| MAG NG MEDI UM AND PROCESS This invention relates to an i nmagi ng nedi um and
to a proce¥o9%/e06pr oduci ng an i mage. | mages can be gener at RCHYSSIOSE®I ng a
phot osensitive mediumto 5 light in an i nagew se fashion. Sone
conventional non-silver halide photosensitive conpositions contain

nol ecul es which are inherently photosensitive, so that absorption of

el ectromagnetic radiation brings about deconposition of, at nobst, as many
nol ecul es as photons absorbed. However, a dramatic increase in the
sensitivity of such photosensitive conpositions can be achieved if the

absorption of 10 each photon ge % E ondary
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oni um phosphom um ul f on| um.and i odoni |ts These salts, hereinafter
referred to as™8®h 548 cRRholfss 2 r‘l‘@np Wptaogﬁé’?“é‘ub‘?ﬁ’%?é? r'}P e.,
acids with a pﬁsi'tﬁﬁ?o}'m Ené?ﬂvélé&ﬂp&ﬁm%ﬁbk%ﬁle ﬁis u gﬂés?yl}ﬂgn nof

radi ation. Qther material s "deconpose to produce superaci
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wavel engths is often inconvenien not | east because special” Optica

systems nust brsactinsdproduces anjacidyand this acidris emplaypé catalyticalin o eliminatehacid-
deconposi tion ﬁ{ule groups in a secondary, radiation-independent reaction. Such systems may be
15 used as photoresists: see, for example, U.S. Patents Nos. 3,932,514 and 3,915,706;
and Ho et al,, “Chémical Amplification in the Design of Dry Developing Resist

Materials”, Polym. Sci. Eng., 23(18), 1012 (1983).
Among the known acid-generating materials for use in this type of

process employing secondary, non-radiation dependent reactions are certain diaz-
20 “onium, phosphonium, sulfonium and iodonium salts. These salts, hereinafter
reférred to as superacid precursors, decompose to produce superacids, i;e., acids with
apKa less than about 0, upon exposure to electromagnetic radiation. Other materials
decompose to prodiice superacids in a similar manner. However, in the absence of a
spectral sensitizet, the known superacid precursors decompose to produce superacid
25 only upon exposure to wavelengths which the precursors absorb, which are typically
in the short ultraviolet region (below about 280 nm). The use of such wavelengths is
often inconvenient, not least because special optical systems must be used.
It is known that various dyes can sensitize the decomposition of
superacid precursors upon absorption by the dye of radiation which is not
30 significantly absorbed by the superacid precursor; see, for example, European Patent



superaci d precursors upon absorption by the dye of radiation which is not

30 significantly absorbed by the superacid precursor; see for exanple,
Europeanaiﬂa’lf'@ﬂ Appl i cation Publication No. 120, 601. UREHPSWHSL0 . ;
however, due to the very | ow pKa of the superacid, many such dyes are
protonated by the superacid, so that no unbuffered superacid is produced
(i.e., the sensitizing dye buffers any superacid produced). Since no
unbuffered superacid is released into the nedium deconp- 5 osition of
superacid precursors sensitized by these dyes cannot be used to trigger any °
secondary reaction which requires the presence of unbuffered superacid.
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super aci ds prspehwsedrhmhrarehbtandarmaﬂytregarded:asjbw dt ;szpakstbmtunddﬁdeedﬂwer
the need to rtﬁatt [unguﬁ't hg sﬁge(%lacci E moéct be present as a species buffered by some

component of the imaging medium less basic than the sensitizing dye. However,
such buffering by other species may be ignored for the present purposes, so long as
15 superacid is present as an acidic species stronger than that provided by superacid
buffered by the sensitizing dye.) |
Crivello and Lam, “Dye-Sensitized Photoinitiated Cationic Polymer-
ization”, J. Polymer Sci., /6, 2441 (1978) and Ohe and Ichimura, “Positive-Working
Photoresists Sensitive to Visible Light III, Poly(tetrahydropyranyl methacrylates)
20° ~Activated by Dye-Sensitized Decomposition of Diphenyliodonium Salt”, J. Imag.
Sci., Technol., 37(3), 250 (1993) describe small sub-groups of sensitizing dyes
. which are sufficiently non-basic that the buffered superacids produced can effect
certain acid-catalyzed reactions. However, the need to restrict the choice both of
sensitizers and of acid-catalyzed reactions may make it difficult to design an efficient
25 imaging system at a specific desired wavelength. '
| A variety of non-basic, polycyclic aromatic compounds sensitize
decomposition of superacid precursors to produce unbuffered superacid upon
exposure to longer wavelengths than the superacid precursors absorb themselves.
'Such materials are discussed in, for example, DeVoe et al., “Electron Transfer
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sensitizers and of acid-catalyzed reactions may nmake it difficult to design
an effici ewnD9829068 | magi ng system at a specific desired wavptrogssnsizd

wari ety of non-basic, polycyclic aromatic conpounds sensitize deconposition
of superacid precursors to produce unbuffered superacid upon exposure to

| onger wavel engths than the superacid precursors absorb thensel ves. Such-

materials are discussed in, for exanple, DeVoe et al., "Electron Transfer
- 2- Sensitized Photolysis of '"Oniumsalts", Can. J. Chem, 66, 319
(1988); Saeva, U S. Patent No. 5,055,376; and Wallraff et al., "A

Chem cal ly Anplified Photoresigst for Visible Laser | magil ng", J. Imag. Sci.
Technol ., ~ 36( 5Pensitized Photolysinof *Oninmsaltss, Can; J. Nehens,, 68,63 181(1988) Sa¢na, U. S.
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generated by exposing a M-xPufategt °sg3§§’ L2 Ang; the, comespending Infjernational
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correspondi ng whishrewidéy vasiety eb dyescthan thpsediscussed afoveimaybe asddi tgether with
radi ati on and deconpqsition of part of. the superacid precursor, wth

formati on of a2 PRRTEHd PERFUROR &0 Sensgelr iftre(unb é“&?’??idt%meﬁWi In thig

the mxture w t L0} e Ladd egé? it G, e | ng
deconposi tion g#bcgéz;s’rthag?sé ehr%%adng?m gs uperacid pfé urs?gdrp;e\?vl{sﬁp%dr:%é% on
15 of free tutiniciadiatiGaofadfirsowavdlengtip evhich dodsynoe,dinahe absdnee bh thesdyrpnd
wavel eng may be aensitizedqt}, one of,the non-bgsic, polycyclic aromatic

t
sensi ti zdls nefAUsEABPMARSHON ofithy supsrAy x to fierm {hsecopespandingswperacid,
di sclosed in t fiefehy%afifthg Whdorptital 6 the abffic Riifdd £ IREmpdiifioR P 5ER S the
superacid precursor, with formation of a protonated product derived from the dye;
then irradiating the mixture with actinic radiation of a second wavelength, thereby

causing decomposition of part of the remaining superacid precursor, with formation
15 of free superacid. Generation of superacid by exposure to the second wavelength
may be sensitized by one of the non-basic, polycyclic aromatic sensitizers mentioned
above. (For convenience, the type of process disclosed in this patent will hereinafter

be called the *612 process.)
However, the use of any of the methods described above for the
20’ sensitized decomposition of superacid precursors to generate unbuffered superacid
poses a severe problem if the exposing wavelength for the imaging system falls
within a wavelength range in which the resultant image is to be viewed, and the
sensitizing dye is not removed. This problem will hereinafter be referred to as the
“sensitizing/ viewing problem,” and is particularly apparent when one attempts to
25  use one of the sensitizers described above to make an image, intended to be viewed
by the eye, by means of an exposure to visible wavelengths. Absorption of visible
light by the sensitizer leads to a large minimum optical density (Dpi,) in the final
image, lowering its contrast and making its appearance unacceptable (especially in
regions intended to be white, that ié diffusely reflective, and non-absorbing in the
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However, the use of any of the nethods descri bed above for the 20

senS|t|zed deconposi tion of superacid precursors to generate unbuffered
super aci WO?53%$8 3 severe problemif the exposing wavel en(ﬁ@"ﬂ%ﬁmﬁﬁ@ I magi ng &
systemfalls within a wavel ength range in which the resultant inage is to

be viewed, and the sensitizing dye is not renoved. This problemw ||
hereinafter be referred to as the "sensitizing viewng problem" and is
particul arly apparent when one attenpts to 25 use one of the sensitizers

- descri bed above to nmake an inmage, intended to be viewed by the eye, by

nmeans of an exposure to visible wavel engths. Absorptlon of visible light by.
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construct a mylsuﬁeAMmummmmpmbm requires exposure to at | east

three The sensitizing/viewing problem is especlally severe if it is desired to
construct a full-color imaging system, which requires exposure to at least three
different wavelengths to produce images in three primary colors. A conventional

15 approach to this problem would be to resort to “false sensitization”, i.e.,' to expose

the imaging medium at three wavelengths which are not visible to the eye. In
. practice, however, exclusion of visible whvelengths for exposure leads to great
difficulty.

Efficient sensitization of superacid precursors at non-visible wave-

20 . lengths is limited to the near ultra-violet region (between about 330 nm and 420 nm)
and the near infra-red region (between about 700 nm and 1200 nm). The non-basic,
polycyclic aromatic compounds mentioned above may be used to sensmze decomp-

osition of superacld precursors to make unbuffered superacid in the near ultra-violet

region. However, it is difficult to find three near ultra-_wolet wavelengths which can

25-  be generated by a convenient source and which are sufficiently separated from each
other to be absorbed by three sensitizers without cross-talk among three color-

forming layers. (The practical near ultra-violet wavelength range for this type of
imaging process extends only from about 330 nm to about 420 nm, since other
components of the imaging medium, such as leuc_o image dyes if used, often absorb
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di fferent wavel engths to produce inages in three primary colors. A

convent i orii0 93/29068 approach to this problem woul d be to resprr/usesosizal se
sensitization", i.e., to expose the imgi ng nmedium at three wavel engt hs

whi ch are not visible to the eye. In practice, however, exclusion of

vi si bl e wavel engths for exposure leads to great difficulty. Efficient
sensitization of superacid precursors at non-visible wave- 20 | engths is
limted to the near ultra-violet region (between about 330 nm and 420 nm
and the near infra-red region (between about 700 nmand 1200 nnm). The

non- basi c, pol ycycljc aro, i ¢ conpoynds nt  oned abpve may be used:to
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type of igagin 3
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wavel engths in thi's range. Mreover, a nodulating 5 devi ce as a

l i qui d cryst al cross-talk. anAnptber available exposure|sourss) theyneae wltrasvilet lgset,eisgt hy
exposures ir0 near ul.tra-violet radiation. Al though phosphors emtting in the
near uIt|1 -vi oFEE™Y% known, cat hode ray tubes using such phosphors nust be

fEZZ. ?rr:“rg {rgdgbsgingl te he emARhéuph RAASY b fisdt dppest AP SERRIALOS 20 deah LAY
wavelengths would solve the problems discussed above, infra-red sensitizers suffer

from other problems. Some near infra-red dyes, and all non-basic polycyclic

aromatic compounds which absorb in the near infra-red, have visible absorptions

15 which contribute to the Dy, of the image. Equally impbrtantly, the photon energy in

the near infra-red is less than about 40 kcal/mole, and in practice this low photon

energy appears to limit the quantum efficiency at which the sensitizing dye causes

the decomposition of the superacid precursor. This limited quantum efficiency limits

the overall sensitivity of the process. _
20 The problems discussed above are alleviated if at least one of the

exposing wavelengths is in the visible region. If at least one exposing wavelength is
in the visible or near infra-red region, a maximum of only two exposing wavelengths
must be found in the near ultra-violet. Furthermore, the higher photon energy
available in the visible region, as compared with the near infra-red, is likely to lead
25 to higher quantum efficiency, and therefore higher sensitivity, than can be expected
from near infra-red exposure. There are also other reasons why exposure in the
visible region is preferred. Con&entionai cameras are designed to use visible light,
and thus any medium intended to replace conventional silver halide film in cameras
and produce a direct positive print or transparency must use visible light to produce a
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cross-tal k. Another avail abl e exposure source, the near ultra-violet

| aser, is 10 expensive. Al though it may at first appear that

sensiti zZXNQ¥¥W9%68 near infra-red wavel engt hs woul d sol ve t RET/USHMSEINs

di scussed above, infra-red sensitizers suffer fromother problens. Sone
near infra-red dyes, and all non-basic polycyclic aromati c conpounds whi ch
absorb in the near infra-red, have visible absorptions 15 whi ch
contribute to the [err] of the inage. Equally inmportantly, the photon
energy in the near infra-red is |less than about 40 kcal/nmole, and in
practice this | ow photon energy appears to limt the quantum efficiency at
~ Wwhich the sengdibleZinipedy CLikEWRES ?emgﬁﬁﬁ”m&ddo?oﬁﬁm&ﬂ& UBRRE Sidln 2
precursor.. This limtwed quantun1ef icilency Iimts t overal I sensitivity
of the procegphotogtaphic negative must be cauablemtéxpeme bysdsibleclightb ©Denventional

alleviated if . af |east one of the exposi wavel he vi sible
region. If atP hP{? g&@"@%ﬂﬁ@'ﬁéﬁﬁ&“&ﬂ&? °Siltggév@°b'@t hagcbeen
infra-red re@x?éhdeé (FHCe NS 15@1 ound
in the near ultra-violet Fu herrmre t he hi gher photon energy available in

the visidble ﬁu@psohmpasnéhsga)wmnldmmé&rexunph,hquid cqstalulightyalves)l ead
25 to hi ghe u fi ncy erefore. g{bzr senﬁl tiVvi t than
can be expect® é’h‘“’?"%:# 5‘31% T oS gl‘H‘é}bE sons
why exposure mﬁa-&éapom&ahiaetrﬂmm inSarDinRighig idcesSORéR %haaea{he%%me are
designed to use visible light, and thus any medi um i ntended to repl ace

convent i onal iBiagingrapnamiugdo e reduced.candamay: alsa makeoit possibledoruse i alnndatd ve

Pt %% eriSBaiGRS TEle Aol ShnbCol b B BeOHES e % s nei &
negat i VEQ Nustsolite or@&Nites Of exposure byvisible [ight. Conventional

phot ographic printers, also, are designed to use visible |ight. Mich effort
has been U.S. Patent No. 5,3g 34,489 and the comresponding International

Application No. PCT/US93/10224), all describe processes for the photochemical

generation of acid and for imaging using conventional ultra-violet sensitizers; these

processes will hereinafter collectivély be called the “’489 process.” The

15  aforementioned U.S. Patent No. 5,286,612 and International Application No.

| PCT/US93/10215 describe an imaging process using an imaging medium

comprising an acid-generating layer or phase and a color;change layer or phase. In

this patent and these applications, the acid-generating layer or phase comprises a

mixture of a superacid precursor, a sensitizer and a secondary acid generator. The

20 secondary acid generator is capable of acid-catalyzed thermal decomposition by

unbuffered superacid to form a seoondary acid. The color-change layer comprises an

~ image dye which undergoes a change in its absorption of radiation upon contact with

the secondary acid. After magewnse exposure and generatlon of unbuffered

superacid in the exposed areas, the medium is heated; in exposed areas, the

25 unbuffered superacid causes acid-catalyzed decomposition of the secondary acid
generator, thereby causing the formation of a molar amount of secondary acid much |

larger than the molar amount of unbuﬁ'ered superacxd present before the heating. In

the non-exposed areas, however, since no unbuffered superacid is present, no

significant géneration of secondary acid takes place during the heating. Thereafter,
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expended i n devel opi ng sources (for exanple, light-emtting di odes, cathode
ray 5 wbes9eésanps and | asers) and control devices (for RETAINISO5130i qui d
crystal light valves) optimzed for visible radiation. Accordingly, using
visible radiation rather than (say) infra-red or ultra-violet radiation in
an i magi ng process often enables the cost of the imging apparatus to be’
reduced, and may al so make it possible to use a standard, commercially
avail abl e light source or control device rather than a custom nade 10
source or device. U S. Patent No. 5,334,489 and the correspondi ng

the phot ocher TS el bfsred 08 peaché ¥ et 3en gin B, SEmBREAL
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called the "'489 process." af orementioned U. S. Patent No.

5,286, 612 and $eeondanyadid bringyghout thetabsorptien ciroge isthe/image dyel sharebyforming

or phase. and 2 et o Ty, B0 IpAeteE el 'R S 308 G oIS e Bllesd "
appl i cati gns, itRow@nsl ne&d ok dlehtitient Gﬁtﬁramhbﬁ%&oﬁmﬁo&%da\ﬁtﬂd&%oa

superacid precursor, a sensitizer and a secondary acid generator.
secondary aci danyomestemateriaktobgpeeled fiom theirpedivm 10 praduce thefinal inlageonposi ti on

by unbuffered superacid r C s AC ol ars change | aye
conpri ses an inage dye mh%%&ér%%rs%egb@‘g%arggg?#%_sa oq’f)p?@ °8’fp°¥°‘{
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and generation of unbuffered superacid in the exposed areas, the nmediumis
heated; in exptfiesdimagings (thesec nomsexposed, aseass aecthesDipieraresssl icauthiesregions of

aci d-cat ghyzed_deconposi ti . ' or, there

causi ng ? e formati o 18@"%8%3%?3 %@M&é&%&d@??ﬁg@{ gﬁn&@ﬁ‘?‘%ﬁﬁgﬁﬁan
the nol ar anouiagifg atithdéveRps dolor e tRcéxpoped-areas datigpimagding. haedordisiglyl b t he
non- exposed areas, however, since no unbuffered superacid Is prese.ng, no

si gni ficant geprastige; ibis racessapohatihy image be yiewedin A wavriengthy range whigh dags

Thereafter, -6;0t include the wavelength used for the imagewise exposure, since otherwise the

image will suffer from a sensitizing/viewing problem, with the contrast between the
15 exposed and non-exposed areas reduced by the absorptiqn, in the non-exposed areas,

of the sensitizer or sensitizers used For example, as discussed above, the preferred

’612'process requires two exposures, one at a wavelength in the near infra-red region

(700-1200) nm and the second at a wavelength in the near ultra-violet region,

typically around 365 nm, to produce an image in the visible region (about 400-700
20 nm).

There is a need for a modified form of these imaging media and
processes which removes the restriction that the wavelength used for the imagewise
exposure be outside the wavelength range in which the final image is viewed.

This invention provides a process for producing an image. This

25 process uses an imaging medium comprising an aéid-generating layer or phase
comprising a mixture of a superacid precursor, a sensitizing dye and a secondary
acid generator, and a color-change layer or phase comprising an image dye. The
sensitizing dye has a first form and a second form, the first form having substantially
greater absorption in a first wavelength range than the second form. The superacid
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the nmediumis further heated (in practice the two heating steps can be

conbi ned) to cause the conponents present in the two layers to mx, so

that, i wWegu2ee6kl areas, the secondary aci-d brings about PCIUSBYEONIB | on
change in the image dye, thereby formng an inmage. Thus, the inmagi ng nedium’
I's a single sheet which develops its imge 5 wi t hout any need for
treatnent with a devel oping conposition and without requiring any waste
material to be peeled fromthe nediumto produce the final imge. In these
processes, the sensitizer or sensitizers and the undeconposed superacid
.precursor remain present in at |east the non-exposed areas of the nedium

fter i t he: - d t th
fegions of el RO o Pt oienedl O pofestel ink e Mdinicyof . O
i mage dye i Spgsfd ﬂehhiﬁiér Bt{ xamiple® gblyeyclitcar6Rinat SeisitiAl) o prodidessu ed

areas during ineging). Accord| ngly, in practice it 'is necessary that the

i mge be vi ebp MOQm&dede%tﬁ‘m fizstavelgngthl engt h

used for the_inage | r from
a sensitizi n&“ﬁgv#m %E&Z € con %@f"’ ermq}%ﬁig{{“’&%%e posed

and nonseXDOﬁﬁW%up&d@i eby hbttlﬁlberadhﬂﬁﬁpid e, first wheeldipth @ames ety eas, -
of the sensitizer or sensitizers used. For exanple, as discussed above, the

preferred ' Glezondasy acid genemateris capabley pb acid-oatalyzed thermal dege vidspempagjtion iby t he

ear ul11 . L&WMW%?Q‘?%PW%? o358 el ot WKEGRIf i),

the visible pes absorptivalef rafiaticd Updi) contactvith e setondary abide dinfthe pheseidi fi e
formof these imagin rredl a and processes whi ch renoyes the restrjiction .

that the wavproses§i while atileps); thesensiizing dye issin,its fisst orm thpmedium is

. \[,D\I?\(;\e/: Sg " r%%%bpr OtéUCI ng arﬁd@gghéwhﬁw%%gess uséxg)gan

| magi ng medl aieas Ofhé acidcgenerating da;@ermrphase;gtﬂxsamagmqobmuteowrseﬂm a
T Of S Ring dye th decompose at feast pact of the SSperdcid precursor, with formation
of unbuffered superacid. Thereafter, the medium is heated to cause, in the exposed _
areas of the acid-generating layer or phase, acid-catalyzed thermal decomposition of
15 ‘the secondary acid generator and formation of the secondary acid. Néxt, the
_components of the acid-generating and color-change layers or phasés_ are mixed,
thereby causing, in the exposed areas of the medium,.the secondary acid to bring
about the chadge in absorption of the image dye and thereby form the image.
Finally, in at least the non-exposed areas of the medium, the sensitizing dye is
20 converted to its second form.
This invention also provides an imaging medium as defined in the
preceding paragraph.
Figures 1A-1D show the acid concentrations in the exposed and non-

exposed regions of the acid-generating layer during the various steps of a first

25 preferred process of the present invention; | . '
' Figures 2A-2E show the acid concentrations in the exposed and non-
exposed regions of the acid-generating layer during the various steps of a second
preferred process of the present invention; and



acid generator, and a col or-change | ayer or phase conprising an i mage dye.
The sensi waesm@oddye has a first formand a second form thechnusesosiss m
daving substantially greater absorption in a first wavel ength range than
the second form The superacid -7- precursor i s capable of being
deconposed (if necessary, with the addition of a non- basic sensitizer, for
exanpl e a polycyclic aromatic sensitizer) to produce superacid by actinic
radiation in a second wavel ength range different fromthe first wavel ength
range, but is not, in the absence of the sensitizing dye, capable of being
deconposed 5 to produce superacid by actinic radiation in the first

wavel engt h range. The sd&dgmedriy aschemafenenoss sactips thropghhaw imaging imedivm afy zed
t hermal deco sition. n f. . ' form condary acid. The
| mage dye. anddromeechl ool 4 il et BERAF bltviedh el & RSN il it

wth the secommsdmmmmﬁﬁoﬂr ocess, while at |east part of the
sensitizing dye 1s inits first form the nediumis 10 | mmgew se exposed

to actinic radiation in hsoreeess of the presenyinvention differs from the(488cand 642 of

Sensi 11 2i%g. apRooeiits IEHR SR prBR frockst ey FRARNAR HIABTHG AR o,
formation of geduntfformgdwith fe firet form Havirgodubetantidllycgreatel ab¥oipiiondnasgedific

cause, in the exposed areas of the acid-generating |ayer or phase,

aci d- cat al yzedvavelepgthirargeBessinssalled theflirstwavelength magendhan the seepndedfmpat or
and for mati on-qf xﬁgﬁmﬁ% g anfg%%ﬁdr\?(%api t h it HE BRk %a%%&g{hhr\gp%eoyhﬂc

aci d-generating and col or-c¢ ases are m xe

causing, in t hiee sonsitizitg dyeciadn @t§ firlteform( sol khat| inethe expordd rayead Cthe sesitizingg
about the change in absorption of the imge_ dye and thereby formthe image.
Final 1y,10 n atdye causes mmmﬁmmfﬁlﬁaaﬁmgomﬁsn&%emnmmmng
dye I's 20 = GONYG tsgpé SeRQMUkplhed inl Mote 'dMAA"HUCR, H I0mB Q¥éJGR 2N
i magi ng nedi um as defined I n the

addition to the imagewise exposure, further steps may be necessary to produce the

imagewise distribution of unbuffered superacid required for later steps of the present
process.

15 ' The unbuffered superacid in the exposed areas (in effect, a “latent
image” in superacid) produced in the first part of the present process is then used to
cause’ superacid-catalyzed thermal decomposition of the secondary acid generator,
and for this purpose the imaging medium is heated. Next, the components of the
acid-generating and color-change layers or phases are mixed, thereby causing, in the

20 exposed areas of the medium, the secondary acid to bring about the change in
absorption of the image dye and to form the image. (In saying that the components
of the acid-generating and color-change layers or phases are mixed, we do not
exclude the possibility that these two layers or phases may be merged to form a
single layer or phase, but such complete merger is not necessary, since it is only

25 necessary for the secondary acid and the image dye to come into contact, so that the
secondary acid can cause the change in absorption of the image dye.) Finally, in at
least the non-exposed areas of the imaging medium, the sensitizing dye is converted
to its second form. This conversion of the senmsitizing dye to. its second form

essentially removes from the non-exposed areas of the image the absorption of the

9.



precedi ng paragraph. Figures 1A-1D show the acid concentrations in the
exposed - exposed regions of the acid-generating |layer during the
vari ous 3?‘33@9931‘8 a first 25 preferred process of the ﬂ%@ A enti on;
Fi gures 2A-2E show the acid concentrations in the exposed and non- exposed
regions of the acid-generating |ayer during the various steps of a second
preferred process of the present invention; and Figure 3 is a schematic
cross section through an i magi ng medi um of the present invention as it is
"bei ng passed between a pair of hot rollers during the inmaging process of

t he present I nvention. The process of the present |nvent|on differs from
the ' 489 and sépdifizing dyei®tRe st waveleagtht Rdg arm&husoraﬂs ﬁ;ﬁage
sensitizing dye haV|n first formand a second form wt st form
havi ng substawpgwe@ edipmtp bgeffected using sadi mmuthememgmgthmgge

g i o1 nedho A i SR M Re5 20l 8 b, B2 hoXSndEG0 R, 8 e A

while the senﬁtﬁgeﬂoﬁ@tﬁbﬁrb&th@whﬁdeﬂﬂﬁﬁw&@hiﬂnﬁ@iﬁbﬁecwdn the exposed
areas, the sensitizing 10 dye_causes_ deconposition of at |east part of’

t he supeﬁam d precursor Conyersion of the sensitizing dyesfoom its Sirstda s seeind. foris may

xposure, 1 ur Phegechft ) ey ecibithus GoBRETer SGERng £ 48 Bl Ry By Baving 4 °°

di stribution sﬂbsuﬁﬁufibsb@ﬁoﬁunemameﬁrwmwl QingeAtela SécBRd fBfm Ha%in

present process. The unbu ered superacid in the eXposed

areas (in ef f%‘@ﬁmﬂaﬂﬂ less Absorpignein this wayelength sange: o et, thisieoniension part‘

Gecomposi 1 on SRR efnirlh Batixily Mo MR NTHAC oY sERiRaldY foresSinge

i magi ng 10edi uthei makienme dptibisx densith Dy Pof thet prb%ed l¥égions: or -by miroducmg
unwanted color into the regions where the sensitizing dye finally remains in its
second form. In addition, of course, the sensitizing dye should be chosen so that it is
unnmmﬂﬂe\Nﬁhthexﬁmm'amnponQMS<ﬁ?ﬂm:hnqﬁngrhedhnn:nuidoasnog for
example, crystallrze out on prolonged storage or undergo slow thermal reactions

15  with other components of the imaging medium during such storage.

The conversion of the sensitizing dye from its first form to its second
form may be either a reversible or an irreversible chemical reaction. (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

. 20 side that no detectable trace of the other supposed components of the equilibrium
mixture are present, and the term “irreversible” is used herein to mean such reactions
which are for practical purposes irreversible.) For example, conversion of the first
form of the sensitizing dye to the second form may be effected by contacting the
sensitizing dye with a base; in a preferred variant of the present process of this type

25  (hercinafter called the “deprotonation process™, the first form of the sensitizing dye
is a protonated form and the second form is_a deprotonated form, and the two forms
are reversibly interconverted by contact with base or acid. Alternatively, conversion
of the first form of the semsitizing dye to the second form may be effected by
reactmg the sensitizing dye with a niucleophile; this variant of the present process is

-10-
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aci d-generating and col or-change | ayers or phases are m xed, thereby

causi ng, weo 95280680 exposed areas of the nedium the secBaUaSyssa3ed t o
bring about the change in absorption of the inmage dye and to formthe

i mge. (In saying that the conmponents of the acid-generating and

col or-change | ayers or phases are m xed, we do not exclude the possibility
that these two | ayers or phases nay be nerged to forma single |ayer or
phase, but such conplete nerger is not necessary, since it is only 25
necessary for the secondary acid and the inage dye to cone into contact, so

that the sec ' “ 0§,.i rptd f the | e
e ) Fina 1 hing Chllef AR RUSERIEGrcalrOTn saPE BRIl i Gemi il chii” (|
sensitizing diffected byothe putieoplile may be eevesiblel Dthéhicehiqusseforicofvéting ae
sensitizing ngg to. its second formessentially renmoves fromthe

non- exposed auahiores of the sensitizing Aye ihHits serongd foam mayealso be used,fon exampleg dye

in the first m‘%gg %ng!@qggdi %JE@W?FSI:H@U ' m’ ? re_ of
the mediumto be é‘?{éec usi n‘éﬁ?g(ﬁa i%gn I'n e asrhr‘via@gvave gﬁ@%ﬁﬁg% as
that in $hi chorttrénginggbot sdecompesitiorn bf thea sénsitizéng dye dypaxposingrte inghe

final inmage do not absorb at fhe wavel ength at which 1maging is effected. 5

Conver si on offediumetos actinic ygdiglien rof o, wavelength; which jdogs ot atfect shenather be
ef fected by 61%2%{1 S&F{g' lﬁ@’ﬁﬂl e of converting a dye froma first form
havi ng a subs arﬁtol a ggg‘%rp ion in the desired wavel ength range to a second
form havi ng subst ant i al The ineagingainediaofithe inventibn desuribed angs far Istill 3ontain,
However, this conver,ssion shoul.d be such as not_ to adyersely affect the

i mage, - ei t herafl§y iMAgIAR:(3 etmap fERQUIL © ch@gged SYReEACH, RracfFeE Fnd dae thisnsi ty
o111 Sloi i SARBREE G YO ip ok S, SR 0P GO,
addi tion, of supemasid, by hmbienn sadiationnstrilting thiecsuperaoid pfecassor, swith ltahsegents
AL Dl & e etation Of acid. “However, this suscepibility of the imaged media o vowanted
color generation can be eliminated by including in the media a “fixing” reagent
capable of desﬁ'oying the superacid precursor without formation of acid therefrom,
15 thus fixing the nnage Such fixing reagents, and processes for their use, are
described and claimed in an International Application (Attorney’s reference
8011PCT) of the same date as the present application and claiming priority of U.S.
Application Serial No.. 08/232,757, filed April 25, 1994. The preferred
embodiments of the invention described below with reference to Tables 1 and 2 and
20 the accompanying Mgs contain such a fixing reagent.

In the present process, the imagewise exposure is effected with at
least part of the sensitizing dye in its first form. The imaging medium may be
prepared with at least part of the sensitizing dye already its first form; for example in
a deprotonation process, an appropriate amount of acid may be included in a coating

25 solution from which the acid-generating layer is deposited, or this coating solution
may be contacted with a separate phase containing an acid. Alternatively, the
imaging medium may be prepared with the sensitizing dye in its second or some
other precursor form, and converted to its first form within the acid-generating layer

before the imagewise exposure is effected; for example, as illustrated below with

-11-



exanpl e, crystallize out on prolonged storage or undergo slow thernal
.reactions 15 W th ot her conponents of the inmaging nedlun1dur|n such
storage.“*HEn&UHverS|on of the sensitizing dye fromits Ra4 iﬁto its
second formnmay be either a reversible or an irreversible chenlcal
reaction. (In theory, no chem cal reaction is thernodynam cally conpletely
I rreversi ble; however, as any chem st is aware, there are many reactions
where the equilibriumlies so far to one 20 side that no detectable

- trace of the other supposed conponents of the equilibriummxture are
present, and the term"irreversible" is used herein to. nean such reactions

whi ch are fofef&éﬂé‘etid?!!iguﬁsrmélﬁahd 2ALRES irh h edeprdtoriatidi prd '”ﬁi%ﬁig?n of
the first form of the sen3|t|z dye to the secondformna be effected by
contacting t medinanmaybeipsepamd-with the sensitizing d mlaxqgrdsp@pmmfllaeaoad)fmme

present proc eprotonation
process"), ﬁéé?tﬁ% #B#oorﬁrﬁwfﬁe %ﬁéﬁﬁéﬁé@%‘hﬁﬁ) fo Pgﬁ' h)ﬂ?ﬁ and
t he second fﬁﬂ@gﬁs@@ﬁﬂ&éb?@ﬁﬁdﬁ:ﬂﬁﬂh&ﬁ&iﬁﬁ&ﬂmoﬂﬁﬁdw& bI y
i nt erconverted contact with base or acid. Alternatively, conversion of’
the first foSmhaPclérwnmgws sonygnieptly ieffected bycexnosing thenwhele bE thef acidt ed by

or asent pr o BRERRE 1 st of ot UERERRAEG Tt BORR alprloitet. |,

such a pr ocesuperdcit frone the superincid preatriors and ﬂwtohkdbmbﬂlam&st |;ﬂrt”85’tl¥ée
irreversible. O her technl ggpgg fqQr (ﬁ:’gnvertl ng a-.fi rst form of the

sensi tizing SRASIHZR stwopmethods) of mspvidingrasid mayaef ng

E)?eblr Fﬁg: 23 abou dggeélr:‘rpoél Pugﬁﬁ@?é% g sen&%ﬁlm ng cﬁ?ég:'mgrb%y‘ﬁg% gye
i magi ndOmedi fomt andegeneratecadditibinal sensitiaingadyedr its firgy formvinimédistelbefsit uad.f ect
descr i bed thus far st i Mo kB Hie comple chemioal reactons %c%“xiay' take place.
' during the present process, two preferred deprotonation processes of the present
 invention will now be described, with reference to Tables 1 and 2 below and Figures
1A-1D and 2A-2E of the accompanying drawings.
15 Table 1 and Figures 1A-1D of the accompanying drawings show the
| changes in acid concentration in expo-sed and nbn-exboéed areas of the acid-
generating layer used at various stages during the first preferred deprotonation
process. The last section of Table 1, headed “AFTER FIXING,” shows the
composition of the éombined acid-generating and color-change layers after the
20 components thereof have become intermixed. |

&

)
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after i magi ng,

a substanti al

anount of unchanged superacid precursor,

and

are thus M™095.2%68cepti ble to post-imagi ng col or changes cREEBISPSIAnant ed

generation of
pr ecursor,

superaci d by anbient

radi ati on striking the superacid
wi th consequent generation of acid. However,

of the inmaged nedia to unwant ed col or generation can be el i m nated by

including int

t he i mage.

Such fixing reagents,

he nedia a "fixing"

reagent capabl e of destroying the
superacid precursor without formation of acid therefrom: 15
and processes for their use,

t hus fixing
are descri bed

this susceptibility

and clainmed in an International Appllca gAttorney's ref erence 8011PCT)
of the sane date as the present agppli rm nd clajining priority of 1S
Application Sérial No. EXPOSEDAREA fi|ed Adril 25NONEXPOSED AREAS cd
enmbodi nents off the |mupunentiescr| bpdVibldso\} Wi t h rGémpemnentt 0 TablleMolesan{l
2 and 20 t he acconpanyi ng draw ngs pgmml'ro:usﬁ a fixing reagent. I'n thg
FLesent p{pce< de VEy | TBgEW S exPos q§§§?*mﬁrh‘ar |egsr arty og
e sensitizin € or ag e prie
with at | east ?‘hégg%ﬁélﬁ I zin € WP%%& m pf e
exanple in a ( ; Zhaas ay_ﬁe__
Cxal e TN A o e on e T L TRA WAL ET EXPRSIRE o
i s deposited, [{S-DYEHESEH ng sol uti pn & HSDYELI'SUFav t h a sepdr afd5s
phase cont ai ni{rii§-DYIEERci d. Al ternati vgl y0.25 hg [SARYE}g nedi um may be |pr eparefl
with the sensi|tgegbifanfxdid | r secopd @0 sqrsecahwyaaageuéﬁm form au
converted to ijtpgh gyt formw thin t he g2 d-lge)psek Ny | ayer bef ord thes
| magew se exchS"UTe T s eri e(,tm Rq EWISE VISIBLE E GRECCI OW w T
reference to &E o R L By o ey e Log - processT—irhe
i magi ng nedi um[é ?g' ed with éensggg 1§ fnits deprotgiétej
(second) f or m|dmalS ¢ onat ed Yon to the protonatdd
(first) form grH®IFst 0 t he i magewi se 3xp ure peidigggemiori nt r dduclthg
acid into the |fecandpenacidgenematonyer . Fe 4.25
Ph,I'SbFs” 35
AFTER HEATING
[S-DYE-H]'SbFs 0.25 | [S-DYE-H]'SbFs 0.75
Ph-[S-DYE-H]'SbF¢’ 0.75 {S-DYE] 0.25
HSbFs 0.5 Secondary acid generator 10
Secondary acid 10 | PhI'SbF¢ 425
PhoI'SbFs 3.5
AFTER FIXING
[S-DYE] 0.25 [S-DYE] 1
Ph-[S-DYE] 0.75 | HOAc 0.75
HOAc 6 KOAc 1
Image dye/secondary acid salt 5.5 Secondary acid generator 10
Unprotonated image dye 1 Cu reagent 1
Ph-image dye/secondary acid 35 PhOAc 425
salt Unprotonated image dye 10
Cu reagent 1 KSbFs 5
KSbF¢ )
K/secondary acid salt 1

As shown in Table 1, the imaging medium initially contains the

sensitizing dye in its unprotonated form. Both the exposed and non-exposed areas

comprise a quantity (shown in Table 1 as 1 mole for simplicity; all references to

moles concerning Tables 1 and 2 (see below) refer to moles per unit area of the

imaging medium, and are only by way of illustration, since the proportions of the
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5 Such acid generation is conveniently effected by exposing the whol e of

t he aci d- generati ng | ayer to radiation of the second wavelength, with
consequerff@? i on of superacid fromthe superacid precggﬂg?s’%w
protonation of at |east part of the sensitizing dye. A conbination of these
two net hods of providing acid may of course be used, i.e., one could coat a
limted anbunt of sensitizing dye in its first 10 “formand generate

additional sensitizing dye in its first formimedi ately before use. To
illustrate the conpl ex chem cal reactions which nay take place during the
present process, two preferred deprotonation processes of the present

;:ir]\éﬁpelsogA\-MlSLag%g 2A—%E- o) rt Ee _ a!c‘g%an%%j;lﬁ ng ﬂr a%&%&?ﬂf@r Jnowq.]ugmﬂ? S

Tablde 1 andtll%' tgwidmd(ﬁkmobso@fnﬁbafﬁth' aheasl_.iuvg?irs_ﬁrl‘ablet _I;gamhﬂ&lﬂest! n

acid concentrati | p_exposed and nan- exposed areas o e aci d- generating-

| ayer used atq‘\?ﬁ&&oﬁg ag &5’5@“%@”&?@" %m sﬂ?’%r%’&*‘o@pplﬂ?@ﬁa%%i also °
. The j ' - ' HINGe."

process e ihetalleRthé RiddRtim Batis Aot shovrmeribie ) Bl ﬂ:%ihlgl%re n@%@gﬁ&ﬁt o

conposition of the conbined acid-generating and ‘col or
the 20 5 conflOmolesare showwin Table:1ofamecondaryacid gentrator] 2- Table | [err]

ye 1 Tts unprot onat ed b PIAEHE AR BLAh blabker iradaied s culiviprcice
COTE 32, et bl Mgl ek W SHGBLCU el o,
mol es per uninadigtion appliedrheing sufficignt toctauss therdecomposition oflessithan whe mole
HTTustration, 3sng81d i ol R hSticd il T8ble T and Figwre 1A) of the superacid (
© 10 precursor, thus prodixcing a corresponding amount of superacid. ‘This superacid
immediately protonates the sensitizing dye, producing a salt of the dye shown as
“[S-DYE-H]J*SbF¢™ in Table 1, and leaving no unbuffered superacid present in the
acid-generating layer. Thus, aﬁe'r-_this-initial ultra-violét e_xposuré, as éhown in Table
1, all areas of the acid-generating layer contain 0.75 mole 'of the sensitizing dye salt,
15 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 Figure 1A, which
shows the acid level as 0.75 times a threshold level (indlcated by T in Figures 1A-
- 1D) at which all the sensitizing dye becomes protonated. '
(The secondary reactions that follow the fragmentation of the
20 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 sensitizer, following which
elimination of a proton occurs. This i)henyl radical is ignored in Table 1. Even if
some of the phenyl radicals generated do become attached to sensitizing dye
25 molecules, this will not significantly affect the overall course of the process shown
in Table 1 and Figure 1, since a phenylated form of the sensitizing dye would be
expected to undergo the same type of protonation and deprotonation reactions, with
similar absorption shifts, as the non-phenylated dye.)

-14-



vari ous conponents may vary w dely) of a sensitizing dye, a |larger nolar
quantity WWO25/29048cr aci d precursor (5 noles of [err] are sh@®WA/USASAB0 e 1; a
suitable quantity of a non-basic polycyclic aromatic sensitizer, such as
pyrene, is also included in the nediumbut is not shown in Table 1) and a
still larger nolar quantity 5 (10 noles are shown in Table 1) of a ’
secondary acid generator. The imaging nediumis first blanket irradiated
with radiation in the second wavel ength range, typically near ultra-violet
radi ati on, the anount of radiation applied being sufficient to cause the

deconposition of less t 0 eJh 7 | e segd f Ll usteation in
Table 1 and Figure 1A) %[‘th{(}%su:arz_itg:llg"!c]a%fgB E)er:eéc g%re,ﬁﬁéﬂgpl?’%m Cl ﬁ% a
cor respondi ng imagewise eXposed o5 aadistionTin ﬁlesﬁtﬁeméldn%tm’ﬁﬂgé;t\&ﬁMem_ﬁiaﬁﬁﬂti@S
the sensitizing dye, produci .ng’ra salt of the dye shown_ as B‘er.r] in Table 1,
and | eaving n %fﬁ"ﬂﬁ'ﬂ%ﬁgﬂlﬁé able i Asshewm in Fabled and Figuge AB; inthegrea BG .

Aeas of the SEibd Bibielhedibdd ikt Rhich 'RASKACe BB IABN WIALR Ul Pl
salt, 155  Orafiatiohl causds theprotinatedisenkiG£ing dyé o biin thedecompositien of a

superacid precursor and 10 noles of secondary acid generator. This
situation is HuthesO:7%; wale of superarid precursgr; with geacration, of adugther:25 mole of 75

tinmes a thresgglag“!i vel a6l /dl o[k qF - ' t he
sensitizing dy ec rrsg)sm%{r g&o‘%&??&.\ % I-égagigc%t%%ggs?x%gégt%rﬁgﬁwgé%?oﬁ%w

t he fragnment aadditiondl siperaci@ generated by i visiblecexposure pestonated the pérnaialng 0.25
under st ood at present. However, it is |ikel yéiyha(t; a,phe%I radical iIs
generat ed, whitale of psadensiy noptangied SeRsitizng Ay, deaving Paumols of apbeffered

derived {fy om - I, C C Ira ' e Féh“ , Bﬁg gg i ch
elim natllorz)n o% ar%?%tlg?\tﬁ%cegﬁgés& *ﬁ%s%hé%%?a‘?g [ cg | szl%ncg?gélpl able 1.
Even if sorreddllush’aﬁorphﬁilgl;&e Illeklm&sﬁﬂgeaeildfigaﬂraied tind?a&xl&hfrﬁtdnﬁhdt Oisibr&e
sensitizing dye 25 nol ecu , s W noj,.significantly affect the
overal | cour sEXPASUISSSCRRIBLS saﬁé‘i’&ﬂ&(h" caurse no differeiice exists chemically) In the

non-exposed areas AB and CD no change in the acid level occurs, the acid

concentration remains below the threshold T, and no unbuffered superacid is present
15 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
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,

20 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
phenylation of the photooxidized sensitizing dye by the phenyl radical derived from
the superacid precursor, followed by elimination of a proton. Accordingly, at the end

25 of the imagewise exposure, the exposed areas will contain 0.75 mole of a phenylated
product derived from the protonated sensitizing dye, this product being denoted
Ph-[S-DYE-H]'SbF¢ in Table 1. The remaining 0.25 mole of sensitizing dye will
remain in the [S-DYE-H]'SbFs form. Also present in the exposed areas will be 0.5

mole of unbuffered superacid, the 3.5 remaining moles of superacid precursor, and
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in Table 1 and Figure 1, since a phenylated formof the sensitizing dye

woul d be expected to undergo the sanme type of protonation_and deprotonation
reacti on¥WO 8si il ar absorption shifts, as the non- pheRGTEBEPSIe. ) -14- .
~After the initial ultra-violet exposure, the i magi ng medi umis i magew se
exposed to radiation in the first wavel ength range; visible radiation i-s

shown for illustration in Table 1. As shown in Table 1 and Figure 1B, in
the area BC of the acid-generating |layer which is exposed to the visible
radiation, this visible 5 radi ati on causes the protonated sensitizing

dye to bring about the deconposition of a further 0.75 nole of superacid

precursor, Wwithd) 1Qanslesdf sevondary atid' generatét, Whichnremaid uicha@sal avthisspoinbat t he
total anmount of acid present exceeds the threshold T. The additi.onal

super aci d geEhacempasitiom of the, pep-expossd Apas of eSS, Femaing, unchanged by dhe). 25
nol e of pre‘”t&!ﬁ!%’sé’ %Hﬁ sensitizing dye, leaving 0.5 nole of
unbuffered 1 supgirgg)g |%&tgﬂe exposed area BC, as shown in Figure 1B.
(For purposes of ill ustThetinmgingFngdium i&shmut&hdnahbéxmrawﬂd rthé he

ul travi ol et and vi si bl e exposures separ at al t hou f course no '
differerte eunbufered e‘ﬁ‘PP%"&F‘ﬁ %&%ﬁﬁ% ’éﬂ‘g‘a ?ﬂﬁ 86R9 n@l‘l:hange

tﬂrtegﬁo?gl '?' l an%hoo%?% Er%e@%lﬁ fsﬁ%rhée%ews(laﬁ*terﬁ?ﬁle VI si bl e

exposur e. Thiby, wayt of éxansplel imTatiled; Figupe WCsis not stidtipto scale)u riosvéver,dd the
superacid is present |n t he ar eas ereas in,the non-exp ar eas
no unbuf f er edoBE¥RPSSd ﬁe@?ﬂ)’af‘ ‘é;e‘ﬁe?rﬁf"@& Gﬁﬁg‘

buf f db

urreread by ts@ﬁstﬁinﬂ? nrg Edﬁ%ﬂmfb’ﬁ‘alt &&sﬁ&i h@ﬁ gﬁﬁﬂﬁﬁ%?'tﬁbg “OW

contains a "laten I N superac IS 1mage 1S

visiblelGo t laeldtgammtmysn thiat essentmﬂgant@onipamhbhef dm:smmnhry acid geﬂeratloe
superacid pr %%g&rgg:rxd gg/senua(ilynosecondaryacldxsgenerawd '

In the final step of the process, as discussed in more detail below, the
components of the acid-generating and color change layers become intermixed.

Table 1 assumes that the color-change layer contains 10 moles of an indicator image

15 dye, 1 mole of copper compound, 1 mole of a reducing agent (the prdducm. produced

by oxidation of this reducing agent are ignored in Table 1 for simplicity) and 6 moles

of a reactive material, shown as potassium acetate in Table 1 (where acetate is

_abbreviated “OAc”). Table 1 further assumes that the image dye is more basic than

_ the sensitizing dye; the contrary case is discussed below following Table 2. In the

20 non-exposed areas, the copper compound, the reducing agent and the reactive

| material decompose all remaining superacid precursor, with generation of the

corresponding amount of phenyl acetate (Table 1 assumes), phenyl iodide (omitted

from Table 1) and potassium hexafluoroantimionate. In the exposed areas, the

potassium acetate is protonated by the superacid and by some of the secondary acid.

25 The copper reagent catalyzes decomposmon of the remaining superacid precursor
 with the formation of phenyl cations, which react with the most nucleophilic species |

remaining, here assumed to be the image dye. (In practice, the decomposition of the

superacid precursor is probably somewhat more complicated, and other products
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'sensitizing dye during the i magew se visible exposure will be acconpanied
by phenyl g¥d odnhopés t he phot ooxi di zed sensitizing dye by the ndrarssbosei cal
derived fromthe superacid precursor, followed by elimnation of a proton
Accordingly, at the end 25 of the imgew se exposure, the exposed areas
will contain 0.75 nole of a phenyl ated product derived fromthe protonatéd
sensitizing dye, this product being denoted [err] in Table 1. The renaining
0.25 nole of sensitizing dye wWill remain in the [err] form Al so present in
the exposed areas will be O 5 nDIe of unbuffered superacid, the 3.5

aci 0 gener at or MRy Re SHOGHEHL RN HF FBACLIN 9F dechipaBton PR oHen SRet
the non-exposeg ﬁﬁ‘é@ﬁ&@@ss@ﬂﬁﬁl%ﬁhﬁ@%@ @5{?3% gyby the i magevm se visible
exposure.) The inaging nmedi umis next eate In %he exposed area BC, the 5

unbuf f ered superacid prebethe exposedyaress, thecunbufferadostiperacid uidﬂSemeles:oﬁdlmy

ﬁg: gsg:p:rghg t hus pr@?uci&ﬁﬁa&é“‘%ﬁfg gugnt“)%tg% tpa% secongar d 10

scal e) . Hgweveglenrbidnktes HO'Bréh rSRASE o of Hth ahe! ogamdl‘%eﬂéliﬂﬁgedeﬁdand the
superacid is present and the sen5|t|2|ng dye/ superaci d sa S not

catal yze the dphemmgiﬁommfﬂnsdmtmm qcmsmsdngpmmdcdyes,shereb)at
essentially no_deco |on ,of .t onda cid nerat.or oceur
essential ly no" e§b°8'b‘?rg erpgjon dn "hgpg TC,%HEI“’ Sz rge&‘

process, as d'?ﬁé’&é&%ﬂo@mﬁﬁr& r@&tirsdrh@cﬁtﬁl}i&&[' géxh@ompound
aci d-generating and col or change ers become |ntermxed Tabl e 1 "assunes
that the col or&d:asgeﬂmmaaomoﬁ’& phenglatednimagdidyst oF.S iMelge: of the

o aduced By oxHABREK a@ﬁ%&r&‘n@m@w& %gdeﬁqma?é&* OB b B © 5%

sinplicit y) anghéhyliéeand thecproasted \ihag dged ate, colored PMdloRRe Uag 8yt €
in Table 1 (where acetate is
remains in its unprotonated, leuco form. Figure 1D shows graphically the 5.5 moles
of secondary acid (3.5 moles of aryl cation are also formed) remaining in the
exposed areas.
15 In the non-exposed areas, the potassium acetate deprotonates the
‘'sensitizing dye, returning it to its unprotonated form, and thus reducing the Dy, of
the image in this range (assuming, as is usual, that the absorption change in the
image dye is an increase in absorption, 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 consumes 5 moles of potassium acetate; 1 mole of potassium acetate
remains in the non-exposed areas. This excess of base is represented in Figure 1D as
-1 moles of remaining acid. None of the image dye is protonated, all remaining 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 d;fe, as described in

more detail below. The excess potassium acetate also ensures that, if minor
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abbreviated "QAc"). Table 1 further assumes that the inage dye is nore

basic than the sensitizing dye; the contrary case is discussed bel ow

fol |l owi ngoDbsidoss 2. I n the 20 non- exposed areas, the cHGRNSISAMMBZOUN, the .
reduci ng agent and the reactive material deconpose all remaining superacid
precursor, with generation of the correspondi ng anount of phenyl acetate
(Tabl e 1 assunes), phenyl iodide (omtted from Table 1) and potassi um

hexaf | uoroanti nonate. In the exposed areas, the potassiumacetate is
protonated by the superacid and by sonme of the secondary acid. 25 The - _
copper reagent catalyzes deconposition of the renaining super-aci d precursor

with the for | Eccﬁﬂﬁﬂ%?d lﬁ&r

nucl eophi | i cdgg%ﬂg es remsu ning, here gssumad to be t [ mgeﬁgggeproﬁss

practice, t Hesdeewcempletedpthemhinohameunts ofiecid generated swill bemeptralized! by &emawhat

nore conpl i cat ed, and ot he rogycts =16; roduced; howe , the

exact type dR© F’Hir’\thg"w‘gﬁ a%?%&ﬂesso&?d@éh n-gxnoged areas0 §ent|al

nature of t t process.) In the exposed areas, the unbuffered
E%%‘@f%

superacid a | es of the secondary acid are |nned|ately neutralized
by the $Hotassium acet altwlll\bhlseén ﬁbmoTable 1 thaﬂ&pr meuudimmmefthemupam&d

forns of boththeo t|2| latedfom f this
dye t o prod A $egan @p&'ﬂa Pﬁé‘é@ }ﬁ) Yriget he
absorpti.on 'ﬁbﬁé@ﬁdh&eﬁte‘ﬁ&&ic@%@éﬁéic?d‘%tﬂé@h%eﬁ@&x W C per as1he

deconposition of the superacid precursor is catalyzed
conpound, | eadasid, itdistinsufficiently acidicoin thespolymetic dfindeks iny iwdiichd thenpigsenty e.

5.5 Mol es of t he 10 econ.d acid revessibl onat.e .and form a salt
with the i neRIRCE BRI i P rpion ik T seheta o R 0F e Ringg 08 are
coloregg 1 h@kﬁmq{otg@wgnwgféws parposdss unprotonated, leuco form

Figure 1D shows graphically the 5 ' es of secondary acid (3.5 noles of
aryl cation are al so fFromethe forsgoing desctiption;dt will be seen that, in the exposed

areas, the superacid catalyzes the breakdown of the seeondary acid generator, so that

the final quantity of secondary acid present is substantially larger than the quantity of
unbuffered superacid produced directly by the imagewise radiation acting on the

15 superacid precursor, although of course the secondary acid is typically a weaker acid
| than the superacid itself. This “chemical amplification” of the supefacid by the
seeondary acid generator increases the number of moles of acid generated per
einstein of radiation absorbed, and thus increases the contrast of the image produced

by the present process as compared with simple generation of superacid by a |
20 superacid precursor. In practice, it has been found that, under proper conditions, at

least 20, and in some cases 100 or more; moles of secondary acid can be liberated for

each mole of unbuffered supetacxd present in the exposed areas following the

imagewise irradiation.
The first preferred deprotonatlon process descnbed above is
25 convenient for use with many combinations of indicator sensitizing dye and

secondary acid generator. However, thls first preferred process reqmres that the
superacid generated during the imagewise exposure effect acid-catalyied thermal
~ decomposition of the secondary acid generator in the presence of the protonated
sensitizing dye, and such acid-catalyied decomposition requires that the superacid
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exposed areas. 15 In the non-exposed areas, the potassium
acet ate dwoesx9088t es the sensitizing dye, returning it to PCIUSAHINIBONat ed
form and thus reducing the [err] of the image in this range (assum ng, as
is usual, that the absorption change in the inage dye is an increase in
absorption, i.e., increase in color, in the relevant wavel ength range so
that the non-exposed areas are the [err] areas of the image). 20 The
deconposition of the superacid precursor and the deprotonation of the

sensi tizing dye consunes 5 nol es of potassium acetate; 1 nole of potassium

ot et car el Bbnday R edeRRh I sAERR Me 05908 of furthere
dye is prot Onaﬂrﬁténaﬁ’éﬂ, 4@k Binigly protoriated ! SepisiizAnpates is kipHifiahly Mord Masic

provi sion of t'he excess potassium acetate serves to 25 ensure that, if

a smal | anountthas thensese aeid: generptar, aatmm gmreﬁpdtahevs&eomsﬂdaa

gfgg,ra: ﬁre g(r)rgl ugfg‘ﬁout?}ﬁ E&Qié‘%%ﬁé‘?’g‘ acl resuﬁp&lg%wgm%gut ::ﬂ% e@eby :
base bef of e t hathee ahad protofdte cthe secaridasy tacidh gagsestor. N Ifhthel prétondted

described in nore detajl bel ow_The excess potassi um acetate al so ensures
that, if m norsensitizing dygabserps the: Wayeleneth macd; ko Jhe dmpgewise cxporaraand alsoes

occur after t | | ‘!F?ﬁﬁ e t n f

aci d gener at egsv“\#i%gl ! E{SeE&Rg%lﬁ&gl%?z@%§ d(b% t ass’i %mha&cb(e%[bigg u‘ssfs%}\nlgl I
not affect inegﬁs;dziﬁgidyeti@ﬁommp@ﬁ(ﬂﬂemr msmeme efxpmire t:ﬂabecoﬁtmued

It will be seen from Table 1 that  the "neutralization" of the superacid and

secondary aci cunti Wﬁ&?f%ﬂ &@ﬁ@%@%%@%%&ﬂtmweﬂb‘}wt he

Fogar dedihe. arfeniinl ¥ FEaRRR bRdiald; ol WIUIR RRAIER Gl pHTRAR Y

in which the pirooaate the secondary acid generator. Aﬁer this continued exposute the acid level
diagram is similar to that shown in Figure 1B, except that the acid concentration in

uu.)

the exposed area BC exceeds 2T rather than T. The subsequent heating and base
addition steps can be carried out exactly as described above with reference to Figures
15 1Cand 1D.

If, however, the sensitizing dye can be doubly protonated, the singly
protonated sensitizing dye is significantly more basic than the secondary acid
generator, and the doubly protonated form of the sensitizing dye either does not
absorb the wavelength used for the imagewise exposure, or does absorb this

20 wavelength but does not cause decomposition of the superacid precursor following
such absorption, continuing the imagewise exposure will result in the acid
concentration increesing to, at most, 2T, at which point all the sensitizing dye is
doubly protonated, and further acid generation ceases. The present process can be
carried out with this type of sensitizing dye, but requires an additional step, as will

25 now be described with reference to Table 2 and Figures 2A-2E. In view of the
number of possible species in the second preferred process illustrated in Table 2 and

| Figures 2A 2E and the uncertainties as to, for example, the exact species which is
phenylated by the phenyl radicals liberated upon decomposition of the superacid

precursor, or which counterion or mixture of counterions is associated with a given
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process is normally carried out to protonate the sensitizing dye or the

i mge dye, and 10 is thus not regarded as an acid forrpresent ur poses.
From t h¥@8%/29¢68 ng description, it will be seen that, inHHASS d areas, -
t he superacid catal yzes the breakdown of the secondary acid generator, so
that the final quantity of secondary acid present is substantially |arger
than the quantity of unbuffered superacid produced directly by the -

i mgewi se radi ation acting on the 15 superaci d precursor, although of.
course the secondary acid is typically a weaker acid than the superacid
itself. This "chem cal anplification" of the superacid by the secondary

aci d gener at@ptohited Sefsifizibg Ay spédiés, dor siniplivity fthe vaflo@s pessible orovonated nst ei n
. of radiation absorbed, and thus increases the contrast of the ipmage ,
produced by speeiepdesived from thessasitizing gye aregrouped fogsthas v wgs!r

har . under J5BBcYf BhbiiERhncThar 16 Weffly &R Bhd Tdblbly vl (ETIYET T

mol es of secgeeiesyusediil Table D eefeisotor all ddublyrprownitedspecies derivedf fromettie _
superacid present in the exposed areas follow ng the i ew se |rradiation.
The fir§t presnsitiziog darepwbetbwébpiﬁm’seegessmm%o\wﬁ&aga 2 phenyl groups

conveni ent for. i . eﬂghggiions of indicator sensitizing dye and
secondary aé? Vgé%@ﬁ%%@?&®£%ﬁg.er, is first preferred process requires
that the superacid generated during the i nagew se exposure effect _

aci d-catal yzed thermal deconposition of the secondary acid generator in the
presence of the protonated sensitizing dye, and such aci d-catal yzed
deconposition requires that the superacid protonate the secondary acid '
generator. If the sensitizing dye is capable of further protonation, and
the singly protonated sensitizing dye is significantly nore. basic than the
secondary acid generator, any superacid generated above the threshold T
during the i nagewi se exposure will tend to doubly protonate the sensitizing
dye :
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5

rat her than protonate the secondary acid generator.

I f the doubly

pr ot onat edwe®s29s8 zi ng dye absorbs the wavel ength used for PCEHUSISHSEBH Se
exposure and al so causes deconposition of the superacid precursor,
doubl e protonation of the sensitizing dye is not a serious problem the

| magewi se exposure can be continued until

exposed areas exceeds 2T, at which point all

doubl y protonat ed,

t he secondary

diagramis simlar to that shown in Fig
concentration in the.exposed area BC ex

descri bed aboVe Wi
sensitizing dy

aci d generator.

table 2.

the 10 sensiti zing

2T rather than T. The

such

the concentration of acid in the

dye is

and unbuffered superacid is again available to protonate
After this continued exposure,
except that the acid

the acid | evel

dye is signifi

doubl y pr ot ong %
wavel ength usé¢
wavel engt h buf™

foll ow ng suc
the acid conc
sensitizing d
The present p
but requires

reference to

species in th

2A 2E and t he | gy

phenyl at ed by
superaci d pr e
associ ated w

subsequent heating andeXPOSEDAREAN steps dan be NON-BXPOSEDEAREAY as
[€ W I GgBORBAE (O ' DWiGfes 10@6}& bHent . MOVEVfioied NF
o mrore S;Zri'é’iﬁﬂ?ﬁgﬁ.ﬂm 'Z\,?’L”Z,ifii AN
l%ﬁ"% sensi t} zi pg dy pot absofb t
TRbF,: e I magew se exposuy e, sor thIS 20 3
e o A O Owsﬂ w P S
| g %peﬁa tol, af 5m)q Es%mht al | 6.1321
bgspoubly protonated, g ftqggﬁ@ aC|d generatlon feagss.
%&Qﬁﬁgﬁﬁﬁ rried out yyth QQ&ﬁaLMQﬁggkm&EnSItIZI1g e,
PhASBEt | onal step, as I42525 Ph,I'S6FY be described with 425
apl e an | WWWISE\‘V@BE r—of p SST O e
Yﬁﬂéc UCEKES L
g =P Mﬁb forq(;.a;ga |s%1§gt e exact sppeegil es M‘ll@;sl S
isbg phenyl radlcals |'i pergised q@@ngﬁeconp03|t|on of {heg2s
 SEcofidary a6id ghiledaton COUNt €] i 010 OF | Sedthdiytacidiger@fttRt €1 i ONS i s 19
MS@[‘/EH -19- 325 Ph,I'SbFg” 4.25
AFTER SECOND ULTRA-VIOLET EXPOSURE
Doubly protonated S-DYE species 1 Doubly protonated S-DYE species 0.75
SbF¢ 2 Singly protonated S-DYE species 0.25
Secondary acid generator 10 SbFg 1.75
HSbF, 0.75 Secondary acid generator 10
Ph,I'SbFg" 2.25 Ph,I"SbFg" 3.25
AFTER HEATING
Doubly protonated S-DYE species 1 Doubly protonated S-DYE species 0.75
SbF¢ 2 Singly protonated S-DYE species 0.25
HSbF, 0.75 SbF¢ 1.75
Secondary acid 10 Secondary acid generator 10
PhoI"SbFs 2.25 Ph,I'SbF¢ 3.25
AFTER FIXING
Unprotonated S-DYE species 1 Unprotonated S-DYE species 1
HOA¢ 6 HOAc 0.75
Image dye/secondary acid salt 6.75 Unprotonated image dye 10
Unprotonated image dye 1 KOAc 1
Ph-image dye/secondary acid salt 225 Secondary acid generator 10
Cu reagent 1 Cu reagent 1
KSBF; 5 KSBFq 5
K/secondary acid salt 1 PhOAc 3.25

The second preferred deprotonation process of the invention shown in
Table 2 begins in exactly the same manner as the first preferred deprotonation

process described above with reference to Table 1; the same amounts of the same

components are initially present in the imaging medium, and the same initial

ultraviolet exposure is effected to generate 0.75 mole of buffered superacid
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protonated sensitizing dye species, for sinplicity the various possible
pr ot onat ed g{gem es derived fromthe sensitizing dye are ?’8&? et her
wi t hout W Wt o their degree of phenylation. Thus, for éﬁ?@% e term
"doubly protonated S- DYE species” used in Table 2 refers to all doubly .
prot onat ed species derived fromthe 5 sensitizing dye, whether those
species are substituted with 0, 1 or 2 phenyl groups derived fromthe
superaci d precursor. -20- Table 2 [err] The second preferred
deprotonation process of the invention shown in Table 2 begins in exactly
t he sane nanner as the first preferred deprotonati on process descri bed

above with rgf Enekiurh "B SofveRIRU0YS nitle bheenaamngyem its

corrponents are | n|t|a résent i'n the i magl ng medi um and t he 'sane

initial ultrprotonated ﬁ:xmosAlceordmgbf,fFem&A@S geseutiallycidentienl rto| Figure bAf f er ed

a1 7. Hgweye M lECRE 45, RS fhe slatine RiRoriRL Bl bidale R ™' ©
essentially Bﬂfé}iﬁl %nﬁﬁe&'lﬂﬁlﬁfdr&erm@fsupﬁaﬁd@td&ﬁisbr sl dekompased| by t he

i mgew se exposure, the exposure is preferably continued unt|I a further 1

nol e of SSupeﬂucsedmpmch}'&osoltbatde%m@%Gf B?Idfﬁl‘e presgmt incthei agid-generating so

a7 0153 o ok, B 1B 0,7 o SR 0

“consumed” by reaction with one molecule of superacld precursor, so that each mole

of sensitizing dye can only generate one mole of superacid, the acid-generating

reaction is self-limiting at this point. It is not essential that the imagewise exposure (

10 be continued to this point, since the only requirement for the later stages of the

process is that, after the imagewise exposure, there be a substantial difference in acid

concentration between the exposed and non-exposed areas. Aceordmgly, it may be

convenient to contmue the imagewise exposure to this poxnt, thus rendering the

_ imaging process less susceptible to temporal or are_al variations in the radiation

15 source used for the imagewise exposure. As shown in Table 2, at the conclusion of

the imagewise exposure, the exposed areas of the acid-generating layer contain 0.75

mole of doubly protonated sensitizing dye speeies,.0.25 mole of singly protonated

sensitizing dye species, 10 (unchanged) moles of secondary acid generator, and 3.25

moles of superacid precursor. (As in the first preferred process, obviously the

20 imagewise exposure causes .no change in the composition of the non-exposed areas
of the medium. )

At this pomtmtheprocess,allofthe superacid is still buffered by the
sensitizing dye and no unbuffered superacid is available -to catalyze thermal
deeomposmon of the secondary acid generator. Accordingly, the imagewise

25 exposure is followed by a second blanket exposure with radiation in the second
wavelength range, namely ultra-violet radiation in the process illustrated in Table 2
and Figures 2A-2E. As shown in Figure 2C, this second ultra-violet exposure causes
further decomposition .of the superacid precursor and a uniform increase in acid

concentration throughout the acid-generating layer.  The amount of ultra-violet
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"consuned” by reaction with one nol ecul e of superacid precursor, so -that
each nol e wbosyoss t i zi ng dye can only generate one nol e of gedospsdo t he
acid-generating reaction is self-limting at this point. It is not
essential that the i magew se exposure 10 be continued to this point,
since the only requirenent for the | ater stages of the process is that,
after the i magew se exposure, there be a substantial difference in acid
concentration between the exposed and non-exposed areas. Accordingly, it
may be convenient to continue the i nagewi se exposure to this point, thus
rendering the imaging process |ess susceptible to tenporal or areal

variations in mmnwmﬂledmﬂn@lankﬁmermehomsoﬂm mr&hq;mn—sq:oe«tméasr,

xposel ar oas 0 SefcolbeAFoR S 4 MReg{ el 2 BRGRNA B P 3B JhE i g

protonated semremhinZiniferély By Hhieesensitizing. de, BGt So &fat,smrmb)éx ﬁﬁ%ﬁs‘?@m acid

sensitizing dye species, 10 (unchagged) nol es of secondary aci d generator,

and 3. 25 nol esopeentation will ‘!ﬂbﬁﬂ'ﬂeﬂwpmdmﬂésmntass

of 'the noh- oxpdde AC 308 bl 3 RN e RS oEnc NG, 5 et RfpRGRle:
of the super acxfoduse samcienbwéfdemﬂpw drieemoiN6f buperdtid frecusddl BesidEiuhéer ed

superacid is available to cat aw;éée thermal deconposition of the secondary

aci d gener at orunc GNEEALQT xpssedareasmf @cl dsgemgratingdayepy a
d bl ank
narely ul 1 oRPar T s “1 dofift phoihaldt. o8 FAGE e BT, 15 ARG of

nanely ultra-vi atron 1n

Fi gures 2A-2E. unBﬁffa’eQ \sOperiicid agd! 2253 oles bf mﬁmmlﬂreuhﬂséﬁwmekﬁé n@ﬁﬁﬂﬂﬁdsé@

causes further deco srtlon of the superacid precursor and, a uniform

i ncr easelQ n ad@rens con@in .78 maele of doubly msetonated sensitizingdye species, 0.29 aole phe

< ehosen S0 1 ﬁ!ﬁwf&%%%nonﬂzeé%%ﬁr 3 .28 ndil S aerbhl BEursE P05 ©

The remaining two steps of the second preferred process are
essentially identical to the corresponding steps of the first preferred process. First,
the imaging medium is heated so that in the exposed areas the unbuffered superacid

-i

15  will catalyze the thermal decomposition of the secondary acid generator, thus
converting the 10 moles of secondary acid generator to (in theory) 10 moles of
secondary acid. In the non-exposed areas, however, since no unbuffered superacid is
present, essentially no generation of secondary acid occurs. Figure 2D shows the
result of the heating step graphically. Finally, the components of the acid-generating

20 and color-change layers become intermixed. As in the first preferred process
described above with reference to Table 1, Table 2 assumes that the color-change
layer contains 10 moles of an indicator image dyé, 1 mole of copper compound, 1
mole of a reducing agent (the products produced by oxidation of this reducing agent

_ are again ignored in Table 2 for simplicity) and 6 moles of a base, shown as

25 potassium acetate in Table 2. Table 2 also again assumes that the image dye is more
basic than the sensitizing dye; the contrary case is discussed below. In the non-
exposed areas, the copper, the reducing agent and the reactive material decompose
all remaining superacid precursor, with generation of phenyl acetate (Table 2
assumes), phenyl iodide (omitted from Table 2) and potassium hexafluoro-
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the acid concentration will not exceed the 2T threshold, so that all the

acid wll r I.n buffered by the sensitizing dye, but so SJUP-I he
exposed ngpé’ he acid concentration will exceed the 2Tl¥ (#’and
unbuffered superacid will be present 5 Figure 2C and TabI e 2 show t he

results obtained using a second ultra-violet exposure sufficient to
deconpose one nole of superacid precursor. Besides the unchanged secondary
acid generator, the exposed areas of the acid-generating |ayer contain 1
nmol e of doubly protonated sensitizing dye species, 0.75 nole of unbuffered
superacid and 2. 25 nol es of superacid precursor, while the non-exposed 10

areas cont ai Fntﬂn&ﬂtéml e S0bed/ aias)! MiapSasshith Sdcklate wmg&e 0.25

nol e of singly protonated sensitizing dye species and 3

super aci d pr superacid andhby someiof thy secondary pacidf Tlmcoppun:bagemfeutalyzbs

B;g?gffegrgrassent 'sﬁol y&tthentl cal to t he, correspg@ﬁ*g&e s of t?lpmgll rst

exposed ar eagat Hﬂi%ﬂfréﬁﬂﬁth&ﬂé’ﬁ{oaﬁhﬁbl dophilic sPeties fethaihin "as&ﬁﬁ‘éd |
deconposi tion gf“’ihe secondary aci d gener at or, thus convert| ng t n% mol es

of secoddar ybadhel iyageedye. or(In pragtice, t qum}tlmlofsthefsupmdoprequrm ® In
t he non-expose eas wever S|n ered,superaci,d i s pre ent
essentially HB)%Q oFIOL, SRR Wetg &?ﬁ %"’“\lﬁ%g ?H‘Efﬁﬁ *h
result of thaohev'srl the &iabidtypé A decampositidri pAddurts ﬁxtaau&ameem%ﬂe& tﬂée

aci d-generating 20 and col or- change | ayers becone interm xed. As i1n the
first prefer essential pgaweofthe presentProgesse with reference to Table 1, Table 2

assunes that the colorzc c eSS of an |nd|c or, i mag
dye, 1 nole of copper &%W%tg}%ﬁ’g%éﬁmg bﬂ%fﬁﬁ‘c

produceg by d and 325tholes bf thesebendageadid %fe‘-‘mﬁﬁédtﬁlely&%h‘iﬂzé@b fl e 2
for sinplicity) and 6 noles of a base, shown as 25 = potassium acetate I n

Tabl e 2. Tablpetassiumaasetatpaiwhichs dm@spmmtes protogated forms; of  thecsensitizingt han

pose” ar 6008 g Riakd B QRtoRlnt il Hiprollled WAL e Bltmbdyddt o L,
deconpose al supersitid precirsor ixcdatilyzéd (bycthe copper comipowid; @'theffoRfigivg

acetate (Table 2 assunes phenyl, i odi de omtted from Tabl e 2) and
pot assi um he?ﬁle'?éomlﬁ of pheny image dye. 6.75 Moles of secondary acid reversibly

15 protonate and form a salt with the image dye. Both the phenylated and the

protonated image dyes are colored. 1 Mole of image dye remains unprotonated and
in its leuco form.
In the non-exposed arcas, the potassium acetate deprotonates all
protonated forms of the sensitizing dye to produce the corresponding unprotonated
20 forms, and 1 mole of potassium acetate remains (this free base is shown as -1 moles
of acid if Figure 2E), so that all the i image dye stays in its unprotonated, leuco form
and no color change occurs. |
One advantage of the present deprotonation process is that, at least in
many preferred embodiments of the invention, it is possible to compensate for any
25 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 sensitizing dye in the acid-generating
layer undergoes slow decomposition on protracted storage. If, as in the two
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- 23- ‘antinonate. In the exposed areas, the potassium acetate is

pr ot onat eavdpys/ibes super aci d and by sone of the secondary a®ai/uspvesisepper
teagent catal yzes deconposition of the remaining superacid precursor with
the formation of phenyl cations, which react with the nost nucl eophilic
speci es remai ni ng, here assunmed to 5 be the image dye. (In practice, the
deconposti on of the superacid precursor is probably sonmewhat nore
conplicated and ot her products may be produced; however, the exact type of
deconposi tion products produced does not affect the essential nature of the

present process.) In the exposed areas, as_in the_first preferred process,
the unbuf fer edprf%?mg maeaépwgﬁa aboves the first step of the m&éﬁ%& PEPOSHES

i medi ately ne Iih.;%ﬂ,' lifden B9 rafiat: | es

al | protonated g‘r%ms %)ﬁle sengtlpt I ZI ng gygﬁ% gécg?%%%v%ﬁ?%ﬁ%g ?gé oﬁ%ﬁg
unpr ot onat ed fsupemcidland chayertythes sensitizing dyeto dsiprotomated (first) foragrthe blanket -
catal yzed by the copper ,conpo , | eadi o the formation of 2.25 noles of
phenyl at ed i meg®° %WM&W%&E%&Q?W&E’P%%WF BFo %y,evenlfs :
protonatesand {gmdactompblitidh bithk pdritid prebitsor B¥ Sbchied elfgy! ated and the

protonated i mage dyes are colored.” 1 Mdl'e of inmage dye renal ns unprotonat ed
and in its leuco form |For lexample, drptakedamrextremet hasep puredys i form mupdses eof

deprotonates alJ protonated for of t.he sepsitizin t o .produce the
coPr espondi ng &msgéhatqﬁq WS&H@%%P@’“%‘P%!%&?&W tt9ts0
remains (this hHhgeuldSAolefradihtioh difing tofi¥e Ahd Hansortthit pré it brédowaiost hat

all the image dye stays in its unprotonated, |euco formand no col or change

occurs. One ad@8meclgef sipetacid prearsortocdurs: ditdhebéginnipg of imsaging; all lazdas ofithe

Least i nafeny pealel el GRS 05 hdieobe SSAANE b oMo el SPLSSLA o

generator, 4.5 moles of superacid precursor and 0.5 mole of protonated sensitizing
dye. After spectral analysis to determine the amount of protonated sensitizing dye
already present, the initial ultra-violet exposure may be adjusted so that, in exposed
areas, only a further 0.25 mole of superacid precursor is decomposed. After this
15 exposure, the medium will contain 0.75 mole of protonated sensitizing dye, and will
thus be in exactly the same condition as the medium used in the first preferred
process described above (at the stage represented in Figure 1A), in which no
premature breakdown of the superacid precursor occurred before imaging, but the
initial ultra-violet exposure generated 0.75 mole of superacid. Also, provided that
20 no substantial breakdown of superacid precursor occurs during transportation and
storage, a deprotonation medium of the present invention which is produced with the
sensitizing dye in its unprotonated form is, prior to imaging, essentially insensitive
to radiation of the wavelength used for the imagewise exposure, since the
unprotonated sensitizing dye, even when exposed to such radiation, does not cause

25 - substantial decomposition of the superacid precursor.
' For similar reasons, all variants of the present process are 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
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25 premat ure breakdown of the superacid precursor which may occur before
use of the imagi ng nedium Such premature breakdown may aqc exanpl e,
by expoéﬁpﬁwﬂﬂgfhe i magi ng nediumto radiation during taﬁgﬁﬁﬁﬁ?%ghoand
storage or because the mi xture of the superacid precursor and the
sensitizing dye in the acid-generating | ayer undergoes sl ow deconpositi-on
on protracted storage. If, as in the tw -24- preferred processes
descri bed above, the first step of the process is blanket exposure of the
i magi ng mediumto radiation in the second wavel ength range to generate
superacid and convert the sensitizing dye to its protonated (first) form

the bl anket grob&sshewRdR Tublerd] thie! ifthgewise Rkposuré banises [decathpssitidn Bf 073SS
wor ks properly, even if 5 sone deconposjtion of the superacid precursor

has occur r edmeler pf supersaid pesqwnsore Iftthe imeging yadiation delivered tg the|imaging

£ i1 Lust LAt on. \ SRS . ble 1
P Beposeq « Bt Vitics 3;s V0 HE, explled s WRCLBALRS dbmBOlH) Be 080 °
that prenmat umle bf stipkeadid Girecursor/While others willaexpéripiicec déconipositionr 6f 04 t he

begi nning of imaging, all areas of the 10 diumthus, contain 0.5 nole
of sensPti zi mgledyeThusy afisrcthe,imagewise) £XPOSHES: (thgeFRANCEAIEAtion) of wal

Super 1 P il ol ) 63035350 Wil
al ready presegditrolt 6 thd)ilicatihg Ustép, athis ahuge ©f pwatiation niny ubbuffétpd ssuperagid t hat ,
I n exposed areas, only a further 0.25 nole of superacid precursor is
deconposed. P@mﬁﬁt}ﬂﬂswﬂg have Mr éﬁh%@nn'&}.ﬂi fg&?me dBntagfh WS‘%%I e oi
e t e modi HEul) B JigRLE to B Gosbhiony By, o Sy/SpERe hitele SR of B |1 2"
stage nepr esenitDink.n Fi gure 1A), in which no premature breakdown of the
xposr ¢ gener at d 0. 7ExeeB(18bSt 1 8032 AR the Tt QespripRn RRp el be scen
that, after the present medium has been imaged and fixed, in both the exposed and
mnwnmoxﬂanmsﬁmsmmﬁhhmchmlméb&mJﬁmmudtoisnnmumnmwdﬂmnm
This is always the case in the non-exposed areas, and is also the case in thg exposed
15 areas if the image dye is substantially more basic than the sensitizing dye. If this is
not so, in the exposed areas the sensitizing dye will remain protonated (or possibly
phenyléted) and the absorption in the first wavelength range is a combination of that
due to the protonated (or phenylated) image dye and that due to the protonated (or
phenylated) sensitizing dye. In such caseé, the sensitizing dye should be chosen so
20 that the presence of its protonated (or phenylated) form in the Dpay areas does not
cause objectionable effects on the image. This is especially important in color media
having a plurality of different acid-generating layers and color-change layers since if,
for example, the protonated (or phenylated) form of the sensitizing dye used in the
acid-generating layer associated with the magenta color-change layer has a yellow
25 color, crosstalk will result between the magenta and yellow coniponents of the
image. To reduce or eliminate such objectionable effects, it is desirable that the
 protonated (or phenylated) form of the sensitizing dye have a color similar to that of
the colored form of the associated image dye. Sometimes it may be possible to use
the same (or a chemically similar) dye as both the sensitizing dye and the image dye.
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20 no substanti al breakdown of superacid precursor occurs during
transport &40 95290681 st or age, a deprotonation nedi um of the REXEIWSNOSIYention
which is produced with the sensitizing dye in its unprotonated formis,
prior to imaging, essentially insensitive to radiation of the wavel ength
used for the imagew se exposure, since the unprotonated sensitizing dye,’
even when exposed to such radi ation, does not cause 25 subst anti al
deconposition of the superacid precursor. For simlar reasons, all variants
of the present process are relatively insensitive to variations in the

radi ati on used for the i ew,se. exposure,..such , as riatigns in |aser.
out put, differences bet wg;g% M%Wﬁsﬁﬂf“aé’ésﬁgﬁeﬂ g ?rpéflceﬁ%dpf@gf?ﬁnﬁ he
i magi ng beam térfined t6 filieOdéprotonativnSproélish \Of the preSent hVentuRMRicRveves) alféRited?5-
process shown in Table 1, the inagew se exposure causes deconposition of

0.75 nol e of sprebles perupy inthe sugleophile pracessafthe inventiomifithenupdeaphile isomore t he
I magi ng medi umvarkes by. ] 20% sone exposed areas w ||l experience
deconposi ti onnh?s%ﬁ’_gnfhﬂy'g{agéd%peraci d precursor, while others will
experiencg deconpositi onThé séhsitizing dye tsed€n thd derotonhiic Ei'd%@ssl ofeetie \présent

exposure, the concentration of unbuffered superacid in the exposed areas
will vary froninyestion gnay & amy anolopule, the,ebparptien: speetrum)| obfwhicke depgnd:ng

step, this range | ati | ' il |
nave mini ol ogatey SROF s Yhoh B Bibtiaih s NAIEh S SaSEHBRREG O othe
desi gned to besgesid pRchisod uskd; Yrovided of aourse Megt ithé Ayeiix ebmpatitsile Wit thad
[err] 10 or at D.. From Tables 1 and 2 and_the rel ated description

above, it wi || other ceraponents of theimaging anediume nThe,gtate of the sepsitizing dye called g
e i nboth j ‘ B .
e 1 1600, "phe, BePATRRARAd 1535 RS o hbdsatl By bidd HBIGRNE, M

non- exposed ar @fgrotonarddiformd insay beanioniechut kapdbde 6f being protonated to a neutral or

cationic form. For example, fluorescein monomethyl ether can exist in a non-

aqueous medium in anionic (deprotonated), neutral or cationic (protonated) forms;

both the anionic and cationic forms are yellow, while the neutral form is colorless to
15 the eye but absorbs strongly in the mid-ultra-violet region (around 320 nm). The

spectral shift of the sensitizing dye upon protonation may be either hypsochromic (to

shorter wavelength) or bathochromic (to longef wavelength).  Fluorescein

monomethyl ether exhibits both behaviors; the first protonation of the anionic form

causes a hypsochromic shift, while the second protonation to the cationic form
20 causes a bathochromic shift.

Preferred indicator sensitizing dyes for use in the deprotonation
process include fluoran dyes, phthalide dyes, xanthene dyes, acridine dyes, hydroxy-
pyrylium dyes, hydroxythiopyrylium dyes, styrylpyridinium dyes, styrylquinolinium
dyes, and other substituted quinolinium, isoquinolinium and pyridinium dyes, with

25 triarylpyridinium, quinolinium and xanthene dyes beiixg especially preferred.
Specific triarylpyridinium dyes which have been found useful in the present
invention are protonated forms of:

2,4,6-tris(4-methoxyphenyl)pyridine;

2,6-bis(4-methoxyphenyl)-4-(2-thienyl)pyridine;
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15 areas if the imge dye is substantially nore basic than the
sensitizing dye. If this is not so, in the exposed areas the sensitizing
dye wi | lwoesraoe8 pr ot onat ed (or possibly phenyl ated) and PCI/G§0513@i on in
the first wavelength range is a conbination of that due to the protonated
(or phenyl ated) inmage dye and that due to the protonated (or phenyl ated)
sensitizing dye. I n such cases, the sensitizing dye should be chosen so 20
that the presence of its protonated (or phenylated) formin the [err] areas
. does not cause objectionable effects on the inmage. This is especially

I mportant in color nedia having a plurality of different acid-generating

phenylated) form of -t Hes SENERFEPIReRy 4 Gals RebEmIRIRgR oo’ ayer
associ ated wi th the nmgebisM-aetivxyplienyat-(Risphtiydpydidiae} | ow 25 col or,

crosstalk will result between t he magenta and yel |'ow conponents of the
“image. To reduce or el3.$nbistd-methoxyplemnyBb-(Zonephthylpyridines, it is desirable

color simlar to that ahSAARE fér@ﬂ%ﬁﬁﬁ’bﬁ#?%’fﬁ@ﬁ&@“ B otod Drmge dye
Sonetings it may be pdzis-lbtd(e-xﬁeﬂadxsphddyﬁ-&émﬂ A-diméth6Xiid Dpyfitlife] ar) dye

as both the sensitizin e and the Jma dye. -26- he potential
pr obl em di sc@s@é@ﬁprpfﬁgﬁ'eér@%’ glfeapﬁ the protamatedqform of, 2,4,6-tris-

“ooburs Tn t R RERERS BlerfnflfS cesse?} : Rée.”h'véﬂt on i1 the nucl eophi e Ts
nore basic than the i nAgspedifie. pfeferred quinolinium dyéhis thenprotorated féhe ofsed |
;Bgoggfrgaogghéﬁg prog§§§$gﬁmth§ ﬁresegﬁ@$£ventl gd£$%¥§§@§£¥ nDIecuIe ~th
Ceed "5 ovt (B8R sr Blinfeloft Vel %@Eﬁ”a{ﬁ%&ﬁ#ﬁet‘@%fl Esrg% sor
conponent s qirefel‘mdlxmﬂieng dyeds uhe pi&tenatedifmfoftﬁ,é'-bsm[z-lchio?@lﬂﬂﬂ]w| | ed
methylamino]spiro[2-butyl-1, l-dloxo[l,2-benmsoth1azole-3(3l—l),9'-(9l—l)xanthene]]
(which may be prepared as described in U. S. Patent No. 4,345,017).
NkﬂmdsﬁnwhepmnmﬁﬁhmtﬁiﬁmyhﬁnkﬁnhnndWmunedbﬂxﬁwdin
15 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 eomprises heating a mixture of an acetophenone, an
aldehyde (that containing the desired 4-substituent) and ammonium acetate in acetic
acid. A dihydropyridine is produced as the penultimate intermediate, but is oxidized
20 to the pyridine by the intermediate chalcone. A second method is similar to the first,
but uses hydroxylamine or. unsymmeuical dimethylhydrazine in place of ammonium
acetate; the penultimate intermediate in these cases are the N-
" hydroxydihydropyridine or N,N-dimethylaminodihydropyridine, which undergo
eﬁnﬁnmmrxandauonmﬁzninlvﬁﬂunutmeneaiﬁM'ﬁmomkﬁzh@;qgmL A third
25 method, described in Krohnke, Synthems, 1976, 1, can produce asymmetric
triarylpyridinium dyes. In this third method, an aryl aldehyde containing the desired
4 substituent and an acetophenone containing the desired 2-substituent are reacted to
form an intermediate chalcone, which is then reacted with the phenacylpyridinium
salt derived from the acetophenone containing the desired 6-substituent. The

. 28



10 herein the "unprotonated fornm need not necessarily be a neutral

nmol ecul e; wb®suasuss ot onat ed form may be ani oni c but capabl e PETOSISUS130
protonated to a neutral or cationic form For exanple, fluorescein
nmononret hyl ether can exist in a non- aqueous nediumin anionic
(deprotonated), neutral or cationic (protonated) fornms; both the anionic-
and cationic forns are yellow, while the neutral formis colorless to 15
the eye but absorbs strongly in the md-ultra-violet region (around 320
nm . The spectral shift of the sensitizing dye upon protonation nay be

ei ther hypsochromic (to shorter wavel ength) or bathochromc (to |onger
wavel engt h) .  Fesukant goaidiningriyhatituted dihydropyriding undemgogsn lass fypyridine twith

first protonat]j e 'Hgg'!E:& E’m% RS ' ift, while

t he second pr o%‘%gnaat%&n&fﬁ? e ca |§n| C ?orsmitiigﬁln cag’gggr’%g%@ghochr om ¢
shift. Preferred indicatThe Jtiopidrt desepibey varibus combinationshof dfiRledpRilat g
process include f|uoran dyes, phthalide d t hene dyes, acridi ne dyes,

hydroxy- pyryl Fmt’é% Yoy Whish, £ y\‘%ﬁil m)égae@b}kymﬁsdpﬁi%msﬁ .
styryl qui gol | ”hﬁ%@éﬁﬁ\?ﬁ,ﬁfﬂ%gﬁ?&ﬁﬂ& U Paltdridd %sgf'hgﬁlb‘fi“ag?‘ishélmn{}ﬁ)\gé@ M

and pyridi ni um dyes, trraryl pyridini Um ‘quin ene

dyes bei ng espacteahatyinpthe fpeesentdprotyss ¢hé imaging anediymy mhal containdhe huektophildrave
been found useful in the present invention are protonated forms of:
2,4, 6-tris(4- niselhzathercthan )a, ppe aqp@,e-generanng ies as in these patents, since the

2§ b e BN ekt AR Y M e gL
2, 6- bi s( 4- met homjipthe fink) hebting -steppihény themucledphids converts the sensitizing dye to its
2 e e BN s ey e
molecule, for example a primary or secondary amine, a stabilized carbanion, for
example a carbanion derived from a malonate ester or a nitroalkane, or a charged

nucleophile, for example a thiolate.
The preferred sensitizing dyes for use in the nucleophile process are
15 hemicyanine dyes; the term “hemicyanine dyes” is used herein its broad sense as
meaning any dye in which a quaternary nitrogen-containing heterocycle is in charge
resonance with an electron-donating moiety within the same molecule. Hemicyanine
dyes wﬁich may be used in the present process include those described in the
aforementioned U.S. Patents Nos. 5,258,274 and 5,314,795; preferred hemicyanine

20 dyes are those of the formula:

G n

wherein: .
G is a CR°R* group, a CR°=CR? group, an oxygen or sulfur atom, or
an NR® group;
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2, 6- bi s(4-net hoxyphenyl)-4-(2-(1, 4-di net hoxy) napht hyl ) pyridine.. A specific
pref er r eWOI5(28968] pyri di ni um dyes .is the protonated form of CYOPESIP; 5.

(2, 4-di met hoxyphenyl ) pyridine. A specific preferred quinoliniumdye is the
protonated formof 2-[2-[2,4 bis[octyl oxy]phenyl]ethen-1-yl]quinoline (the
‘unprotonated formof this 10 dye is avail able from Yamada Chem cal Co.,
Kyoto, Japan), while a specific preferred xanthene dye is the protonated
formof 3',6'-bis[N[2-chlorophenyl]-N '

met hyl am no] spi ro[ 2-butyl -1, 1-di oxo[ 1, 2- benzi sot hi azol e- 3(3H), 9' - (9H) xant he
ne]] (which may be pretrgd RiSardeach abalkyl group contaffihe fon!\about  13tboatdliY ) -

Met hods for the preparation of triaryl pyridinium dyes are described in 15
the |iteratur2d cathenatemsieni ent nethod for the preparation of such dyes

her o9 Yam | Ghem oo R ot cdeich Byaith SO St b Uiyl Sofif Sehighle [
an acet ophendrgn abéutd! 6 aboit 20(chiboh atomis; ai ni ng t he desired 4-substituent)

and amoni um acetate in acetic acid. A dihydropyridine is produced as the
penul ti nfit e i nt er medi attds 19823 i s oxi di zed 20 to the pyridine by the

i nt er redi at e chal cone. A-i§§ﬁﬂfyil I} (ﬁé@hﬂ& to the first, but uses
hydr oxyl am ne or unsymetrica 8| e ) aZ'ne in place of ammoni um
acetate; the penul ti matX is ah asiomdi ate in these cases are the N -

hydr oxydi hydr opyri di ne or N, N-di hy| am nodi hydr.opyri di ne, whi ch undergo
el i mi nation akis apem&t ofthe idﬁﬁsbﬂ‘ﬁﬁg&tci‘i”ﬁ& wgbaavpd}avm rsgarditeithe supesaid A

aoymecric o r TS il BERERHRH dufnd WY sging HBLAIES Oy ol it is GRAVRIAEYCC
cont ai ni@g t he wedodide of anvthet anion rierivetifram @ ovetlo plid) as thecamidm ofl thegdye) e
e then r eac SRRl ATeBES ok SRR PR 1 e JFACeSPETatog (Byen dpseirieegng vl
acet ophenone G @l Yhidadid Gerddfited Drbonth e dnii) thus 1kiing & the formation of
HI, or an acid which is similarly weak in a polymeric medium of low dielectric
constant (such as those typically used in the imaging media of the present invention),

15 which cannot effectively protonate the secondsry acid generator, and thus does not
initiate the acid amplification procesé. Conveniently, the anion X is choéen to be the
same as that of the superacid precursor; thus, for example, when the preferred
superacid precursor diphenyliodonium hexafluoroantimonate is used, the anion X is
conveniently hexafluoroantimonate. Specific preferred hemicyanine sensitizing dyes

20° which have been found useful in the present nucleophile-process include: |

l-methyl-2-[2-[2,4-bis[octyloxy]phenyl]ethen-1-yl]quinolihium
hexaﬂlioroantimonate; ) _
1-methyl-2-[4-diphenylaminophenyljethen-1-yl]quinolinium

_ : hexafluoroantimonate; o

25 3,3-dimethyl-1-methyl-2-[2-[9-phenylcarbazol-3-yl]ethen-1-yl}-3H-

| | indolium hexafluoroantimonate; and o
3,3-dimethyl-1-methyl-2-[2-[9-ethylcarbazol-3-yl]ethen-1-yl]-3H-

indolium hexafluoroantimonate.
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resultan;ﬂg¥r|d|nlun}substltuted di hydropyri di ne undergoes |oss of pérldlne
with aro PP, Al three nethods are illustrated in BEXSHYSES

bel ow. The prior art describes various conbinations of nucl eophiles and
sensiti zing -dyes which can be used in the nucl eophile process of the )
present 5 I nvention; see, for exanple, U S. Patents Nos. 5,258,274 and
5,314,795 (although note that in the present process the imagi ng nedi um may
contain the nucleophile itself rather than a nucl eophil e-generati ng species
as in these patents, since the nucleophile can be kept in a layer or phase
separate fromthe acid- Eﬁﬁebﬁkeﬂiwceyseiuyawabfehﬁatfm@ et'6 a8 &@Eﬂ%&“

t he nucl eophil e converts the senSitizing dye to Its 10 secong ornmy. The
nucl eophi | e ubegensitizing:dys alsesomprisscrecasensitizep ovhichnisue r&dhcmglagemtl less Basic

Car bani on der PRI FRAT RO iace §paboen bind Bt e mrepce RERsbe

nucl eophi | e, dRenstiAARTRréltly fpiroV e%ttﬁe HRstuiY efiRidney &Qﬁé'r&é&bﬁ%&%&w use

i n the nucl eophil e processS are 15 qhem cyani ne dyes; the term

"heni cyahi ne photesxcited (sepsitiziog cdye iand theo superacid epresursenring they qdgmetuinn

W th an ol corFORENDOR PRGSO ERy Pt AR HER TSl of e gty rﬁfﬁﬁi”ﬁies

whicch may be PreffredNcdsBfsiftzeds Gdludy ASAFRniRG é:éaaﬁﬁe @b drige
af orenentioned U S. Patents Nos. 5, 258, 274 anSQS 314, 795; “pr e}?err ez

heni cyani ne Ztydroquigames.are those of the fornula: Ar [err] wherein: Gis a
Lerr] group. a [err} orghps R Uts Fhocdhs el poR' 8 prSluckbal & LsuffesidP’
10 superacid, it is highly desirable that the process be conducted under essentially
anhydrous conditions; as chemists are well aware, the most powerful acidic species

that can exist in the presence of more than one equivalent of water is the
hydroxonium (hydronium) ion, [H30]". Accordingly, if the medium in which the
present process is conducted contains water, at least part of the superacid produced

15 by the present process will simply generate hydroxonium ion. However, in the
absence of water, the superacid yields an acidic species much stronger than hydrox-
onium ion, and this: acidic species can effect the acid-catalyzed decomposition of
various secondary acid generators which hydroxonium ion cannot. Typically, the
present process is carried out with the superacid precursor and the sensitizing dye

20 ' dispersed in a polymeric binder, and such binders can readily be chosen to provide
an essentially anhydrous environment for the process.

In its most general form, the present process requires only that,
following the formation of the imagewise distribution of the secondary acid, the
sensitizing dye be converted to its second form in at least the non-exposed areas of

25 the medium. Although, at least in theory, the appropriate reagent for effecting this
conversion could be supplied from an extemal source (for example, by spraying a
solution of the reagent on to the exposed medium), for practical reasons it is
normally desirable to have the reagent present in the imaging medium prior to
exposure, so that the imaging medium provides a self-contained 1magmg system not
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[err] and [err] are each an al kyl group containing fromabout 1 to about 20
carbon atons; [err] and [err] are each a hydrogen atom or_an _al kyl group
cont ai niWGRMB about 1 to about 20 carbon atoms: 5 PCT/USISNSI30 ;i 5| o 2;
Ar is an aryl or heterocyclyl group; and X is an anion. The anion X of the
dye shoul d be chosen with care having regard to the superacid which w Il be
generated during the imaging process. For exanple, it is inadvisable 10

to use iodide, or another anion derived froma weak acid, as the anion of
the dye, since the presence of such an anion in the acid-generating |ayer
during imaging will cause the superacid generated to protonate t he ani on,

t hus | eadi ng_t.Q-: qugqgfr fmedlﬁbn ts OUsadity: % R K in
a polyneric medr u tb% ow ectric cgrsist %ﬁsﬂgﬁtﬁ%se typic y used
in the inmagi oq;ab@bfaconﬁemhgthuﬁssefurm aﬁ»thnsenslﬁzlngmyetonshecdnd:fnrmquesent
effectively r te_the second d.generatqr, and s does
initiatethe &ﬂﬁhﬂg %@e‘&ﬂﬁ% %H“F'y’ éﬁ%lm‘ﬂﬂ R?

chosen to be I%Q&aﬁﬁg ES!bﬁ-%hﬂngE fr‘ﬁﬁodﬁ&gm
exanpl e, when tﬁ% pre erre peracT d precursor di pheéﬁr odoni um ©
hexaf | uGr oanreagentainto the noneexposedearaas ofthe medivoy, dimusi comverging the sensmzmg
hexaf | uor oant,i npnat e. | fi c ref erred hem cyani nsit n es 20
whi ch have b8¥n % &S rfac‘?}@:f ﬁﬂé“%&ﬂﬁ“‘rﬂs t@‘sﬁﬁ"ﬁé‘%e 1

- et hyl - 2- [Zdﬁﬁwwwa&eum]@mw&&m&étmkwarmm medium

hexaf | uoroanti nonate;” 1 -nethyl -2-[4-di phenyl am nophenyl ] et hen-
-yl ] qui nol i niother tremathe ndpoalmgnﬂmeln pé&ticular, for practical reasons, it 1s generally

ﬁeia?: lrjrg'; (r)lglnf:% met h I - -! lwnen}ﬁeﬁxar b@ﬁx()lmveﬁﬁolxebyhﬁrsi%feﬂ/o L&gpl i urr‘

10 generating layer from a non-aqueous medium on to a support, and then to deposit a

color-change layer from an aqueous medium on to the 'acid-generating layer. If this
process is used to prepare a “dupe” film fbr use in the grap_hic.arts industry, it is
necessary that the medium be exposed from the color-change layer side, since
exposing through the relatively thick support may lead to a loss in resolution.
15 However, exposing through the color-change layer may require that the image dye
(which in a write-white medium such as dupe film must be colored in base and
essentially colorless in acid) be present in its colorl'ess' form during the exposure,
since otherwise it may. absorb the radiation intended for exposure of the underlying
acid-generating layer. To ensure that the image dye is coated in a form which does
20 not prevent imaging by absorbing the imaging radiation, a medium of this type
 conveniently comprises: : | _ _ '
(@ a coior-change layer comprising an image dye which has
substantial absorption (i.e., is “colored,” where the “color” in
question wil typically be in the near ultra-violet) in base but has low
25 ‘absorption in acid, the image dye being present in its protonated
(colorless) form;
(b)  anacid-generating layer; and |
(c) a layer coxrtaining a conversion reagent (typically a base)
interposed between the acid-generating layer and the color-change
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3, 3-di net hyl - 1- met hyl - 2-[ 2-[ 9- et hyl car bazol - 3-yl ] ethen- 1-yl]-3H indolium
hexaf | uor qpgbsoasat e. - 30- In the present process, it | pcHossspbize t hat
t he | ayer or phase containing the sensitizing dye al so conprise a

cosensitizer which is a reducing agent |ess basic than the secondary acid
generator, since it has been found that the presence of such a cosensitizer
greatly inproves the quantum efficiency of the reaction between the 5

phot oexcited sensitizing dye and the superacid precursor (i.e., the guantum
efficiency of superacid generation and thus the sensitivity of the inmaging
medium). Preferred cosensitizers include triarylamnm nes (for exanple,

tri phenyl amine) and hyddexstithequantitsphthe qonkersion Jeagenpbeing sufficiant tascausen

t he production of unbuff - 10 'ﬂgF?c' e bt ' esd kabl a.t hat

t he process be conduct ec'fgaogﬁ"eoiloggsletﬁgl a ydygr%ﬁ?é?giug@gggéoé?&o#s@gﬁsﬁl
chemists are well aV\BFE,afﬁehﬁeaﬁﬁg,tplwiddiﬁmlﬂhmneﬁsﬁﬁﬂEMx&m exist in
the presence of nore than one equivalent of water is, {he ¢ dr oxoni um

(hydroni um) ion, [err]. Inpsiaeiple,in the preseng pracess the mixing ofcthecomponents of
process ig CcoO . ' DRk t F@;ﬁ BFH l;n? '

pr oduced 5:SLS w%%?%e pre e&{rgllt%l procesﬁv&a)lf’ st nply %ﬂ;%era §§%¢%’%@§Pﬂ%ﬂ on.
However, in t lthe sdocondaryacid foon the se¢dndary geid genetatori diaiseven inprabtice bpthothe s
much stronger than_ hyd - oniumiop, and this acjdic species can effect
the aci d- cat algfheationebiisserondary Qﬁg%WSMr?Y"J&“G @%mmfsthm ch
hydr oxoni um i RaRd | r ar P Secardl ed. olta th
t he super aci d%gtrr%gursopfﬁaghﬁﬁyyégnm ibgie'?%e yelﬂzggﬁi& mgr%ﬁ%gamw

pol yneri c bi ndaperacidaatalyzsd decotiepositioarofithe siconddry acikiqgeneratar willotypitallybe

E T B o el 8 o B B TE e Ll S

Obviously, it is important that the components of the acid-generating

layer and the color-change layer not mix prematurely. In practice, as already noted,

the present imaging medium will typically be formed by coating both layers from a

solution or dispersion on to a support. To prevent premature mixing, it is usually

15 desirable to coat one layer from an aqueous medium and the other from a non-

aqueous medium. Typically, the acid-generating layer is coated from an organic
medium and the color-change layer from an aqueous medium.

Any of the known superacid precursors, for example diazonium,

phosphonium, sulfonium and iodonium compounds, may be used in this invention,

20 but iodonium compounds are preferred. Especially preferred superacid precursors

are diphenyliodonium salts, specifically (4-octyloxyphenyl)phenyliodonium hexa-

fluorophosphate and  hexafluoroantimonate, bis(n-dodecylphcnyl)iodonimn

' hexafluoroantimonate and (4-(2-hydroxytetradecan-1-yloxy)phenyl)phenyl iodonium

hexafluoroantimonate.
25 Any secondary acid generator capable of superacid-catalyzed break-

down to give a secondary acid may be used in the present process. One preferred
group of secondary acid generators is 3,4-disubstituted-cyclobut-3-ene-1,2-diones
(hereinafter for convenience called “squaric acid derivatives™) capable of generating

squaric acid or an acidic derivative thereof, since squaric acid and its acidic
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followng the formation of the inagew se distribution of the secondary

aci d, thgw ggéﬁéézing dye be converted to its second form_in at |east the
non- exposed areas of 25 the medium Although, at |east HFGT/YSIEEI0 ¢ he
appropriate reagent for effecting this conversion could be supplied from an
external source (for exanple, by spraying a solution of the reagent on to

t he exposed nediun), for practical reasons it is nornmally desirable to have
the reagent present in the inmaging nediumprior to exposure, so that the

i magi ng medi um provi des ‘a sel f-contai ned i magi ng system not -31-

requiring the use of liquid reagents. Usuall'y, it is convenient to have the

r eagent - capabjivasi ' ; | gufthd Fodinet {0z dve. 1o its
second form gé%ggﬁ‘{éiqr%yﬁﬁgﬁ%g?ggr]?vgﬂange Fda;%/er. oF %Etgzcgﬁg#ést e&ﬁfﬁ%ﬁsﬁﬂe '

medi um so t hmatetidls. Especigjlyoprefemed squaricacid derifativies are thibs@ & hichi theredigd

col or - change ll?%’ég‘ii‘f r phases .i,ntroduces the 5 - feglgﬁnt into the

non- exposed a uatle peirngy, Yia an,oxygen atomy an, ay alkylene gropp, 80 it s
second form pRtE KA é&ﬁiﬁd ' ' ' t I pwent i wher e
it may be desirabl e.}af%(;l ncl ug{gﬁ?ﬁgﬂrﬁggeng?{)ﬂn a | agg?%{o“f)' t gaﬁ%ﬁ%gﬂedi um
ot her th&n t hiscompositiom ofithese aguaric acid derivatives caused roplavemeni ofthercipges, it

- 1s generally venhsent to prepare jnmagin ia of the [nvention by first

~ depositing anﬁg u[a]flq@neoxygg?fgf%ﬂ e& ﬁgﬂﬁ%mq & dervative with 3n to
a support, airlg'di-&@ﬂ grdup; GRS plodacifi |squaric) adld or! @Y Réidic" B R §QivagyEdi um

on to the acid-generating layer. IT this process Is usetd to prepare a.
"dupe" fil m fhavingganeihydroxyl grouphi ¢ arts industry, it is necessary that the

T e, S LWk IRy A, bl 5 e S et 0" €
Yo (o e T et o Vi Séplifibe 0N GEnpEpE aduflp | ™0°
base and esseafid detivative emplayed. iln somedgases; for exampleidi-tibutyl sguarateg sae opr m
during the €400 Yrbups attached via oxygen atoms to the sciuaric acid ring may thermally
decompose to yield an alkene or arene, thus converting an alkdx'y. or aryloxy group to
a hydroxyl group and'forming the squaric acid or acidic derivative thereof. In other
15 cases, for example 3-amino-4-(p vinylbenzyloxy)cyclobut-3-ene-1,2-dione, there is
no obvious mechanism for formation of a corresponding alkene or arene, and it
appears that the mechanism of acid formation is migration of the vinylbenzyl
carbocation or similar group to a different position within the molecule (probably to
the amino group), and protonation of the remaining oxygen atom to form a hydroxyl
20 group at the position from which the group migrates. In other cases, neither of these
pathways is possible. However, in all cases the net effect is the replacement of the
alkoxy, alkyleneoxy, aryloxy, aryleneoxy or aralkoxy group present in the original
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
25 susceptibiliiy to thermal decomposition of the squaric acid derivatives preferred for
use in the present prdqess is related to the stability of the cation produced from the
ester grouping during the decomposition process. Although ihe 'stability of specific
cations may be influenced by a variety of factors, including steric factors, which may
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since otherwse it may absorb the radiation intended for exposure of the
under | yi ngvaaes/®eg@ener ati ng |l ayer. To ensure that the i nage rayausososis@t ed i n
a form whi ch does 20 not prevent inaging by absorbing the imging

radi ati on, a mediumof this type conveniently conprises: (a) a )
col or-change | ayer conprising an i nage dye whi ch has substantial absorption
(i.e., is "colored,” where the "color" in question wll typically be in the
near ultra-violet) in base but has | ow 25 absorption in
acid, the image dye being present in its protonated (colorless) form (b)

de ti : al s : N
(Typi cal 'y o BaeESulianicH pueuaneeteis ERe il HLHOR Atk dy FPer scasere.
col or-change 32s , Hgﬂm& {ardf the conversion reagent being

sufficient topcaﬁrgeedfg%) orgtﬂlléo s(’# | the inage dye.in non-exposed regions

of the nedium after heai@ang, primasy and sechhidaryoestérs anfosquaric ecis s whi€lo the
fixation. In pringciple, resent process the m xing of the conponents

011: 5 ht he a&@%ﬁ??té-gg% alom ban %/t theyrlhriatom of Sher
qener at oF ok péts § nohHee SERHE ARl bin? TrhidaRGE3RIA L Blolp a4

in the aci d- gésglopexangple,amep’ orep Hybeidived carbon htoht) or an orgreABempf t he two
| ayers may be effected in a single heating step, since the

super aci d- cat al yzed dec@pos itertiany esters of squaricoasithin which theearbonatomidpes
typically be 10 tially.completfe before nixi the tyo |
bobones o oni FOUYE SR gyt pdriGReR pbsh AGCdifeelly bfdbatberei bt o o1 t he
aci d-generating | ayer apg thgerfigh QrefdiAGRart AR i WhicHite RIcaITRbSESh Yoed N

practice, as already noted,
10 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
atoms, if more than one such atom is bonded directly to the o-carbon atom) is
conjugated with an electron-withdrawing group.
It will be apparent to skilled organic chemists that, provided one of the aforemen-
15 tioned types of ester groupings is present in the squaric acid derivative to produce
one hydroxyl group after thermal decomposition, the group present in place of the
other hydroxyl group of squaric acid is of little consequence, provided that this other
group does not interfere with the thermal decomposition. Indeed, the wide variation
possible in this other group has the advantage that this group can be varied to control
20 other properties of the derivative, for example its compatibility with other
components of the imaging medium, or its solubility in solvents used to form coating
solutions used in the preparation of the imaging medium.
Examples of squaric acid derivatives useful in the present processes
include: .
25 (a)  those of the formula:
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the present imaging nediumw Il typically be forned by coating both |ayers
froma solution or dispersion on to a support. To prevent prenmature m Xi ng,
it is usW9529068 desirable to coat one |ayer from an RECEUSSS/O8® um and
the other froma non- aqueous nedium Typically, the acid-generating |ayer
is coated froman organic nmedi um and the col or-change |ayer from an aqueous
.medium Any of the known superacid precursors, for exanple diazonium
phosphoni um sul foni um and i odoni um conpounds, nay be used in this

i nvention, 20 but i odoni um conmpounds are preferred. Especially preferred
superacid precursors are di phenyliodoniumsalts, specifically

(4-octyl oxyphenyl ) phenyl i odoni um hexa- fl uorjophosphate and

hexaf | uoroantinonate, bis(@dodecyl phen R odoni um hexaf | uor oant i nonat e
and (4-(2-hydroxytetradecan- \yLoxy)ph yl ) phenyl i odonmum

hexaf | uor oanti nonate. 25 _ Any secondary acid generat or
capabl e of superacid-catal yzed joreakq}{down to give ?Qsecondary acid may be
used in the present process. e prefierred group of Wecondary acid
generators is 3, 4-disubstituted-cycl ¢but-3-ene-1, 2-di ones (hereinafter for
conveni ence call ed "squaric agfg—dertwatives") capable of generating
squaric acid or an acidic defifative ther éf , since squaric acid and its
acidic -33- derivatives @)% strong aCJﬁs well suited to effecting color
changes in acid-sensitive materials. Especially preferred squaric acid

derivatives @arg.: $E 4 ey - ic_acidgring,
via an oxygel%vg?%ﬁr:]ﬁ gsg a ngéhrﬁ’g'liﬁyl el?gggr g&t&g#ﬁg‘ﬁl %%{P'?M%Eé‘%t ed
~aryl or arylgosp,oniR, iom hydrogenl dtyin or anraliglleyeloaliyl; airalkyl; @éy1bamino,
deconposi tion of . thes yaric,aci.d derivativyes causes repl acenent 'of' t he

origi nal al KASYARMIRG,| i?gﬁﬂ?ﬁ déﬁ%ﬂlwm W%W&dealpalcﬁekylpgmh@mf t he
derivatéve wg lrﬁ'ilﬂ*l'ﬁ M Gl i j cidic
squar i cs aci y‘?&?&ﬁ#&?& ) il ’ ng% e prdvidh tﬁataéfﬂhg: of both of

the groups R! and R? may be attached to a polymer. Among the derivatives of

Formula I, especially preferred groups are those in which (a) R' is an unsubstituted

or phenyl substituted alkyl group containing a total of not more than about 20 carbon

atoms, and R? is an alkyl group containing not more than about 20 carbon atoms, or

10 a phenyl group (which may be substituted or unsubstituted); and (b) R! is a benzyl

group-and R? is an amino group.
(b) those of thg formula:
. 1
O | OR

AN
4

3
0 OR |
in which R' and R® independently are each an alkyl group, a partially hydrogenated

15 aryl group or an aralkyl group, subject to the proviso that either or both of the groups
R' and R® may be attached to a polymer. Among the derivatives of Formula II, an
especially preferred groﬁp are those in which R! and R® are each independently an
unsubstituted or phenyl substituted alkyl group containing a total of not more than
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havi ng one hydroxyl group. The exact nechani sm by which squaric acid or an
aci di c derwoasiess 10 thereof is forned in the present prPCEESISO8Y30Vary
dependi ng upon ' the type of squaric acid derivative enployed. In sone cases,
for exanple di-t-butyl squarate, one or both groups attached via oxygen
atons to the squaric acid ring may thermal |y deconpose to yield an al kené
or arene, thus converting an al koxy or aryloxy group to a hydroxyl group
and formng the squaric acid or acidic derivative thereof In other 15
cases, for exanple 3-am no4-(p vinyl benzyl oxy)cycl obut - 3-ene-1, 2-di one,

there is no obyious,mechanismfgr f.ormatdon,of -a cosr ond|{ ng al kene or
arene, and it %ﬂ%gq ?r?’ﬂﬁta% M‘hﬂﬁﬁw 83?‘8‘“?'5{5 thogmuia I gre these 4R of
t he vi nyl benzylhiergbd i3 | 1 4 0 %em%rfl n 0S L di.l it hi n
t he nol'ecul e &?@ggb%e?o%%ﬁ no grgggf,gfbgkﬂapr ot_o%g‘{ 6%“%%‘3%%1
remai ni ng oxy groumbo @ dyolohexyhgroly diamely difertiary t@ityluguarate, [iibepesi squaraté,r om

which the group mgrates. In other cases, neither of these pathways is
possi bl e. FbméWﬂﬂﬂnﬁHﬂ&ﬂﬂmaﬁﬂ¥¥ﬂﬁi§¢ﬂﬁydﬁmnﬂﬁ&Fgﬁmhe repl acenent of the

al koxy, kyl eneoxy, aryloxy,.arylenepx r aral koxy group present in the
ori gi nal agderi vative wit r{lcg hﬂ?ﬁ?y I ﬁir"ﬁ’ﬂf&fo form squaric acid or an acidic
derivative thereof. Those illed in th® art of organic chemstry will
appreciate that the 25 eptibiljyty Yo thermal deconposition of the
squaric acid derivatives prekgrred-f0r useNn the present process is
related to the stability of the catfion produ E? fromthe ester grouping
during the deconposition procgss. Although thé stabilityIIhf specific
cations may be influenced by g varijgty of i;y&ors, i ncluding steric
factors, which may - 34- ecuriqr to a/particular ester, in general it
may be said that the squar'g/égid est r/eferred for use in the present
process are: (a) pri maryZ-and secondarc sters of squaric acid in which

t he

in which n is 0 or 1, and R* is an alkylene group or a partially hydrogenated arylene
- group. Among the derivatives of Formula IIl, an especially preferred group are those
in which n is 1 and R* is an alkylene group containing not more than about 12
10 carbon atoms.

(d) those having at least one unit of the formula:
—

-
\ "\
\<°>n o/ N

2

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 also contain one or more

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

The squaric acid derivatives of Formula IV include not only high

polymers, but also dimers, trimers, tetramers, etc. including at least one of the

specified units. The terminating groups on the derivatives of Formula IV may be
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a-carbon atom (i.e., the carbon atom bonded directly to the -O atom of the
squarate 5 ring) bears a non-basic cation-stabilizing group. This

cat i on- swa9si29ad8ng group nmay be, for exanple, an [err] or PEURYSNSINI zed
carbon atom or an oxygen atom (b) tertiary esters of squaric acid in

whi ch the a-carbon atom does not have an [err] or sp hybridized carbon-atom
~directly bonded thereto; and (c) tertiary esters of squaric acid in which
t he a-carbon at om does 10 have an [err] or sp hybridized carbon atom

- directly bonded thereto, provided that this [err] or sp hybridized carbon
atom (or at |east one of these [err] or sp hybridi zed car bon atoms I f nore

t han one suc cﬂ'\'grb bepY I&ﬁgxare m’H ted
with an el ectr '?Pra% ﬁgﬁg;rdéﬁ';‘g"}’%f e apparent to ski'll'e organlc
chemi sts t hatexampley Famula i¥ includes ¢heesquaricracid dider derivativecf the/formulaf  est er

groupings is present i he squaric acid derivative top uce one hydroxyl
group after thermml --<Cbi:- tion, the group present /, H.t he ot her
hydr oxyl group of squa Y acid.is of little consequé&nce, ovi ded that this

0

ot her group does not interferewith t erxal detonposition. |ndeed, t he
wi de variation possible in this ¢ dfoup hgs—Hhe advantage that this
group can be varied to control 2( ot her propenties of the derivative,

for exanple its conpatibility V\Lg/fin Qber congprrenys of the inmaging medi um
or its solubility in solvents d toof orm 00bati ngOsol utions used in the
preparation of the |mag| ng medi um_Exanpl es of squaric acid derivatives
useful in the present pFhg equam laudl derivatives of Formulae I and Il sgre usublbipe of

e 101 H1 5 - o AE okl Pt o s ool €
into polymers by havmg at least one of the groups R!, R? and R? atbached to a
polymer. Attachment of the squaric acid denvanv_es to a polymer in this manner
may be advahtagéous in that it may avoid incompatibility and/or phase separation
that might occur between a monomeric squaric acid derivative of Formula I or IT and

10 a polymeric binder needed in an imaging medium.

The attachment of the groups R!, R® and R to a polymer may be
effected in various ways, which will be familiar to those skilled in the art of polymer
synthesis. The squaric acid derivatives may be incorporated into the backbone of a

. polymer, for example in a polymer similar to the dimer of the formula given above.

15 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
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

20 squaric acid derivatives to be polymerized, either alone or in admixture with other
unsaturated monomers. _

In the present process, it is generally undesirable to form substantial
quantities of gas during the acid-catalyzed decomposition of the secondary acid
generator since such gas may distort the imaging medium or form vesicles therein,

25 and such distortion or vesicle formation may interfere with proper image formation.
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‘group, and [err] is a hydrogen atomor an al kyl, cycloal kyl, aralkyl, aryl,

am no, acwaoes2eess al kyl am no, dial kyl am no, al kylthi o, al kpcTaiseses13o
di al kyl phosphi no, 5 di al kyl phosphoxy or trial kylsilyl group, subject
the proviso that either or both of the groups [err] and [err] may be
attached to a polymer. Anong the derivatives of Formula |, especially

to

preferred groups are those in which (a) [err] is an unsubstituted or phenyl
substituted al kyl group containing a total of not nore than about 20 carbon
atons, and [err] is an alkyl group containing not nore than about 20 carbon
atons, or 10 a phenyl group (which n&y be substituted or unsubstituted);

and (b) [ err] Acsordingly, 3f the gdecompasition of;

£ squanicacid dervative ields an alkeneydb of

the formul a: Eseﬁsigal'ﬂg %gﬁ’%{’%r ISRh’Ck{ ﬁ(ﬁrﬁs 6%&9@@&5{ *“?%%F&gi%g t}gd,&i&ll kyl

group, a partia aryl group or;an ara

subj ect to thet20°Cy aadprefeaibly higher, since Sorhédhefting lof tigy sikéfe Will inbvitdly doif |

may be attached to a pol yner. Anong the derivatives of Forrmula Il, an

especi al | y pr éfwing the agidscatalyzed denompositiomhPemetimes, howeuer, ther 4lkenediberated
i ndependent |y an.,unsubsti.t ut or . phenyl subst.ituted al kyl u ont, aj
L Par S i e R enty 3 fi8ich {0 Ry oA BE iaiE pol detRafipdinal
conpounds of Egértibi ofla Bighly ReR€le alkefed Sll [R5t deswltGn [dRtbition’ 6f, R Cesitle

tertiary butyl group, a benzyl group, an a-nethyl benzyl group or a
cycl ohexyl gr fermationinsithe medivex t  ary butyl squarate, dibenzyl squarate,

bi s([err]-nethyl benzyl) ,squara i | oh ar at 5 .
(c)([tho]se of %/he fO%IWZJIA&.%HF&PH%'C!?%%%P@%%&Q?O%O?&#’gegﬂ’gmf%ﬁf]\ISFén&he
al kyl ene grou Pr@ént«'prmsg areloxulidxcid dasvaivesthat hduigo 8¢i@ ¢ataly 8B BekakdGwn to
derivatives of Fornmula Il1l1, an especially preferred group are those.

-

10 give oxalic acid or an acidic derivative thereof, for example an oxalic acid hemiester.

Although oxalic acid and its acidic derivatives are not quite such strong acids as
squaric acid and its acidic derivatives, oxalic acid and its derivatives are sufficiently
strong acids for use with most image dyes. Also, oxalic acid derivatives are, in
general, less costly than squaric acid derivatives.

15 The types of oxalic acid derivatives preferred for use in the present

process are rather more diverse in structure than the squaric acid derivatives, and the

ni ng
red

choice of oxalic acid derivative for any specific process may be governed more by

the thermal breakdown properties of the derivative than its exact chemical structure;
in general, for practical reasons such as the limited temperature range to which other
20 components of the imaging medium may safely be exposed, it is preferred that the
oxalic acid derivative be one which begins to decompose thermalily at a temperature
in the range of about 140° to about 180°C, as measured by differential scanning
calox:imetry in a nitrogen atmosphere at a 10°C/minute temperature ramp, in the
absence of any catalyst. Since the presence of an acid catalyst lowers the thermal
25 decomposition temperature of oxalic acid derivatives by at least about 20°C and
potentially significantly more, derivatives which decompose 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 imaging medium can
in general be exposed. '
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in which nis 1 and [err] is an al kyl ene group contai ning not nore than
about 12 10 carbon atons. (d) those having at |east one unit. of the

for mul a: WORIBL which nis 0 or 1, and [err] is an al kyPEHESHOSBA tial |y
hydr ogenat ed aryl ene group. Besides the fragnentable groups [err], the
conpounds may al so contain one or nore 15 units in which a .
non-fragnmentable group is attached to a squarate ring, directly or via an
oxygen atom The squaric acid derivatives of Fornula IV include not only
hi gh pol yners, but also diners, triners, tetranmers, etc. including at |east
one of the specified units. The termni nating groups on the derivatives of

Formul a |V may be -37- The fabtors®hffedtingPthel abiliy enl{eebidhcd PEOUE W th
reference to Formula |. Thus, for exanple, Fornmula IV inc udes t e squarlc

aci d di ner démd%rs? agid-eatalyzed thermal épco{nmnpotrmem to thosel affeciingithe/es of

For mul ae | r h se derlva.tlves of .
For mul ae | gdit* can dge mcorporW&g{?&hﬁ)o H98: one
of the grOUpan&Qhus]tharpieﬂeﬁed]estat pedre! 6f the¥ané§pe é&ﬁmgt

Fﬁe may be a vgﬂ{“ageous in

squaric acid deri vatlves .to a po in this rranner
that it Yray S%aliepg W °FP§°ym pr§sent prosesssnglidest i on that m ght occur

bet nd 10
pol ymeri ¢ bi nder ”nEeZEE@' " Filaty 368 deBbidkfy Yo b Gdbic 4B, m widhe 5 oupe
[err] and [ero-farbén ﬁtoﬁp(l.)emtlie emvo:baoﬁmmedub&lwﬁrtheh@- didMSof theioxhlatd | | De

famliar to those skilled in the art of polyner synt-hesis. The squaric acid

~derivatives gsguping)ibestsraononeabasit ¢ation-stabilizing goupe Tifis eation-stabilizing group
may be, for example, an sp® or sp hybridized carbon atom, or an OXygen atom; - ‘

10 (b) tertiary esters of oxalic acid in which the a-carbon atom does
not have an sp’ or sp hybridized carbon atom directly bonded thereto; and

() tertiary esters of oxalic acid in which the a-carbon atom does

have an sp” or sp hybridized carbon atom duectly 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 directly 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, provided that the ester contains at least one ester
grouping of types (a), (b) or (c) above. One example of an ester of this type is that of

20 the structure

0—c—Cc—o0 0—C—C—o0
u u | g

which can be regarded ‘as formed from two moles of menthol (2-methylethyl-
4-methylcyclohexanol) and one 'mole of the bis(themioxalate) of 1,6-bis-
(4-hydroxymethylphenoxy)hexane. Since the structure of the central residue of the
25 diol in such esters can vary widely, the sdlubility and other properties of the esters
can be “tuned” as requlred for compatibility with other components of the imaging
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polymer, for exanple in a polynmer simlar to the diner of the formula given
above. 15w09549068r nati vel y, the squaric acid derivatives n®RETASIPIMHIENt as
sidechains on a polyner; for exanple, one of the groups [err] and [err]
could contain an am no group able to react with a pol ymer contai ning
carboxyl groups or derivatives thereof to forman anide |inkage which woul d
link the squaric acid derivative as a sidechain on to the polyner, or these
groups may contain unsaturated |inkages that enable the 20 squaric acid
derivatives to be polynerized, either alone or in adm xture wth other

unsat ur at ed NRAQHR, Swhilé the) Hafiré ¥ the PérfdC Bfvups,| Which Rlthy adiifepiningd! e
to form substantial quantities of gas during the acid-catalyzed

deconposi t i onthstmalhdecomposition,ycancbel vaued independsntly ofsthe magure ofathe diestrak t
t he i magi ng nediym or formvesicles therein, 25 and such distortion or
vesi cl e for maf$® may interfere with proper inmage forrration. - 38-

Accordingly, if the decgypospélymierie§oxaliess dstivedCframi Fol dnV 6f YoxalaflS an
al kene, it is desirable that t e groups [err] and [err be chosen so that -
this al kéne i esters havinganzethylenieqlly unsatupated it the ester eamtainiatat i ng

of the al kene,wi |l 1inev ri l.yzed . .
deconpost t | onleieons e JEbe (4 PRl 2“3 *ﬁ%ér? 84 47 8 gy aca
sufficiently geiviives difcussea d5e¢e, lugwﬂa?:a lyfiefig oxBlteSr@thRf tHanArhendiférid/aid Ve
that |iberation of a highly volatile alkene will not result in distortion

of, or vesicl maydenadvaniageous in faat it mayvavolhincampatihilitycandéer phase separation

S o2t ek Boblibie PGSR R B 35585 B eied O
or an aqidi c @R irhigh dgﬁediubereséofépélymﬁérﬂbﬁvmewltmsasuﬂubﬁmmwof
Al though oxalic acid and its acidic derivatives are not quite such strong

aci ds as squathecoxalatel tlt;mghths imaging medivm\during storags befpre imagingan4lthough
derivatives arel tslr;:aneformcsdmother ways, at present we prefer to form such

oxalates by first forming an oxalate ester in which one of the ester groupings
comprises an ethylenically unsaturated group, and then polymerizing this ester using

15 a conventional free radical polymerization initiator, for example
azobis(isobutyronitrile) (AIBN).  The ethylenically unsaturated group is
.co.nvenienﬂy an acrylate or methacrylate group, while the other ester grouping in the
monomeric oxalaté can be any of the types discussed above.

(®  Condensation polymers of oxalates, provided that the ester

20 - contains at least one ester grouping of type (a), (b) or (c) above. This type of
polymer also possesees the advantages discussed under (€) above.

Methods for the synthesis of the preferred secondary acid generators
described above are given in the aforementioned U.S. Patent No. 5,286,612 and
International Application No. PCT/US93/10215. |

25 - Thei 1mage dye used in the present invention may be any material that
undergoes a color change in the presence of the secondary acid. Thus any
conventional indicator dye may be used as the acid-sensitive material, as may the
leuco dyes disclosed in U.S. Patents Nos. 4,602,263; 4,720,449 and 4,826,976,
which are also sensitive to acid. ‘
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strong acids for use with nost image dyes. Al so, oxalic acid derivatives
are, in general, less costly than squaric acid derivatives,

The type%’o(?ﬁ'z@f&l ic acid derivatives preferred for use i W’B@@?gnt
process are rather nore diverse in structure than the squaric acid
derivatives, and the choice of oxalic acid derivative for any specific-
process may be governed nore by the thernal breakdown properties of the
derivative than its exact chem cal structure; in general, for practica
reasons such as the limted tenperature range to which other 20
conmponents of the imagi ng medium may safely be exposed, it is preferred

that the oxalic acid Clﬁi'w{l!ibé‘ﬂ drenta6 dhodel skilledeigi the 8RR atedivinh @F N8l | y
at a tenperature in the ran o about A‘Rjr] to about [err], as neasured by
di fferenti a|mepmtngve@ap@m qoytqlw apivrality, gt rolar-shange daysrsc(forexample,

e ot o b4 i it oS A IOR Glo Lyl 1458 XS pocha e "°
tenperature Iﬁ'éseﬁt(?l'dcéssaﬁl dll deﬂievwlom@/l@erst ons or afvre lof [tk EdloRtlthnge
|

potentially significantl y nore, derivatlves whi ch deconpose uncat al yzed at
about [®rr] lemsgupse[ MW&W@‘BF@M@BQS‘P%G&Y%@

of The | magi S oAisd g’ene%"?ﬁ‘ﬁmﬁéxposeﬁwsgé’%ﬂk?ﬁe%%@@”em )

af fecting t hiorabf supeyacid prévarsorswith mn-blasuiepolyayclwea-onmtxu rsensitizers. For
aci d-cat al yzed t her nal d,ecorrp sitio og:léiaa[ to: those S?FHSC“ ng.t he
ability of t & s BpeciicRrg tien, dessri ?‘Q}Y same‘

reaction, Jrgiﬂﬁ I ¢
Accor di ngl y, refer re@ E fﬁfésgﬁglaﬁﬁé Cl g gg?lﬁ‘\i/g‘??\?gér%or u?ﬁf‘tn pr esent
proces$Qi nclptdwnt(pl)ocesspramhrqnearuhcbgemmhgy andt eolor-chanpeallayer aasifigi @ whi ch

EEZ gngi;?gnco%vgnnt}o(nalnon-bats?ce (iar bpgar%%)argc%gx?sggz%rdl rectly to the -0- atom of
It should be noted that the present process may allow the use of
combinations of superacid precursor and indicator sensitizing dye in which the
combination of the precursor and the absorbing (i.e., first) fbrm of the sensitizing
15 dye is unstable on long term storage. Prbvided that the combih,ation of the precursor
and the non-absorbing (i.e., second) form of the sensitizing dye is stable on long
term storage, the relevant acid-generating layer can be prepared with the dye in its
second (or other precursor) form, and the first form of the dye produced immediately
before the imagewise exposure; in a deprotonation process, the conversion of the
20  second form of the sensitizing dye to its first form is cohveniently accomplished by -
exposing the imaging medium to actinic radiation effective to genérate superacid
within the acid-generating layer, as describéd above with reference to Table 1. After
the imagewise exposure, the conversion of the sensitizing dye to its second form in
accordance with the present inventioh and/or fixing effected by destruction of the
25 remaining superacid precursor will ensure that the unstable combination of the
superacid precursor and the first form of the sensitizing dye is not present after
Preferred uses of the present process include:



groupi ng) bears a non-basic cation-stabilizing group. This

cat i on- st aw0l9s/29068) gr oup may be, for exanple, an [err] or spctysssisioed
carbon atom or an oxygen atom 10 (b) tertiary esters of
oxalic acid in which the a-carbon atom does not have an [err] or sp
hybri di zed carbon atomdirectly bonded thereto; and (c) tertiary esters
of oxalic acid in which the [err]-carbon atom does have an [err] or sp
hybri di zed carbon atom directly bonded thereto, provided that this [err] or
sp hybridi zed carbon atom (or at |east one of these [err] or sp hybridized

carbon 15 atons, if e than one su tomis bonded directly to.the.
a-carbon atom) is conj ugr)@f ed t"ﬁez?ﬁ v&xﬁ@t FWSFhMW&ngBgWJ%a’)‘Sman
ester formed by condensqﬁ{aga,mcﬁmwmekaﬁﬁoéoﬁﬁe@{ioo,hol with the

bi s(hem oxal ate) of a diol, provided that the ester .contains at | east one

ester grouping of types (bh), & tpever false-sensiticed Gulk coloaripiage ekposed aat tthreeof
this type is that of 20 ;. the structure: [er whi.ch_can be regarded as
formed fromtwo noles of%ﬂ”ﬁ?ﬁt(ﬁv!e&mﬂ%amwcycl ohexanol ) and .
one mol e of the bis(henigyal ah@hse¥f reabirlfiasred (700-1200 nm) radiation to produce a

(4- hydroxynet hyl phenoxy) hexane. Since the structure of the central residue

of the 25 di ol in sudsiblesimags haxinggeod Rinalcvhien viewed dnumsflestion Gmdhist her

properties of the ester bg " ' A Q tibilidy with
ot her conponents of the%ﬁ%&%n@eﬁp%mnggi%%%@%étﬁgc%g% 3g0ifnﬁfaﬁgwend
groups, which undergo t hebsaption pedit Bd tiesetthd d6rap 6P did Hy®Ras & ibsttiadlyi ed

i ndependently of the nature of the central residue. (e) pol yneric
oxal ates derived from pdPyekyisibleabserption thamthe first form)est er s havi ng an

ethyl eni i 1y unsat ur at g 01 G4p. o3 Q' o AdIBY e 6" o690 Wit

photomask; and

() the formation of a full color image using a single source

(preferably a laser) at a single visible or near infra-red wavelength to

effect imagewise exposure of all three acid-generating layers of the

15 medium. '

Process (e) above conveniently uses a deprotonation process of the
invention with an imaging medium having three associated pairs of acid-generating
layers and color-change layers (each pair comprising an acid-generating layer and a
color-change layer may hereinafter be called a “bilayer™), with each adjacent pair of

20 bilayers being separated by an acid-impermeable interlayer. This type of imaging
medium comprises:

a first acid-generating layer comprising a sensitizing dye in its
protonated form, optionally a cosensitizer, a superacid precursor and a secondary
acid generator;

25 a first color-change iayer disposed adjacent the first acid-generating
layer and comprising a reactive material, a copper compound and a first image dye
undergoing a change in its absorption of radiation upon contact with the secondary
acid generated upon acid-catalyzed decomposition of the secondary acid generator in
the first acid-generating layer; ‘
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| east one ester grouping of type (a), (b) or (c) above. As with the squaric
aci d derivatives discussed above, use of a polyneric oxal than a
nonomer i %0 §eP0 y be advantageous in that it may avoid .ﬁ%ﬁ{?gg’f’%ﬁ. ty

and/ or phase separation that m ght occur between a nononeric derivative and
a polyneric binder needed in 10  an imaging medium Use of a polyneric
derivative also tends to inhibit diffusion of the oxal ate through the

i magi ng medi um during storage before imgi ng. Al though pol yneric oxal ates

~ can be formed in other ways, at present we prefer to formsuch oxal ates by
first formng an oxal ate ester in which one of the ester groupings

o g 1o a1 o e oot st it eneredng N ©
initiator, 914Yﬁm%§ﬁlﬁﬁté°@iﬁh¥‘¥6i%tyr onitrile) __FAI >Iél\l) : The

et hacryl at e group. . wh Teeond, Sl dRaeraingt B ishRotlor hortpbedt SdBlof the 1 e
e acvan! 2S8pkaReRRY, daUAALY Lo, K BORAY RGNS SN HSIy T 11
BT s8] 1031 e e A e dve. ueec o the. bresent s

i nventi on n‘é?“sb‘ézeény"h’r‘éhe prs; e FHEEPYEe réc .’brthﬁrﬁﬁhg tlﬁ% ﬁ?esenci
Che. aci d- soncryapditdn by dctie RRIAIYE Hd Whvel BELCR A6 seldhy Bivilfngti °d 25

Pat ent K0 Nos.rang_eﬁdﬂu 288 ; susceptibles 10 denomposttiay Iy6 actitic aiadiatien adfsa seeondti ve

to acid. - 41v-ravelengt_h 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
' first acid-generating layer and the first color-change layer, the second color-change
15 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 secondary
acid generated upon acid-catalyzed decoinposition of the secondary acid generator in
the second acid-generating layer, the absorption change undergone by the second

image dye being different from that undergone by the first image dye;
20 a second acid-resistant interlayer disposed on the opposed side of the
second acid-generating layer and second color-cliange layer from the first acid-

 resistant interlayer; .

_ a third acid-generating layer disposed on the opposed side of the
~ second acid-resistant interlayer from the second acid-generating layer and second
25 color-change layer, the third acid-genetatihg layer comprising a sensitizing dye in its
unprotonated form, optionally a cosensitizer, a superacid precursor and a secondary
acid generator, t.he' third acid-generating layer further comprising a second auxiliary
sensitizer which renders the sﬁperacid precursor therein susceptible to
decomposition by actinic radiation of the second wavelength in the second
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As will be apparent to those skilled in the imaging art, a nedium of the
present i nwerssi2ene8whi ch contains a plurality of col or-changectagssissiiof or
exanple, a full color mediumcontaining three or four col or-change |ayers)
need not use the present process in all of the color-change |ayers; one or
nore of the col or-change 5 | ayers can use the present process, while-
t he ot her col or-change | ayer(s) use other col or-form ng nechani sns, for
exanple the '612 process or conventional sensitiza- tion of superacid
precursors with non-basic polycyclic aromatic sensitizers. For exanple, the
specific preferrﬁg enbodi ment. of the i.nventjon described bel ow w.th

reference to FI'§ TRNgE. PYtgal Spsregpic, tadergmBesition By Aghinie xadiatiom of teer s
using the 10 -mpmmm%&ona%v@%gﬁ%ﬁéwrati ng and col or-change
yclTc

| ayer using a conventional non-basic polyc aromatic sensitizer. It

shoul d be noted that thea thiskenitr-change tayerdispaset adjatént thes thirdf acidgérieratinigons
of superacid ecursor and indicator .sensitjzi dye i.n ich the

conbi nati on o?fa?'?f ,o&tﬁe gwﬁaafﬂé%a?ﬁ ?@3 ;én,t e B} the secande
sensitizi§g 15cid-geheating luyetand tife ad agﬂg ' g%?ﬁ#baﬁ e
conbi nati on of tlhe. preﬁg%rg%b? and t%gonog‘?g{)sor ??\%k?%emgélc%n orﬂéljc])f
the sensitizi repmfyrisings asreastive gnatetialy a eoppet ompound rendr el thimhtimage dye
aci d-generatin ayer ¢ be .prepared.with the.dye in its second (or other
precur sor)_for‘ﬂ%‘de H‘%%gﬂﬂgfé’?ltfﬁﬁ?rmm?ﬁ “ﬁ{;@ mc"@&tq‘:ﬁf@gitgfééﬁf’ngﬁyore
the imagew se Ridpdietsed hibnacitRodtRySPdcBMpBLIEER BB thelsBLorIRR VAR bHarRbr fhe
20 second form of the sensitizing dye to its first form’is convenrently
acconpl i shed tthe ghipbadidgeneratinglayen thenahsorptionchange wridergoae ibytthe thirf fntagei ve
to generate superaci d.uithin t aci d- gener at.i | ayer S descgri bed above
with ref g‘# ence yf@%‘*'é‘“f# ﬁ?‘f‘gﬁ"sfﬁ‘é‘gﬁ%ﬁﬁ%&x&@ ﬁF@n%thég% er si on of
the sensitizi Mgergl¢envenidntls, fmﬁmw%g%h&w&ﬁﬁﬁmg

invention and/or fixing effected by destruction ol the 25 remal ni ng
superaci d pr ecdyes superacid peseutsor and ssecanderyu acid sgeneratop dé peesentninoéachhef the

rosent af er HRgrifgeaerlng Il Arahe paes 8 o PE Sae. fres i Pring rengent i
also preferably used in each of the three color-forming layers.

15 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,
in the exposed areas of the first acid-generating layer or phase, the sensitizing dye to
decompose at leasf part of the superacid precursor, with formation of unbuffered

20 superacid in the first acid-generating layer, without substantial prodﬁction of
unbuffered superacid in the second and third acid-generating layers. Thereafter, the
whole imaging medlum is exposed to radiation of the first wavelength in the second
wavelength range, thus decomposing part of the superacid precursor in the second
acid-generating layer to produce superacid and converting at least part of the

25 sensitizing dye in the second acid-generating layer to its protonated form, without
substantial production of superacid in the third acid-generating layer. The medium is
then imagewise exposed to actinic radiation in the first wavelength range, thus
causing, in the exposed areas of the second acid-generating layer or phase, the

sensitizing dye to decompose at least part of the superacid precursor, with formation
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- 42- (a) the use of visible i magewi se exposure to produce a visible

I mge, which may be positive or negative; (b) a true- or false-sensitized

full col ¥OPH2NYE exposed at three different wavel engt hs (POT/USASI08186, a
print paper) 5 (c) the use of near infra-red (700-1200
nm  radi ati on to produce a visible imge having good [err] when viewed in
reflection (in this process, the first fromof the sensitizing dye has a
near infra-red absorption peak and the second formof the dye has a
substantially | ower visible absorption than the first form; 10

(d). the use of ultra-violet exposure to form an ultra-violet photomask;

and (e). thgr géraﬁd | - Ng,a. . Sin 0
(preferably a }cuggerg (g'?' Sl n'#e Vi s%‘g{de or%ge%{‘rﬁﬁﬁgfl& gﬁk %%éﬁﬁ?ﬂ to
effect i nagepruductmqooﬁun\mﬁe&eﬁhlhpetdﬂcbmaba firsy eandr third natid-g e atingf

medi um Procm oV opveni ently uses a deprotonat|on grocess of the
i nvention w n&!ﬁ H@m éFPEﬁH‘&aR}F ym; i £¥posed Joi madiationap ghe)fsecond

aci d- gener at Eﬂﬁﬁgﬁné risin

aC| d- gener at :w%gel egﬁgﬁg a co or - change™T'ayer myﬁﬁkﬁgm\%’? Ied a

"bil ayeb"), mecmaammmmﬂ-ganmung la%er to pmuwm@emhemcemﬁ@tﬁd by
an acid-i npekﬂngabl e lpterl a er. ,Jhis e of magi ng nedi um conpri ses: a
first acid-g #g Ye & Acid-generatinglaer; to its promstednat ed

form opti ongghy %EQ%é‘dlﬁint is?filen ﬁaﬁ%ﬁé%&bﬂs&rﬁ)cm& Afididh ITROGRLY acid

gener at or,
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
10 precursor, with formation of unbuffered superacid in the third acid-generating layer,
without substantial production of unbuffered superacid in the first and second acid-
generating layers. The last two stages of the imaging process are heatiﬁg the
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
15 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
second acid-generating layer with those of the second color-change layer, and the
components of the third acid-generating layer with those of the third color-change
layer, thus causing, in the areas of the medium exposed to the three imagewise
20 exposures, the Secondary acids to bring about the changes in absorption of the first,
second and third image dyes and thus form a trichrome image, and the copper
| compound and reactive material to destroy the remammg superacid precursor in each
of the three acld-generatmg layers, thus fixing the i image. If the same sensitizing dye

is used in each of the three acid-generating layers, all three imagewise exposures can
25 be eﬂ'ected using radiation of the same wavelength (for example, a single laser) thus
avoiding, for example, the need for three separate sources of imaging radiation all of

which must be scanned across the imaging medium.

Besides the acld-generatmg and color-change layers or phases, the
imaging media of the present invention may comprise a support and additional
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25 a first color-change | ayer disposed adjacent the first
aci d- gener Wa 95¢9968yer and conprising a reactive materi al, apcwmsesesisgrpound
and a first imge dye undergoing a change in its absorption of radiation
upon contact with the secondary acid generated upon acid-catal yzed
deconposition of the secondary acid generator in the first acid-generating
| ayer; 43- a first acid-resistant interlayer superposed on the first

aci d-generating |ayer and the first color-change | ayer, a second

aci d-generating | ayer disposed on the opposed side of the first

aci d-resi stantli nt er.l ayer flromtigg. fiést aci,d- generating Iagqeér and the
first color- 5iayers for,fpXample, a su ¥eo ity Impraye BlgR; togthe ssupport, acid-
conprising a s iriniegb rd (s i schOENg . ' |

cosensiti zer, gﬁgéuperalg?%ﬂ%%egﬁsocﬁ and ?@gg%ﬁﬁasffg am%%‘%ﬁ@?é’%%}&stq?g‘
second aci d- geone anotheg, ancantirabrasive topcaat igyer, and gther huxiliarydayers.i ar y
sensitizer which renderg,the su%%}ac%f ﬁ)gcursor therein susceptible
to deconposition by acti nPtSy Ryt may Of LanspAKCAt of 0pagus andimay beasyd

wavel engt§ 10 materia@at fethinsRé dEerstotial Rbability &e&e%{gﬂa WR¥d 35t iR ge

radi ation of a second wavel ength in the second wave range; a second
col or - change | foymation.s Suitahle suppostsrinciude psperp papexaiodted geitie ratsin @rl pigraentand
on the opposed_side of .the first -acid:-resistant interlayer fromthe first
aci d- gener at i nﬂ"c:he?ﬁ’e ar %"ﬁer"&ca@%ﬂegrcj%'hch%{s of jplastie such as

col or -change 1polyethy1en& rpOW&ieDﬂo@cﬁéﬁdté,Véllﬁﬁfsé labéthte ﬁdW and

and a second i mage dye undergoing a change i'n its absorptio adr ation
upon contact Wpre: e matexial d dery &i dupportr ist ad podyestenci désirablpl paly(ethylene
decorrposilbi on g;e QIH%]ﬁécondary acid generator in the second acid-generating
| ayer, the absor|5’| n change undergone by the second i mage dye bei ng

different from that undeUs@ily the dcitPgéneisting & 8oldY-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 solution coating, the layer
15 may be applied as a dispersion or an emulsion. The coating composition also may
contain dispersing agents, plasticizers, defoaming agents, coating aids and materials
such as waxes to prevent sticking.

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
20 that may be used include styrene-acrylonmitrile copolymers, polystyrene,
poly(o-methylstyrene), copolymers of styrene and butadiene, poly(methyl meth-
acrylate), copolymers of methyl and ethyl acrylate, poly(vinyl butyral),
polycarbonate, poly(vinylidene chloride) and poly(vinyl chloride). It will be
appreciated that the binder selected should not have any adverse effect on the
25 superacid precursor, sensitizing dye, secondary acid generator, fixing reagent (if any)
or image dye incorporated therein. Also, the binder should be heat-stable at the
temperatures encountered during the heating step and should be transparent so that it
does not interfere with viewing of the image. The binder must of course transmit the

actinic radiation used in the exposure steps.
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20 a second acid-resistant interlayer disposed on the
opposed side of the second acid-generating |ayer and second col or-change

| ayer frvi@9s20068i rst acid- resistant interlayer, a third PCIUss@msenat i ng

| ayer disposed on the opposed side of the second acid-resistant interlayer
fromthe second acid-generating | ayer and second 25 col or-change | ayer,
the third acid-generating |ayer conprising a sensitizing dye inits )
unprotonated form optionally a cosensitizer, a superacid precursor and a
secondary acid generator, the third acid-generating |layer further
conprising a second auxiliary sensitizer which renders the superacid

precursor therein suscgptjble to dec osition by actinjic radiation of the

second wavel ength in tﬁg" °§ﬂ ﬂﬁ%mﬂm&%mbﬂmmmro f the

suscepti bl e waysd§s OFRIRA! thieORfoRméftiohed C4RG @b q% eh{ V\q]ég%engt h
change ayer d

I n the second wavel ength range; and a third col or- sed
adj acent t heSpecifcallpcthel imagiog mediagofl thg presemtdineentioncare vayssuitable for ase inhe

ayer and ¢ rlECRAEE UL fon e deSiAned i copmdiog Aprbeation ge”erz&'g?g
conpri ssng a08/226:452 nd"OB226357, BothOMRa A, grﬂnpz)uim Ec@"‘f’act

under goi ng a change inits absorptlon of di‘at1’on upon the
secondary acissigges@sathedpresent applicationt ﬁiowdﬂlde?atcmNdsl BIXXIKMEX sgp@ondar y

aci d- gener at third neratin bsorpt i,on change
under gone byQW'FﬁdeﬂPﬁﬁ‘bv il’@0"“‘19&8 '@@Wﬁ?‘m licatiens Npsier gone
by the firstPETAISY30MA0]1 A PETAISTS/Y YT VY caipeaiefnt | v, in thl s preferred
formof imaging nmedium the sane sensitizing dye,” superacid precursor and

secondary acid gener at'BhusamemfﬁmdtshdmblsdcﬁthéptemnMemmmmbMer ating

Iayers If the inmage |% ﬁ{gﬁ fixing, the same fixing reagent |s al so
prefera%ly used in eac e three color-formng | ayers.

a mask layer having a substantially transparent central portion and a
non-transparent peripheral port:on surrounding the central portion; and,
' an imageable layer comprising an imaging medium of the present
invention which is imageable to form an image which can be viewed in transmission,
15 . 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 least the portion of the support adjacent the central
portion of the mask layer being substantially transparent. |
A second preferred slide blank of the present invention comprises:
20 ° a suppoi't at least part of which is essentially transparent;
an imageable layer superposed on one face of the support, the
lmageable layer comprising an imaging medium of the present invention which is
imageable to form an image which can be viewed in transmission; and
a protective layer superposed on the imageable layer on the opposed
25  side thereof from the support, at least part of the protective layer being essentially
transparent;
| the support, imageable layer and protective layer being secured
together to form a slide blank having a thickness of at least about- 0.8 mm, and the
thickness of the protective layér being such that no part of the imageable layer
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15 This type of imaging nediumis inmaged in the foll ow ng
manner. Fiwedsn2gobee nedi umis i magew se exposed, fromthe suidTAIS®s05138er to
the third acid- generating layer, to actinic radiation in the first

wavel engt h range, thereby causing, in the exposed areas of the first

aci d-generating | ayer or phase, the sensitizing dye to deconpose at | east
part of the superacid precursor, with formation of unbuffered 20
superacid in the first acid-generating |ayer, wthout substanti al
production of unbuffered superacid in the second and third acid-generating
| ayers. Thereafter, the whole imaging mediumis exposed to radiation of the
first wavel engontaining ithe selonfarming, cpmpesition i grore ithars aby dh osinn fopaone of

t he superacid ecurs t h d acid-generating |ayer to produce
superacid and € r'l’ﬂfﬁ%ﬁcﬁo fhﬁsz'g??&g'grt of the 25 . sensitizing dye in the
second aci d-generating |FRyydirthe? details of thér8Frefdribd slide Blahks) UhethodSforhéial
production of superacid | n the third acid-generating |layer. The mediumis

then i magew sdiseapdsiides produced therafeom,athe gsadier ishesferradsto they aforsmentionad ge

h ,

1 S0, e R A BB BB
precursor, vm tNos{ PCTAUI$95/10440% and PCIVUSOSATYEY¥d superacid in the second
aci d-generating layer, wthout substantial production of unbuffered

superacid in the first adhdPreferred embodiment ofathenigvention, will neay befdeseribedye

whol e i magi n n
t he sel:ongI ﬁ%@h@%ﬁgg%@% %}ﬁggbn%})g%%gea%ar Pﬁgﬁ'&oﬁgggﬁ%%%ca%&@né
precursor in tdeswings, whiels sltbveseaschaiiatic ctoay-section timoaghi a €uld pler deprdtonation

converting at |east part of the sensjtjzin e.in the third

aci d- gentF at i rtyPa MAGIDE TBEINE ( mr@lya%e@@#sgﬁqﬂbewanw a%ﬂlsh@agﬁhag'ew se

exposed to ac range, thus causing,

in the exposeégar'ﬁ%s g#ﬁ#h&ﬂgh&sgﬁ‘g% é era i.‘%ggﬁ%/é? or phase, the

sensitizing dye to decorfhesinaging Miuxmalmt cahptifes & spppaacild 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
15  be treated with a sub-coat, such as are well-known to those skilled in the preparation
of imaging media, to improve adhesion of the other layers to the support.
On the support 14 is disposed a first acid-generating layer 16
comprising: '
(@ a superacid precursor, namely (4-octyloxyphenyl)phenyl-
20 iodonium hexafluoroantimonate;

(b)  anindicator sensitizing dye of the formula:
OC 8 H 17

+ —_
N SbF

H | OCgH .,
(the unprotonated form is available from Yamada Chemicals, Kyoto, Japan); this
sensitizing dye sensitizes the superacid precursor to visible radiation at

25 approximately 450 nm); '
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10  precursor, with formation of unbuffered superacid in the third

aci d-generating layer, w thout substantial production of unbuffered
superaciwaogsn2biss first and second aci d- generating | ayer SPCIVUS9SIOSE® t wo
stages of the imaging process are heating the nmediumto cause, in the
exposed areas of the first, second and third aci d-generating |ayers, _
aci d-catal yzed thermal deconposition of the secondary acid generator and 15
formati on of the secondary acid, and adm xing the conponents of the first
acid- generating layer with those of the first col or-change | ayer, the
conponents of the second acid-generating |layer with those of the second

col or-change layer, and the conpgnents_ of. the third acid-generating, |ayer
with those of the thir® coIaoF@Hgﬁﬁeaql%yggpmuévbéghgpﬁﬂ,gg‘?snat%e@'%’@as of

t he nmedi um tPgrtnéfﬂ i andareX u sedoi8arse dary
acids to bri:négi saEgu eedce&gi% eéﬁéara\gg\gg@?patzlg%cr?no 'tﬁ'g&’fflﬁs:t, sg?:rgn gnd
third i mage geperatorbeinglofthefformula: t ri chrone i mage, and the ‘copper conpound
and reactive material to destroy the remaining superaci d—gfecursor in each
of the three acid-gsngf aD-Rg | ayers, thus fixing theO th ame
sensi ti zi ng 4ys\i z 2aC —the eeoacid-geger attg | al |

t hree i mage ¢/ exposures can gﬁ Chh>t§:£ct eg Lgieng radi ati on he
same wavel ength (for exanpl e, g 59. ngl e | aser)_ thus avoiding, for exanple,
the neell for three sepd) at e ensemsitizer, preferably wiphendamineoandal | of whi ch nust

be scanned across the joagi | . i des the acid-generating and
col or-change | ayers orce has%&lw&nggﬁg medi a of the present invention

nay conpri seoa tiseddppodd sidélofiid iatidogbnkratiAf layer 16 fomi the suppore 14 iPdieposed N |
subbing | ayer to inprove adhesion to_the support, acid- 1nperneable
i nterlayers gfistcolor-change layeiol&gommpisingipar ati ng nulti pl e bilayers from one

anot her, an anti-abrasjye t r r auxiliary |ayers. The
support enpl oyed may b@hraﬁ@%ﬁ%"%’%@%%ﬂ% may be any
N~

N (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;

(b)  copper(ll) acetate; |
15 (c)  areactive material, namely potassium acetate; and

(d a binder comprising Acryloid B82 (available from Rohm &
Haas, Philadelphia, Pennsylvania 19104) and poly(vinyl alcohol); the
poly(vinyl alcohol) acts as both a binder and a reduciﬁg agent for the
fixing process. |
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5 material that retains its dinmensional stability at the tenperature
used for W96} nution. Suitable supports include paper, BSEHRS95O830 cd
with a resin or pignent, such as, calcium carbonate or calcined clay,

synt hetic papers or plastic films, such as pol yethyl ene, pol ypropyl ene,
pol ycarbonate, cellul ose acetate and pol ystyrene. The preferred material -
for the support is a polyester, desirably poly(ethylene 10
terephthalate). Usually the acid-generating and col or-change | ayers or
phases will each also contain a binder; typically these |layers are forned

by conbining the activ ral ' oy comon, sol vent ;
applying a layer of thgl@%ﬁlﬁ%ﬁﬂﬁg#ﬁoﬁ ?g&tth%%ﬁoﬁbcg’ﬂgeame’f \r@ngﬁq‘yi ng.
Rat her than acomdinta bindeohaving.a glass kraysition] Semperataye bebstihaile hbase 2oom

di spersion or an enul sion. The coating conposition also may contain
di spersing ag¥PPEraBeast i ci zers, def oami ng agents, coating aids and

mat eri al s such as waxes thesfirsCd ha;ag | S e
aci d-generating | ayer(s?ﬁl%{}g{sgdéﬁacourse&ggg%on- éﬁg*?uﬁ&?%wb :
super aci §l i s lapér 20, fwhivhestrieg to preventrabid gerexsted ircthe Gbcdid wtid-gentPating latat nay
be wused ig&yﬁe yre e-,acr,gfbo_nitri | e ,copol mgrs, pol ystgt;/rene,g vet
poly([err]- ﬂ#@t%&é‘h{b;}m%wmrgemw% diret pelorehange layes J8.net hyl
nmet h- acryl atﬁg}’"‘gﬁw : 0] W qéﬂﬂ I .8 vi_nyl
butyral), polycar ona%?ﬁo’gﬁ‘gk} ny |ic>ilgn c%b§¥iad%§61§n§1ggfg%i"$ﬁ/*39¥r22’
chloride). | twhichlcohtminz[ihe eame tsuperabidt predursdyj sedondap acidt getlerabsrind tigderhave
d ff . 25 id itizi d
Sonondary  aci B GEERACKrEenFEn 5k AGe HOWS S 4 GO oREgEEnEspanE ot 3r at cd
t herei njgAl SOgontdifs. B biitd h 7 S . epner r
encount é(r)ed S%C)ri ng’tqhgﬁ%«?gtl ng dsjtﬁe}gmaﬁsghgﬁ%ﬁ%ﬁgggeﬁlgﬁg%a%htﬁé’g'@g%ﬁ t

does not i nt edimethoxyphenyl)pyridimey wifich kensitizeg the Siperdsidhprecursusto ofsiblenéde

transmt the actinpi.c radiati on used i e exposure steps. -47-
tﬁtra-v?olet raéllahon o approx?matepy 30@) nm v\Pavelength. P

| Superposed on the second acid-generating layer 22 is a second color-
change layer 24 which is identical to the first color-change layer, except that the
15 Copikem 37 is replaced by a second image dye, of the formula:

T4Hg Tan

(available from Hilton Davis Co. under the tradename “Copikem 35”), which
changes from colorless to 'magema in the presence of an acid.

‘The next layer of the imaging medium is a second acid-impermeable

20 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,

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
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The i magi ng nedia of the present invention may be used in any of the ways
in which the aforenentioned '489 and '612 nedi a have been used. .
Speci f i G¥OPPY2%6%he i nagi ng nedi a of the present invention PETESIEPSIIC it abl e
for use in slide blanks simlar to those described in copending _
Applications Serial Nos. 5 08/ 226, 452 and 08/ 226, 657, both filed April
12, 1994 and assigned to the sane assignee as the present application (now
U.S. Patents Nos. 5, XXX, XXX and 5, YYY, YYY respectively) and the
correspondi ng Interational Applications Nos. PCT/US95/04401 and

PCTYUS95/ YYYYY respectively. Thus, one preferred slide blank of the present

I nvention canpri.ses:. l10. s X I r ifAg a
subst anti al |1§B~ﬁtglf1§°ﬁ i e, ut, .port?%ﬁ%%gé&v%ﬁg r?rﬁ’gb%igrﬁo H; her al
portion sur rapsstid éenkiticers Aamely! 1-viayipyrene, whidh sersitizes ghe Buperacd precaopr i Si ng

an i magi ng medi um of the present invention which i's imgeable to form an
i rage whi ch te adirayuiolst omof appreximatsly 350 aun wavelength. “Superpasedon theor t |

k | ' \ 0& : ' . : t
and the | it PETERHAfg YR 28 £ GuRF R hand Saf 30 SRR ikl WPETT
- centrals por tthe first olop-change Hayen \except dhat itinCopikera I7ais replaced byt dhird image t

adj acent the central portion of the mask | ayer being substantially
t r anspar ent .dyg, efthefoamlast erred slide bl ank of the present invention

conprises: 20 ' a support at least p ichis
essentially transpar an i mageabl e | ayer superpbsed e face of the
support, the imgeab QNPrisi ng i_agi pdN ' t he present

i nvention which is inageable to TS, § dgenwhi ch can be viewed in - ‘
transm ssion; and a protective |a $ Qs€d on the inmageable | ayer on

t he opposed 25 si de thereof 'from | east part of the

protective | ayer being essentiall ' yjent. gpe support, inmageable
| ayer and protective |layer being 3

(see U.S. Patent No. 4,345,017) which changes from colorless to cyan in the
presence of an acid. Finally, the imaging medium 10 comprises an abrasion-resistant

10 topcoat32. -
The imaging medium 10 is exposed by writing on selected areas of
the medium with three radiation sources having wavelengths of 450, 400 and 350
nm reSpectii;ely. The three radiation sources may be applied simultaneously or
sequentially; for example, the medium may be scanned in a raster pattern
15 simultaneously by the focused beams from three lasers of appropriate wavelengths,
or the medium may be exposed sequentially through three masks to radiation from
lamps generating radiation of appropriate wavelengths. The 450 nm radiation,
which carries the yellow channel of the desired image, images the first acid-
generating layer 16, the 400 nm radiation, which carries the magenta channel,
20 images the second acid-generating layer 22 and the 350 nm radiation, which carries
the cyan channel, images the third acid-generating layer 28. Thus, as described
above with reference to Figures 1A-1D, since the sensitizing dyes in the first and
second acid-generating layers 16 and 22 respectively are present in protonated form
| (i.e., these two layers are, prior to imaging, as shown in Figure 1A, except that all the

25 sensitizing dye, not merely 75%, is present in protonated fomi), latent images in
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together to forma slide blank having a thickness of at |east about 0.8 nmm
and the thwoksewss of the protective |ayer being such that rRCEESNSO08I30t he

I mageabl e | ayer -48- containing the color-formng conmposition is nore
than about 0.2 mmfromone external surface of the slide blank. For further
details of these preferred slide blanks, nethods for their use and slides
produced therefrom the readier is referred to the aforenentioned 5
Applications Serial Nos. 08/226,452 and 08/226, 657, and International
Applications Nos. PCT/US95/ 04401 and PCT/ US95NYYYYY. A preferred enbodi nent

of the inventjgn il ' ' trati nly,
wth referencgaFgﬁ%¥gﬂ3§ﬁ%R§?gﬁ§§5§g?g%E%ﬁ%#%§d§¥%&?%3@?g§%#¥ﬁ“%ﬁ%%§qﬁp
schematic crogsd SBCIA Qateritlinfage lin anbufféred Guiperaciaris GlsdNprescdt id the thifdyfid-

i magi ng nmedi um (general |y designated 10) of the invention as the |n§&¢
therein is begmraﬁngéeyeb¥8mq¢ vin¥lpyrene sopsitizes uped in this laysr deesinos buffer.

The i magi ng [ ' ié ) f (. of plastic film
Typi cal ly thg&gﬁwd§wﬁgonp§lg’§§ﬂéhggﬁlfe y erﬁiﬁ%ht hal ate film 3 .
to 10 miks (76 to 254 [ The Inagitg hiediven @6 9s passed bétween i heatedf rellers(129 tife gur e
3) may 15 be treated with g sub-coaf, such af are ywell-known to those

skilled in thbeabapp) Beseoolleneanseg theunbutfared sypsrasidbprssnnit 4n e exposase
LI LT, el U ARl s 400 Sl SRR it ot
(4- oct yl oxyphssephdary acid| genétor thereitpthus emining forimation of anpantity; of (sedondagn
! ndi cator s engéi‘ti is&li)srt]a%tid 3? g?efateg rtll(laanf é %ty [o$ gxrl!)uﬁ’ered superacid generated by the
- 10 imagewise exposures. The heat and pressure applied by the heated rollers 12 also
raise the acid-generating layers 16, 22 and 28 and the color-change layers 18, 24 and
30 above their glass transition temperatures, thus causing the components present in
each acid-generating layer to intermix with the components present in its associated
color-change layer. Accordingly, the three associated pairs of acid-generating and
15 color-change layers are “developed” and fixed as described above with reference to
Table 1; i.e., the copper compound decomposes the remaining superacid precursor
and the base neutralizes the unbuffered superacid present. In these exposed areas,
the secondary acid produced in the acid-generating layer effects the color change of
the image dye in the associated color-change layer, thereby forming yellow, magenta
20 and cyan images in the layers 18, 24 and 30. In the non-exposed areas, excess base
remains and the image dye remains uncolored. The acid-impermeable interlayers 20
and 26 prevent the unbuffered superacid or the secondary acid generated in the
second and third acid-generating layers 22 and 28 respectively migrating to the first
and second color-change layers 18 and 24 respectively, thus preventing crosstalk
25 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 wid-genmﬁng layer, thus
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(the unprotonated formis avail abl e from Yanada Chem cal s, Kyoto, Japan);
this sensitizing dye sensitizes the superacid precursor to visible

radi at i orfV@#@ 8 approxi mately 450 nn); -49- (c) aPCTOHAHEHFO aci d
generator, which undergoes a superacid- catalyzed thermal deconposition to
forma secondary acid, this secondary acid generator being of the formui a:
[err] 5 (d) a cosensitizer, preferably triphenyl am ne;
and (e) a polystyrene binder. On the opposed side of the acid-generating
| ayer 16 fromthe support 14 is disposed a first color-change | ayer 18
conprising: (a) a first image dye, of the formula: 10 (avail able from

rdenans » CoRrRuinE R visBRUMpRoh Bhé ofthe SoBiadl Seisiiathl e spdFedibffE
presence of ﬂmD.mdfthéhjxageswahm(dvbb. acetate; 15 (c) a

reactive material, t gssjum acetate; and (d) a binder conprising
Acryl oi d B82 (avai | abIrTi-Lgf Lﬁ‘-mnpkagremwwewm@ byoway of illnsime rrt1§0n19104)

and pol y(vi ngﬂxa{oﬁfgpq{%l 7 5 progée%gn %m&ns%ﬁmqgggpma b| nger and

a reduci ng ageht
5 process and medium of the present invention.

Examples 1-7 : Deprotonation Processes

Examples 1-3 : Preparation of sensitizing dx' es for deprotonation processes
Example 1 : Preparation of 2.4.6-tris(4-methoxyphenvlovridine

This Example illustrates the first of the three preferred methods for. | ‘
10 the preparation of triarylpyridinium dyes described' above.
A mixture of p-anisaldehyde (4.08 g, 30 mmole), p-methoxyaceto-
phenone (9.01 g, 60 mmole) and ammonium acetate (30 g) in acetic acid (75 mL)
was stirred at reflux for one hour, then at 20°C for 16 hours. The precipitate formed .
was collected by filtration, washed with a 70:30 acetic acid/water mixture, and dried
15 in vacuo to provide 3.50 g (30% yield based upon starting p-methoxyacetophenone)
of crude product. Recrystallization from ethanol provided fine colorless matted
needles, m. pt. 132-133.5°C (Dilthey, J. Pract. Chim. [2], 102, 239 gives the melting
point as 133°C).
Example 2 : Preparation of 2.4.6-tris(2.4-dimethoxyphenyl)pyridine
20 This Example illustrates the second of the three preferred methods for
the preparation of triarylpyridinium dyes descnbed above. _
' A mixture of 2,4-dimethoxybenzaldehyde (1.66 g, 10 mmole),
2,4-dimethoxyacetophenone (3.60 g, 20 mmole) and potassium acetate (10.0 g) in
" acetic acid (35 mL) was stirred with heating until reflux was reached, then allowed
25 to cool to 20°C. To the resultant yellow-qrangé solution was added hydrbxylamine
hydrochloride (1.4 g, 20 mmole). The solution was then stirred at reflux for 1 hour,
an additional 5.6 g (80 minole) of hydroxylamine hydrochloride was added, and the
solution was again refluxed for 1 hour. The dark reaction mixture containing

suspended solid thus produced was quenched into water (200 mL) and the resultant
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The aci d-generating |layer 16 and the col or-change | ayer 18 both contain a
bi nder havwo@sasg8 ass transition tenperature substantially POTIUSISIBLEN
tenperature. Superposed on the first color-change |ayer 18 is an

aci d-inperneable 5 | ayer 20, which serves to prevent acid generated in
t he second aci d-generating |ayer 22 (see below) during inmaging penetrating
to the first color-change |'ayer 18. Superposed on the acid-inperneabl e

| ayer 20 is a second acid-generating |ayer 22, which contains the sane
superaci d precursor, secondary acid generator and binder as the first

aci d-generatin y B, v acid- generating | ayer 22 10
contains, in ﬁo&dogrg{“ te;‘%ﬁt}’?ﬁ&gnﬁ?ﬁ(gﬁgﬁt g‘tﬁies ! :t]w '%ngéeé was.

2,4, 6-tris(2,trattedtiitoanéthylend khloridei @ex SUinlh abigists) ian@Sthe Nerganibelags! d
precursor to visible/near ultra-vijolet radiation of approximtely 400 nm

wavel engt h. S¥8perpied 4ol adwown eilswhish wasdriturefed svith: methanaly(80 nil) topravide @ond
col or- change ' | 8.1 d i to,t ' | or - C ge | ayer,
except that t%réﬁ%lo%c%ilaﬁg’ﬁ]iggmﬂgi g‘g?e%%%edA b%&édsé%énﬁgﬁgﬁweaggeg Y8 t he .
for mul a: 5[ er rdbtdifedaby @bhporationTof thet iquon v Totalyield vt airudd) frdduiotl Was NEYY g
" Copi kem 35"), which changes fromcolorless tQ nmagenta in_the presence of

an acid. The @2%)- Resrstallizationsfromethyd acetatg prawided an analytically puresample, mabl e

20 i nterl gye S1cddgentical to the |ayer 20. Superposed on the
aci d-i nper rre%l f60F256162%9 a third acid-generating |ayer 28, which
contains the gratiog Coft Q@-bis@ot-dimbhoxybherty] D424 BYdimethibxb)

as the first ci - generating | aye 16 and 22 respectively.
e 4 LS T A amale ilustratds the Third of the three prefesred racthods for
the preparation of triarylpyridinium dyes described above. '
A mixture of 1,4-dimethoxy-2-naphthaldehyde (1.08 g, 5 mmole,
prepared as described in N. P. Buu-Hoi and D. Lavit, J. Chem. Soc. 1956, 1743),
p-methoxyacetophenone (0.75 g, 5 mmole) and methanesulfonic acid (12 drops) in
15 acetic acid (10 mL) was stirred at reflux for 70 minutes, then cooled to 20°C.
Ammonium acetate (4.0 g) and 4-methoxyphenacylpyridinium bromide (1.54 g,
5 mmole) were added and the reaction mixture was refluxed for a further 2 hours.
The mixture was then cooled to 20°C and poured into water. The resultant solution
was neutralized with sodium hydroxide, and extracted with methylene chloride
20 (20 mL). The orginic layer was washed with water (90 mL) and evaporated to a
brown solid which was chromatographed (on silica gel, eluted with methylene
chloride) to provide the main fraction as a pale tan solid weighing 1.48 g (62%).
Recrystallization from ethyl acetate provided an analytically pure sample as colorless
fine matted needles, m. pt. 185.5-186°C.

25 Examples 4-7 : Preparation and use of deprotonation imaging media
The following indicator dyes are used in the Examples below:

Dye A : 2-[2-octyloxyphenyl]-4-[4-dimethylaminophenyl}-6-phenylpyridine
(available from Hilton Davis Co.)
Dye B : 2,4,6-tris[4-methoxyphenyl]pyridine (prepared in Example T above)
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I ndi cator sensitizing dye, but.instead contains a conventional non-basic
pol ycyclic aromatic sensitizer, nanely 1-vinylpyrene, which .sensitizes the
superaci VP8 or to ultra-violet radiati on of approxi nECEUS LA

wavel engt h. Superposed on the third acid-generating layer 28 is a third

col or-change | ayer 30 which is identical to 5 the first col or-change:

| ayer, except that the Copi kem 37 is replaced by a third i mage dye, of the
fornmula: [err] (see U S. Patent No. 4,345,017) which changes from col orl ess
to cyan in the presence of an acid. Finally, the inmaging nedium 10

conpri ses an abrasion-resistant 10 topcoat 32. The inmaging nedium 10 is

exposed ﬁy DyetQ rm4fmisﬁ%fdhﬂ?gph%wbyﬁgh§g%ébMMEMﬂéequ ihatiﬁn
sour ces having wavelen S 0 , . and -350 nm respectively. e three
"adi atton sOURdbS TepetAmeErsyBaFny it ieRUBBIcac Premsper by (he sethdont
exanple, th ' v be scanned in a raster pattern 15 si mul t aneousl y
by the focugﬁglgg% fromthree | asers of appropriate wavel engths, or the

medi um nmay ByeeEpoX6tbispmethaxypheny]--fiblontophenyljpysidinet (prépedbdittyothd r om
| anps enerW%LeOf of gppr opriate wavel engths. The 450 nm '
radi at iFon, ﬂ@‘? |l ow channel of the desired imge, inmages
the first agwd-F 99%chiatalmi % ol sadiat] gi}*ll;% ryies
t he magent a%anne’l, I%L gthib gesﬁ?ﬁepseggﬁgl]gﬁ@g%%k g eﬁﬁi and
t he 350 nm ofiBkxamplerl aboié)ch carries the cyan channel, inages the third

aci d-generatj ng, |l ayer. 28. Thus, as cribed abqye wth reference to

Fi gures 1A ijﬁ,eg%i‘ ﬁc‘é{’?ﬁéﬂ'@gﬁm Y‘A%?@ﬂ@gﬁwlmxmm(e@m bythe method

aci d- gener apf Boahfé8abowd) and 22 respectively are present in protonated

form(i.e., these two layers are, prior to imging, as shown in Figure 1A,
exceptlOt hat Dyel Ht h@,486-tris[2 debrtrimethoxyphenyyd]pyridinen@prepayed” by thesmethodesf i n

pr ot onat ed i:‘.%n%te 1'?&0%& | mages in -52-
Dye 1 : 2-[2-[2,4-bis[octyloxy]phenyl]ethen-1-yl]quinoline (available from Yamada
Chemical Co., Kyoto Japan) | |
' Dye J : 2-[2-[4-dodecyloxy-3-methoxyphenyl]ethen-1-ylJquinoline (available from
15 Yamada Chemical Co.) ' _
Dye K : 3, '-bis[N-[2-chlorophenyl]-N-methylamino]spiro[ZQbutyl-l,1-dioxo[1,2-
benzisothiazole-3(3H),9'-(9H)xanthene]] (prepared by the method of U. . Patent
No.4,345017)
Dye L : 3, '-bis[N-[Z-[methanesulfonyl]phenyl]-N-methylamino]spiro[2-butyl-l,l
20 dioxo[1,2-benzisothiazole-3(3I-I),9'-(9H)xanthene]] (prepared by the method of U. S.
Patent No. 4,345,017) | | |
Dye M : 9-diethylamino[spiro[12H-benzo(a)xanthene-12,1'(3'H)-isobenzofuran)-3'-
one] (available from Hilton Davis Co.) |
Dye N : 2'-di(phenylmethyl)amino-6'-{diethylamino]spiro[isobenzofuran-1(3H),9'-
25  (9H)xanthen]-3-one (available from Hilton Davis Co.)
Dye O : 3-[butyl-2-meﬂ1ylindol-3ryl]-3-[1-octyl-2-methylindol-3-yl]-l-(3H)-isd-
benzofuranone (available ﬁ'dm Hilton Davis Co.) , '
Dye P : 6-[dimethylamino]-3,3-bis[4-dimethylamino]-phenyl-(3H)-isobenzofuran-

one (available from Hilton Davis Co.)
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unbuffered superacid are fornmed in the first and second aci d-generating

| ayers 16 WOMS2%M68A | atent i mage in unbuffered superacid i spermsosasgsent in
the third acid- generating | ayer 28, since the vinyl pyrene sensitizer used
in this |ayer does not buffer the superacid produced by deconposition of

t he superacid precursor. 5 The i magi ng nmedium 10 i s passed
between the heated rollers 12; the heat applied by these rollers causes the
unbuf fered superacid present in the exposed areas of the acid-generating

| ayers 16, 22 and 28 to cause catal ytic breakdown of the secondary acid
generator therein, thus causing formation of a quantity of secondary acid
substantiallyﬁggﬂgﬁér than the quantity of unbuffered superacid generated

by the 10 | magew se ¢i; 3 l’]}gﬁ ﬂélﬂluﬂr ed.b h

heated rollers 12 al so ’fxglegga? elgm Eéégﬁéeﬁa I'ng ﬁ%%?gﬁggeé?ag?%wkﬁand

Ehe col ?r- chamtgyﬁw aghieved 18ing tﬁmdieatok@ﬁsmhm' 't‘ gelywinit?ei_gbmcnaﬁémg_ d jion y
enper at ures, us caus e .conponents present in each acid-generating

|l ayer to interm x with gﬂﬁ?ﬂoﬂgﬁ‘f’g %Fé@%ﬁm?nh@ quase ields involved _

col ar - change. dke the i Ghticabh Byt GpehRR i 4"

aci d-generating aénd 15 C Ior-c?:ha%e’qa ers apié&b%g%%?gp B@Hdaqqtg{egd as

descri bed aboacid inditatoridye,cince palyriedd dirder.i . In somb cexperipents ATAONBAsC,

deconposes the.rengni ni ng superaci recursa nd, t he base neutralizes the
unbuf f er ed s pRLYCYElg amgn : ‘W?ﬁ?&é%k‘ﬁ&é&&%{k@gﬂvepﬁbmel@ﬂm@m d

prioduced | n tie () & GEMBIE skl B wf HiRR! Sublif GIOkRl nbUPROFroRald | T0°

dye in the associ ated col or-'change layer, there ng nt a
20 and cysensitizing dndicator dye whencthe filfh isdnitiatly exPoselrto tulea-Rivletaudiasss

e nfEr ad Gescribef Belbdv oty Hm' 369 ey orrediiid me o ane sapdleatha or
t he secondar yabRsrpflof SR irAkB bf ik ﬁ&&:ﬁﬁa%@ﬂsiﬁﬁﬂgk‘gﬁéﬂoﬁﬁi ‘.’*ﬁ{éeib%' RS gvers
e first an o) 5 co

22 and 28 respectively mgrating to t sec or - change
| ayers 18 andheavavelspgthtaf\nadximumhabsorptionaivei tnghe pootesaiéd sé@isitizing mdivagrt he

causes tne b4V e duieatien Retoin indpteR s Boposhies oy teichpasenbsarbp so at o
t he measurement of the exposure received by the sample, the quantum yield of acid
15 production could be calculated as described below.

By way of example, Dye A was tested in the following manner. A
coating fluid was prepared from Dye A (5.0 mg), [4-[2-hydroxytetradec-1-yloxy]-
phenylliodonium hexafluoroantimonate (5.0 mg; this superacid precursor was used
for all the quantum yield determinations) and 0.5 mL of a 7.5% (w/v) solution of

20 polystyrene (molecular weight 45,000, available from Aldrich Chemical Co.,
Milwaukee, WI) in 2-butanone. This solution was coated onto transparent poly-
(ethylene terephthalate) film base 4 mil (101 um) in thickness (ICI Type 3295,
supplied by ICI Americas, Inc., Wilmington, DE) using a #18 wire-wound coating
rod. After drying ovemight (under reduced pressure, in the dark, at room

25 temperature), a portion of the film was briefly exposed to ultra-violet radiation from °
a low-power mercury lamp sufficient to generate enough acid in the film to partially
protonate the Dye A (the absorbance achieved at 460 nm was 0.16). The film was
then exposed to light at 460 nm (0.48 mW/cm?) for 60 seconds, using the output of a
150W Xenon lamp, which had been spatially homogenized by passing it through
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protonated forns of the sensitizing dye (in the |layers using indicator
sensitizing dye) present in the non-exposed areas of its associ ated '
aci d- gend¥y@9%/28968 ayer, thus -53- renmovi ng the visibl e ®cIrses/os180 due to
the protonated sensitizing dye, and reducing the [err] of the inages to a
| ow | evel. The follow ng Exanpl es are now gi ven, though by way of
illustration only, to show details of preferred reagents, conditions and
techni ques for use in the 5 process and nedi um of the present invention.
Exanpl es 1-7: Deprotonation Processes Exanples 1-3 : Preparation of
sensitizini dyes for deprotonation processes Exam e 1: Preparation of

Che thr b oABRE, TR etk b OpRcal he? amif tHen astedbgaval 3 dhsprsevibal i um
dyes descrlmdrfaieﬂaeeﬁn&mhwﬁssmf%bﬁtah@'g?ﬁﬁséxéa% QPQEEDB@).%) -

p- met hoxyacet o- phenone (9.01 60 mmol e anmoni um aceta
acetic aci thhB intensitycas auasrmcasuwdf wuthomeahhnated piistodiotle.[ Afted f or

16 hours. it coll filt atlon washed with a
70: 30 acetl ﬁ%ﬁ%rﬁd‘h& fioy 4t 476, 5m P“? of praximym 3. 50 g
(30% yisel d hmwwmm Wao nicsaea t.
Recrystal | | zat lon from et hanoIDygr‘?\?l ded fine (F:Hgllaorl ess mtttﬁaﬁ%{aegdgp

pt. [err] 405 abporbgncerynits: dueioj acid geferatiqp duh®o exposare, Mlﬁch’rpi-dtom(pm nt

: : I 2. 4-di net.h h I I di
20 o E‘W@%f < TS B iy, 61 il PHovcenermtion Bt ey jriesure

preferred mebiditions'wds 0.182 preparation of triarylpyridiniumdyes descri bed
above. A mxture of 2, 4-dinmet hoxybenzal dehyde (1.66 g, 10 mmvl e), o ‘
In this experiment, the protonated Dye A served as a photosensmzer

10 of the superacid precursor, and the unprotonated Dye A in the film served as an acid
indicator dye, since its increased absorba_nce at 456 nm upon protonation (e*=33,000
M cm™) is used to quantify the acid formed. | |
| - The amount of acid generated (An, in moles) in a given area of the
film, is: ' ' |
a,AA*
10% *

where a. is the area of the film exposed (in cm®), AA% is the change in the

15 An

absorbance of the film at the absorbance maximum of the protonated indicator dye
+ (o, if present, the alternative acid indicator dye), and e* is the molar absorptivity of
the protonated sensitizer or indicator dye at that wavelength in L molem™,

20 This calculation assumes that every photogenerated proton protonates
an unprotonated sensitizing indicator dye or alternative acid indicator dye molecule,
which will be the case if (1) the concentration of the sensitizing indicator dye or
alternative acid indicator dye is large; (2) the sensitizing dye or altemnative acid
indicator dye is more basic than other major coinponents of the film; and (3) there is

25 relatively little of any basic impurity in the sample (which would act as a base
threshold, to “buffer” the sample). Even if these conditions do not all hold, the
calculation can still give valid relative 'iesults for s1m11a.r samples containing, for

example, different sensitizing indicator dyes or superacid precursors.
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2, 4- di met hoxyacet ophenone (3.60 g, 20 nmole) and potassium acetate (10.0 Q)
in acetic WOi%2988 nl) was stirred with heating until refl urRCESINOSEDhEd,
then al | owed 25 to cool to [err]. To the resultant yell ow orange

sol uti on was added hydroxyl am ne hydrochloride (1.4 g, 20 mmole). The
solution was then stirred at reflux for 1 hour, an additional 5.6 g (80
nmol e) of hydroxyl am ne hydrochl ori de was added, and the sol ution was again
refluxed for 1 hour. The dark reaction m xture contai ning suspended solid
thus produced was quenched into wat er (200 nL) and the resultant -54-
solution neutralized with potassi um dr oxi de. The slur whi ch resulted
was extracted with net hﬂ‘@ﬁ@“‘blﬂ" (@sid; P?G‘Wﬁ'ﬂﬁlmcﬁ‘éa).dhrﬁdetMatgdm c

| ayer evapor atgg, WhICh was triturated with nethanol (80 ni)
to provide a tcareé&rrl}ﬂga? org}é’gs&}l d weighing 1.58 granms. A second crop

wei ghing 0.41 g was 5 obt ai ned g eva_.gcl__)\éb gn of the liquors. Total
yi el d of crude product was 1.99 g 2 w @h$| i zati on from ethyl

acetate prowd i gal | re rr

Preparation of" “’Gé':I ??ym{ﬂ%m%gky ?;{%gs HL‘E}' H’]e‘i‘PBR% (mOICS of
napht hyl spyri hag,,%Ocm is determined by thelfalatioxanpl e illustrates the third of
the three preferred nethods for the preparation of triarylpyridiniumdyes

described abowg,, A= 18.359he10M2[Pt4xli aE,,éhoxw@‘mnr&lhbﬁéﬂﬁmH?‘ H\aﬁ*es%c

mol e, prepared'b'as described in N ®. *Buu-Hoi and D. Lavit Soc.

1956, 1743), mmnaxyhsﬁmemoﬁodlﬁoﬁ&morﬁumaﬂocﬁtwhm) h@ﬁ?%{a&f"‘ﬁc
acid (12 drops)_ in 15 acetic acid m.) was stirred at reflux for

mnutes, thenTYoMBd teo if dhe furaiphnd %éﬁ&?% ip ssegongs, g is the exposure
£ s e St BBl o Bt ol S0, P
10 the sample at the exposure wavelength. The term in parentheses is the average
absorptance of the sample. In performing the measurement, care must be taken that
(1) the area of the film probed by the spectrophotometer light is fully within the
exposed area; and (2) that exactly the same area of the film is probed by the
spectrophotometer before and after the exposure (because the films which are hand-
15 coated are generally not very uniform in thickness).
The efficiency of the sensitization of superacid precursor decomp-
osition is strongly dependent on the extent of the reaction, with the sensitization
yield highest initially and decreasing as the exposure proceeds. .
The quantum yields obtained are shown in Table 3 below, in which
20 Ay denotes the longest unprotonated absorption wavelength, Ap denotes the longest
protonated absorption wavelength, A denotes the irradiation wavelength and QY

denotes the quantum yield.
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The m xture was then cooled to [err]
solution was neutralized w th sodi um hydroxi de,
nmet hyl en&®V@9§/29868de 20

(20 ni).

and poured into water.

The resul tant

and extracted with
The organic | ayer was WRCRBISIWWSI wat er

(90 nL) and evaporated to a brown solid which was chromat ographed (on
eluted with nethylene chloride) to provide the main fraction as
a pale tan solid weighing 1.48 g (62% . Recrystallization from et hyl
acetate provided an analytically pure sanple as colorless fine natted

silica gel,

needl es, m

pt. [err].

25

Exampl es 4-7:

Preparation and use of

deprot onati on i magi ng rredi a The follow ng indicator dyes are used in the

Exanpl es bel ow. Dye

A

JaRleR 1. 6-

phenyl pyri di ne (available

2-[ 2-.octyl oxyphenyl ] - 4 [4 di met hyl am
fromH|ton | S 2,4, 0F \rlgemdt DEL ReXYphenyr g he (prepared
in Exanpl e 1%e ’”%99’8 C 2 4%t r s["b,4-_ i 0 %ﬁe%upyri di ne
(prepared in nm -
2, 6-bi s[ 4- ngt hgxyp, enyl'rjarﬁpirﬁdihenyl ] pBB4di he 458r epar4sd by t68 met hod of
Exanpl e 1 alov Ve ... 2, 0.0 5] & [338xy g T 1207 muynen | ] pyridiné
(prepared byt o) b e4q9L
2, 6-bi s[ 4- mgt h@gxyp enyj-r}- " ph hyl3]zgyr digge (pr bM lt h¢ net hod of
Exanmpl e 1 ab ety pheryt16—t pyri di ne
(prepared by t iR rret h&'mylpmdmpl e B 340ve mom
2,4,6-tris[ 4, 4,.06-1F no | nel (R qhod of
Exanple 1 Ea_ Iza /0 l %ﬁgg Jh‘/cr:;r Ly gg{?ﬁg =n\/4dby IL ]qui nol i ne
(avai |l abl e fjrorp Yarradarnarylpyndme 332 386 400 5. 5
G Triarylpyridine <320 374 400 6.2
'H Triarylpyridine <320 | 366 | 400 35
I Styrylquinoline 368 | 450 | 460 1.9
J Styrylquinoline 366 438 460 23
K Xanthene 358 | 554 | se0 | 023
L Xanthene 356 552 544 0.13
M Xanthene 356 528 560 0.21
N Fluoran 380 | 582 580 | o.16
0 Phthalide 358 536 544 0.18
P Phthalide 358 616 620 | 0.065
Example 5

5

This example illustrates the use of a triarylpyridine indicator

sensitizing dye which is coated in its protonated form as the hexafluoroantimonate

salt. The protonated indicator dye is used to sensitize an imaging medium of the

present invention to near ultra-violet exposure, to produce a final image having, in

Dpax areas, significant absorption in the near ultra-violet and visible regions but, in

Dmin areas, negligible absorption in either the near ultra-violet or visible regions.

Two coating fluids wére prepared as follows:
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"Chemical Co., Kyoto Japan) Dye J:

2- [ 2- [ 4- dOER2SA9068y - 3- met hoxyphenyl ] et hen- 1- yl ] qui nol i ne (aPSTE8MS1B% om 15
.Yamada Chenical® Co.) Dye K

3',6"-bi sS[N-[2-chl orophenyl ] - N- et hyl am no] spi rof 2- butyl -1, 1- di oxo[ 1, 2-
benzi sot hi azol e-3(3H), 9' - (9H) xant hene]] (prepared by the rret hod of U S.’
Pat ent No. 4, 345,017) Dye L:

3',6'-bi s[ N[ 2-[ net hanesul fonyl ] phenyl ] - N-met hyl ami no] spiro[ 2-butyl-1,1 20
di oxo[ 1, 2- benzi sot hi azol e-3(3H), 9' - (9H) xant hene]] (prepared by the met hod

of U S. .Patent No. 4, g@b@n?) Dye M
9- di et hyl am no[ spi ro[l zo( a) xant hene-12,1' (3' H) -i sobenzof uran) - 3' -
one] (avail abl e from Hi Ahorindizatos Sensjtiiyge Nye (2,4,6-tris[2,4-dimethoxyphenyl]}-

2' -di (phenyl neth am.no-=:6' -[ di et hyl am no i ro[jsobenz furan13 ,9'- 25
(ot xont he%] L e BPR ORIy siBg s S loRmethanc salition
3-[ butyl - t | fRER!

#(%géaﬁdab Sagobus b B ashrirmotl m sesmatddgan& dind Be

benzofuranone n Davis Co.)

6- [ di et syl andichiprainethdrieslager |lﬂﬂug)jlaamm¢mms¢m-oclymphmyuphmylone
) st rat es. 19 wﬁ%' Rttt S0 mge REPAE W%WES Beenteo
1l it e B ST B
sensitizing mr:jn]pmpe%r-ylﬂ@«benzylwbmzaﬂoxhlﬁne(BOrmg)randaﬁm molystyrend bipdemax her
non- basi o, - poPyye 80P ool £ 204 sqteEin 2-HBrBBREHHE SoTbTER, peSher Kt cne)
was al s@opresgited Gt about 50°C until complete dissolution of all components had been
achieved.
Fluid B
A diépersion was first prepared as follows. A magenta indicator dye
(3-[butyl-2-methylindol—3-yl]-3-[1-octyl-2-methylindol-3-yl]-1-(3H)-isobenzofuran;
15 one, available from Hilton Davis Co. under the tradename Copikem 35, 1.0 g) and
an acrylate polymeric binder (Acryloid B-82, supplied by Rohm and Hass
Corporation, Philadelphia, PA 19104, 1.25 g) were dissolved in ethyl acetate (10 g),
and the resultant solution was added to 7 g of a 2.55% solution of poly(vinyl
alcohol) (Vinol 540, available from Air Products Corporation, Allentown, PA) in
20 water. The mixture was then sonicated, after which evaporation of ethyl acetate
afforded the required dispersion (14.5% solids by weight).
| To 1.0 g of this dispersion was added 100 mg of a 20% aqueous
solution of potassium acetate and 10 mg of a 5% aqueous solution of a surfactant
(Igepal CO-630 (available from GAF Corporation, 1361 Alps Road, Wayne NJ
25 07470) to form Fluid B.
Fluid A was coated onto transparent poly(ethylene terephthalate) base
4 mil (101 pm) in thickness (ICI Type 3295, supplied by ICI Americas, Inc.,
‘Wilmington, DE) using a #4 coating rod, to form an acid-generating layer, and the |
UV/visible absorption spectrum of this coating was measured usixig a piece of the
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the filmto facilitate generation of an initial anmount of acid used to

- protonate the sensitizing indicator dye when the filmis |n|t|aJIy exposed
to ul tr avOi95Re8 r adi ati on, 10 as described bel ow. The RGIUSMNAEIIP hen

i rradi ated near the |ong mavelength absor pti on maxi mum of the protonated
sensitizing indicator dye. The absorbance at the wavel ength of maxi num-
absorption due to the protonated sensitizing indicator dye was neasured
before and after this exposure. Fromthe change in absorption, and

measur enent of the exposure received by the sanple, the quantumyield of
acid 15 production could be cal cul ated as described bel ow. By way of

exanpl e, gj,ﬁg,t,g,d ?xe ij%.{;@kh%ﬁﬁxy o g@ gﬁi@? ofthé dcidas

pr epar ed fr _
phenyl i 0d0f§eﬁéﬁa iy émhigaf#3mﬁngmd,£oﬁrrmcdl¢m-d)angmhyacl d precursor was

used for all the quantum y| eI d determ ations) .and, 0 a 7.5% (wv)
sol ution of 20 pol & MWWM@&BF@“P&&

'g\log[ ggho%g%spareﬂiﬁ%?ﬁ#@ene tgselrhg%at e) Wase 4 ml (101

[err]) §n tigytenr ﬁiim!&ﬁiﬁbmpanpplnceﬁﬂ&W@t Howard Steeet, INides, IL
W | m ngt on, DE) u5| ng a - ywound coatl ng rod. ve ni ght
(under r educt0§48y thes oytput EﬂP‘ﬁ kwa%ltm 2‘5"“‘3 a?e‘lfq'gé?‘gtﬁrl é! {)ort i on

A e B, 17 A N, e

of the film PJ?'
mercury lanp sufficient to generate enoug y
pr ot onat e H'MAWE)SA ,(mmmmmmmmmmwmm 45%Ce fi Iil

was t hen expose B‘#ght gt 460&%@%@%%@#&%. aﬁ?%ﬁ{?&gg ai’é?fpﬁ‘?ng t he

output of a for,
Phen piseq HEAAEE of e pepos il b ol 2 e o e el g
about 10 nm piecesefluncoatedflmbaselas tigt teferdtice.
Table 4 below shows the absorbances at one wavelength in the near
ulu'a;violet and one wavelength in the visible region at the various stages of imaging,
with uncoated film base as the reference. |

15 . Table 4 |
Absorption Acid-generating | Exposed area Non-exposed
wavelength, nm layer before after heating area after
' i heating
366 0312 0.468 0.023
544 0.005 1.105 0.004

" As can be seen in Table 4, the absorbance in the near ultra-violet at

366 nm in the Dy, region of the imaged film is 0.023, whereas before imaging the

absorbance at this wavelength (due to protonated Dye C) was 0.312. On the other

hand, in the Dpes region the sbsorbance at this wavelength is 0468, due partly o

20 protonated Dye C and partly to the ultra-vxolet absorbance of the magenta image dye,
whose maximum absorbance is at 544 nm (thh an absorbance of 1.105). |

Example 6
This example illustrates the use, in a process of the present invention

similar to that described above with reference to Table 1, of a styryl quinoline
25 indicator sensitizer dye which is coated in its unprotonated form. A non-basic,
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light intensity at the sanple was neasured with a calibrated photodi ode.
Af ter expegsesodshe absorbance of the filmat 456 nm (t he PaETAISISI08180 Of
maximum5  "absorption of protonated Dye A) was neasured and found to
have increased by 0.205 absorbance units due to acid generation during
exposure, which protonated nore Dye A. The quantumyield of acid

phot ogener ati on under these exposure conditions was 0.13. In this
experinment, the protonated Dye A served as a photosensitizer 10 of the
superacid precursor, and the unprotonated Dye Ain the filmserved as an

d i ndi cat - : : { .

B ot onat i on BpitFy e s3bdRE sebfiseAl AT BbeoRtS U BRERY Py Belo B 0RBY o 1

amount of ac neargdrvivletylis(abid coatedMiiRSproionated Jome bf tieciadichtor Rensitidefdyé S:

[err] where [err] is the area of the filmexposed (in E_err].),[err] IS the
&

change in thab imtheckluevisible regiom afhe protorated fomm of (the iimage dye mised

protonated ipdi Y QL,: . f he-al t i '”minndi at or
dye), and [efT gﬁﬁtﬁg%wglﬁgs"gﬁ%‘?i@%ﬁ%s the g?‘gﬁ%‘%f‘ﬁiﬁ SR 2 or
i ndi cat @r dy firsttblirket exposed e Giedr ultralviflet rddiatidh, generating acid from theinon-
cal cul ati on assunmes that every photogenerated proton protonates an

unpr ot onat ed baihpelyeyelia gromaticsepsitizenaad the superacidprequesos avhich protonstes thely e

nol ecul e, whi W 4 hes caseor | . 0 . al .
sensitizi ng fleatle %PBS-BZ,%’EO?% Phd bnclifan 18 TnPRRMAG! ¢ g’}g‘i 4 Bue. gt 5y
t he sensiti ziwhjchiiscabsorbed thgrthetprotenated dornn of ¢thd indichyor semsitizing RS Affehan
ot her maj or conponenis of the film,_  apd (3), there |s 25 rel ativel
little of an§ewass @ fingl imagp haying, sigaiieantc absprption b kel gxeen region aﬁs%e

t hr eshqlyd, tglgﬂnﬂ'fl'u{ﬂf M th'ea? oyt | f. S Il I
hol d, ? r?e calcula |f§nD'3'én S i%ﬁ%%l! é@/gﬁoﬁ?&e*%t%\?%p%s%*?s%gg% nrs}lg éﬁo ar
sanpl es cont af the’pectivm incDgadeas isdbtdimedent sensitizing indi cator dyes or

. superacid precursors. -58- | .
Two coating fluids were prepared as follows:

Fluid A
Indicator sensitizing dye Dye I (1.5 mg), a non-basic polycyclic
15 aromatic sensitizer 1-[prop-1-enyljpyrene (10 mg), a secondary acid generator
1-[4-benzyloxybenzyloxalyloxyloct-2-yi[4-benzyloxybenzyl]oxalate (60 mg) and the
same superacid precursor (15 mg) and polystyrene binder (600 mg of a 20% solution
in 2-butanone) as in Example 5 above were combined and heated at about 50°C until
complete dissolution of all components had been achieved.
20 Flui
To 1.0 g of the dispersion prepared by the method described in
Example 5 above (17% solids) was adéed 100 mg of a 2% aqueous solution of
potassmm acetate and 50 mg of a 5% aqueous solution of surfactant Igepal CO-630.
" Fluid A was coated onto reflective Melinex base 4 mil (101 pm) in
25 thickness using a #4 coating rod, to form an acid-generating layer. Fluid B was
coated on top of this i_ayér using a #3 coating rod, to form a color-change layer.
The entire imaging medium so produced was exposed to ultraviolet
radiation using 4.5 “Units” of exposure from the same nuArc apparatus as in
Example 5 above filtered through a U360 colored-glass bandpass filter (available
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Quantum yi el ds of acid photogeneration [err] are calculated according to
the relation: [err] where [err] is the nunber of photons absorbed by the
sensi ti ZWP9529p68i nstei ns (nol es of 5 photons). [err] iBCHESOMBed by
the relation: [err] where P is the incident (nonochromatic or
qguasi - monochromatic) |light power in mWNW[err] is the duration of the
irradiation in seconds, [err] is the exposure wavelength in nm and [err]
is the average (over the exposure period) absorbance of 10 t he sanpl e at
t he exposure wavel ength. The termin. parentheses is the average absorptance
of the sanple. In perform ng the nmeasurenment, care nust be taken that (1)
the area ofg ct |1y within
t he exposed a@?&sﬁan H;(SE thz'%‘el{egg’c??‘? Fl-g sa% gélceifgt eh}er ﬁ{H pr obed
by the specmemmitasrﬂatsm]/dmﬂ‘ msingethel sarhe ea:dmxheteeas)hﬁﬂxﬁnﬁlbfscme tAWRerf i | B
whi ch are hand- - coated ener al not very unr formin thi ckness)
The efficié ’@P%émgwf@aﬂmgﬂn tien fagsi ti on
i s strongl yyHRas n iLization
yield highest initrally andﬁod@)c% g’?s‘ry%e&gg%%g exp%sur%ﬂp%&
quant udn yi eExkmpledaibowel withea thiresscavity ifitetferende filtephaving a\UandlbasEQf about[ errl
denot es the onges g nate ab 5# n wavel engt h, [err] denotes the
te(;gg %W 3‘?}@ nof‘elﬂn}’ PaSHrEsthe fuhol 9rlaem| on

| ongest pro

wavel engt h ﬁB&uﬁYWMEﬁﬁsﬁﬁh& 439€Tor' 30 ¥éconds andiien at 120°C for 30 seconds.
The blue and green reflection optical densities were measured at each stage of this
process using an X-Rite 310 photogi'aphic densitometer, supplied by X-Rite, Inc., ‘
10 Grandville, MI, equipped with the appropriate filter. The results obtained are shown

in Table 5 below. |
_ Table §
Exposure at | Exposureat | Heating time, | Blue OD ‘Green OD
360 nm 440 nm sec. at 45°C (reflection) (reflection)
(mifem’) | (mlem’) | (90°C)

0 - 0 0(0) 0.06 0.04

7.6 0. 000 _ ' 0.21 0.04

7.6 0 20 (30) 0.07 0.10

7.6 40 20 (30) 038 0.79

7.6 60 20 (30) 0.49 - 1.86

7.6 80 20(30) 0.63 2.59

As can be seen from Table 5, after exposure. at 360 nm the optical
density in the blue region was 0.21, meanirig that about 38% of incident blue light
15 was absorbed by protonated Dye I. The imaging medium could then be imaged
using blue light to give a green Dpmg _Of 2.59 by protonation of the 'image dye.
However, Dyin regiens of the imaged film exhibited optical density in the blue
region of only 0.07, showing that Dye I had been returned to the unprotonated form
in which it was originally coated (when it gave a blue optical density of 0.06).

20  Example7



Table 3 [err] Exanple 5 This exanple illustrates the use of a

triaryl pyri ﬁgmmggicator sensitizing dye which is coated i rpausysostsonat ed
frorm as t he hexafl uoroanti nonate 5 salt. The protonated indicator dye is
used to sensitize an inmaging nedium of the present invention to near
ultra-violet exposure, to produce a final imge having, in [err] areas,
significant absorption in the near ultra-violet and visible regions but, in
[err] areas, negligible absorption in either the near ultra-violet or
visible regions. Two coating fluids were prepared as follows: -60- Fluid

A An indicator sensitizipg. dye 4 6-trigl2, 4-dj met hoxyphenyl ]- pyridini um
hexaf | uor oanti nonat e, priﬁ'ﬁr%‘&m&%ﬁ aﬁ'ﬁﬁ‘tﬁﬁ B Gr’@ﬂ&ﬁﬁﬁ'@‘m{sﬂﬁﬁl@g Dye
C Wi th agueousdyeewhichUi Qatidl MRS Gntidbatel S A% bk, Pyl 5
di chl or onet haneﬁle'a.yer, 10 ng), a superaci dk%?gcugggﬁ{ ’ é}@{é rlgowc

([ 4- oct yl oxyphensikizeswhigh absogbosignificanslydnly belowr 370rmm gincthe AfaritraRicieissd

as described ig U .« RPat ent. No. 992, 571).. a secaondary. acid generator

(2, 2- di met hyl -%‘[ %’gee% z@f"’cﬁ?ﬁ?&ﬁ% ?%%?Q‘?‘F thdicdos sensitizing dye absorbs in the blue .
oxy] prop-$-yl [sibRwegionx while 2 protonated Tofri Of 180 infdpe dy@Sused i P ypder
as in Exanple 4 (800.2irrg of a 20% sol utjon in 2-but angﬁe) \ABE}FSE a‘é%%?rﬁlgg{k

t oget her and 18Feen region ofthe spectymy:  The imaging medivonis| fustbldilkes ekposedio akaral |

conponents ha chi d. Fluj.d B.A.di spersion was fi st prepared_as
foInFows. A na&gﬁ-?%lg‘ d{%@ﬁ%}, %ngmg acu’f‘ froni the polycyclic aromatic s ns?t?zer and the

f) - E ggt y! - 2- Mesupytatiddstecisot! dnd3prbfon@ihg the2indRatty | seRdiRing dvb] “Prie( AEdiuhs f0eN2
then imagewise exposed to green light, which is absorbed by the protonated form of
10 the indicator sensitizing dye. After heating, a final image having significant
absorption in the green region of the spectrum in Dmy areas but negligible
absorption in the green region of the spectrum in Dy, areas is obtained.

Two coating fluids were prepared as follows:

Fluid A
15 Indicator sensitizing dye Dye K (2.4 mg), a non-basic polycyclic
aromatic sensitizer (1-[prop-l1-enyl]pyrene, 15 mg), and the same superacid
precursor (30 mg), secondary acid generator (120 mg) and polystyrene binder (1.2 g
of a 20% solution in 2-butanone) as in Example 5 above were combined and heated
at about 50°C until complete dissolution of all components had been achieved. The
20 same Fluid B as in Example 6 above was used.

Fluid A was coated onto reflective Melinex base 4 mil (101 pm) in
thickness using a #4 coating rod, to form an acid-generating layer. Fluid B was
coated on top of this layer using a #3 coating rod, to form a color-change layer.

The entire imaging medium so produced was exposed to ultraviolet

25 radiation in the same way as in Example 6 above using 3 “Units” of exposure. The
exposure received by the film under these conditions was measured (using the same
radiometer as in Example 5) to be 4.1 mJ/cm®) . After this exposure, a portion of
the imaging medium was exposed to filtered radiation for various lengths of time
from a 150W Xenon lamp, using the apparatus described in Example 4 above with a
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15 one, available fromH lIton Davis Co. under the tradenane Copi kem 35,
1.0 g and an acrylate polyneric binder (Acryloid B-82, supplied by Rohm
and HassWe528968t i on, Phil adel phia, PA 19104, 1.25 Q) wer BCHPSEMSI04 | n
ethyl acetate (10 g), and the resultant solution was added to 7 g of a
2.55% sol ution of poly(vinyl alcohol) (Vinol 540, available fromAir
Products Corporation, Alentown, PA) in 20 wat er. The m xture was then
soni cated, after which evaporation of ethyl acetate afforded the required
- di spersion (14.5% solids by weight). To 1.0 g of this dispersion was added
100 ng of a 20% aqueous sol ution of pot assi um acetate and 10 ng of a 5%

Cor por at  on oea iy eHich SR el 3gnapdss 4 b P Pl ofered 360, |,

was coated Qftep this an-e,rlhe mliqté &hhgihgrmedmnewbn hedted Gysthas5°€C forl20( 101

WLH)Rg{Sn; sesops 3w en o BAORC.AOF 4G secoid. ¢ grokn a0 A””'g&‘%iﬂaési‘%myer
9)V/
pi cco of t hiteastief sPf sy Bentiobe By the e pbhdilouPa ISRHRES 0D, °

coat ed son tqmeeésultbebﬁmedaregshownanﬂ'auelﬁa‘:pmwum ng a #3 coating rod, to form
a col or-change | ayer. A portion of n?gb@fgs medi um so produced was exposed
to ultraviolet radiation at an exposu 4.3 [err] using a nuArc 26-1K

Mercury Exposure 5 %&E ta\4
4 ;
ug”  g.ad

kﬁmh&ﬁ TP rech OB, 6200 Vest
t :E S%’ d
%M'Hu % Cﬁﬁ‘erna{ﬁﬁg ;IreLl ght,
at [egr] fof 209¢®onds ano0 ¢en

Howard Street, Nl es
using an 1 L390A "Lig
Inc., 17 Graf Road,

i magi ng nedi um was heat ed irst t [err]
for 30 seconds. The PVIVigipbre 4bSOr pgl on ~0(0) 0.34

a1 0 2030) | 0.9

4.1 270 20(30) 0.93

41 540 20 (30) 248

As can be seen from Table 6, after exposure at 360 nm the opticél
density in the green region was 0.34, meaning that about 54% of incident green light
was absorbed by protonated Dye K. The imaging medium could then be imaged

10 using green light to glve a green Dy of 2.59 by protonatxon of the image dye.
However, Dpin regions of the imaged film exhibited optical density in the green
region of only 0.09, showing that Dye K had been substantially returned to the
unprotonated form in which it was ongmally coated (when it gave a green optxcal
density of 0.06).

15 Examples 8-11: Nucleophile Processes

w
A mixture of quinaldinium methiodide (713 mg, 2.5 mmole),

20 diphenylbenzaldehyde (683 mg, 2.3 mmole) and acetic anhydride (8 mL) was stirred
with heating to reflux for 15 minutes, then cooled to approximately 100°C and

maintained at that temperature for a further 90 minutes. The reaction mixture was
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10 spectrum of the exposed and unexposed regi ons were then neasured,
agai n usi wpoes/poerce of uncoated fil mbase as the reference.pcCranosnesizbel ow
shows the absorbances at one wavel ength in the near ultra-violet and one
wavel ength in the visible region at the various stages of inmaging, with
uncoated fil mbase as the reference. 15 -

Tabl e 4 Absorption Aci d- generating Exposed area Non- exposed
wavel engt h, | ayer before after heating area after inmaging
heati ng 366 0. 312 0. 468 0. 023 544

0. 005 1.105 0.004 As can be seen in Table 4, the

absor bance i rthemeoaledito 209G, avherasipon assmeadlcemonntiof sokd pfegipifatede Tterreadtionhe

imaged filmis,0.023, before i orbance at this

vvavgl ength (dag%\ﬁsaﬁgh%‘f m@aef %@6&89‘5‘%&%@#@‘% %F‘Iﬂ&ﬁ@ ﬁl‘PFth he

[err] region g *bgoﬂbé%&’ ts'ﬂcklrgain X e1ACH60 sig@ @ﬁm u{,aw& 20
ance o

protonated Dye and pa to the ultra-vi oI e e magent a
i mge dye, whesemategraphed ahsmlhangd,ldumamﬂxmn% triethanolddichiormmethanef

1.105). anple 6 Th | | e, a proce of the
prese)nt ﬁvgpn?"é‘ﬁesﬁ‘:hﬂrﬁwﬁgpé‘fﬂ;?gg%ééﬁ us 4‘& rséfe?%ﬁizeqw"’f"é‘bl e
1, of a styryiméighéi@ dond. Fhis solid"dvhé?éis&ilvéﬁﬁﬁnbihiﬁél @UBLY B Rirkedd GARIR 10

its unprotonated”"form A non-basic, -62 pol ycyclic aromatic sensi t I zer
whi ch absor bsmgi(§:2i mimode)t ofysitvet jm:.dlwaﬁmquwsolm imemethaholr @ % idl)et ) is

bl e vi'si BRCreBUBE ARk P etk 37416 Hiole AR i LB 1
sodium hexafluoroantimonate (0.5 g) in water (30 mL). The precxplta.te which
10 resulted was filtered off and dried in vacuo at 25°C overnight to give the desired
hexafluoroantimonate salt as brick-red prisms (41 mg), having Ann(CH,Cl) 550
nm, € = 35,430. A dichloromethéne solution of the product was 67% bleached after
two minutes and completely bleached within ten minutes by addition of the

nucleophilic amine 3-aminopropanol.
15

yi]ethen-1-yl |-3H-m@hum hexafluoroantimonate
A mixture of freshly-distilled Fischer’s base (0.70 g, 4.0 mmole) and

N-phenylcarbazole-3-carboxaldehyde (1.08 g, 4.0 mmole) in toluene (3 ml) was
heated to approximately 50°C, then phosphorus oxychloride (0.3 mL) was added,

20 resulting in a vigorous (almost violent) exotherm. The resultant mixture was then |
stirred at ambient temperature for approximately 30 minutes, water (15 mL) was
added, and the supemnatant was decanted and discarded. The glassy residue
remaining was taken up in warm methanol (7 mL) and quenched into water (60 mL)
to give a brick-red precipitate, which was collected by filtration, then chromato-

25 graphed on silica gel, eluting with a 5% methanol/dichloromethane mixture,
followed by a 10% methanol/dichloromethane mixture. The purest fractions from
the chromatography were combined and evaporated to dryness, then the solid residue
was taken up in dichloromethane (12 mL) and washed with 10%
hexafluoroantimonic acid (2 x 4 mL aliquots), then with water (6 mL), and finally
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absorbs in the green region of the visible spectrum The inmagi ng nmedi um
used is 5 first bl anket exposed to near ultra-violet radiation,

gener at iWiQ95(29068 from t he non- basic pol ycyclic aromatic ROITHIS95/0%80 and t he
superaci d precursor which protonates the indicator sensitizing dye. The
mediumis then i magewi se exposed to blue light, which is absorbed by the
protonated formof the indicator sensitizing dye. After heating, a final

i mage having significant absorption in the green region of the 10
spectrumin [err] areas but negligible absorption in either the blue or
green regions of the spectrumin [err] areas is obtained. Two coating

(15 oy cevpprRdsia, apbigte, fent, (143" ©- 2 Andid B snwple phths Toaim Sas’®
1- 1-
1- %gr ggnzyl omzy?%g@ oglgt§§c§n?% éﬁgg‘?gﬁgﬁf?&q{ gfoate ?88 ny)

and the sarmg}nqseomgel—mt qmsmsprha(vlrfg e(CHEAChY | §k2 ymene i 4égl70( 6048 ng of
a 20% solution in 2-but anone) as Exanpl e 5.above were conbi ned and

heat ed at adiskio mﬁneﬁﬁl n%ﬂﬂﬂ?@“@%@%ﬁﬂ?@%@mmm%d been
achi ev 2 &5@5 the di spersion prepared by
the ne hod escrl n%f ngforﬁ:)hlﬁh above f%’%ﬁqlds) vvas added 100 ng of a
2% aqueous Eganiples 1011 : i andaise of nacltophil nfedigqueous sol ution
~of surfactant 1gepa 00630 Flu coat onfo,reflective Mlinex

base 4 nil (101 [err]Th mngnqq(igngﬁagkae% itizingslyes are ysedin the form -

an aci d- geng *ﬂ’% er Fluid B was coated on top of this |layer using a
#3 coating T0 orm a col or-change layer. The entire inmaging nmedi um so

produced m@ye@nb&ﬁﬁ%ﬁ%[%bm[&tyloqupﬁryﬂnthuﬂlFgg]qﬁuﬁlmhhh thexafldor@Xxposur €
Lglo(r)nr aaeglsgrre NUAr ¢ §§P$iqa{rg§ @%@Q&‘%{Eﬁ? %53)0 boyg _f Iltered through a U360
Dye R : 1-methyl-2-[4-diphenylaminophenyl]ethen-1-yl]quinolinium hexafluoro-
antimonate (prepared in Example 8 above) '
Dye S : 3,3-dimethyl-1-methyl-2-[2-[9-phenylcarbazol-3-yl]ethen-1-yl]-3H-indolium
hexafluoroantimonate (prepared in Example 9 above)
15 Dye T : 3,3-dimethyl-1-methyl-2-[2-[9-ethylcarbazol-3-yl}ethen-1-yl}-3H-indolium
hexafluoroantimonate (prepared using a method analdgoﬁs to that described in
- Example 9 abdve) | | | '
The following image dye was used in Example 10 below:
Dye U : 3',6'-bis[2,3-dihydro-2,3,3-u'imethylindol-l-yl]spiro[2-[2-meﬂ1ylprop-l-yl]-
20 1,1-dioxo[1,2-benzisothiazole-3(3H),9'(9H)xanthene]] (prepared in a manner
analogous to that described in U. S. Patent No. 4,345017).

Ex el0
This Example illustrates the quahtum yields of acid generation which
may be achieved using hemicyanine dyes in their first form, such dyes being capable
- 25 of being converted to a second form, which does not absorb visible light, by addition
of a nucleophile. |
The general method for measurement of quantum yields was ve;'y
similar to that described in Example 4 above. However, in that Example the
formation of acid could be measured by conversion of the unprotonated sensitizing
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from Hoya Corporation, Frenont, CA). The exposure received by the filmwas
measur ed aWoOP5@9068/ cn? usi ng the same radi onmeter as in Exanpterusosixeye.
After this exposure, a portion of the inmaging nediumwas exposed to
filtered radiation for various lengths of time froma 150W Xenon | anp,

usi ng the apparatus described in 5 Exanpl e 4 above with a three-cavity-
interference filter having a bandpass of about 10 nmcentered at 440 nm
After this Xenon | anp exposure, the whole inmagi ng nedium was heated first
at [err] for 20 seconds and ‘then at [err] for 30 seconds. The blue and
green reflection optical densities were nmeasured at each stage of this.

process usi ngdyaitselfia its prodonated: fogma Fiecheimioydrtinedyesrdescribtd! in aHistBxatnghe t €
ate filter. The

Inc., 10 Gandyi | | ed with the apprqpr
resul ts obtai ARHO P@&B%?WQ&?%B@O@% I‘%quaégg ?@@?ﬁé@myoaidnotMM@sure

at  reating ! amRedictabie et the dyed esiplibh 2RMaaf g
[err] (ref I ect |%n) Sr e%ll ect’l on) [err] mcf mé%PorF'QsePa@te i
0 digator (image dy; BBS mcorporated()nﬁﬂtﬂe €est film with the hemicyanine O

(()02)7 5 s%é?&m)g c(iye ancp the supe%xd precursor, agg t{xg(y}umge in abs(grg;)gm of this

0.79 7.6 image dye) due to rotonaﬁ@n wa3 used to qudnt
80 . 20( 30) e 3 / 1o, quatify) the smount of‘ackd pluddced.

after exposur &om irrsdiatianof ﬂLe sspsmaag dyte ﬁEletgbsonptmh spétmen oﬁﬁieqmpm&n&e& 1
meani ng t hat cl t. blu i ght 15 was absor bed by

pr ot onat ed Dym&o*‘ﬁ%% é’tﬂ@g lﬂ’ﬁg?: ﬁfﬁé%leﬁﬁd iShef§elg QKsriap fbln!{éalbf ght
to give a grewithldes 4sofition dad tdthe Bemicyanink 3nstizekNe | mage dye. However,

[err] regl ons of the inaged filmexhibited optical density in the blue
Two different indicator dyes were used in these experiments: Dye A

and Dye U. Their extinction coefficients were taken to be, respectively,
33,000 M'cm™! and 98,000 M'em™.
| By way of EXample, Dye Q was tested in the following manner. A
coating fluid was prepared from Dye Q (3 mg), the same superacid precursor as in
15 Example 4 above (5 mg), Dye U (5 mg) and the same polystyrene as in Example 4
(0.5 mL of a 7.5% wiv solution in 2-butanone). This coating fluid was coated on to
the same transparent film base as described in Example 4. The resulting acid-
generating layer was not exposed to ultraviolet light, as in Example 4, but instead
was directly exposed at 501 nm. After exposure, the layer was heated at 81°C for 40
20 seconds, and the change in absorption due to the indicator dye, Dye U, was measured
at 656 nm. All of the acid produced photochemically was assumed to have
protonated dye U, and therefore the absorption change of the dye U was used in the
calculation described in Example 4 to obtain the quantum yield of acid formation.
Dye U was used as the image dye, except in the case of Dye R, for which Dye A was
25 used as the image dye.
In addition to the assumptions mentioned in Example 4, it is also
assumed that the indicator dye (Dye A or Dye U) is photochemically inert.

However, it is likely that these dyes may function to some extent as cosensitizers,
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region of only 0.07, showing that Dye | had been returned to the
unprotonated formin which it was originally coated (when_ it gave a bl ue
optical XeM8329068&f 0.06). 20 Exanple 7 -64- Thi s exZAPUS95135¢t r at es
the use of a xanthene indicator sensitizing dye which is coated in its
unprotonated form A non-basic, polycyclic aromatic sensitizer which :
absorbs significantly only below 370 nmm (in the near ultra-violet) is also
coated. The protonated formof the indicator sensitizing dye absorbs in the
blue 5 visible region, while the protonated formof the inmage dye used
al so absorbs in the green region of the spectrum The inmaging nediumis

first blanket exposed to near ultrasviol. radi ation,. ge at i acjd from
the pol ycycl 3 teApantum é’@ﬁfgm?féﬁ'la chﬁtgregﬁ %Fb‘%ﬁ%@ﬁ%‘?ﬂ‘%ﬁﬁ%

pr ot onati ng J&dlfg&cat or sensitizing dye. The nediumis then inagew se
exposed to gfeen light, which is absorbed by the protonated form of 10

the indi cator sensiti zThgquantum sieids otitained ang shown imTable bglow, évivhich A,
significant absorption in_ the green -rﬁg‘;on of .the spectrum ] ,areas

but negl i gi bdenotesdhe pbsogptiqn maximum of the sepnsitizing: dyeria the &ilmy ﬁdr[ﬂt%fem

areas i g obtained. Two coating LLlujds e red as follows: Fluid A 15
| ndi cator se Q%Pwvﬁ@@%%@%gﬂoﬁmﬁe qé}t’%f@ﬁglbasi c polycyclic aromatic
sensitizer (1-[prop-1-enyl]pyrene, 15 T@ble®nd the sanme superacid precursor

(30 Wg), SecC . Q,E.LM_#._QHH nal \chtyrnnn hi ndor (1 g of
" 'a 20% sol utijon in Bybut anohe) da (mm)Exam) e Srhabwmk vere cofY (%A and

trt [PrQ] T n,unpi4§°e orsgorutt Of—ar | CONMPOFR@IT S frafl bee
achi eved. The 20 sane Fluid B'as in BEtxanmple above lwas used. Fluif A
was coated onto refRective|l Meling30base 4 m| (5481 [err]] in 14

S 488 501 - 0.65
T - 500 501 0.53
E el0

This Example illustrates the use of a hemicyanine sensitizing dye

(Dye S), with and without added cosensitizer, to form an image by a nucleophile

10 process of the present invention. The color-chaﬁg_e layer used in this Example
contains a nucleophilic primary amine base, which decolorizes the sensitizing dye

when the film is heated after imaging. ' |

A stock solution was prepared by dissolving the same superacid

precursor as in Example 4 above (40 mg), the same secondary aéid generator as in

15 Example 6 above (120 mg) and Dye S (20 mg) ina solution of the same polystyrene
as in Example 4 (4g of a 10% w/w solution in 2-butanone). Coating fluids A - F

were prepared by adding, to 400 mg of this stock solution, the following various

cosensitizers: _
Fluid A No cosensitizer (control)
20 Fluid B 5 mg triphenylamine
Fluid C - 9.6 mg tris(p-bromophenyl)amine

Fluid D 5.4 mg N-(p-methoxyphenyl)carbazole
Fluid E 4.8 mg N-phenylcarbazole '
Fluid F 4.4 mg 2,5-di-t-butylhydroquinone.
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t hi ckness using a #4 coating rod, to forman aci d-generating layer. Fluid B
was coat edvonse®m of this |ayer using a #3 coating rod, to FCEAIS¥/05130

col or-change |l ayer. The entire imgi ng medi um so produced was exposed to
ultraviolet 25 radiation in the same way as in Exanple 6 above using 3
"Units" of exposure. The exposure received by the filmunder these )
condi tions was neasured (using the sane radioneter as in Exanple 5) to be
4.1 [err] . After this exposure, a portion of the imagi ng nmedi um was
exposed to filtered radiation for various lengths of tine froma 150W Xenon

| anp, using the apparatus, descrjbed in anple 4 above with - 65- | :
three-cavity Lheseamouptsaf cpsansitizens weare ghosen g0 that the E‘Pfaﬁﬁﬁlﬁ"fi@sﬁﬂﬁ%ﬁf‘ér ed

at 560 nm Af i ) i6ns WEIR o IR s heated first
at [err] for %@exs'ﬁggﬂoéras ana t ecn g{tigﬁéel?&rl for 3‘8 sec,o*n s.'%li'he green
reflection optical densCogtingfluide AsE wete caatehamtostefigetivef Melinex [filmdmss ofisi ng
t he sane densito, er as.i.n Examl e 5 . The.results ohtai nedq are shown
in Table 6 be Mﬁtﬂﬁr@gﬂ}‘&ﬂ?s ﬁng&ﬁé%@agggﬁos% PR acig-geRFRKUPE MY¥Sbsur e |
at 360 n@ t heTRPidshitdnt NS dverdodafeddb $6¢h 5 61oPR: 18yed Asi ' At
about 54§/3) of Fﬁciéent gregweﬁ ght was absorbedoby%t%a&ﬂgﬁu%aﬁrﬁ%

i magi ng medi urmdcwith o dispensioncprépasesbas follows. using green light to give a green

Lhe | nged f11 m exhi bi ¢ Lhe SHRF Copiktands SEaiSE 44 B BokrbBlechhivears eb. oo
o b et R R G AT T e s
0.06). 15 solutigrt of the-same Awryloéb P82 bindemasinsExample 5 (7.5 g in 40 g of ethyl
" 10 acetate), and the resultant solution was added to a solution of the same Vinol 540 as
used in Example 5 (28.6 g of a 7% solution in water). Water (55 g) was added, and
the resultant mixture was sonicated. Evaporation of ethyl acetate afforded the
required aqueous dispersion (61.2 g, 16.9% solids by weight).
The resultant imaging media were exposed to light at 501 nm
15 (0.93 mW/cm? exposure) through a transmission step wedge for 1800 seconds.
After exposure, the films were heated at 60°C for 30 seconds, then at 120°C for 40
seconds. Optical densities (green) were recorded in Dpin (non-exposed) and Dpax
(exposed) areas using the same densitometer as in Example 6 with the appropriate
filter (Status A). Table 8 shows optical densities before imaging and after exposure
20 and heating, the minimum exposure required to attain Dpu, and the oxidation
potential of the cosensitizer (measured in acetonitrile solution against a standard
calomel electrode). '
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Exanpl es 8-9: Preparation of sensitizing dyes for

Exanpl e 8: Preparation of

1- net hy| wQ-95/290d8 phenyl am nophenyl ] et hen- 1-yl ] qui nol i n-
hexaf | uoroanti nonate A m xture of quinal di ni um
di phenyl benzal dehyde (683 ng,
(8 mL) was stirred with heating to reflux for
and mai ntained at that tenperature for a further 90
The reaction m xture was - 66-
anount of solid precipitated. The reaction m xture was then diluted
) and filtered to provide 665

mol e), 20

approximately [err]

m nut es.
smal |

with acetone (8 nlL) and di et hyl
ng of brick-red prisns. A 600 ng sanp

et her

Teble 8|

i URGT/US95/05130
met hi odi de (713 ny,

15 m nut es,

then cooled to [err],

hi.s crude product was

nucl eophi | e processes

2.5
2.3 mmol e) and acetic anhydride
then cooled to

wher eupon a

chromat ogr gphed on sl 1 ca ger, elutlng wtﬁ a v fE @;@1 a1 cHLia Thane 5
mxture, tq provide 849§ = | Be. dfis ﬁﬂ al't a§o E& Drown
anor phous dol 4 i $ §§I |§ wap ﬁ%ﬁg‘ ve Ny ? ed
with 72 M‘! - =€ 56 vv hanol
(07 m_)rrg hao rAcnlf'ng .anpi - i t.hb f;I‘ﬂ'L¢*aJ’_e .
diluted witlh a Bolution @F1sodl um065 ¢ | 00.5[q) 996 wat br (30
mL). The prieci pCt at e]whi @8910 6%l t dd wWAHOfi | fer edBf f and XOPed | n
vacuo at [dqrr] Dvernjghtoy2 gile t0wt dedireg@.09exafll uopgant | honagxgosal | as
brick-red grisng (41|N0)e70aviNg (& r] 950 oMo [ 7] >167®: 2$0- B12

di chl or onetfframegsorufTon THE pT, CTU WasS aG A0 rhut es
and conpl etel-y—g-l-e&e-lred—emﬁt ==t c.fpﬁj..m es gt}baddi = UHM“H lic

am ne 3-am rmdepmabsenﬂﬁw wax adiied; the oxidapion gotentiabiquoted is that of the '
3. 3-di nehyl - 1- et hyl - 2 [ 2-[9- phenyl car bazol -3- yl]ethen-1-yl]-3Hindolium
hexaf | uoroarheFH%&’c”S ) ‘ure of freshly-distilled Fischer's base (0.70 g,

4.0 nmol e) and From the data in Table 8, it will be seen.that in all cases the
sensitizing dye was bleached after imaging, as shown by a drop in optical density
from about 0.7 before heating to about 0.1 after heating. The sensitivity of the
medium, as measured by the energy required to feach Dmax Was highly dependent
upon the cosensitizer used; without a cosensitizer, the medium could not be imaged

5

at all with less than 1674 mJ/cm® exposure, whereas with iriphenylamine as
10 cosensitizer, Dmax Was attamed at an exposure of 15.9 mJ/cm?. Furthermore, the
effectiveness of a cosensitizer was inversely related to its oxidation potential

. EEAREER R B R bR AR Rk

From the foregoing, it will be seen that the present invention provides

an imaging medium, and a process for producing an image, which overcomes thé

15 limitations of the *489 and 612 processes. In particular, the present invention
allows imagewise exposure to be effected using radiation in the same wavelength
range as that in which the image is to be viewed, and also enables an image to be
produced in which the Dyis regions do not exhibit the absorption of the sensitizing
dye used in the imaging process. Also, certain processes of the present invention can
20 produce a full color image using imagewise exposures at only one wavelength, with

blanket exposures at two further wavelengths.
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N- phenyl car bazol e- 3- car boxal dehyde (1.08 g, 4.0 mmmole) in toluene (3 n)
was heat edvoes/zgop8 oxi mately [err] then phosphorus oxychl or iREI/YD50513L) was
added, 20 resulting in a vigorous (al nost violent) exotherm The
resultant m xture was then stirred at anbient tenperature for approximately
30 mnutes, water (15 nL) was added, and the supernat ant-was decant ed and
di scarded. The gl assy residue remaining was taken up,] thanol (7
m.) and quenched into water (60 nL) to give a brick- Lgﬂmmﬂﬂﬂlﬂl whi ch
was collected by filtration, then chromato- 25 ar A scaygel |
eluting with a 5% nmet hanol / di chl oromtmy{gxture, foll owed by a 10%

met hanol / di chl or omet hane m xture. The fractions fromthe

chromat ogr aphy were conlpj ned Agpdedy #6tqiradistiing &n Bhages SAichipredess gd
resi due was taken up in dichloromethane (12 grrL) and washed with 1 %ek
hexaf | uor oant i noni ¢ aci Broviding an jmagipg medium compesingjan cig-generatipg Aayer onnd

thi's foam wasPisEy S8 | Eouisfatibe Tebdr bf phi@Lidortsinfs pidetnt oFp Siffecta ©'
desired pure 61, aGerditizing dyesandl Deegonday apid geiratdipatid Wedier-éHangd fayefn

[err] = 46,170. @A dichioronethane, sol ution of the product was conpletely
bl eached5wi t hpwmwmmammwyandi tion of the nucleophilic am ne

3- am nopropanol . Exanpl - 11 ati NUC '

i magi ng nmedi a The foll oém'énég%et}l%ﬁ‘%o%%ﬁgﬁg&bpg%ghg#g&:gﬁ(s)‘lg?{l;éidr?g&g%ise aFoe

used in the Bxoditesupericid\by htihiéxadiation in a second wavelength range different from

-nmet hyl - 2- [ Z-Bé, 4- bi s[ octyl oxy] phenyl ] et hen- 1-yl ] qui nol i ni um hexaf | uoro- 10

antimonat e ( athai firsh vavelengthiabgss bitinek, By the, absengs, gf dhe sxnsitizing dye, being

1- et hyl - 2-[ 4. dj.nhe ' < = s ﬂ:ﬂéﬁji i 0 -

anti nonate ( p@ﬁggeﬂ%%@@ g’tﬁ‘@@}‘& i &]% a@hﬁ@rﬂ&ﬁﬁéﬂ HPHHE" first
10 wavelength range;

the secondary acid generator being capable of thermal decomposition
to form a secondary acid, the thermal decomposition of the secondary acid generator
being catalyzed by unbuffered superacid; and

the image dye undergoing a change in its absorption of radiation upon

15 contact with the secondary acid;

imagewise exposing the medium to actinic radiation in the first
wavelength 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,
with formation of unbuffered superacid;

20 thereafter, heating the medium to cause, in the exposed areas of the
acid-generating layer or phase, acid-catalyzed thermal decomposition of the
secondary acid generator and formation of the secondary acid; and

admixing the components of the acid-generating and color-change
layers or phases, thereby causing, in the exposed areas of the medium, the secondary

25 acid to bring about the change in absorption of the image dye and thereby form the
image;

characterized in that the sensitizing dye has a first form and a second
form, the first form having substantially greater substantial absérption in a first
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Dye S:
3, 3-di net hyl - 1- net hyl - 2-[ 2-[ 9- phenyl car bazol - 3-yl ] et hen-1-yl ]-3Hi ndol i um

hexaf 1 uoMSuI29988nat e (prepar ed i n Exanpl bove) 15 PYBUS95/05130

3, 3-di net hyl - 1- net hyl - Z‘F@Wé&%&gj}—éyl]ethenlyl] 3H i ndol i um
hexaf | uor oanti nonat e (prepa ‘l d anal ogous to that descri bed

I n Exanpl e 9 above) The foI mﬂ“ﬁm‘“‘mmm was used in Exanple 10 bel ow
Dye U :

3", 6- bIS[2 3-di hydro-2,3,3-trinethylindol -1-yl]spiro[ 2-[2-net hyl prop-1-yl]-
20’ 1-di oxo[ 1, 2- benzi sot hi azol e- 3(3H), 9' (9H) xant hene]] (prepared in

ExZﬁBPZr 16" PR Bl o 5 BEDRE ol . el *borBe s et o

whi ch pay bejeast lpart\ofdhe sensitizingndye)is i ite fiest form, arid) Sollovking %nérﬁﬁéﬂ ofiitieh dyes

bei ng capabl e 25 of being converted to a second form does not
absorb vi si bfeeondagnecid, i a least the nonexposed araas of themedinm, famsensitizingtdysd f or
measur enent Qf !‘ﬂ]ﬁ/ &h&& very simlar to that described in Exanple
4 above. However, 1n anplé the formation of acid could be neasured

by conversion of the ulpr ot Anpioeesssaseeiding ito CclaifiB-1 charfidterizdds @ fthdtOthiet S

protonated form The m cyani,ne dyes described in this Exanple do not
readi |y unde"?%“ﬁl%‘t |56¥Fmﬂﬂ%| dye, to ity segand foremisefiactadaby contactingitheot
have a predigha g& Gast Ne dye's absorption characteristics.
Therefore, a separ gt acl é‘ i ndi cator (image) dye was incorporated into the

test. filmwith the hen.cyanAnprobess accomding tto zclsin dy eharactefized $n!nRitagied
precursor, and the change in. abs)(;{gthn of t is inmage dye,. due to : ‘

pr ot onat i on, SORYESIPNCRF W5 seRIHARE IV (e 1 ompd s efestediby an essentially
I rradi ati O”djﬁfevélgﬁalé&ﬂﬁhédléhﬂﬁe‘i'ﬂh smggawt ion spectrum of the

unpr ot onat e '

4, A process according to claim 3 characterized in that the
chemical change is caused by the reaction of a nucleophile with the sensitizing dye.

5. A process according to claim 4 wherein the nucleophile is a
primary or secondary amine.

6. A process according to any one of clmms 3 to 5 characterized
in that the sensitizing dye is a hemicyanine dye.

7. A process according. to claim 6 characterized in that the
sensitizing dye is of the formula: | |

Af
G

wherein:
5 G is a CR°R¢ group, a CR*=CR* group, an oxygen or sulfur atom, or
an NR® group; .
R" and R® are each an alkyl group containing from about 1 to about
20 carbon atoms;



and protonated fornms of this imge dye were selected so as to overl ap

m ni mal | y Wia9$20068 absorpti on due_to_the hemn cyani ne sensit peemUsski13o

Two different indicator dyes were used in these experinents: Dye A and Dye
U. Their extinction coeff“ulmmmmﬂam,ﬂmn to be, respectively, 33,000
[err] and 98,000 [err] Dye Q was tested in the ’
fol | ow ng manner. A coating f1%i d wds ﬁrebared fromDye Q (3 ng), the sane
superacid precursor as in 15 Exanple 4 above (5 ng), Dye U (5 ng) and
the sane polystyrene as in Exanple 4 (0.5 nL of a 7.5% w v solution in

2- butanone). This coati f|&l3d was oat egﬂgg Efg t he sa {ransparent film
base as described in Ex 8- °'g?§h SRPiaInIRg
not exposgd to&bmtabaw]odo%oﬁﬂ%b@satmﬁsaanpl e 4, but |nstead was directly
exposed at 501 nm After exposure, the Iayer was heated at [err] for 40 20
seconds, and the change M$ ldBSZ:orptlon due to the indicator dye, Dye U, was
rreasured at 656 nm AII the g gro ye ﬁ%’ fihot 8chem cally was assuned to
have protonated dye U, ADAT n change of the dye U was
used in the cal cul ation mggﬁmaa in Exanple 4 to obtain the quantumyield
of acid formation. Dye U was used as the image dye, except in the case of
Dye R for which Dye A vhs 25A mmm renyeory of tha precedingrcldimst he

assunpti ons € aI ssungd tha. 1 he .i ndi cat or
dye (Dye A or &%e %iig:ds phﬁﬁ@"BL i aP ylner@&pﬁf}ﬁéﬁf ef‘fl izing, dye further
these dyes maycohprises Heosensitizotvinol 18l redciNdaER ek BAicthan @ secon %?aéiae
quantumyield neasured in a different systemmay be different fro hat

quoted here. BBe@IO&nt um yi el ds obtai ned are shown in Table 7 below, in
which [err] 9. A process according to claim 8 characterized in that the

cosensitizer is a triarylamine or a hydroquinone,

10. A process according to claim 1 wherein the superacid
precursor comprises an iodonium compound.

11.  An imaging medium comprising an acid-generating layer or
phase comprising a mixture of a superacid precursor, a sensitizing dye and a
secondary acid generator, and a color-change layer or phase comprising an image
dye; |

5 the superacid precursor being capable of being decomposed to

produce superacid by actinic radiation in a second wavelength range different from
the first wavelength range, but not, in the absence of the sensitizing dye, being
capable of being decomposed to produce superacid by actinic radiation in the first
wavelength range;

10 the secondary acid generator being capable of thermal decomposition
to form a secondary acid, the thermal decomposition of the secondary acid generator
being catalyzed by unbuffered superacid; and

the image dye undergoing a change in its absorption of radiation upon
contact with the secondary acid
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denotes the absorption maxi num of the sensitizing dye in the film [err]
denotes the 5 I rradi ati on wavel ength, and QY denotes the. quantum Table
7 [err] wo3spdess 10 This Exanpl e i 11ustrates the use of a HEUSSSasE3ne

- sensitizing dye (Dye S), va*rTand W t hout added cosensitizer, to forman

| mage by a nucl eophile 10 ir esent invention The :
col or-change | ayer -used int MImn‘l‘ltmll ns a nucl eophilic primry
am ne base, which decol ori zes # senstti%zifg dye when the filmis heated

after imaging. A stock solution was prepared by dissolving the sane
superacid precursor as in Exanple 4 above (40 ng), the.sane secondary acid

gener r as in.15 ) 0 i y

sol ut?iﬁ")l of the sane ﬁw qg@\‘ﬁ% gﬁﬁ%dg%%%iﬁwﬁwiﬁcg%‘fution
i n 2-but anorfeym, fGedfirstforinl hiiviliy substahtially greptet sabisthtial absbiptivsh il the4fit Ny oOf
this stock solution, the follow ng various cosensitizers: Fluid A No

cosensi ti zerW‘{VGlﬂﬂSﬂ"dP? gethan the secondform. ) i g B 5 ng triphenyl am ne
Fluid C 9.6 ng trig(p-bge ﬁ%gﬁl odth rhﬂ:llg . .ﬁggg“riz“'- _
N ( p- net hoxyphenyl)car%azol e ék , %rrg &0&%#?5‘? BZoTaH Ui d F
4.4 ny 2, 5- chattthé sénsitivinly dypicarobeconveéfied fronil ite Sipstaform o dtsodecamts form by zer s

wer'e chosen so that, the nolar ratio of cosensitizer to superacid precursor
in the coatisgtacbVithabase. vas approxi matel y 3.7.

13.  An imaging medium according to claim 12 characterized in
that the first form of the sensitizing dye is a protonated form and the second form is

a deprotonated form, the two forms being reversibly interconverted by contact with '
base or acid. |

14. An imaging medium according to claim 12 or 13
characterized in that the sensitizing dye is selected from the group consisting of
fluoran dyes, phthalide dyes, xanthene dyes, acridine dyes, and substituted quinoline
and pyridine dyes. _ .

15.  An imaging medium according to claim 14 characterized in
that the sensmzmg dye is a triarylpyridinium dye.

16.  An imaging medium according to claim 11 characterized in
that the conversion of the sensitizing dye from its first form to its second form is
effected by an essentially irreversible chemical change.

17.  An imaging medium according to claim 16 characterized in .
that the conversion of the sensitizing dye from its_ first form to its second form can
be effected by contact the sensitizing dye with a nucleophile.

18. An imaging medium according to claim 17 characterized in
that the nucleophile is a primary or secondary amine.

| 19. An imaging medium according to claim 17 or 18
characterized in that the sensitizing dye is a hemicyanine dye.

20. An imaging medium according to claim 19 characterized in
that the sensitizing dye is of the formula: |
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Cbatlng fluids A-F were coated on to reflective Melinex filmbase of 5 m |l
(126 [err] VA 1¥2¥4¥ess using a #8° ‘coating rod to forman aci ®Cyaisesesisng
l-ayer. 5 The resultant fitms Were overcoated to forma col or-change
| ayer using a #12 coating ro an prepared as foll ows. The
same Copi kem 35 indicator dy MEB‘““ mﬂlg above (2.5 g) and an am ne -
base (1-(3-am noprop-1-yl)im eL 0r275 ¢) were added to a sol ution of
the sane Acryloid B-82 binder as in Exanple 5 (7.5 g in 40 g of ethyl 10
acetate), and the resultant solution was added to a solution of the sane
Vinol 540 as used in Exanple 5 (28.6 g of a 7%sol utikonain water). Water
(55 g) was added, and the resultant m xture i efat’ed. Evaporati on of
et hyl acetate afforded the requs (61.2 g, 16.9%
solids by weight). The resultant inagin%_ dia were exposed to light at 501
nm 15 (0.93 [err] exposure) tlhrough Eiansn155|on step wedge for 1800
seconds. After exposure, the fhs ed at [eyr] for 30 seconds,
then at [err] for 40 seconds” ¥ densi t\es (gréen) were recorded in

d) areas uskgg t he sane densitoneter
as in Exanple 6 with the apprippriafe filter (St s A). Table 8 shows
optical densities before ins and after exposure 20 and heating, the
m ni num exposure required to attakn [err] and the oxidation potential of
t he cosensitizgﬁ neasured in acetonitrile solution against a standard

cal omel electr M- 71- Table 8 Energy to Oxidation [err] *Since no
cosensi ti ger was added, G aCR U gr6tip, RARZCRH grobif) (fodyged BASuIAL 488, or
anNR"group; |

R* and R® are each an alkyl group containing from about 1 to about
20 carbon atoms;

RFamiR?am:mmhzihwhbgmxmmnloranaﬂwlgmmpchnmmﬁng

10 from about 1 to about 20 carbon atoms;

nislor2;

Ar is an aryl or heterocyclyl group; and

X is an anion.

21.  An imaging medium according to any one of claims 11 to 20
characterized in that the layer or phase comprising the sensitizing dye further
comprises a consensitizer which is a reducing agent less basic than the secondary
acid generator.

22.  An imaging medium according to claim 21 characterized in
that the cosensitizer is a triarylamine or hydroquinone.

23.  Animaging medium according to any one of claims 11 to 22
characterized in that the superacid precursor comprises an jodonium compound.

24.  Aslide blank comprising:

a support;

a mask layer having a substantially transparent central portion and a
non-transparent peripheral portion surrounding the central portion; and,
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hem cyani ne dye itself. Fromthe data in Table 8, it will be seen that in
all cases the 5 sensitizing dye was bl eached after imaging, as shown by
a drop i WOR5(2P68| density erheaﬂ ng t BCHESOSIS01 after
heati ng. The sensitivity of t measured by the energy required.
to reach [err] was highly dep ,gm& sensitizer used; wthout- a

cosensitizer, the medi um coul d *not aI | with |ess than 1674
[err] exposure, whereas with triphenylam ne as 10 cosensitizer, [err]
was attained at an exposure of 15.9 [err]. Furthernore, the effectiveness .
of a cosensitizer was inversely related to its oxidation potential Fromthe

];rg(rj?g(r)nl ggndi:['sl \;I)Mr l)lcess ﬁﬁ&&%c&% I mage, \A%P%verco#&%et Aewdo' "

“limtations trinshiission489 and ' 612 pr ocesses In partlcul ar, the present

I nvention allows inmgew se exposure to effet usmgradlatlonlnthe

same wavel ength range &*WEW% @4&%@% eemeévse @ al so
enabl es an Imf% ‘ﬂf@‘iﬁﬁﬁ MB &Leﬂtﬁﬂ* @BE SEF“ bit

t he absorption of tfie sensitizing used in the 1 nmagl ng process:

certain procmbpmﬁonuﬁhpmdehymmmﬂmWntﬂ‘ﬂhesuppomdm&mﬂiﬂehuﬂm or

-1 mage I ng 1 nage e sures at_ only.one wavel ength, w th bl anket
exposu:fés atmﬁg“%&ﬁfﬁmﬁuh mmeem MB 1. A process for
producing an image, whg Hﬁg
conpri sing an aci d-generati ng ayer or ase é %&m a-gene%aHm ayer or

phase corrpriadcngiingmianyuneoﬁn‘lalmsslilmdmmm precursor, a sensitizing dye and

a secondary acid genergtor, ,a col or -change | ayer 5 or phase :
conprising an image dyglg s?ge%lanﬂcom sing: ‘

a support at least part of which is essenually transparent;
an imageable layer superposed on one face of the support and
imageabletoformanlmagewhlchcanbevxewedmu'ansmlssmn; and
5 a protective layer superposed on the imageable layer on the opposed
side thereof from the support, at least part of the protective layer being esséntia.lly
transparent,;
the support, imageable layer and protective layer being secured
together to form a slide blank having a thickness of at least about 0.8 mm, and the
10 thickness of the protective layer being such that no part of the imageable layer
containing the color-forming composition is more than about 0.2 mm from one
external surface of the slide blank,
characterized in that the imageable layer comprises an imaging medium
according to any one of claims 11 to claim 23.
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t he superaci ecursor being cap

d pr

super aci d%99ﬂ£ﬂ°f’hi c radiation in
the first wavel ength range, but n
bei ng capabl e of being deconposed
inthe first 10 wavel ength ran
capabl e of thermal deconposition

deconposition of the secondary ac
superacid; and the inmage dye unde
radi ati on upon 15 contact with
the nmediumto actinic radiation i
causing, in the exposed areas of

abl e of being deconposed to produce

a second wavel engt h rangd®al¥99&p%130¢ from
ot, in the absence of the sensitizing dye,
to produce superacid by actinic radiation
ge; the secondary acid generator being
to forma secondary acid, the thernal

id generator being catal yzed by unbuffered
rgoing a change in its absorption of

t he secondary acid; inmagew se exposing

n the first wavel ength range, thereby
t he aci d-generating |ayer or phase, the

sensitizing dye to deconpose jgjdl past part of the superacid precursor, wth

formati on of unbuffered superacid
the mediumto cause, in the expos
phase, acid-catalyzed thermal dec
and formation of the secondary ac
aci d-generating and col or-change
exposed areas of the nmedium the
change in absorption of the image
characterized in that the sensiti
form the first form having subst
a first -73- wavel engt h range
exposure is effected while at

20 thereafter, heating
bd areas of the acid-generating |ayer or
pnposi ti on of the secondary acid generator
d; and adm xi ng the conponents of the
ayers or phases, thereby causing, in the
secondary 25 acid to bring about the
dye and thereby formthe imge;
i ng dye has a first formand a second
antially greater substantial absorption in
t han the second form the inmagew se

Acid




| east part of the sensitizing dye is inits first form and,
foI | ow ng é’ﬁ" 22%Bon of the secondary acid, in at |east thePﬁHHSMwed
areas of the nmedium the sensitizing dye is converted to its second form
2. A process according to claim 1 characterized in that the conversion
of the sensitizing dye to its second formis effected by contacting the
sensitizing dye wwth a base. 3. A process according to claim 1
characterized in that the conversion of the sensitizing dye to its second
formis effected by an essentially irreversible chem cal change in the

sensitizing dye. 4. - A process according to claim3 characterized in that
the chem cal change is caused by the reaction of a nucleophile with the
sensitizing dye. 5. A process according to claim4 wherein the

nucl eophile is a primary or secondary am ne. 6. A process according to
any one of claims 3 to 5 characterized in that the sensitizing dye is a
hem cyani ne dye. 7. A process gccording to claim®6 characterized in that

&Xein 5 G
Nﬁ | fur atom or an [err]

uontaining fromabout 1 to
re each a hydrogen atom or

the sensitizing dye is of theAdjd ul a: [
is af[err] group, a [err] group, jan oxyg
group; [err] and [err] are each ar} al kyl
about 20 carbon atons; -74- [erfr] and
an al kyl group contai ni ng

N

AL B C D

Acid
\
Th---- ] N .....
A B C D
/R

Fig. 1D
2/6



10

het er ocyclwb9§emap; and X is an anion.

of the preceding clains character
the sensitizing dye further conpr
agent

triarylam ne or a hydroqui none.
wherein the superacid precursor c

i magi ng nmedi um conprising an aci d-

m xture of a superacid precursor,
generator, and a col or-change | ay

fromabout 1 to about 20 carbon atons;

| ess basic than the secondary acid generator.
according to claim8 characterized in that the cosensitizer
10.

nis 1or 2; Ar is an aryl or
8. A process accarchiruogpsiosisany one
ized in that the layer or phase conprising
i ses a cosensitizer which is a reducing
9. . A process

is a

A process according to claim 1
onprises an iodoni um conpound. 11. An
generating |layer or phase conprising a

a sensitizing dye and a secondary acid

er or phase conprising an image dye; the

superaci d precursor being capabl e of being deconposed to produce superacid

by actinic radiation in a sg&%nﬂ
wavel engt h range, but not, in
capabl e of being deconposed to pr
the first wavel ength range; 10
bei ng capabl e of thermal deconpos
t hermal deconposition of the se
unbuf f ered superacid; and the
absorption of radiation upon cont

2T

wavel ength range different fromthe first

absence of the sensitizing dye, being

oduce superacid by actinic radiation in
t he secondary acid generat or

ition to forma secondary acid, the

ndary aci d generator being catal yzed by

co
n%ge dye undergoing a change inits

act with the secondary acid -75-
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15 characterized

form and aWoOSsAME8f orm the first
substantial absorption in the fir
12. An i magi ng medi um accor di ng
sensitizing dye can be converted

contact with a base. 13. An i ma
characterized in that the first f
formand the second formis a dep
reversi bly interconverted by cont
medi um according to claim 12

sensitizing dye is selected from
phthal i de dyes, xanthene dyes, ac
pyridine dyes. 15.
in that the sensitizing dye Agid

medi um according to claim 11 char
sensitizing dye fromits first fo
essentially irreversible chem cal
to claim 16 characterized in that
fromits first formto its second
sensitizing dye with a nucl eophi

claim 17 characterized in that th
am ne. 19.
in that the sensitizing dye is a

2T
T

Acid

2T

An i magi ng nedium agccording to

in that the sensitizing dye has a first
form havi ng substanti al | yPOr/oses®s130

st wavel ength range than the second form
to claim 1l characterized in that the
fromits first formto its second form by
gi ng nedi um according to claim 12

ormof the sensitizing dye is a protonated
rotonated form the two fornms being

act with base or acid. 14. An i magi ng

or 13 characterized in that the

the group consisting of fluoran dyes,
ridine dyes, and substituted quinoline and

An i magi ng medi um according to claim 14 characterized

L riaryl pyridiniumdye. 16. An 1 magi ng
acterized in that the conversion of the
Fmto its second formis effected by an
change. 17. An i magi ng nmedi um accor di ng
the conversion of the sensitizing dye
formcan be effected by contact the

e. 18. An i magi ng nmedi um according to

e nucleophile is a primary or secondary
claim 17 or 18 characteri zed
heni cyani ne dye.
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20. An i magi ng nmedi um according to claim19 characterized in that the
sensi ti zi nYWORPRIE of the fornula: -76- Ar wherein: 5  PCT/US95/05130 G
.bs a [err] group, a [err] group, an oxygen or sulfur atom or an [err]
group; [err] and [err] are each an al kyl group containing fromabout 1 to
about 20 carbon atons; [err] and [err] are each a hydrogen atom or an al kyl
group containing 10 fromabout 1 to about 20 carbon atons; nis 1 or 2;
Ar is an aryl or heterocyclyl group; and [err] is an anion. 21. An

i magi ng nmedi um according to any one of clainms 11 to 20 characterized in
that the |layer or phase conprising the sensitizing dye further conprises a
consensitizer which is a reducing agent |ess basic than the secondary acid
generator. 22. An i magi ng nmedi um according to claim21 characterized in
that the cosensitizer is a triarylamne or hydroqui none. 23. An i magi ng
medi um according to any one of clains 11 to 22 characterized in that the
superaci d precursor conprises an iodoni um conpound. 24. A slide bl ank
conprising: a support; a nmask |layer having a substantially transparent
central portion and a

Acid
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non-trans arentgggrlpheral portion surrounding the central portion; and,
-77- | e | ayer imageable to form an i mage whi c RCTASHOS1H ened
TN transn155|on t he support, mask |ayer and i mageabl e | ayer being secured
t oget her so that t he support and the inageabl e | ayer extend across
essentially the entire tansparent central portion of the mask | ayer, at

| east the portion of the support adjacent the central 10 portion of the
mask | ayer being substantially transparent, characterized in that the

i mgeabl e | ayer conprises an imagi ng nmedi um according to any one of clains
11 to claim 23. 25. A slide blank conprising: a support at |east part of
which is essentially transparent an i mgeabl e | ayer superposed on one face
of the support and imageable to forman i mage which can be viewed in
transm ssion; and 5 a protective |layer superposed on the

i mgeabl e | ayer on the opposed side thereof fromthe support, at |east part
of the protective |ayer being essentially transparent; the support,

i mgeabl e | ayer and protective |ayer being secured tooether to forma slide

bl ank having a thickness of at |east about 0.8 s S t hi ckness
of the protective layer being such that no pa pabl e | ayer
containing the color-form ng conposition is O\2 nm from one
external surface of the slide blank, chara Y e\ | mageabl e

. 5 11 to

| ayer conprises an i nmagi ng nmedi um accordi ng
cl ai n23. -78- 3
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