inmaging nmedi um further
conprises a reactive conpound capabl e of bringing about the irreversible
'deconposition of the superacid precursor. 12. An i magi ng nediun1according
to claim1l characterized in that the reactive materi al 4—5 capa
undergoi ng a nucl eophilic addition/ eli m nation reaction=gi th ¥ er acid
precursor. 13. An i magi ng medi um according to cl ai m 12Qhar apt &FFzed in
that the superacid precursor is a diaryliodoniumsalt ndpthe nUCHEOphI|IC
addition/ elimination reaction between the diaryliogdefi ubysalt affd \he
reactive material produces an aryl halide and a ppOduct £h mhic‘ aryl
compound i s substituted with 5 =~ a residue of nucl eophil e derived from
the reactive material .- 14. An i magi ng nedi um according to cl ai nt13 char d
in that the reactive material is a salt hav¥ing a potassiu cesium cation
or a fluoride, carboxylate, iodide, hydroxide, phenoxide or|benzoate anion. -
- 86- 15. An i magi ng medi um accgreing to claim1l charag¢terized in that
the reactive material is capable ofeffecting stoichionetrig¢ reduction of

t he superacid precursor. ) An |nag|ng nmedi um according fo claim15
characterized in that thex ea material is any one or o]

decanet hyl f errocene, hydrqu| techols enol s, Eﬂyphengz;zé
phenyl enedi am nes, hydrazi nes, ydr nes, yrazolon and and
conpl exes of transition netals. 417 An i magi ng medi um%et cording{o claim .
11 characterized in <Z;j> + i;s
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tthat the reactive material conpris
‘nucl eophi | VM6 econd reactive
catal yst. 18. An i magi ng medi um
that the oxidation/reduction catal
i magi ng nmedi um according to claim
conpound is any one or nore of cop
copper(11) ethyl acetoacetae, copp
trifluoro- acetyl acetonate. 20.

claims 10 to 19 characterized int
i odoni um conpound. 21. A slide b
having a substantially
peri pheral portion surrounding the
an i mageabl e | ayer imageable to fo
transm ssion, the support,
toget her so that the support and t
essentially the entire transparent

I east the portion of the support adjacent the central
bei ng substantially tra

mask | ayer
t he-i mageabl e | ayer conprises an i
claims 11 to 20. 22.
which is essentially transparent;
of the support, and inmageable to f
transm ssi on; and

T

Acid

an t céeid 4

mask | a

A slide blagk conprising: a support at

es a first reactive material which is a
materi al which is an oxi dRGTHHPEUEEt | on
according to claim 17 characterized in
yst is a copper conpound. 19. An

18 characterized in that the copper
per(l) acetate, copper(ll) acetate,
er(l1l1) acetylacetonate and copper(I1)

An i magi ng nmedi um according to any one of
hat the superacid precursor conprises an
| ank conprising: a support; a nmask |ayer
| portion and a non-transparent

central portion; and, 5

m an i mage which c¢an be viewed in

er and i nmageabl e | ayer bei ng seclred

e i mageabl e | ayer extend across

central portion of the nmask |ayer, at

10 portion of the
sparent, -87- characterized in that
gi ng nedi um according to any one of

| east part of
n i mageabl e | ayer superposed on one face
rman image which can be viewed in

i
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5" a protective |ayer superposed on the inmageable [ayer on
t he opposedWA MM er eof fromthe support, at |east part of PEHUBYSHSES: | ve
| ayer being essentially transparent; the support, imageable |ayer and
protective | ayer being secured together to forma slide blank having a _
t hi ckness of at least 0.8 mm 10 characterized in that the
i mageabl e | ayer conprises an imgi ng medi um according to any one of clains
11 to 20 and in that the thickness of the protective |layer is such that no
part of the imageable |ayer containing the color- formng conposition is
nore than 0.2 nm from one external surface of the slide blank. -88-
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