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' PROCESS FOR FIXING AN IMAGE .

This iﬁvention relates to a process for ﬁxing an image, and to an
imaging medium for use in this process.

USS. Patents Nos. 5 334,489 and 5 395 736, and the corresponding
Intematlonal Application No. PCT/US93/10224 (Publication No. WO 94/10607),
descnbe imaging processes ‘which comprise imagewise exposing a superacld |
precursor to actinic radiation effective to generate superacid from the superacid
precursor; heating the superacid while the superacid is admixed with a secondary
acid generator capsble of undergoing thermal decomposition to produce a secondary
acid, the thermal decomposition of the secondary acid generator being catalyzed by
the superacid, the heating being continued for a temperature and time sufficient to
cause the superacid to produce the seconciary acid from the secondary acid generator;
and during or subsequent to the heating, contacting the secot_tdaty acid with an acid-
sensitive material which changes color in the presence of the secondary acid. (For
convenience, the type of process disclosed in these patents and application will

hereinafter be called the *489 process.)

U.S. Patent No. 5,286, 612 descnbes an 1mag1ng process using an
magmg medium compnsmg an acid-generating layer or phase and a eolor-change
layer or phase. (For convenience, the type of process disclosed in this patent and
applications will hereinafter be called the *612 process.) The acid-generating layer
or phase comprises a mixture of a superacid precursor, a sensitizing dye and a
secondary acid generator. The sensmzmg dye is capable of absorbmg radiation of a

first wavelength which does not, in the absence of this dye, cause decomposition of

the superacxd precursor to form the corresponding superacid. The: superacid
precursor is capable of being deeompc___)sed, by radiation of a second wavelength
shorter than the first wavelength, to form superacid. The secondary acid generatoris
capable of acid-catalyied thermal de_composition. by unbuffered superacid to form a

-secondary acid. The color-change layer or phase comprises an image dye which
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undergoes a change in its absorption of fadiatidn upon contact with the secondary

- acid. This medium is ixna_ged by first imageWise irradiating' it with radiation of the

first wavelength, which causes decomposition of part of the superacid precursor,

- without formation of unbuffered superacid but with formatxon of a protonated

product derived from the dye. Thereafter, the whole medium is madxated with
radiation of the seeond wavelength, with decompoeiﬁon of part of the remaining
superacid and formation of unbuffered superal:id' only in areas of the medium
exposed to the first, i magew1se irradiation. The medium is then heated in areas

exposed to radiation of the first wavelength (heremaﬁer called the “exposed areas”), . .

the unbuffered superacid causes acxd-catal)med decomposn:lon 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 superacld present before the heating. In
the non-exposed areas, however, since no unbuffered snperacxd is present, no
significant generation of secondary acid takes place durmg the heating. Thereafter,
the medium is further heated (in practice the two heating steps can be combined) to
cause the components present in the two layers or phases to mix, so that, in exposed

~ areas, the secondary acid brings about the absorption che.nge in the image dye,

thereby forming an image. Thus, the imaging medium is a single sheet which
develops its image without any need for treatment with a developing composition
andwithoutrequiﬁng'anywastematerialtobepeeleaﬁomthemedimntoproduce
the final image.

(The term “unbuﬂ'ered superacxd” is used herein to refer to superac:d

‘which is not buffered by the sensmzer and wh:ch thus provides an acidic species
stronger than that ptovzded by buﬂ‘ered superacld, that is to say superacid buﬁ'ered

by the sensitizer. Because of the extreme ac:dlty of superacids and thexr consequent
tendency to protonate even species which are not normally regarded as basic, it is

possible, and indeed likely, that “m_lbuﬁ'ered supe:acxd” will i u__l fact be present as a
species buffered by some component of the imaging medium less basic than the
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sensitizer. However, such buffering by other species may be ignored for present
purposes, so long as superacid is present as an acidic species stronger than that
provided by superacid buffered by the sensitizer.) ,

An International Application No. PCT/US95/XXXXX (Attorney's
ref. 8001PCT) filed the same day as this application and claiming priority from U.S.

-'Application Serial No. 08/232,725, filed April 25, 1994 describes a modified form of

the *489 process (hereinafter called the “indicator sensitizing dye process”) using a
sensitizing dye having a first form and a second form, the first form having
substantially greater substantial absorption in a first wavelength range than the
second form; in one form of this process, the first form is a protonated form, while -
the second form is an unprotonated form. While at least part of the sensitizing dye is

~ in its first form, the medium is imagewise exposed to actinic radiation in the first

wivelength 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. Acid-catalyzed thefmal decomposition of
the secondary acid generator and formation of the secondary acid, followed by
admixture of the two layers or phases of the medium, are theneﬁ‘ected as in the '489
process. Finally, a reagent is introduced into the non-exposed areas of the medium
to convert the sensitizing dye to its second form. This indicator sensitizing dye

'processhas the advantage that the imagewise exposure can be carried out in the

same wavelength range as that in which the image is to be viewed.
| This invention relates to a process capable of fixing images produced

by the aforementloned ’489, 612 and indicator sensitizing dye processes, although

the fixing process of the invention may also be useful for fixing images produced by
other processes but having unchanged superacnd precursor present in the non-
exposed areas of the final image.

As discussed in the aforementioned patents and applications, some
conventional_ non-silver halide - photosensitive compdsi'tions, '_for example
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photoresists, contain molecules thch are inherently photosensmve, so that |
absorption of a single photon brings about decomposmon of only the single
molecule which absorbs the photon. However, a dramatic increase in the sensitivity
of such photosénSitive compositions can be achieved if the photosensitive molecule
initiates a secondary reaction which is not radiation-dependent and Which eﬁ'ecfs
éonve_rsion of a plurality of molecules for each photon absorbed. For example,
phoforesist systems are known in which the pnmary photochemical reaction'
produces an acid, and this acid is employed to eliminate acld-lablle groups in a
secondary, radxatxon—mdependent reaction. _

'The aforementioned phosphomum, sulfomum and iodonium salts are
superacid precursors which, upon exposure to ultraviolet radlauon, decompose to
produce superacids, that is to say acids with a pK. less than about 0. Other matenals
decompose to produce superacids in a similar manner.

_The aforementioned applications and patents descnbe processes in
which imagewise breakdown of a superacid precursor to produce unbuffered
superacid is effected using imagewise 'exposure of the medium to radiation of a
wavelength .whilch, in the absence of the sensitizer, will not cause breakdown of the

 superacid precursor. The imagewise distribution of unbuffered superacid thus

produced is used to catalyze the thermal breakdown of the secondary acid generator,
thus producing, in the exposed areas of the medium, a molar quantity of the
secondary acid larger than the molar quantity of unbuffered superacid present in
these areas. The secondary acid is used to bring about the absorption change .
(hereinafter ‘sometimes called “color change,” with the understandmg that the
“color” may not be in the wavelength range visible to the human eye) of the
indicator dye, thus formi'nQanimage.- | |

At lgast the non-exposed areas of the'image thus produced still =
contain unchanged sﬁpe’racid precursor, and this superacid precursor is still

' Susceptible to decomposition by electromagnetic radiation with formation of acid.
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Such post-imaging generation of acid will also occur in the exposed areas if, as is

-_usually the case, unchanged superacid precursor is also present in these areas.

Unfortunately, in practice it is usually necessary to mcorporate into th:s type of

imaging medmm a molar quantity of superacid precursor substantlally larger than

the molar quant_lty of superacid required for imaging, since the quantum yield for the

generation of superacid during the imagewise exposure (and hence the overall

sensitivity of the imaging process) is dependent upon the concentration of superacid
precursor present, and a substantial excess of superacid precursor is needed for
optimum qﬁantum yield. In fact, the optimum molar quantity of superacid precursor
may be a substantial fraction of the molar quantity of secondary acid generated by
complete thermal breakdown of the secondary acid generator. For example, the
aforementioned U.S. Patent No. 5,286,612 describes a 612 lmagmg medium
containing 1 mole of sensitizing dye, 5 moles of superacid precursor and a qixantity
of secondary acid generator sufficient to yield 10 moles of secondary acid.
Accordingly, most images produced using media of the *612 or indicator sensitizing
dye fypes are susceptible to post-imaging changes due to unwanted superacid
precursor decomposition and acid generation in noﬁ-exposed areas.

The present invention relates to a process in which'the superacid
precursorremammgmatleasttheunexposedareasofthe lmagesproducedbythe
methods dlscussed above is destroyed, thus fixing the image.

This mvent_lon provides a process for producing and fixing an image.
This proceés uses an imaging medium compnsmg an acid-generaﬁng layer or phase
comprising a mixture of a superacid precursor, a sensitizer and a secondary acid
generator, and a color-chahge layer or phase comprising an image .dye. The
sensitizer is capable of absorbing actinic radiation of a sensitizer wavelength which

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

precursor to form a first acid. The secondary acid generator is capable of acid-
catalyzed thermal decomposition by the first acid to form a secondary acid, and the
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image dye undergoes a change in its absorpt.ionl of radiation upon contact with the
secondary acid. In the present process, the medium is imagewise exposed to actinic
radiation of the sensitizer wavelength, thereby causmg, in the exposed areas of the
ac1d-generatmg layer or phase, ‘the sensitizer to decompose at least part of the
superacid precursor, and this i imagewise ex__posu_re leads to lmagQWISB formation of
first acid in the acid;generating layer. Thereafter, the medium is heated to cause, in
the exposed-areas of the acid-generating layer or phase, acid-cetalﬂed thermal

- decomposition of the secondary acid generctor and formation of the secondary acid.
. The components of the acld-generatmg and color-change layers or phases are mixed, =
thereby causing, m the exposed areas of the medlum, the secondary acxd to bnng

about the change in absorption of the xmage dye and thereby ‘form the 1mage
Fmally, in at least the non-exposed areas of the medlum, the superacid precursor is
reacted with a reactive material which n'revers1bly destroys the superacid precursor,
thereby fixing the image. _

' In theory, no chemical reaction is thermodynamically ‘completely
irreversible; however, as any chennst is aware, there are many reactions where the
equilibrium lies so far to one sxde that no detectable trace of the other supposed
components of the equxhbnum mixture are present, and the term “irreversible” is
used herein to mean such reactions which are for practical purposes irreversible.

| Depending upon the type of reaction used to bring about the decomp-
osition' of the 'superacid' precursor, acid may or may not be generated during this
decomposition. If acid is generated during the decomposmon, it is ‘necessary to
prevent thrs acid from bnngmg about a change in absorption of the i 1mage dye, since
such a change will i increase the mlmmum_ optical density (Dmin) of the i image and
hence (at the least) reduce the contrast and quality of the image. Accordingly, if the
fixing reaction does result in production of acid, sufficient base should be introduced
into at least the non-exposed areas of the image to neutralize the acid produced by
decomposition of the superacid precursor, thus preventing this acid from affecting
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the optical density of the non-exposed areas. For reasons explained below,

introduction of a sufficient amount of base into al/ areas of the image can be effected

 without significantly affecting the maximum optical density (D) in the exposed

areas of the image.

This invention also provides an imaging medium comprising an acid- |
generating layer or phase comprising a mixture of a superacid precursor, a sensitizer
and a secondary acid generator, '_and a 'color-change layer comprising an image dye.
In this medium, the sensitizer is capable of absorbing actinic radiation of a scnsitizer.
wavelength which does not, in the absence of the sensitizer, cause decomposition of
the superacid precursor to form a first acid, the secondary acid generator is capable
of acid-catalyzed thermal décomposition by the first acid to form a secondary acid,
and the image dye undergoes a change in its absorption of radiation upon contact
with the secondary acid. The imaging medium further comprises a reactive
compound capable of bringing about the irreversible decomposition of the superacid
precursor. . _ |
Finally, this invention provides a process for fixing an image in an
imaging medium, the imaging medium having exposed areas comprising an image
dye at least pért of which is in protonated form, an acid, aﬁd a sensitiiér,,and non-

exposed areas comprising the image dye in unprotopated form, the sensitizer, a

superacid precursor and a secondary acid generator. In this imaging medium, the
sensitizer is capable of absorbmg actinic radiation of a sensitizer wavelength which
does not, in the absence of the sensitizer, cause decomposition of the superacid
precursor to form a first acid, and the secondary acid generator being capable of
acid-catalyzed thermal decomposition by the first acid to form a secondary acid. The
fixing process comprises reacting, with the superacid precursor, in at least the non-

- exposed areas of the medium, a reactive material which m'evers1bly destroys the

superacid ptecursor, thereby ﬁxmg the image.
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" It should be noted that, in some processes of the present invention,

such as the '612 process described above, more than the i lmagewrse exposure of the

imaging medium to the radiation of the first wavelength is needed to produce the
imagewise distribution of first acid in the medium.

Flgure 1 shows the reactions leadmg to destruction of the superacld
precursor 1n certain preferred processes of the present invention;

Figures 2A-2D show the acid concentratrons in the exposed and non-

exposed areas of the acld-generatmg layer durmg the various steps of a first
. preferred process of the present mventron, and

Figure 3 is a schematic cross-section through an magrng medmm of |
the present invention as it is being passed between a pau- of hot rollers during the
lmagmg process of the present invention.

As already described, in the process of the present invention, a
reactive material, capable of ureversrbly destroying the superacid precursor, is used

.to bring about the decomposition of the superacid precursor remaining in at least the
non-exposed areas of the image, thus fixing the image and rendering it no longer

susceptible to changes caused by radiation which could otherwise decompose the
superacid precursor. o |

Therearethreepreferredtypesofreactwematenalsforusemthe
present process

(a)' ‘Materials capable of eﬂ'ectmg a nucleophilic addition/
ehmmahon reaction with the supcracld precursor, via either a free radical or SnAr
reaction; this variant of the present process will hereinafter be called the “simple
nucleophile” process; - :

(b)  Materials capable of stoichiometric reduction of the superacid

.- precursor; this variant of the present process will heremaﬁer be called the

“reduction” process, and



WO 95/29067 : _ PCT/US95/05128

10

15

20

25

(¢) A nucleophile in combination with an oxidation/reduction
catalysts; this variant of the present process will hereinafter be called the
“nucleophile/redox catalyst” process. ,

These three preferred variants of the present process will now be
discussed separately, and thereafter, in the section headed “General Considerations”,

considerations common to all the variants will be described.

" Simple Nucleophile Process

Thermal reactions of superacid precursors salts with nucleophiles are
known, when the superacid precursor is a diaryliodonium salt, as in the preferred
forms of the *489, *612 and indicator sensitizing dye imaging processes described
above, the simple nucleophile process will typically lead to cleavage of one of the
aryl-iodine bonds with formation of an aryl iodide and an adduct of the nucleophile
with the second aryl ring (i.e., a product in which an aryl compound is substituted
with a residue of a nucleophile derived from the reactive material). When the
nucleophxle is negatlvely charged, such reactions normally do not lead to the
formation of acid from the superacid precursor, so no additional base is required to
neutralize such acid. _ - N
| Two mechanisms of uncatalyzed addition of nucleophiles to diaryl
iodonium salts are shown in Figure 1. The first mechanism, shown at A, is an ionic
addition/elimination ra;action of the SnAr type. The second mechanism, which may
take place when the nucleophile is capable of being oxidized, is shown at B and is a
free-radical coupling mechanism. _

Preferred reactive materials for use in the simple nucleophile process

are salts of monovalent metals (the term “monovalent metal” is used herein to
include ammonium and substituted ammonium groups), desirably such salts in

which the cation ié potassium or cesium. As illustrated in the Examples below, for -
acetates, the order of effectiveness of various cations in fixing has been found to be:

ammonium ~ lithium < sodium << potassium < cesium.
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The efficiency of fixation depends also on the 'hueleophilicity of the anion and its
compatibility wrth the medium in which the fixation is bemg eﬁ'ected, which is
typically an organic polymer, for example polystyreue Preferred salts are those
having fluoride, carboxylate, mdlde, hydroxide, phenoxrde or benzoate anions. As

 illustrated in the Examples below, the times of heating requn'ed for fixation (which is

of course inversely- proportional to the efﬁciency of fixation), for seven
representative cesium salts, are in the approximate order: -
chloride >>> fluoride > acetate > iodide > hydroxide ~ phenoxide >benzoate.

The choice of nucleophilic reactive materials for use in the simple .

nucleophile process vanes dependmg upon whether the image to be ﬁxed is a binary
image (in which any given pixel of the i image is elther colored or uncolored) or a
continuous tone image (in which any given pixel may d1splay a range of gradations |
of color). When the image is a binary image, the nucleophile provided by the

: reactivematerialcanbemi'ebasicthantheimaged'}'eortheanionofthesecondmy

acid. On the other hand, when the image is a continuous tone 'image, t_he nucleophile
provided by the reactive material should be Jess basic than the image dye or the
anion of the secondary acid. To see why these basicity reletionships are important,

- consider an imaging system of the indicator sensitizing dye type using (per unit area

of the system) 1 mole of diphenyliodonium hexafluoroantimonate as the superacid
precursor, and 5 moles of an oxalate ester as the secondary acid generator, both in
the acid-generating layer, and 6 moles of an indicator sensitizing dye and 1 mole of
an acetate or iodide salt as the mucleophilic fixing reagent in the color-change layer.
The order of acidify of the conjugate acids of the various components is assumed to

'.be:_

acetate < protonated sensitizing dye < oxalate < iodide, |
and for purposes of illustration, it is assumed that each mole of unbuffered superacid
generated during the imagewise exposure generates 25 moles of secondary acid
during the heating step. For ease of comprehensxon, it is assumed that only three

-10-
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gray scale levels are present in the image, namely Dpin (in which no superacid |
precursor is decomposed during the imagewise exposure), (Dmax)/2 (in which 0.1

mole of superacid precursor is decomposed during t!;e imagewise exposure) and

~ Dmax (in which 0.2 mole of superacid precursor is decomposed during the imagewise

exposure). At the end of the first heating step, when superacid-catalyzed decomp-
osition of the secondary acid generator and generation of the secondary acid has been
completed, but no mixing of the acid-generating and color-change layers has
occurred, the amounts of the various components present in the acid-generating layer
at the three gray-scale levels will be as follows (for a more detailed explanation of
how the following values are derived, see the explanation of Table 1 in the
aforementioned copending International Application No. PCT/US95/XXXXX
(Attorney’s ref 8001PCT): |

Exposure Level .
Dumin (Dmax)/2 Dimax
Iodonium salt 1 0.9 0.8
HSbF, 0 0.1 ' o 0.2
SbFs 1 0.9 0.8
Phenyl iodide 0 0.1 0.2
Oxalate secondary acid ' |
generator _ -5 2.5 ' 0
Oxalic acid 0 25 5

The acid-generating and color-change layeré are then mixed by
heating. For the sake of illustration, consider a hypothetical situation (probably
impossible in practice) in which all the image dye diffuses into the acid-generating
layer before any of the fixing reagent diffuses into the same layer. After all the
image dye has diffused in, the composition of the various parts of the acid- '
generating layer will be as follows: | |

-11-
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30

Exposure Level -

: Drin (Dmax)/2. Dumax
lodonium salt 1 9 os
SbFs™ 1 o 1
Phenyl iodide 0 ol 02
Oxalate secondary acid S _ |
generator - _ 25 0
Oxalate anion 0 25 .
Unprotonated image dye 6 | 34 08
Protonated image dye 0 | 26 | | 5.2

The two ﬁxmg reagents, cesium acetate and cesium iodide must now
be considered separately. In the case_of cesium acetate, the nucleophile derived from
the fixing reagent (i.e., acetate) is more basic than either the image dye or the oxalate
anion. The products of reaction of the diphenyliodonium salt with cesium acetate

' are pheny] acetate, cesium hexafluoroantimonate and phenyl iodide, so after all the

fixing reagent has diffused in, the composition of the various parts of the acid-
generating layer will be as follows:

Exposure Level

Duin _ (Dinax)/2 Dauax
Iodonium salt 0 0.9 0.8
SbFs | 1 1 | 1
Phenyl iodide 1 - 0.1 | 02
Oxalate secondary acid ' ' _ ' '
generator 5 25
Oxalate anion 0 2.5 |
Unprotonated image dye 6 44 13
Protonated image dye. 0 16 42
cst 1 1
Acetic acid 0 ' 1
Phenyl acetate 1 0 0

- -12-
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The iodonium salt has been destroyed only in the Dy, region; the

_intennediate density and Dpax regions are not fixed. Because the protonated image

dye is more acidic than acetic acid, it converts cesium acetate to acetic acid and is
itself returned to its unproto'natéd form, thus dewlodéing some of the image dye,
and removing the acetate nucleophile. Accordingly, iodonium superacid precursor is
not destroyed in any but Dy regions unless it reacts with the oxalate anion, which is
a poorer nucleophile than acetate. The resultant fixing of Dyn regions only is not
generally of concern in a binary imaging medium, because all the image dye is
typically protonated in Dmax regions, so that further generation of acid from the
iodonium salt will have no visible effect. | | | o
In contrast, when cesium iodide is employed as the reactive material,
the iodide nucleophile is less basi_c than either the image dye or the oxalate anion
produced from the secondary acid generator. Accordingly, the products of reaction
of the diphenyliodonium salt with cesium iodide are phenyl iodide (two equivalents)
and cesium hexafluoroantimonate, so after all the fixing reagent has diffused in, the

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

, Exposure Level
Dnin Omx)2 Dmax

Todonium salt o 0 0

SbFs" 1 1 |

Phenyl iodide 2 1.9 - 1.8

Oxalate secondary acid | | o

generator 5 25 0

Oxalate anion 0 25

Unprotonated image dye 6 3.4 08
 Protonated image dye 0 26 - 52

cst 1 1 1
T 0

0.1 | 0.2

-13-
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~ No iodonium salt remains in any of the three regions. All levels of

color are thus fixed, and the imagirlg'niedium is suitable for recording continuous-
tone images. '

- In the s1mple nucleophilic process of the present invention, the

' nucleophlhc fixing reagent cannot normally be incorporated into the acld-generatmg |

layer containing the superacid precursor and the secondaxy acid generator, for-t_wo
reasons. Firstly, in almost all conceivable cases, the nucleophile will be more basic
than the seeondary'é.cid generator, and will thus buffer superacid preduced during
imaging and interfere with the acid amplification (i.c., the superacid-catalyzed
thermal decomposition of the secbndary acid generator). Secdndly, the thermal
reaction between the nucleophile and the superacid precursor is likely to proceed
sufficiently rapidly at room temperature to render the shelf life of the imaging
medium too short. Accordmgly, it is normally necessary to introduce the
nucleophilic fixing reagent into the acld-generanng layer or phase from a separate
layer or phase, conveniently the color-cha'l.!g'e'l'ayer or phase. Thus, the choice of a
nucleophilic fixing reagent depends not only upon its reactivity with the superacid
precursor employed, but also upon its ability to diffuse through the imaging medium,
i.., typically through a polymeric matrix. - |
Reduction Process

In the reduction process of the present invention, the reactive material
employed stoichiometrically reduces the superacid precursor present in at least the
non-exposed areas of the imaging medium. Such a reduction can in some case

‘produce an amount of acid equal to the molar amouit of superacld precursor reduced

so, for reasons discussed above, it may be necessary to introduce additional amounts
of -base into at least the non-exposed areas of the image to prevent the acid produced
by reduction of the superacid precursor from affecting the quality of the image.
Reducing agents with oxidation potentials more negative than the reduction potential
of the superacid precursor in the particular environment of the imaging medium

-14-
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(typically an organic polymer such as polystyrene) would be expected to destroy the

superacid precursor readily. However, reducing agents for which the electron

 transfer is somewhat thermodynamically unfavorable may still sometimes be useful

in the reduction process because of the fast, irreversible decomposition of some
supex"acid. precursors (euch as iodonium salts) which follows electron transfer.

The reduction potential of the preferifed diaryliodohium salts is
widely quoted in the literature as about -0.2 V, as measured against a saturated
calomel electrode (SCE) in 1:1 ethanol/water solution. Although the reduction

' potentials of such salts in the polymers typlcally used in imaging media will vary

somewhat from the values measured in ethanol/water mixtures, it has been found
that reactive materials which do have oxidation potentials of about -0.2 V or less, as
measured against SCE in acetonitrile solution, typically perform well in the present
reduction process. For example, einpirically it has been found that ferrocene and
1,1’-dimethylferrocene, having oxidation potentials of 0.44 and 0.34 V respectively
against SCE in acetonitrile, are not effective fixing reagents, whereas
decamethylferrocene, having an oxidation potentxal of -0.12 V under these

‘conditions, is an effective fixing reagent.

Preferred fixing reagents for use in the reduction process include
hydroquinones, catechols, enols, aminophenols, phenylenediamines, hydrazines,
hydroxylamines and pyrazolones, and inorganic compounds such as low oxidation
state transition metal salts and complexes. '

| . Most reducing fixing reagents cannot be incorporated into the acid- -
generating layer containing the superacid precursor and the secondary acid generator,
for two reasons. Firstly, in almost all cases, the r'educing fixing reagent will be more
basic than the secondary acid generator, and will thus buffer superacid produced
during 1magmg and interfere with the acid amphﬁcatlon (ie., the superacld- -
catalyzed thermal decomposmon of the secondary acid generator). Secondly, the
reaction between the reducing fixing reagent and the superacid precursor is likely to

-15-
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- proceed sufficiently rapidly at room temperaﬁxre to render the shelf life of the -

imaging medium too short. Accordingly, it is normally ﬁecessary to introduce the
reducing fixing reagent into_ the acid-_generating layer or phase from a separate layer
or phase, conveniently the color-change layer or phase. Thus, the choice of a

‘reducing fixing reagent depends not only upon its reactivity with the superacld

precursor employed, but also upon its ability to diffuse through the imaging medium,
i.e., typically through a polymeric matrix. -
In some cases, however, the reducing reactive matenal ‘may be

incorporated into the 1magmg medium as two separate componé_nts-, namely anon- '

reducing precursor to a reducing agent provided in the acid-generating layer or
phase, and a reagent which is initially present in a different layer or phase
(conveniently the color-chauge layer or phase) and which converts the precursor to
the actual reducmg species dunng the heanng step following exposure. Such a two-
component reducmg reactive material may have the advantage of enabling the use of
reducmg reactive materials which do not diffuse rapidly through the medium
employed. For example, hydroquinones, in their protonated (i.c., neutral) form, are
not sufficiently strong reducing agents to des'troy iodonium salts; the oxidation

| potential of hydroquinone itself has been measured by Hammench and Parker (see

Acta Chemica Seandmawca, B 36, 63-64 (1982)) to be 1.3 V measured against a
standard calomel electrode in dxchloromethane solutnon), but the deprotonated forms

are much stronger reducing agents. The basmlty of hydroquinones i is also greatly

altered by deprotonatlon, neutral hydroquinone is a very weak base (pKya+ estimated

at -7) whereas the mono- and doubly-deprotonated species _ai'e strongly basic (with
conjugate acid pKa's of 9.85 and 11.4, respectively, measured in aqueous environ-

' ments, although of course these values must ‘be viewed with caution when

considering the behavior of these species in non-polar media such as the organic

_ polymers' typically used in imaging media).’ Thus, hydroquinone itself, in its

protonated (neutral) form, may be incorporated into the acid-generating layer
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~ containing an iodonium salt, sensitizing djre and secondary acid generator without

affecting either the thermal stability of this layer or the eﬂiciency of the superacid
catalyzed thermal decomposition of the secondary acid generator. Upon heating, a
basic material is introduced into the acid-generating layer by diffusion from another
layer or phase, and this basic material deprotoné.tes the hydroquinone, convérting it
to a strong reducing agént which reacts with the iodonium salt, and thereby fixes the
image. This type of process is illustrated in .the Examples below.

Nucleophile/Redox Catalyst Process _
The nucleophile/redox catalyst process of the present invention,

which is illustrated at C in Figure 1, produces the same products from the

decomposition of the superacid precursor as does the simple nucleophile- process
discussed above. HoWéver, the nucleophile/redox catalyst process is mechanistically
rather different from the simple nucle_ophile process, in that the nucleophile/redox
catalyst process relies upon an oxidation/reduction transfer catalyst to effect electron
transfer so as to produce an electrophilic cation épecies from the superacid precursor,
and it is this eleétrophilic ‘cation species which interacts with the nucleophile.
'Accordingly, the nucleophile/redox cﬁtalyst process may employ weaker

| .nucleophiles than the simple nucleophile process.

The preferred redox catalyst for use in the process is a copper
compound. As illustrated in Figure 1, the copper compound catalyzes the
decompésition of the superacid precursor, with formation of at least one electrophilic
species, while the nucleophile serves to react with the electrophilic species, thus
preventing reaction between the electrophilic species and the image dye; this
electrophilic species/image dye reaction, if allowed to proceed, tends to produce

 irreversibly colored products and hence unwanted color in the imaging medium,

thereby destroying or at least undesirably affecting the image.
'Thecoppergompoundusedinthepr&sentpmcess must of course be
one which is effective in catalyzing the decomposition of the superacid precursor, and
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. it appears that a copper(l) spécies is required for such catalysis. For example,

copper(l) acetate may be used in the process. Homa, it is not necessary that the
copper compound actually added to the imaging medium be a copper(I) species, since
adding a copper(ll) salt and a reducing agent will generate the nécéssary copper(l)
species in situ, and in general the use of a copper(Il) species and a reducmg agent is
more convenient in view of the susceptibility of copper('I) salts to air oxidation. The
copper compound used must also, of course be compatlble with the other components
of the imaging medium; if, as is typical, the copper compound is incorporated into a
layer or phase of the lmagmg ‘medium contammg a polymenc bmder, the copper
compound should be one which is readily dxspersed in such a polymer binder.

Preferred copper(l) salts include copper(ll) acetate, copper(Il) ethylacetoacetate'

copper(ll)acetylacetonateandcopper(ll)mﬂuoroacetylacetonate ‘Since the copper
compound is a catalyst for decomposition of the superacid precursor, it is not necessary

touseamolarquanutyofcopperequaltoﬂlemolarquanmyofsuperacldprecursor'
rema:mngaﬁermagmg,andmdeedtheuseofsuchalargeamomnofcoppermaybe -

undesirable since the copper may contribute shghtly to the Dy of the i image. The
optimum amount of copper may be determined by routine empirical tests, but typically

1thasbeenfmmdthataboutlmoleofcopperforeverlemolesofsuperacld_

precursor remaining after imaging is sufficient.

When a copper(ll) salt is used together with a reducing agent, the

reducing agent may be of any type which is effective in reducing copper(Il) to

copper(l) and which is compatible with the other components of the imaging medium. -
. Conveniently the reducing agent is a secondary alcohol. The amount of reducing agent

present should be sufficient to reduce all the copper() to copper (I). In some cases, it

" may not be necessary to provide the reducing agent as a separate component of the
imaging medjum, since some polymeric binders used in imaging media, e.g.,

poly(vinyl alcohol), contain appfopriate reducmg ' gi-oups, and thus can themselves
function as the reducing agent. Thus, the reducmg agent may have the form of a

- -18-
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polymeric binder in at least one of the 'acid-gen_erating and color-change layers or
phases of the imaging medium. Obviously, if the polymeric binder functions as the
reducing agent, more than enough reducing agent will normally be present.

As already indicated, redox catalyzed decomposition of superacld
precursors is believed to be accompanied by generation of reactive electrophilic
species, and unless an appropriate nucleophile is present to react with these
electrophilic species, they tend to cause undesirable color formation in the imaging
medium. The nucleophile should be chosen so that the reactive elecirophlhc species
generated by decomposition of the superacid precursor with the redox catalyst reacts
with the nucleophile rather than with the image dye, and accordingly the reactive |
material should be a better nucleophile than the image dye. Preferred reactive

_matenals forusemthepresentprocessarecarboxylates These carboxylates, in

addition to _being more nucleophilic than the image dye, should be derived from a

| carboxylic acid which is significantly less acidic than the protonated form of the

image dye. The carboxylates can also function as a base required to neutralize any
secondary acid which may be generated in non-exposed areas of the imaging medium.
(Note that certain carboxylates may also be effective in the simple nucleophile process
of the invention.) C |
| Alternatively, the reactive material may be a nucleophilic amine.
Suitable amines include primary amines (for example, 2-aminoethylimidazolidone),
secondary amines and nucleophilic tertiary amines (for example, 4-dimethylamino-
pyridine). Non-nucleophilic teruary amines, for example pentamethylpiperidines, are
not recommended for use in the present process since they do not appear to be effective

in preventing reaction between the electrophilic species and most image dyes.

The molar amount of the nucleophile provided should be at least equal

_. to the molar amount of superacid precursor present, and preferably an additional

amount of a basic material (which may or may not be the same as the nucleophile)
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should be provided to permit neutralization of any secondary acid generated by
breakdown of the secondary acid generator before or during imaging.
The present process is not restricted to any particular method for the

~ introduction of the i'edox catalyst and nucleophile into the non-exposed areas of the

medium. However, obviously for convenience the fixing components are provided
within the imaging medium prior to imaging. Desirably the fixing components are
incorporated into the color-change layer or phase of the medium, although one or both
maylfdesuedbemcorporatedmtoathlrdlayer or phase separate from both the acid-

. generating and color-change layers, provided that the components of this third layer or

phase become intermixed with the components of the acid-generating and color-
change layers or phases during the heatmgstep of the process. For reasons similar to
those discussed above in relation to the simple mucleophile and reduction processes,
incorporation of the redox catalyst or the nucleophile into the acid-generating layer or
phase is specifically not recommended, since reduction of shelf life of the imaging
medium or interference with the superacid catalyzed decomposition of the secondary
acid generator is likely to result.

General Considerations

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

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

unwanted interactions with any components of the i imaging medxum, and does not
adverselyaﬁ'ectthe quahtyofthe magwproduced Thus, the reactive matenalused
for fixing should not contribute unwanted color to the medxum, thus affecting its
Damin, nor should the products resulnng from destruction of the superacid precursor
by the reactive material produce such unwanted color. The reactive material should

. not strongly absorb the wavelength(s) used in the i 1magmg process so as to mterfere '

with this process. The reactive material should be soluble or dispersible in the
coating solutions normally used to prepare imaging media, and must be compatible
with all the other components of such solutions. In addition, the reactive material
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should be chosen so that the time and temperature of heating required for destruction
of the superacid precursor do not adversely affect the 1mag1ng medium, e.g., by
causing buckling or distortion of the medium. Finally, as far as possible, the reactive

| material should be chosen so that it does not adversely affect the shelf life of the

imaging medium.

Apart from the use of the reactive matenal for fixing, the process of
the present invention may be of any of the types described in the applications and
patents referred to in the “References to Related Applications and Patents” section
above, and two preferred processes of the invention will now be described with
reference to Tables 1 and 2 below; Figures 2A-2D of the accompanying drawings
show the changes in acid concentfation in exposed and non-exposed areas of the
acid-generating layer at various Stage_s during the second of these two preferred
processes. For ease of illustration, Figures 2A-2D are not strictly to scale.
Furthermore, in some parts of Tables 1 and 2 there may be some doubt as to which
species are actually protonated and which salts are formed, and this may depend
upon whether the various reactions are controlled thennodynamical_ly or kinetically.
However, these doubts do noi affect the essential results of the imaging and fixing
processes. The last sectinn of each of Tables 1 and 2 showé the composition of the
combined acid-generating and color-change layers after the components thereof have
become intermixed. '
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Table 1
- EXPOSED AREA _ .NON-E_XP_OSED AREA
Component Moles ‘Component Moles
| PRIOR TO EXPOSURE
1 1
Secondary acid generator 10 Secondary acid generator 10
Phyl"SbFg 5 Phol*SbFs 5
AFTER IMAGEWISE EXPOSURE |
Ph-VPy 0.7 1.
VPy 0.25 Secondary acid generamr_ 10
HSbF, 0.75 Ph,I*SbFe 5
Seoondary acid generator 10
- Phal*SbFe 4.25
AFTER HEATING
Ph-VPy 075 | vpy 1
VPy 0.25 Secondary acid generator 10
HSbFe 0.75 | Phol"SbFy 5
Secondary acid 10
Ph,l*SbFs 4.25
AFTER FIXING
Ph-VPy 0.756 VPy 1
VPy 0.25 PhOAc 5
PhOAc 4.25 KOAc 1
HOAc 6 KSbFe 5
KSbFs 5 Cu reagent 1
Cu reagent ' 1 Secondary acid generator 10
Image dye/secondary acid sait 476 | Unprotonated image dye 10
Ph-image dye/secondary acid sait 4,25
Unprotonated image dye 1
Klseeondary acid salt 1

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

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

exposed and non-exposed areas of the imaging medium comprises a quantity (shown
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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 various components may vary widely) of
the vinylpyrene sensitizer, a larger molar quantity of a superacid precursor (5 moles
of PhyI"SbFs" are shown in Table 1) and a still larger molar quantity (10 moles are
shown in Table 1) of a secondary acid generator. | _
The imaging medium is first imagewise irradiated with radiation of a
sensitizer wavelength (conveniently 365 nm for the vinylpyrene) which is absorbed
by the sensitizer. During this ultra-violet imagewise exposure, in the exposed areas,
the sensitizer photosensitizes the superacid precursor, so that decomposition of part
of the superacid precursor occurs, with fon_naﬁon of unbuffered superacid, since a

‘non-basic sensitizer is used. Table 1 shows, for purposes of illustration, 0.75 mole

of superacid precursor being decomposed during the imagewise exposure.

The secondary reactions that follow the fragmentation of the
superacid precursor are not entirely understood at present. However, it is likely that
a phenyl radical is generated, which subsequently becomes attached to the radical

‘cation derived from the non-basic polycyclic aromatic sensmzer (i.e., vinylpyrene)

used, following which elimination qf a proton occurs, with formation of a

 phenylated form of the sensitizer, shown in Table 1 as “Ph-VPy.” The exact site to

which the phenyl radical becomes attached does not affect the essential imaging and
fixing process of the invention. _ . .

Thus, at the end of the imagewise irradiation, unbuffered superacid is
present in the exposed areas, whereas in the non-exposed areas no unbuffered
superacid is present. In effect, the acid-genefating layer now contains a “latent
image” in superacid, although this image is not visible to the human eye. (The
composition of the non-exposed areas of course remains unchanged by the-

1magew1se ultra-violet exposure.)
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The nnagmg medium is next heated. In the eXpoéed areas, the
unbuffered superacid present 'catal'yzes the decomposition of the secondary acid

~ generator, thus 'producing a large qdantity of the secondary acid (10 moles are shown

by way of example in Table 1). However, i m the non-exposed areas, no unbuffered

superacid is present, so that essentlally no decomposition of the secondary acid

- generator occurs and essentially no secondary acid is generated

In the final step of the process, as discussed in more detail below, the

components of the acid-generating and color change laYets’ become intermixed.

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

dye, 1 mole of copper compound, 1 mole of a reducing agent (the products produced
by oxidation of this reducing agent are ignored in Table 1 for si'mplicity) and 6 nioles
of a reactive material, shown as potassium acetate in Table 1 (where acetate is
abbreviated “OAc”). In the non-exposed areas, the copper compound, the reducing
agent and the reactive material decompose all remaining superacid precursor, with
generation by the reactive material of the corresponding amount of phenyl acetate
(Table 1 assumes), phenyl iodide (omitted" from Table 1) and potassium
hexaﬂuoroantlmonate In the exposed areas, the potassmm acetate is protonated by
the superacld and some of the secondary acid. The copper reagent catalyzes
decomposmon of the remammg superacid precursor with the formation of phenyl
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 comp‘licated, and other products may be produced;.
however, the exact type of decomposmon products produced does not affect the
essential nature of the present process.) '

" In the exposed areas, the unbuﬁ‘ered superacid and 5.25 moles of the
secondary acid are immediately neutralized by the potassium acetate The
decomposition of the superacid precursor is catalyzed by the copper compound,
leading to formation of 4.25 moles of phenylated image' dye. 4.75 Moles of
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secondary acid reversibly protonate, form a salt with, the image dye. Both the
phenylated and the protonated image dyes are colored. 1 Mole of the image dye
remains in its unprotonated, leuco form _

In the non-exposed areas, the decomposmon of the superacid
precursor consumes 5 moles of potassium acetate, leaving 1 mole of potassium
acetate remaining in these areés. None of the image dye is protonated, all remaining
in its unprotonated, leuco form. The proﬁsi@n of the excess potassium acetate
serves to ensure that, if é small amount of uncatalyzed thermal decomposition of the '
secondary acid generator does occur in non-exposed areas during the heating step,
the small amount of secoﬂdary acid resultihg will be neutralized by pbtassium
acetate before the secondary acid can effect changes in the image dye. The excess
potassium acetate also ensures that, if minor decomposition of the secondary acid
generator does occur after the imaging process has been cdmpleted, the minor
amounts of acld generated will be neutralized by the potassium acetate and thus will

not affect image dye in the non-exposed areas of the final i image,

It will be seen from Table 1 that the “neutralization” of the superacid
and some of the secondary acid by the potassium acetate produces acetic acid.
Although acetic acid is normally regarded as an acid, it is insufficiently acidic in the
polymeric binders in which the present procéss is normally carried out, to protonate
the sensitizer or the image dye, and is thus not regarded as an acid for present
purposes. -
~ From the foregoing description, it will be seen that, in the exposed
areas, the superacid catalyzes the breakdown of the secondary acid geherator, so that
the final quantity of secondary acid present is substantially larger than the quantity of
unbuffered superacid produced dxrectly by the imagewise radiatiqn acting on the
superacid precursor, although of course the secondary acid is typically a weaker _aci& '
than the superacid itself. This “chemical amplification” ‘of the supéracid by the

secondary acid generator increases the number of moles of acid generated per
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Einstein of radiation absorbed, and thus incr'eases the contrast of the irrlage produced
by the present process as compared with simple_ generation of superacid by a
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 superacid present in the exposed areas followmg the

imagewise irradiation. .
Note that if the copper/reducing agent/potassium acetate fixing

reagent is replaced by' a fixing agent containing (say) 5 moles of a reducing agent

and 6 moles of a base (which could be pot_ass‘ium acetate), as in a typical reduction
process of the present invention, the final result is similar. The reducing agerxt will
reduce all the diphenyliodonium salt present in both the exposed and non-exposed
areas, thus producing 5 moles of HSbFg in both exposed and non-exposed areas. All
this unbuffered superacld is 1mmed1ately neutralized by S moles of the base in both
the exposed and unexposed areas. In the exposed areas, the last mole of base
neutralizes 1 mole of secondary acid, whereas in the non-exposed areas, the last

" mole of base remains unchanged. Although phenylated image dye is unlikely to be

formed in the reduction process, because the phenylated and the protonated image
dyes have the same chromophore, the amounts of colored image dye will be the

The second prefen-ed process shown in Table 2 below, and i in Figures
2A-2D of the accompanying drawings, is of the aforementioned indicator sensmzmg
type and uses as the sensmzeranmdrcatorsensmzmgdyehavmganunprotonated
formand a protonated form
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Table2
EXPOSED AREA ) NON-EXPOSED AREA
Component Moles Component Moles
PRIOR TO USE

[S-DYE] 1 [S-DYE] 1

Secondary acid generator 10 Secondary acid generator 10

Ph,l*SbFg 5 Phal*SbFe’ 5

AFTER INITIAL ULTRA-VIOLET EXPOSURE

[S-DYE-H]"SbFs 0.76 [S-DYE-H]'SbFg 0.75

[S-DYE] 0.25 [S-DYE] 0.25

Secondary acid generator 10 Secondary acid generator 10

thl *SbFg 4.25 Ph,l SbF. 4.25

AFTER IMAGEWISE VISIBLE EXPOSURE

[S-DYE-H]’SbF. 0.25 | [S-DYE-H]'SbF¢ 0.76

Ph-{S-DYE-H]'SbF¢ 0.7 [S-DYE} . 0.25
| HSbFg : 0.5 Secondary acid generator 10

Secondary acid generator 10 Ph,l*SbFy 4.25

Ph,l*SbFg 35

AFTER HEATING

[S-DYE-H]"SbF, 0.25 [S-DYE-H]'SbFy 0.75

Ph-{S-DYE-H]"SbF¢’ 0.75 [S-DYE} 0.25

HSbFg 0.5 Secondary acid generator 10

Secondary acid 10 Ph,I"SbFg 425

Phal*SbFg 3.5

AFTER FIXING

[S-DYE] 025 | [S-DYE] - 1

Ph-[S-DYE} 0.75 HOAc 0.75

HOAc 6 KOAc 1

Image dye/secondary acid sait 65 | Secondary acid generator 10

Unprotonated image dye 1 Cu reagent -~ 1

Ph-image dye/secondary acid sait -3.8 PhOAc ' 425

Cu reagent _ 1 .| Unprotonated image dye 10

KSbFg 5 KSbFs . 5
‘| Kfsecondary acid sait 1
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As shown in Table 2, the imaging medium initially contains the
sensitizing dye in its unprotonated form. Both the exposed and non-exposed areas |
initially comprise 1 mole of the sensitizing dye, a larger molar quantity of a
superacid precursor (5 moles of PhyI"SbF¢’ are shown in Table 2; a suitable quantity
of a non-basic polycyclic aromatic sensitizer, such as pyrene, is also included in the
medium but is not shown in Table 2) and a still larger molar quantity (10 moles are_
shown in Table 2) of a secondary acid generator.

~ The imaging medium is first blanket irradiated with radiation which

is not absorbed by the sensitizing dye but is absorbed by the non-basic polycyclic o

aromatic sensitizer, with decomposmon of superacid precursor, thls radiation
typically being near ultra-violet radiation; the amount of radlatlpn applied is
sufficient to cause the decomposition of less than one mole (0.75 mole is used for
illustration in Table 2 and Figure 2A) of the superacid precursor, thus producing
corresponding 'a.mo_un_t.of shperac'id. This superacid immediately protonates the
sensitizing dyé, producing a salt of the dye shown-'as'“[S-DYE-IfI]*SbFs"’ m Table 2,
and leaving no unbuffered superacid present in the aéid-generating layer. Thus, after
this initial ultra-violet exposure, as shown in Table 2, all areas of the acid-generating
layer contain 0.75 mole of the sensitizing dye salt, _0.25 mole of unprotonated
sensitizing dye, 4.25 moles of superacid precursor and 10 moles of secondary acid
generator. This situation is illustrated in Figﬁre 2A, which shows the acid level as
0.75 times a threshold level (indicated by T in Figures 2A-2D) at which all the

- sensitizing dye becomes protonated.

~ (The phenyl radical generated by decorhpositidn of the superacid
precursor during this blanket exposure is ignored in Table 2, since as mentioned

~ abovein connecuon thh Table 1, these phenyl radicals w:ll usually become attached
- to the non-basic sensitizer. Even if some of the phenyl radicals generated do become

attached to sensitizing dye molecules, this will not 51gnxﬁcantly affect the overall
course of the process shown in Table 2 and Figure 2, since a phenylated form of the

-28-



«f

WO 95/29067 _ PCT/US95/05128

10

15

20

- 25

sensitizing dye would be expected to undergo the same.type of protonation and
deprotonation reactions, wnth similar absorption shifts, as the non-phenylated dye.)

_ | After the initial ultra-violet exposure, the imaging medium is
unagewxse exposed to radiation in the first Wavelength range; v1s1ble radiation is
shown for illustration in Table 2. As shown in Table 2 and Figure 2B, in the area BC
of the acid-generating layer which is exposed to the visible radiation, this visible
radiation causes the protonated sensitizing dye to photosensitize the superacid
precursor and hence bring about the decomposition of a further 0.75 mole of
superacid precursor, with generation of a further 0.75 mole of superacid, so that the
total amount of acid present exceeds the threshold T. The additional superacid

" generated by the visible exposure protonates the remalmng 0.25 mole of previously
 unprotonated sensitizing dye, leaving 0.5 mole of unbuffered superacid in the
‘exposed area BC, as shown in Flgure 2B. (For purposes of illustration, Figure 2B

| shows the acid generated in the ultraviolet and visible exposures separately, although

of course no difference exists chemically.) In the non-exposed areas AB and CD no
change in the acid level occurs, the acid eoncentration remains below the threshold
T, and no unbuffered superacid is present after the visible exposm'e

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,
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 preeur_sor, followed by elimination of a proton. Accordingly, at the end
of the imagewise expe_sure, the exposed areas will contain 0.75 mole of a phenylated
product derived from the protonated sensitizing dye, this product being denoted
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Ph-[S-DYE—H]*SbF.; in Table 2. The rema.mmg 0.25 mole of sensitizing dye will

remain in the [S-DYE-H] SbF6 form. Also present in the exposed areas will be 0. 5
mole of unbuffered superacrd, the 3.5 remalmng moles of superacid precursor, and

the 10 moles of secondary acid generator, which remain unchanged‘ at this point.
(The composition of the non-exposed areas of course_ remains unchanged by the
imagewise visible exposure. )

The imaging medium is next heated In the exposed area BC, the

* unbuffered superacid present catalyzes the decomposmon of the secondary acid
generator, thus producing a large quantity of the secondary acid (10 moles are shown

by way of example in Table 2; Figure 2C is not smctly to scale). However in the
non-exposed areas AB and CD, no unbuffered superacid is present, and the

sensitizing dye/superacid salt does not catalyze the decomposmon of the secondary

acid generator, so that essentially no decomposmon of the secondary acid generator

occurs and essentrally no secondary acid is generated.

Intheﬁnalstepoftheprocess as discussed in more detail below, the

| components of the acid-generating and color change layers become intermixed.

Table 2 assumes that the color-change layer contains 10 moles of an indicator i image

| dye, 1 mole of copper compound, 1 mole of a reducing agent (the products produced

by oxidation of this reducing agent are ignored in Table 2 for simplicity) and 6 moles
ofareacuvematenal,shownaspotassrumacetatemTablez Table 2 further
assumesthatthexmagedyersmorebasrcthanthesensmzmgdye In the non-

exposed areas, the copper compound, the reducmg agent and the reactive matérial
‘decompose all remarmng superacid precursor, wrth generatron by. the reactive

material of the con'espondmg amount of phenyl acetate (Table 2 assumes), phenyl
iodide (omitted from Table 2) and potassrum hexafluoroantimonate. In the exposed
areas, the potassiurh acetate is protonated by the superacrd and some of the

'_ secondary acid. The. copper reagent catalyzes decomposmon of the remaining .
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superacid precursor with the formation of phenyl cations, which react with the most
nucl.eophilic species remaining, here assumed to be the image dye.

In the exposed areas, the unbuffered superacid and 4.5 moles of the
secondary acid are immediately neutralized by the potassium acetate, which also
deprotonates the protonated forms of both the original sensitizing dye and the

phenylated form of this dye to produce the corresponding unprotonated dyes, thereby

removing the absorption in the first wavelength range due to the sensitizing dye.
The decomposition of the superacid precursor is catalyzed by the copper compound,
leading to the formation of 3.5 moles of phenylated image dye. 5.5 Moles of the
secondary acid reversibly protohate and form a salt with the image dye. Both the
phenylated and the protonated image dyes are colored. 1 Mole of the image dye

K remains in its unprotonated, leuco form. Figure 2D shows graphically the 5.5 moles

of secondary acid (3.5 moles of aryl cation are also formed) remaining in the
exposed areas.

| In the non-exposed areas, the potassium acetate deprotonates the
sensmzmg dye, returning it to its unprotonated form, and thus reducing the Dy, of
the:magemthlsrange(assummg,aslsusual thattheabsorpuonchangemthe '
image dye is an increase in absorptxon, i.e., increase in color, in the relevant
wavelength range so that the non-exposed areas are the Dy, areas of the image).
The decomposition of the superacid precursor and the deprotonation of the
Sensitizing dye consume 5 moles of potassium acetate; 1 mole of potassium acetate
remains in the non-exposed areas. This excess of base is represented in Figure 2D as
-1 moles of remaining acid. None of the image dye is protonated, all remaxmng in its
unprotonated, leuco form. The provision of the excess potassium acetate serves to
ensure that, if a small amount of uncatalyzed thermal decomposition of the

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

heating step, the small amount of secondary- acid resulting will be neutralized by
base before the secondary acid can effect changes in the image dye, as described in
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more. detail below, The excess potassium acetate also ensures that, if minor
decomposition of the secondary acid generator does occur after the 1magmg process
has been completed the minor amounts of acid generated will be neutralized by the
potassium acetate and thus will not aﬁ'ect unage dye in the non-exposed areas of the
final image. .

It will be again be seen that replacing the copper/reducing agent/
potassium acetate with a reducing fixing reagent comprising reducing agent and a

base will produce the same results in so far as the amounts of colored image dye are

concerned. o
The fixing process of the present invention may be used with any of
the imaging processes described in the aforementioned Internation Apphcatron No.
PCT/US95/XXXX (Attorney’s ref. 8001PCT).
 One advantage of the present process is that, at least in many
preferred en_rbodlments of the invention, it is possible to compensate for any
premature breakdown of the superacid precursor which may occur before use of the
imaging medium. Such premature breakdown may occur, for example, by exposure
of the imaging medium to radiation during transportation and storage or because the
mixture of the superacid precursor and the sensmzmg dye in the acid-generating
layer or phase undergoes slow decomposition on protracted storage. If, as m the
second of the two preferred processes described above, the ﬁrst step of the process is
blanket exposure of the imaging medium to radiation in the second wavelength
range to generate superacld and convert the sensitizing dye to its protonated form, -
the blanket exposure can be adjusted to ensure that the present process works
properly, even if some decomposition of the superacid precursor has occurred carlier.
| _For example, to take an extreme case purely for purposes of
illustration, suppose that the imaging medium shown in Table 2 is exposed to 5o
much ultra-violet radiation during storage and transport that premature breakdown of
0.5 mole of superacid precursor occurs. At the beginning of imaging, all areas of the
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medium thus conﬁﬁii 0.5 mole of sensitizing d'yé, 10 moles of secondary acid
generatof, 4.5 moles of superacid precin‘sor and 0.5 mole of protonated sensitizing
dye. After spectral analysis to determine the amount ;_of protonated sensitizing dye
already present, the iﬁitial ultra-violet exposure may be adjusted so that, in exposed
areas, only a further 0.25 mole of superacid precursor is decomposed. After this
eprsure_, the medium will contain 0.75 mole of protonated sensitizing.dye_, and will
thus be in exactly the same condition as if no premature breakdown of the superacid

- precursor had occurred before imaging, but the initial ultra-violet exposure generated

0.75 mole of superacid. Also, provided that no substantial breakdown of superacid

~ precursor occurs during transportation and storage, a medium of the present

invention which is produc:d with the sensitizing dye in its unprotonated form is,
priér-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 substantial decomposition of the superacid precursor.
For similar reasons, the present process is also relatively insensitive
to variations in the radiation used for the imagewise exposure, such as variations in

laser output, diﬁ'erencésbetweenindividuallasersin'anauayusedtofonn the

imaging beam, timing errors in laser drivers, etc. For example, in the process shown
in Table 2, the imagewise exposure causes decomposition of 0.75 mole of superacid
precursor. If the 1magmg radiation delivered to the imaging medium varies by
i20%', some exposed areas will experience decomposition of 0.6 mole of superacid
precursor; while others will experience decomposition of 0.9 mole. Thus, after the
imagewise exposure, the concentration of unbuffered superacid in the exposed areas
will vary from 0.35 to 0.65 mole. With appropriate control of the heating step, this
range of variation in unbuffered superacid concentration will have minimal effects

. on the final image in cases where the medium is designed to.be essentially binary,

i.e., any sﬁeqi'ﬁc pixel is either at Dpin OF at Dinax.
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| Since the present process relies upon the production of a first acid
strong enough to catalyze thermal decomposition of the secondary acid generator
(this first acid may be unbuffered superacid), it is hrghly desirable that the process be
conducted under essennally anhydrous condlnons, 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 (hYdroniurn) ion, [H;07". Accordingly, if
the medium in which the present process is conducted contains water, at least part of
the first acid produced by the present process wrll simply generate hydroxomum ion.

. However, in the absence of water, the decompOSition of the superacid precursor =

yrelds an acidic species much stronger than hydroxomum jon, and thxs acidic species
can eﬂ’ect the acrd-catalyzed decomposmon of vanous secondary acld generators
which hydroxomum ion cannot. Typically, the present process is carried out with the
superacrd precursor and the sensitizer dlspersed m a polymeric binder, and such
binders can readily be chosen to provr_de an essent:ally anhydrous environment for
the process. o | . : . . -

' " For the present process to occur, it is obviously necessary that the
sensitizer, having absorbed the sensitizer radiation, initiate the decomposition of the
suneracid precursor. As is well known to those skilled in the art, for such initiation
to occur, it is necessary to choose the sensitizer andthe superacid precursor so that

 the excited state of the sensitizer can reduce the superacid precursor. The choice of -

appropriate pairs of sensitizers and superacid precursors may be made empirically,
although techniques familiar to those skilled in the art, such as use of the Rehm-
Weller Equation, may be used to reduce the amomt of empirical testing necessary.

In principle, i in the present process the mixing of the components of
the acid-generating and color-change layers or phases should be effected after the
generation of the secondary acid from the secondary acid generator. However, in
practice both the generation of the secondary acid in the acid-generating layer and
the mixing of the components of the two layers or phases may be effected in a single
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heating step, since the acld-catalyzed decomposmon of the secondary acid generator
will typically be essentially complete before mixing of the two layers or phases
becomes significant, and thus before the copper compound and reactive material
present in the color-change layer or phase begin to decompose the superacid present
in the acld-generatmg layer or phase

Obviously, it is important that the components of the acid-generating
layer or phase and the color-chaxige layer or phase not mix prematurely. In practice,
the present imaging medium will typically be formed by coating acid-generating and
color-change layers from a solution or 'dispersion on to a support. To prevent
premature mixing, it is usually desirable to coat one layer from an aqueous rﬁedimn
and the other from a non-aqueous medium. Typlcally, the acid-generating layer is
coated from an organic medium and the color-change layer from an aqueous
medium. Thus, typically it is advantageous to use a copper compound and a reactive
material which are readily water-soluble or -dispersible so that these components can
be included in the aqueous medium used to coat the color-change layér.

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

_ hexafluoroantimonate and (4-(2-hydroxytetradecan-l-yloxy)phenyl)phehyl iodonium

hexafluoroantimonate.

When the present process is of the *489 type, 'any conventional 'non-
basic polycyclic aromatic sensmzer may be employed. When the present process is
of the 612 type, any infra-red sensitizer capable of sensitizing decomposition of the
superacid precursor with the production of unbuffered superacid may be employed.
Preferably, the infra-red sensitizer is a squarylium dye, since squarylium dyes tend to
have high infra-red extinction coefficients, have long singlet excited state lifetimes
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(which assists the electron transfer reactions upon whlch the present process
depends), show little tendency to aggregate in polymenc ﬁlms and have low visible
absorptions. Examples of infra-red dyes useful i m the present process are:

a)  dyes comprising an inner salt of a compound of the formula:

Q-zQ |

wherein: | |
| Q' is a 4-(benz{b]-4H-pyrylium)methylidene, 4-(benz[b]-4H-thio-
pyrylium)methylidene or 4-(behi[b]-4H-selenop§ryliu’m)methylidene grouping;

Z is a l,3-(2-hydroxy-4~oxo-2-cyclobutyhdene) hydroxide or

1 3-(2-hydroxy-4 S-dloxo-2-cyclopemyhdene) hydroxide ring; and
Q2 is a 4-(benz[b]-4H-pyran-4~yhdene)methyl 4-(benz[b]-4H-th10- :

pyran-4-yhdene)methyl or 4-(benz[b]-4H-selenopyran-4~yhdene)methyl grouping;

wherein at least one of the groupmgs Q' and Q2 carries at its
2-pOSlt10n a substituent in which a non-aromanc carbon atom is bonded directly to
the benzpyrylmm, benzthiopyrylium or benmelenopyryhum nueleus, subject to the
prov1so that if said 2-substituent contains an aromatic nucleus, this aromatic nucleus
is not conjugated with the benzpyryhum, benzthnopyryhum or benzselenopyrylium
nucleus to which it is attached (see Internatxonal Apphcatxon No. PCT/U S9l/08695
Publication No. WO 92/09661), _

b) squarylmm compounds of the formula: |

R R
N
| R1 _ R2
1 l I - 2 .
:C C—Q
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in which Q' and Q? are each a chromophoric group having an unsaturated system
conjugated with the squarylium ring and such that in the compounds of formulae
Q'CH;R! and Q°CH;,R? the methylene hydrogens are active hydrogéns, R! and R?
are each independently a hydrogen atom or an aliphatic or cycloaliphatic group, and
R® and R* are each independently a hydrogen atom, or an aliphatic, cycloaliphatic,
aromatic or heterocyclic group, or one of R*andR*isa hydrogen atom and the other
is an organosulfonyl group, or R? and R* together with the intervening nitrogen atom
form 'a cycloaliphatic or aromatic ring (see U.S. Patents Nos. 5,227,498 and

5,354,873, and the corresponding International Application No. PCT/US92/09992,
Publication No. WO 93/09956); and

¢) - squarylium compounds of the formula:

RS
R* | _FR
.1\C/ 2
R R™
- .
Q= c—aQ
|

in which: _ .

Q' and Q? are each a chromophoric group having an unsaturated
system conjugated with the squarylium ring and such that in the compounds of
ﬁxnnﬂaecrcnigi‘and(}%:HbR?tuenmahykmn1u«hognnsanaacuvehwdnugnm,

R' and R? are each independently a hydrogen atom or an allphatlc or
cycloahphauc group; and _ _

. R’ R* and R’ are each independently a hydrogen atom, or an
aliphatic, cycloaliphatic, aromatic or heterocyclic group, or an electron-withdrawing
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group able to lower the electron density at the carbon atom to which it is attabhed,
subject to the provisoes that: "
two of R3, R* and R’ mﬁy form a divalent group of which a

single atom is double bonded to the carbon atom to which the two .
groups are attached, or all three of R, R* and R® may form a trivalent

group of which a single atom is triple bonded to the carbon atom to
which the three groups are attached, or '
| two of R®, R* and R® may, together with the carbon atom to

which they are attached, form a ring, or all three of R®, R* and R® |

may, together with the carbon atom to which they are attached, form

an unsaturated ring . -

(see U.S. Patent No. 5,227,499 and the corresponding International Application No.
PCT/US92/09992, Publication No. WO 93/09956). _

When the sensitizer used in the present process is an indicator
sensitizing dye, it may be any molecule, the absorption spectrum of which depends
reversibly upon its state of protonation ﬁnd which can photosensitize decomposition
of the superacid precursor used, provided of course that the dye is compatible with
the other components of the imaging medium. The state of the lndxcator sénsitizing
dye called herein the “unprotonated form” need not necessarily be a neutral
m_oleb.ule; the unprotonated form may be anionic but capable of 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 yelldw, while the neutral form is
colorless to 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 lbngér wavelength .
Fluorescein monomethyl ether exhibits both behaviors; the first protonation of the
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anionic form causes a hypsochromic shift, while the second protonation to the
cationic form causes a bathochromic shift. _ _
Preferred indicator sensitizing dyes for use in the present process

include fluoran dyes, phthalide dyes, xanthene dyes, acridine dyes, hydroxypyrylium

dyes, hydroxytluopyryhum dyes, styrylpyridinium dyes, styrquumolmmm dyes, and

other substituted qumolrmum, rsoqumolrmum and pyridinium dyes, with
triarylpyridinium, quinolinium and xanthene dyes being 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-thieny)pyridine;
2 6-b1s(4-methoxyphenyl)—4-(2-(4-bromophenyl)pyndme
2,6-bis(4-methoxyphenyl)-4-(2-naphthyl)pyridine;
2,4-bis(4-methoxyphenyl)-6-(2-naphthyl)pyridine;
2,4,6-tris(2,4,6-trimethoxyphenyl)pyridine; and
2 6-b1s(4-methoxyphenyl)—4—(2-(l ,4-dimethoxy)naphthyl)pyridine.
A specrﬁc preferred tnarylpyndrmum dyes 1s the protonated form of 2,4,6-tris-
(2 4-dimethoxyphenyl)pyridine.
A specific preferred quinolinium dye i is the protonated form of 2-[2-'
[2,4-bis[octyloxy]phenyl]ethen-l-yl]qmnolme (the unprotonated form of this dye is
available from Yamada Chemical Co., Kyoto, Japan), while a specific preferred

" xanthene dye is the protonated form of 3' 6'-b1s[N-[2-chlorophenyl]-N-
' methylammo]splro[2-butyl-l l-dloxo[l,2-benzrsoth1azole-3(3H),9'-(9H)xanthene]]

(which may be prepared as described in U. S. PatentNo 4,345,017).

-  Methods for the preparation of: tnarylpyndmlum dyes are described in
the literature. One convenient method for the preparation of such dyes bearing
identical substituents at the 2- and 6-positions is described in Weiss, J. Am. Chem.
Soc., 74, 200 (1952) and comprises heeting a mixture of an acetophenone, an

-39-



WO 95/29067 PCT/US95/05128

10

15

20

25

aldehyde (that containing the desired 4-substituent) and ammonium é,cetate in acetic
acid. A dihydropyridine is produced as the penultimate intennediate, but is oxidized
to the pyridine by the intermediate chalcone. A second’ method is similar to the first,
but uses hydroxylamine or unsymmelncal dunethylhydramne in place of ammomum
acetate; the penultimate intermediate in these cases are the N-
hydroxydihydropyridine or N,N-dxmethylammédihydropyridi_ne, which undergo -
elimination and aromatization :i'w.ithout the need for an oxidizing agent. A third
method, described in Krohnke, Sylithesis, 1 976,.. 1, can produce asymmetric

triarylpyridinium dyes. In this third methbd, an a;yl éldehyde 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

resultant pyridinium-substituted dihydropyridine undergoes loss of pyridine with
aromatization. | |
| Any secondary acid generator that is capable of acid-catalyzed
breakdowntongeasecondaryacldmaybeusedmthepresentproms One
preferred group of secondary acid generators are 3 4-dxsubst1tuted-cyclobut-3-ene-
1,2-diones (hereinafier for convenience called “squanc acid derivatives™) capable of
generating squaric acid or an acidic derivative thereof, since squaric acid and its
acidic derivatives are strong acids well suited to eﬁ'ectmg color changes in acid-
sensitive materials. Especlally preferred squanc acid denvatlves are those in which
therelsbondedtothesquancamdnng,vxaanoxygenatom,analkyloralkylene
group, a partially hydrogenated aryl or aryle group, or an aralkyl group The acid-
catalyzed decomposition of these squaric ac1d derivatives causes replacement of the
ongmal alkoxy, alkyleneoxy, aryloxy, aryleneoxy or aralkoxy group of the derivative
with, a hydroxyl group, thereby producmg squaric acid or an acldlc squaric acid -
denvat;ve having one hydroxyl group.
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The exact mechanism by which squaric acid or an acidic derivative

- thereof is formed in the present process may vary depending upon the type of squaric

acid derivative employed.' In some cases, for example di-t-butyl squarate, one or
both groups attached via oxygen atoms to the squaric acid ring may thermally
decompose to yield an alkene or arene, thereby converting an alkoxy or aryloxy
group to a hydroxyl group and fonmng the squaric acid or acidic derivative thereof.
In other 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 oxXygen atom to form a hydroxyl'

: 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, a.lkyleneoxy, aryloxy, aryleneoxy er 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
susceptlblllty to thermal decomposmon of the squaric acid derivatives preferred for
use in the present process is related to the stability of the cation produced from the
ester grouping during the decomposmon process. Although the stability of specific
cations may be influenced by a variety of factors, including steric factors, which may
be peculiar to a particular ester, ingeheral it may be said that the squaric acid esters
preferred for use in the present process'are:

(@) primary and secondary esters of squaric acid in which the
o-carbon atom (i.e., the carbon atom bonded directly to the -O- atom of the squarate
ring) bears a non-basic cation-stabilizing group. This cation-stabilizing group may
be, for example, an sp’ or sp hybridized carbon atom, or an oxygen atom;

O tertiary esters of squanc acid in which the o-carbon atom does
not have an sp” or sp hybridized carbon atom directly bonded thereto and

-41-



10

15

20

WO 95/29067 , ' ' PCT/US95/05128

(¢) tertiary esters of squaric acid in which the o-carbon atom does

“have an sp? or sp hybridized carbon atom directly bonded thereto, pro'vided 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 thé a-carbon atom) is
: con_]ugated with an electron-mthdramng group.
It will be apparent to skllled orgamc chemists that, provrded one of the aforemen-

tioned types of ester groupmgs is present in the squaric acid denvatxve to produce
one hydroxyl group after thermal decomposmon, 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
other properties of the derivative, for .example its compatibility with other

components of the i imaging medlum, orits solubxhty in solvents used to form coating
 solutions used in the preparation of the i 1magmg medium,

E_xamples of squaric acid derivatives useful in the present processes
include: |
(8 those of the formula:

_ 1
Q OR

N

o/ - RZ'

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

group, and R? is a hydrogen atom or an. alkyl, cycloalkyl, aralkyl, aryl, aimino,
: acylammo, alkylamino, dlalkylammo, ‘alkylthio, alkylseleno, dialkylphosphino,

dralkylphosphoxy or malkylsrlyl 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
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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
a phenyl group (which may be substituted or unsubsti;:uted); and (b) R! is a benzyl
group and R? is an amino group.
) those of the formula:
' 1

N

in which R! and R? independently are each an alkyl group, a partially hydrogenated
aryl group or-an aralkyl group, subject to the proviso that either or both of the groups
R! and R® may be attached to a polymer. Among the derivatives of Formula II, an
especially preferred group are those in which R! and R? are each independently an
unsubstituted or phenyl substituted alkyl group containing a total of not more than
about 20 carbon atoms. Specific preferred compounds of Formula II are those in

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

group or a cyclohexyl group, namely di-tertiary Butyl squarate, dibenzyl squarate,
bis(a-methylbenzyl) squarate and dicyclohexyl squarate.
(c) those of the formula:
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2 <O>n/

in whichnis 0 or 1, and R* is an alkylene group or a partially hydrogenated 'arylene

group. Among the derivatives of Formula III, an especially preferred group are those
in which n is 1 and R* is an alkylene group contmmng not more than about 12
carbon atoms.

@ those_ having at least one unit of the formula:
\F_ : | R5<
\(0) o/ N

n

7N

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

' Besxd@s the fragmentable groups R3, the compounds may also contain one or more

units in which a non-ﬁ'agmentable group is attached to a squarate rmg, duectly 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
any of groups OR' or R? discussed above with referénce to Formula I. Thus, for
example, Formula IV includes the squaric acid dimer derivative of the formula:
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o, . 0

720 TN N

The squaric acid derivatives of Formulae I and II are usually
monomeric. However, these derivatives of Formulae I and I can be incorporated
into polymers by having at least oﬁe of the groups R!, R? and R? attached to a
polymer. Attachment of the squaric acid derivatives to a polymer in this manner
may be advantageous in that it may avoid incompatibility and/or phase separatibn
that might occur between a monomeric squaric acid derivative of Formula I or I and
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 skilléd in the art of polymer
synthesis. The squaric acid derivatives may be il_xcorpor_ated.into the backbone of a
polymer, for example in a polymer similar to the dimer of the formula given above.
Alternatively, the squaric acid derivatives may be present as sidechains on a
polymer; for example, one of the groups R!, R? and R® could contain an amino group
able to react with a polymer containing carboxyl groups or derivatives thereof to
form an amide linkage which would link the squaric acid derivative as a sidechain
on to the polymer, or these groups may contain unsaturated linkages that enable the
squaric acid derivatives to be polymerized, either alone or in admixture with other
unsaturated monomers. ' | _

‘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,.

and such distortion or vesicle formation may interfere with proper image formation.
Accordingly, if the _decomposition of the squaric acid derivative yields an alkene, it
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is desirable that the groups R', R, R* and R be chosen so that this alkene is a liquid

- at 20°C, and preferably higher, since some heating of the alkene will inevitably occur

during the acid-cataIyZed decomposition. Soxﬂe_ti_mes, however, the alkene liberated
may be sufficiently soluble in the medium containing the squaric acid derivative that
liberation of a highly volatile alkene will not result in distortion of, or vesiéle
formation i m, the medium.

- Another preferred group of secondary acid generators for use in the

~ present pr_ocess are oxalic acid derivatives that undgrgo acld-catalyzed breakdown to

give oxalic acid or an acidic derivative thereof, for example an oxalic acid hemiester.
Although oxalic acid and its acidic derivatives are not quite Su_ch strong acids as
squaric acid and its acidic derivatives, oxalic acid arid its deﬁvaﬁve§ are sufficiently
slrong acids for use with most image dyes. Also, oxahc acid derivatives are, in
general, less costly than squaric acid denvatxves _ .

. The types of oxalic acid denvawes preferred for use in the present
process are rather more diverse in structure than the squaric acid denvatlves, and the

~ choice of oxalic acld derivative for any spec1ﬁc process may be governed more by
the thermal breakdown properties of the derivative than its exact chemical structure;
~ in general, forpractxcalreasonssuchasthehmltedtemperaturerangetowhlchother

components of the imaging medium may safely be exposed, it is preferred that the

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

in the range of about 140° to about 180°C, as measured by differential scanning
caloﬁinetry in a nitrogen atmosphere at é 10°C/minute temperature ramp, in the
absence of any catalyst. Since the presence of an acid catalyst lowers the thermal
decomposition temperature of oxalic acid derivatives by at least about 20°C and
potentlally significantly more, derivatives which deoompose uncatalyzed at about
140° to about 180°C, will, in the presence of acid, decompose at temperatures as low '
as about 65°C, temperatures to which other components of the imaging medium can
in general be exposed. R
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The factors affecting the ability of the oxalic acid derivatives to
undergo acid-catalyzed thermal decomposition are similar to thosé affecting the
ability of the aforementioned squaric acid derivatives to undergo the same reaction,
and thus the preferred ester groups are of the ‘same t};pes. Accordingly, preferred
oxalic acid derivatives for use in the present process include:

| () primary and secondary esters of oxalic acid in which the
o-carbon atom (i.e., the carbon atom bonded directly to the -O- atom of the oxalate
grouping) bears a non-basic cation-stabilizing group. This cation-stabilizing group
may be, for exampie, an sp’ or sp hybridized carbon atom, or an oxygen atom;

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

(c) tertiary esters of oxalic acid in which the a-carbon atom does
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 duectly to the a-carbon atom) is
conjugated with an electron-withdrawing group.

(@)  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 examjale of an ester of this type is that of

the structure:

0—c—c—0 0—C—C—0
b TR
U g

which can be regarded as formed from two moles of menthol (2-methylethyl-
. 4-methylcyclohexanol) and one mole of the bisthemioxalate) of 1,6-bis-

(4-hydroxymethylphenoxy)hexane Since the structure of the central resldue of the
dlol in such esters can vary w1dely, the solubility and other propertles of the este:s
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can be “tuned” as r'equired for compatibility with other components of the imaging

medium, while the nature of the end groups, which undergo the acid-forming

| thermal decomposition, can be varied mdependentlyf of the nature of the central

residue.

(¢  polymeric oxalates denved from polymerization- of oxalate
esters having an ethylemcally unsaturated group, prov1ded that the ester contains at
least one ester grouping of type (a), (b) or (c) above. As with the squaric acid
derivatives discussed above, use of a polymeric oxalate rather than a monomeric one

. may be advantageous in that it may avoid incompatibility and/or phase separauon o

that mlght occur between a monomeric derivative and a polymeric binder needed in
an imaging medium. Use of a polymeric denvatlve also tends to inhibit diffusion of

the oxalate through the imaging medium during storage before imaging. Although

polymeric oxalates can be formed in other ways, at present we prefer to form such
oxalates by first forming an oxalate ester in which one of the ester groupings
comprises an ethylenically unsa.turated group, and then polymerizing this ester using
a conventional free radical  polymerization initiatof, © for example
azobis(isobutyronitrile) (AIBN).  The ethylenically = unsaturated group is
convemently an acrylate or methacrylate group, while the other ester grouping in the
monomeric oxalate can be any of the types discussed above.

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

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

. Intematlonal Apphcauon No. PCT/US93/10215

The i image dye used in the presem 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
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leuco dyes disclosed in U.S. Patents Nos. 4,602,263; 4,720,449‘ and 4,826,976,
which are also sensitive to acid.

| | Preferred uses of the indicator sensitizing dye form of the present
process include:

(@  the use of visible imagewise exposure to produce a visible

image, which may be positive or negative;

(®  a true- or false-sensitized full color image exposed at three

different wavelengths (for exainple, a print paper)

(c) the use of near infra-red (700-1200 nm) radiation to produce a

visible image having good Dyin When viewed in reflection (in this

process, the protonatedfrom of the sensitizing dye has a near infra-red
| absorption peak and the unprotonated form of the dye has a
substantially lower visible absorpnon than the\protonated form);

(d  the use of ultra-violet exposure to form an ultra-violet

| photomask; and |

(e the formaﬁon. of a full color image using a single source

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

effect magemse exposure of all three acld-generaung layers of the

medium.

Process (¢) above uses an imaging medium of the invention having
three associated pairs of acid-generating layers and color-change layers (each pair
comprising an acid-generating layer and a color-éhange layer may hereinafter be
called a “bilayer”), with each adjacent pair of bilayers being separated by an acid-

~ impermeable interlayer. This type of imaging medium comprises:

a first acld-generaung layer comprising a sensitizing dye in its
protonated form, optionally a cosensitizer, a superacid precursor and a secondary
acid generator;
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a first color-change layer 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 decomposmon of the secondary acid generator in

the first acid-generating layer; .
a first acid-resistant mterlayer superposed on the first acld-generatmg

__ layer and the first color-charige layer;

a second acid-generating layer drsposed on the opposed side of the

ﬁrst acid-resistant interlayer from the first acid-generating layer and the first color-. o
" change layer, the second acid-generating layer comprising a sensmzmg dye in its

unprotonated form, optionally a consensitizer, a superae:d precursor and a secondary
acid generator, the second acld-generatmg layer further comprising a first auxiliary

 sensitizer which renders the superacid precursor therein  susceptible to

decomposition by actinic radiation of a first wavelength in the second wavelength
range, but not susceptible to decomposition by actinic radiation of a second

' wavelength in the second wavelength range;

a second color-change layer dlsposed adjacent the second acid-
generatmg 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
layer comprising a reactive material, a copper compound and a second i image dye
undergoing a change in its absorption of radiation upon contact wrththe secondary
acid generated upon acid-catalyzed decomposition of the secondary acid generator in
the second acid-generating layer, the absorpnon change undergone by the second
1mage dye being different from that undergone by the first image dye;

a second acid-resistant interlayer disposed on the opposed side of the

. second acld-generanng layer and second color-change layer ﬁ'om the first acid-
 resistant mterlayer'
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a third acid-generating layer disposed on the opposed side of the
second acid-resistant intelrla'yer.ﬁ'om_ the second _acid-gener_ating layér and second
color-change layér, the third acid-generating layer comprising a sensitizing dye in its
unprotonated form, optidnally a consensitizer, a superac;id precursor and a secondary
acid generator, the third acid-generating layer further comprising a second auxiliary
sensitizer which renders the ‘sup'eracid precursor therein susceptible to
decomposition by actinic radi_atibn of the second wavelength in the second
wavelength range, but not susceptible to decomposition by actinic radiation of the
first wavelength in the second wavelength range; and |

a third color-change layer disposed adjacent the third acid-generating

layer and on the opposed side of the second acid-resistant interlayer from the sccond
acid-generating layer and the second cdlor-change layer, the third colof-change layer
comprising a reactive material, a copper compound and a third image dye
undergoing a change in its absorption of radiation upon contact with the secondary'
acid generated upon acid-catalyzed ,d_ecomposition of the secondary acid generator in
the third acid-generating layer, the absorption change undergone by the third image
dye being different from those undergone by the first and second image dyes.
Very conveniently, hxthﬁf;neﬂm:ed.ﬂmquofinnqﬁng nnxﬁuhn,thc same sensitizing
dye, superacid precursor and secondary acid generator are present in each of the
three acid-generating layers. The same reactive material and copper cbmpound are
also preferably used in each of the three color-forming layers.

This type of imaging medium is imaged in the following manner.
First, the medium is imagewise exposed, from the surface closer to the third acid-
generating layer, to actinic radiation in the first wavelength range, thereby causing,
in the exposed areas of the first acid-g_énérating layer or phase, the sensitizing dye to
decompose at least part of the superacid precursor, with formation of unbuffered -
superacid in the first écid-generating léyer, without substantial production of
unbuffered superacid in the second and third acid-generating layers. Thereafter, the
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~ whole imaging medium is exposed to radiation of the first wavelength in the second

wavel_ength' range, thus decomposing part of the superacid precursor in the second
acid-generating layer to produce superacid and comverting at least part of the
sensitizing dye in the second acid-generating layer to ite_ pfotonated 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

of unbuffered superacid in the second acid-generating layer, without substantial

production of unbuffered superacid in the first and third acid-generating layers.
Thereafter, the whole nnagmg medmm is exposed to radiation.of the second
wavelength in the second wavelength range, thus decomposmg part of the superacxd
precursor in the third acld-generatmg layer to produoe superacid and converting at
least part of the sensitizing dye in the third acid-generating layer to its protonated
form. The medium is then lmagemse exposed to actinic radlatxon in the first

" wavelength range, thus causing, in the exposed areas of the third acld-generatmg
. layer or phase, the sensitizing dye to decompose at least part of the superacid

precursor, with formation of unbuffered superacid in the third acid-generating layer,
without substantial productlon of unbuffered superacid in the first and second acid-
generating layers. Thelasthwostagesofthelmagmgprocessareheaungthe
medium to cause, in the exposed areas of the first, second and third acid-generating
layers, acid-catalyzed thermal decomposition of the secondary acid generator and
formation of the secondary acid, and admixing the components of the first acid-
generating layer with those of the first color-change layer, the components of the
second acid-generating layei' with those of _ihe second color-change layer, and the
.components of the third acid-g'ener'ating layer with those of the third color-change
layer, thus causing, in the areas of the medium exposed to the three imagewise
exposures, the secondary acids to bring about the changes in absorption of the first,
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second and third image dyes and thus form a trichrome image, and the copper
compound and reactive material to destroy the remaining superacid precursor in each
of the three acid-generating layers, thus fixing the image. If the same sensitizing dye
is used in each of the three acid-generating layers, all three iméxgewise exposures can
be effected 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 i imaging medium.

Besides the acid-generating and color-change layers or phases, the
imaging media of the present invention may comprise a support and additional
layers, for example, a subbing layer to improve adhesion to the support, acid-
impermeable inieﬂﬁyers (as discussed above) for separating multiple bilayers from

one another, an anti-abrasive topcoat layer, and other auxiliary layers.

The support employed may be transparent or opaque and may be any
material that retains its dimensional stability at the temperature used for image
formation. Suitable supports include paper, paper coated with a resin or pigment,
such as, calcium carbonate or calcined clay, synthetic papers or plastic films, such as
polyethylene, polypropylene, polycarbonate, cellulose acetate and polystyrene. The
preferred matenal for the support is a polyester, desirably poly(ethylene
terephthalate). | |

Usually the acid-generating and color-change layers or phases will
each also contain a binder; typically these layers are formed by combining the active
materials and the binder in a common solvent, applying a layer of the coating
composition to the support and then drying. Rather than a solutlon coating, the layer
may be applied as a d1spers10n or an emulsion. The coating composition also may
contain dispersing agents plasticizers, defoammg agents, coatmg axds and materials
such as waxes to prevent sticking.

The binder used for the acld-generatmg layer(s) must of course be
non-basic, such that the superacid is not buffered by t_he binder. Examples of binders
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that may be used include styrene-acrylonitrile copolymers polystyrene,

. poly(or.-methylstyrene), copolymers of styrene and butadlene, poly(methyl meth-

acrylate), copolymers of methyl and ethyl actylate, poly(vmyl butyral),
polycarbonate poly(vmyhdene chloride) and poly(vmyl chloride). It will be
appreclated that the binder selected should not have any adverse effect on the
superacrd precursor, sensmzer secondary acrd generator, copper compound reactive

material or image dye mcorporated therein. Also, the binder should be heat-stable at

' the temperatures encountered during the heatmg step and should be transparent so
that it does not interfere with viewing of the i image. - The binder must of course =

transmit the actinic radiation used in the exposure steps. _

- The imaging media of the present invention may be used i in any of the
ways in which the aforementioned *489 and 612 media have been used.
Specrﬁcally, the imaging media of the present invention are very smtable for use m
slide blanks similar to those described in International Applications Nos.
PCT/US95/04401 and PCT/US95/YYYYY (filed April ll 1995 and claiming
priority from U.S. Apphcatlon Serial No. 08/226.657, filed Apnl 12, 1994)
respectively. .

Thus, one preferred slide blank of the presem'invention comprises:

a support; |

amask’layerhavingasubStanﬁallyu'ansparentcentralportionanda

Wentpenpheralporhonsmoundmgthecert&alporhon,and,
anxmageablelayercompnsmganrmagmgmedrumofthepresent

. invention which is imageable to form an image which can be viewed in transmission,

thesupport,masklayerandlmageablelayerbemgsecuredtogetherso

' tbatthe supportandthermageable layerextendacrossessentlallythe entire transparent

central portion of the mask layer, at least the portion of the support adjacent the central

portion of the mask layer being substanually u'ansparent.
A second preferred slide blank of the present invention compnses
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a support at least part of which is essentially transparent; _

an imageable layer superposed on one face of the support, the
imageable layer comprising an imaging medium of the present invention which is
imageable to form an ixnage which can be viewed in transmission; and

a.protective; layer superposed on the imageable layer on the opposed
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 layer being such that no part of the imageable layer
containing the color-fo_rming coniposition is more than about 0.2 mm from one
external surface of the slide blank. _

For further details of these preferred slide blanks, methods for their
use and slides produced therefrom, the readier is referred to the aforementioned
International Applications Nos. PCT/U $95/04401 and PCT/U S95/YYYYY.

A preferred embodiment of the invention will now be described,
though by way of illustration only, with reference to Figure 3 of the accompanying
drawings, which shows a'demnaﬁg cross-section ﬂnough a.fhﬂ color imaging
medium (generally designated 10) of the invention as the image therein is being
fixed by bemg passed between a pair of hot rollers 12.

The imaging medium 10 comprises a support 14 formed from a
plastic film. Typically the support 14 will comprise a polyethylene terephthalate
film 3 to 10 mils (76 to 254 my) in thickness, and its upper surface (in Figure 3) may
beimeauuiivhhzasuquuu,such:nianevwﬂLJuunwntoihmsesmdnedinthe;ueparaﬁon
of imaging media, to improve adhesion of the other layers to the support.

‘On the support 14 is disposed a first acid-géneraﬁng layer 16

_comprising:
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(@) a superacid precursor, namely (4-octyloxyphenyl)phenyl-

1odomum hexaﬂuoroantxmonate

) an indicator sensmzmg dye of the formula
OCgH,-

Sbl-_.(5

H - TN0CH,
(the unprotonated form is available ﬁ'om Yamada Chemlcals, Kyoto Japan); this

sensitizing dye sensitizes the superacid precursor to visible radiation at '

approximately 450 nm);

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

o

(d)  acosensitizer, preferably triphenylamine; and
. (© apolystyrenebinder.
On the opposed side of the acid-generating layer 16 from the support 14 is disposed
a first color-change layer 18 comprising: _
(@ a first image dye, of the formula

.56
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(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;

(c)  areactive material, namely potassium acetate; and

. (d) a binder comprising Acryloid B-82 (available from Rohm &
Haas, Phﬂadelphla, Pennsylvania 19104) and poly(vinyl alcohol); the poly(vmyl
alcohol) acts as both a binder and a reducing agent for the fixing process.

The acid-genefat_ing layer 16 and the color-change layer 18 both
contain a binder having a glass transition temperature substimtially above room
Superposed on the first color-change layer 18 is an acid-impermeable
layer 20, which serves to prevent acid generated in the second acid-generating layer
22 (see below) during imaging penetrating to the first color-change layer 18. '
Superposed on the acid-impermeable layer 20 is a second acid-generating layer 22,
which contains the same superacid precursor, secondary acid generator and binder
as the first acid-generating layer 16. However, the second acid-generating layer 22

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

dimethoxyphenyl)pyridine, which sensitizes the superacid precursor to visible/near
ultra-violet radiation of approximately 400 nm wavelength.
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Superposed on the second acxd-generatmg layer 22 is a second color-
change layer 24 which is ldentlcal to the first color-change layer, except that the

Copikem 37 is replaced by a second image dye, of the formula:

T4Hg CI:BHW

(available from Hilton Davis Co. under the tradename “Copikem 35”), which

changes from colorless to magenta in the presence of an acid. |
The next layer of the imaging medium is a second acid-impermeable

interlayer 26, identical to the layer 20. Superposed on the acid-impermeable layer 26

is a third acid-generating layer 28, which contains the same superacid precursor,
secondary acid generator and binder as the first and second acid-generating layers 16

and 22 respectively. However, this third acid-genera'_t'ihg layer 28 does not contain an

~ indicator sensmzmg dye, but instead contains a conventional non-basic polycyclic

aromatic sensitizer, namely 1-vinylpyrene, which sensitizes the superacid precursor
to ultra-violet radiation of approximately 350 nm wavelength. Superposed on the

third acid-generating layer 28 is a third color-change 1ayer 30 which is identical to

the first color-change layer, except that the Copxkem 37 is replaced by a tlnrd 1mage'
dye, of the formula
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(see U.S. Patent No. 4,345,017) which changes from colorless to cyan in fhe
presence of'an acid. Finally, the imaging medium 10 comprises an abrasion-resistant
topcoat 32. . |
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 respectively. The three radiation spmces may be applied simultaneously or
sequentially; for example, the medium may be scanned in a raster pattern
simultaneously by the focused beams from three lasers of appropriate wavelengths,

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

The imaging medium 10 is passed between the heated rollers 12; the
heat applied by these rollers causes the unbuﬁ’ered superacid present in the exposed

_ areas of the acld-generatmg layers 16, 22 and 28 to cause catalytlc breakdown of the

secondary acid generator therein, thus causing formation of a quanuty of secondary
acid substantially greater than the quantity of unbuffered superacid generated by the

imagewise exposures. The heat and pressure applied by the heated rollers 12 also
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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 assoclated pairs of acxd-generatmg and |
color-eha.nge layers are “developed” and fixed as described above with reference to
Table 2; i.e., the copper compound decomposes the remaining superacxd precursor
and the base neutralizes the unbuffered superaeid present In these exﬁosed arees,
the secondary acid produced in the acld-generatmg layer effects the color change of
the image dye in the associated color-change layer, thereby formmg yellow, magenta
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 aeld-lmpermeable mterlayers 20
and 26 prevent the unbuffered superacid or the secondary acid generated in the
second and third acld-generatmg layers 22 and 28 respectively mlgratmg to the first
and second color-change layers 18 and 24 respectlvely, thus preventmg crosstalk
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 mdlcator sensitizing dye)
present in the non-exposed areas of its associated acid-generating layer, thus
removmg the visible absorption due to the protonated sensitizing dye, and reducmg
the Dpin of the images to a low level.

The following Examples are now given, though by way of illustration
only, to show details of preferred reagents, conditions and techniques for use in the
process and medium of the present invention. '
Example 1 e | '
This example uses high pressure liquid chromatographic (HPLC) .
analysis of extracted films to show that complete destruction of an iodonium salt
superaexd precursor may be achieved, in both exposed and non-exposed areas of an
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imaging medium of the present invention, by thermal reaction in the presence of a
copper reagent. In the absence of the copper reagent, iodonium salt remains
undestroyed in both Dmm and Dm,x areas. _ |

The ac1d-generatmg and color-change layers used were coated from

organic solvents onto separate pieces of film base. The reactive material used in the

.color-'change layer was a tertiary amine, which acts as both a base and a reducing

agent. After exposure and heating of the acid-generating layer, the two film bases
were laminated together and heated, thereby mixing the components in the acid-
generating layer and the color-change layer.

Three coating fluids were prepared as follows:

Flmd A:

_ A superacld precursor ((4-octyloxyphenyl)phenyl iodonium hexa-
fluoroantimonate, 0.25 g), a sensitizer (1-vinylpyrene, 0.1 g), a secondary acid
generator (2,2-dimethyl-1-[4-methoxybenzyloxalyloxylprop-3-yl[4-methoxybenzyl}-
oxalate, 4 g) and a polymeric binder (poly(methyl methacrylate), Elvacite 2021,
supplied by DuPont de Nemours, Wilmington, DE, 6 g) were dissolved in
dichloromethane (114 g) Surfactant FC-431 (available from Minnesota Mining and
Manufacturing Corporatlon, St. Paul, MN, 1.86 mL of a 2% solution in methyl ethyl
ketone (MEK)) was added to the resulting solution.

- Fluid B:
A magenta indicator dye (3,3-bis[1-butyl-2-methyl-1H-indol-3-yl]}-1-
(3H)-isobenzofuranone, available under the tradename Copikem 20 from Hilton

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

Additives Division, Seven Skyline Drive, Hawthome, NY 10532, 0.75 g), a
polymeric binder (the aforementioned Elvacite 2021, 7.5 g) and a surfactant (Aerosol

. 'TR-70, supplied by American Cyanamid Co., Wayne, NJ 07470, with pH adjusted to

6.4 using a 1M aqueous solution of sodium hydroxide, 1.02 g) were dissblved_in
dichloromethane (159 g, 120 mL). ) )
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Copper(Il) acetylacetonate (130 mg), and the same magenta indicator
dye (0.4 g), hindered amine base (50 mg), polymeric binder (0.5 g) and surfactant
(68 mg) as in Fluid B were dissolved in dichloromethane (10.6 g, 8.0 mL).

Experimental proced o

" Fluid A was coated onto a re_f_lectiv'e' film base of 6 mil thickness
(Melinex film, available from ICI Americas, Inc,, Wilmington DE) using a #12
coating rod, to form Coating A. Fluids B and C were separately coated onto pieces

_ of poly(ethylene terephthalate) base (ICI Type 3295) of 4 mil (101 micron) thxckness

using a #4 coating rod, to form Coatmgs Band C, respectlvely
The resultant coatmgs were treated as described below in
'Expenments A-E '

color-¢ laver, followed ion and HPLC. _
_AportmnofCoatmgA, 125 cm? in area, was treated as follows:
() - Exposed to 40 mJ/cm’ ultraviolet irradiation using a nuArc
26-1K Mercury Exposure System (available from nuArc Company,

Inc., 6200 West Howard Street, Niles IL 60648: the output of this
device was measured using. an IL390A “Light Bug” radiometér,

available ﬁ'om International Light, Inc 17 Graf Road, Newburyport,
MA 01950);

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

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

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

for 30 seconds;

(v)  The laminated structure was next cut into small pieces, placed

in a brown glass bottle and extracted with diéhloromgthane (enough
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to cover the pieces of film) for 1 hour at room temperéture. The film

base was removed, and the remaining solution evaporated. The
residue was dissolved in acetonitrile (HPLC grade, 3 inL; during this
process the polymer precipitated) and the resultant solution was
filtered through a 0.45 micron disposable filter; and

(vi) - Filtered acetonitrile extracts from (v) above were analyzed by
HPLC, using a Hewlett-Packard 1090 HPLC instrument equipped
with a diode array UV-vis detector, a Rainin RP-18 pre-column and a
Keystone Scientific Spherisorb ODS2 column (150 x 4.6 mm, 5

micron particle size), eluted as follows:

~ Eluting solvents

X.  An aqueous solution, 200mM in hexanesulfonic acid, sodium
salt, and 40 mM in tnethylamme, adjusted to pH 3.5 with phosphoric

acid;

Y.  1:1 acetonitrile/methanol.
Elution gradient:

0 min 1:4X:Y

S min 1.8 XY

10min  100%Y

Flowrate: 1.2 mL/min

Detection ~ 254nm

Reference: 450 nm
Injection volume: 25 microliters.

Under these conditions, the retenuon time of the superacid precursor

25 (4-octyloxyphenyl)phenyl iodonium hexaﬂuoroannmonate was 5.2 minutes. The
integration of this peak was recorded. Calibration experiments showed that the area
under this peak was proportional to the concentration of (4-_octyloxyphenyl)phenyl
iodonium hexafluoroantimonate in acetonitrile solution. |
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cessing  to ve D with co

Experiment B: Exposure and processing to give Dy, with copper(l
acetylacetonate fixing reagent in the color-change layer, followed by extractlon and

HPLC analysis.
Coating A (125 cm?) was treated as in{Experiment A above, except

that film C (125 cmz) was used instead of film B in step (111)

the eolor-chl_ng. ¢ layer, followed by extraction and I_-E LC analysis. -

Coating A (125 cm®) was treated as in Experiment A above, omitting

without e

mlacetonate.ﬁxmg reagent in the color-change lam, followed by extraction and
HPLC analysis.

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

' Ement E: Extraction and HPLC analxsrs of the color-change layer without

€xposure or processing.
Coating A (125 cm’ ) was analyzed by the process of steps (v) and (vi)

in Experiment A above.
The results from these expenments are shown in Table 3 below.

Table 3

Experiment A B c D 'E

D Dinax Dhnin Diin No

| noCu | +Cu ‘no Cu +Cu exposure

Areaof HPLC peak at 5.2 | 2388 0 - 4839 0 4833
minutes retention time ' :
(arbitrary units) | |
Remaining iodonium salt [ 49 - | 0 100 | o | 100
%) _ - _

These experiments clearly show that, in the presence of the copper(Il)
ﬁxmg reagent, all the iodonium salt is destroyed the D and Dpax areas under the |
imaging conditions described above, whereas without the copper reagent, iodonium
salt remains in both Dyiy and Dy areas. ' '
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Example 2

This example shows that the Dpin of 2 si_ng_lé-sheet imaging medium
can be rendered light-stable by incorporation of a copper reagent into th. olor-
change layer. It is also shown that an initially lower Dhmin, and higher image contrast,
may be obtained by use of a primary amine rather than a tertiary amine.

Four dispersions were prepared as follows:

Disgersion A

A magenta indicator dye (3-[1-butyl-2-methylindol-3-yl]-3-[1-octyl- .

2-methylindol-3-yl]-1-(3H)-isobenzofuranone, available under the tradename
Copikem 35, from Hilton Davis Co., 2 g), a hindered amme base (T‘ inuvin 292, 0.5
g), an acrylate polymeric binder (Elvacite 2043, supplied by Du Pont de Nemours,
Wilmington, DE, 2.5 g) and a surfactant (Aerosol TR-70 with pH as in Example 1,
0.34 g) were dissolved in dichloromethane (40 mL). De-ionized water (40 g) was
added, and the mixture was sonicated. The mixture became initially very viscous;

‘sonication was continued, with addition of additional water (ca. 8 'mL), until a

marked reduction in viscosity was observed.  Finally, evaporation of
dichloromethane afforded Dispersion A (10.0% solid materials in water). |
'. Dispersion B ' |
. A primary amine base (2-aminoethylimidazolidone, 0.25 g), and the
same magenta indicator dye (1.0 g), , binder (1.25 g) and surfactant (0.17 g) as in
Dispersion A were dissolved in dichloromethane (20 mL). De-ionized water (20 g)
was added, and the mixture was sonicated. The mixture became initially very

 viscous; sonication was continued, with addition of additional water (ca. 4 mL), until

a marked reduction in viscosity was observed.  Finally, evaporation of
dichloromethane afforded Dispersion B (10.2% solid materials in water).

Dispersi .

Copper(Tl) ethylacetoacetate (90 mg), and the same binder (1.5 g) and
surfactant (0.204 g) as in Dispersion A were dissolved in dichloromethane (25 mL).
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De-ionized water 24 g) was added, and the nnxture was somcated The mixture
became initially very viscous; sonication was contmued until a marked reductron in

viscosity was observed. Finally, evaporation of dichloromethane afforded

- Dispersion C (8.05% solid materials in water).

M
A polyacrylate binder (Elvacite 2043 45.0 g) and a surfactant (TR-

70, with pH as in Example 1, 3.0. g) were dissolved in dichloromethane (307 g.).

De-ionized water (280 g) was added, and the mixture was homogenized.
Evaporation of diehloromethane gave Dispersion D (13.8% solid materials in water).
Five coating fluids were also prepared as follows: |
Fluid A o
A superacid | precursor ((4-octyloxyphenyl)phenyl iodonium hexa-
fluoroantimonate, 50 mg), a sensitizer (l-vinylpyrene, 40 mg), a secondary acid
generator | (2,2-dimethyl-1- [4-benzyloxybenzyloxalyloxy]prop-3-yl[4-benzyloxy-
benzyl]oxalate (200 mg), a polystyrene bmder (average molecular weight 45,000,
available from Aldrich Chemical Co., Milwaukee, WI, 400 mg) and a surfactant
(FC-431, (available from Minnesota Mining and Manufacturing Corporation, St.

Paul, MN, 10 mg of a 2% solution in MEK) were dissolved, with warming, in

sufficient 2-butanone to bring the total weight of the solution t0 7.0 g,

Fluid B | | N B

| Dispersion A (1.0 g) was combined with 2.0 g of dispersion D, 0.38 g

of a 9.9% aqueous solution of poly(viny! alcohol) (Vinol 540, available from Air
Products Corporatron, Allentown, PA) and a surfactant (FC-120, available from
anesotaMlmng and Ma.nufactunng Corporatlon, St. Paul MN, 0. 03 mL of 2 10%
solution in 2-butanone).

Fluid B2

Dispersion A (1.0 g) was combined with 2.0 g of drspersron C, and
the same amounts of Vinol 540 and FC-120 as in Fluid B1.
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Fluid B3

Dispersion B (1.0 g) was combined with 2.0 g of dispersion D, and
the same amounts of Vinol 540 and FC-120 as in Fluid B1.

Fluid B4 o -

Dispéréion B (1.0 g) was combined with 2.0 g of dispersion C, and
the same amounts of Vinol 540 and FC-120 as in Fluid B1.

Experimental Procedure
An acid-generating layer was fon_ned by coating Fluid A (pre-heated

to about 50°C) onto reflective Melinex base of 6 mil thickness with a #5 coating rod.
Four different color-change layers were coated on to separate pieces
of this film by coating Fluids B1, B2, B3 and B4, using a #8 coating rod.
The resultant structures, A/B1, A/B2, A/B3 and A/B4 respectively,
had the estimated coverages (in micrograms/cm®) shown in Table 4: |

| Table 4
Structure | am1 AB2 A/B3 A/B4
Iodonium salt 109 109 109 109
Secondaryacid | 440 4“0 | 440 44.0

' _generator :

| Sensitizer | 8.8 88 8.8 8.8
| Image Dye 21.8 21.8 21.8 21.8
Primary Amine 0 0 55 " ss
‘Tertiary Amine 5.5 55 0o - 0
Copper salt 1 o 47 0 47

- Portions of these four structures were exposed to ultraviolet radiation
in the same way as in Example 1 but at an eiposure of 21 mJ./cmz,'wiﬂl'other'
portions remaining unexposed. The structures were then heated, first at 65°C for 20
seconds, and finally at 120°C for 30 seconds. Optlcal densities (green) were then
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recorded in Dy (exposed) and Dmin (npn-exposéd) areas using an X-Rite 310 |
photographic densitometer, supplied by X-Rite Inc., Grandville, MI, with the
appropriate filter (Sfatus A). T _
Portions of the Dnin and Dimex areas of the imaged structures were then
mounted in slide mounts and exposed to intense light in the gate of an Ektagraph.lc
I slide projector (available from Eastman Kodak) equlpped with a 300W Sylvania
tungsten halogen lamp (available from GTE Products Corporatlon, Winchester, KY) |
for 1 minute. The coated side of the film base Wwas arranged to face the projector

lamp. After this exposure, optlcal densities (green) were agam measured in Dyyip and

Dmax areas. _ _
Results from these experiments are shown in Table 5 below, in which

* “PA denotes the primary amme and “TA” denotes tertiary amine, and “exposure”

refers to exposure in the projector.

Table §

Structure | AB1 AB2 | AB3 A/B4

NoCwTA | CwTA | NoCuwPA | cCupa
Diin before 0.11 0.36 0.11 012
exposure . : ' '
Dunafterexposure | 036 | 035 051 | 017
Duin change during | 0.25 001 040 | 005
exposure : _
Dinax before 0.95 1.17 0.93 1.09
exposure |
Dinax after exposure 099 1.07° 0.97 1.03
Dmnax change during 0.04 01 | 0.04 -0.06
‘exposure -

In structures A/B1 and A/B3, in which the copper reagent was not
present, Dy rose substantially during light exposure. In structures A/B2 and A/B4,
in each of which the copper reagent was present, the rise in Dy, Was much reduced
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or eliminated. In sfructure A/B4, in which a primary amine was used as the basic
component, initial Dyin Was much lower, and contrast was higher than in structure
A/B2, in which a tertiary amine was used. _

Dmax Was not affected as substantially as Dpi,. However, Dyax rose
slightly in structures A/B1 and A/B3, without the copper reagent, but fell slightly in
structures A/B2 and A/B4, which incorporated the copper reagent. (The fall in Dy
is probably due to photolytic instability of the image dyé itself in the presence of the
other penﬂarient components of the imaging system.) ' '
Example3 '

This example illustrates the use of a copper salt and potassmm acetate
base to produce a fixed image having excellent contrast. '

- Two coating fluids were prepared as follows:

Fluid A

The same superacid precursor (20 mg) and secondary acid generator
(80 mg) as in Example 1, the same polystyrene binder (800 mg of a 20% solution in
2-butanone) as in Example 2, Fluid A, and a sensitizer (9,10-diphenylanthracene, 16
mg), were combined (heating to about 50°C was required).

The same Copikem 35 magenta indicator dye as in Example 2,
D1spers10n A (10.0 g) was added to a solution of an acrylate polymenc binder
(Acryloid B-82, supplied by Rohm & Haas Corporanon, Philadelphia, PA 19104,
12.5 g) dissolved in ethyl acetate (77.5 g), and the resultant solution was added to
31.8 g of a 9.81 % aqueous solution of the same Vinol 540 poly(vinyl alcohol) as
used in Example 2, Fluids B1-B4, to which 73 g of water had been added. The
resultant mlxture was sbnicated, after which evaporation of ethyl acetate afforded the

" required dispersion (which was diluted with water to 17.0% solids by weight).

To 0.5 g of this dlspersxon was added 50 mg of a 20% aqueous

solutxon of potassmm acetate, 200 mg of an aqueous solution which was 0.71% in
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copper(Il) acetate and 0.62% in poly(vinyl alcohol) (Vinol 540), and 10 mg of a 5%
solution of 2 surfactant (Igepal CO-630, available from GAF Corporation, 1361 Alps
Road, Wayne NJ 07470). o |
An imaging medium was prepared by first coating Fluid A (pre-
5 heated to about 50°C) on to reflective Melinex base of 4 mil (101 pm) thickneés

using a #4 coating rod, then cbating Fluid B on to this dried layer, using a #3 coating

rod. This imaging medium was exposed, at the exposures shown in Table 6 below,

to- ultraviolet radiation using the same apparatus as in Example 1 and a neutral -

density filter. After exposure, the medium was heated first at 45°C for 20 seconds,
10 then at 120°C for 1 minute, and the green optical densities were recorded using an
X-Rite 310 photographic densitometer, supplied by X-Rite Inc., Grandville, MI, with

the appropriate filter (Status A). | | |
Finally, the exposed and processed imaging medium was tested for
light stability by exposure to fluorescent lamp illumination (2000 ft candles) for the
15  periods of time shown in Table 6, following which the green optical densities were
againread. The results_pbtained are shown in Table 6 below, in which “OD” denotes

optical density.

Table 6 .
Exposure(ml/em®) | 505 | 278 [ 144 | 70 | 43 | 18 | o
Initial OD 194 | 197 | 1.84 | 1.83 | 1.81 | 033 | 0.08
OD after 40 min. 198 | 199 | 1.87 | 1.89 [ 1.80 | 0.65 | 0.09
fluorescent exposure , 1 - :
ODafter 16.5hour | 1.84 | 1.89 | 1.80 | 1.81 | 1.76 | 0.87 | o.1
fluorescent exposure ' '

From Table 6, it will be seen that, except for the step having density
20  intermediate between Dain and Dpex obtained upon 1.8 mJ/cm? irradiation, fixation

of the image was achieved. Since this medium was 'de'signed to be essentially binary,
the lack of stability of intermediate densities was not important.
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Examples 4_-5 : Simple Nucleophile Process

' Example 4

This Example illustrates the use of acetate salts of monovalent metals
as fixing reagents in the simple nucleophile process of tﬁe present invention.

Coating fluids were prepared as follows:

A superacid - precursor ((4-octyloxypheny1)phenyl iodonium hexa-

ﬂuoroahtimonate, 32 mg),_ a sensitizer (9,10-diphenylanthracene, 50 mg) and a

secondary acid generator = (1-[4-benzyloxybenzyloxalyloxy]-1-methylprop-3-yl-
[4-benzyloxybenzyl]oxalate (prepared in a manner analogous to that described in
U.S. Patent No. 5,395,736, 252 mg) were dissolved in a solution of polystyrene
(average molecular weight 45,000, available from Aldrich Chemical Co.,
Milwaukee, WL, 4 g of a 20% w/w solution in 2-butanone). |

_F.I.H.M.O;B_S

A dispersion of Coplkem 35 magenta mdlcator dye was prepared as
descnbed in Example 3 above. The final dispersion was 15.08% solids by weight.

Portions of this dlspersmn 0S5 g were combmed with 0.11 gof 1M
solutions of the following acetate salts to make coating fluids BO-BS:

Fluid BO No acetate salt solution was added (control)

Fluid Bl Ammonium acetate

Fluid B2  Lithium acetate

FluidB3 ~ Sodium acetate

Fluid B4 Potassium acetate

Fluid BS  Cesium acetate. _ _

An acid-generating layer was formed by coating Fluid A (pre-heated

to about 50 °C) on to reflective Melinex base of 5 mil thickness with a #4 coating

rod.
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Six different color-change. layers were coated on to éeparate pieces of
the film bearing the acid-generating layer_ by coating Fluids B0-BS, using a #3
coating rod. - o |
The resultant maglng media, hereinafter called “A/B0” to “A/B5”
were each separately treated as follows: | '
1. The medium was cut into six pieces.
2. Each of the six pieces was heated at 45 °C for 20 seconds.
3. Each of the six pieces was heated for a different length of time
(between 10 and 60 seconds) at 120 °C.
4. Each of the six pieces was exposed to a single strobe flash
from a Polatronic photographic ﬂash unit (model 2350) from which
the ultraviolet filter had been removed The casing of the lamp was
'placedm contact with the film, such that the distance between the
flash lamp and the film was appro:kimately 32cm.
. §. Optical densities (green) were recorded usmg an X-Rite 310
photographic densnometer supphed by X-Rite, Inc., Grandville, MI,
with Status A filter |

In a separate expenment, imaging media A/B0-A/B5 were prepared
as described above and half of each medium was exposed to 25mJ/cm of ultra-

violet irradiation using the same type of mercury exposure system as in Example 1
above. The other half of the medium was not exposed. Thefeaﬁer, the media were
heated at 45°C for 20 seconds, then at 120°C for 30 seconds. Finally, the maximum
and minimum green optical densities were. measured in the same way as in Example
2 above. _ o " _
 The results from these experiments ar¢ shown in Table 7 below.
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Table 7
Dpin after heating and flash exposure .
Time at Control | NH4Ac LiOAc NaOAc KOAc CsOAc
120°C
(sec.).
10 0.93 0.96 0.9 0.8 0.47 0.93
20 1.02 - 097 - 0.76 0.67 0.27 0.23
30 102 0.92 0.7 0.61 0.11 0.12
40 1.01 - 0.85 0.63 - 0.56 0.13 0.09
50 0.99 1.35 0.67 0.57 0.11 0.08
60 0.96 0.88 0.76 0.56 0.08 0.08
Dhia after heating for 30 seconds at 120°C
028 | 015 0.11 0.09 0.08 0.08
Change m Dain : (heating 60 seconds + flash) - (heating for 30 seconds alone)
0.68 0.73 0.65 0.47 0 0
Dusx after heating for 30 seconds at 120°C '
225 - 235 1.56 1.71 1.72 220

10

From Table 7, it will seen that potassium and cesium acetates gave
Dmin values which did not rise as a result of flash exposure after fixing (i.e., these
fixing reagents fully fixed the images). In each case, fixing was achieved with 30-60

5 seconds heating at 120°C, and high contrast imaging was provided.
'Example h] '
Thxs Example illustrates the use of cesium salts as ﬁxmg reagents in
the simple nucleophlle process of the present invention.
' Coating fluids were prepared as follows:
Fluid A |

A superacid precursor ((4-(2-hydroxytetradecan-1-yloxy)phenyl)-
phenyl iodoniurh hexafluoroantimonate, 50 mg), and the same sensitizer (50 mg) and
secondary acid generator (150 mg) as used in Example 4 above were dissolved in a
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solution of the same polystyrene as used in Example 4 (5g of a 20% _w/W solution in
2-butanone). - ' '

Fluids B0-B7 -

The same Copikem 35 magenta image dye (10 g) as described in
Example 2 above was added to a solution of 20 g of the same polystyrene as used to
prepare Fluid A in 112 g of ethyl acetate, and the resultant solution was added to a
so'lution of the same Vinol_ 540 poly(vinyl alcohoi) as used in Examplé 2 (84.08 g of
a 6.6% solution in water). Water (155.92 g) was added, and the resultant mixture
was sonicated. Evaporation of ethyl acetate yielded the required aqueous dispersion
of the dye and polymer (237 g, 14.4% solids by weight).

Portions of this dispersion (0.5 g) were combined with 0.1 g of I M

solutions of "the_following cesium salts (except for fluid B3, in which 0.5 g of the

- dispersion was combined with 0.4 g of a 0.25 M solution of cesium benzoate) to

make coating fluids B0-B7: |
Fluid BO No cesium salt solution was added (control)
Fluid Bl Cesiumhydroxide
FluidB2  Cesium acetate
FluidB3  Cesium benzoate
FluidB4  Cesium phenoxide
FluidB5  Cesium fluoride
 FluidB6  Cesium chloride
FluidB7  Cesiumiodide. | |
An acid-generating layer was formed by coating Fluid A (pre-heated
to about 50 °C) on to reflective Melinex base of 5 mil thickness with a #8 coating

rod. _
 Eight different color-change layers were coated on to separate pieces
of the film bearing the acid-generating layer by coating Fluids BO—B7, using a #8

coating rod, except for Fluid B3, which was coated with a #12 rod..
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The resultant imaging media, hereinafter called “A/B0” to “A/B7”
were each separately treated as follows: '

' 1. Half of each medium was exposed to. 25mJ/cm?® of ultra-violet
irradiation using the same type of mercury exposure system as in
Example 1 above. The other half of the medium was not exposed.

2. The medium was cut into seven strips, each having an
exposed and an unexposed portion.
3. Each of the seven strips.was heated at 60 °C for 30 seconds.
4, Each of the seven strips was heated for a different length of
time (between 15 and 120 seconds) at 120 °C. | |
5. Optical densities (green) were recorded in exposed and
unexposéed portions in the same manner as in Example 2 above.
6. The strips were exposed to fluorescent lights (2000 ft.
candles) for 20 minutes.
7. CnnumdcknuuUes(gnxuo'wmmeagaulreoonhxiumexposadamd
unexposed portions in the same manner as before.
The results obtained are shown in Table 8 below:

Table 8

Timeat120°C(sec.) | 15 | 30 | 45 | 60 | 75 | 90 | 120

Control (no cesium salt)

| Digig before flood 048 | 048 | 047 | 044 | 047 | 049 | 046
 Dinia after flood 080 | 0.81 | 0.76 | 0.77 | 0.87 | 0.88 | 0.83 _
Difference 032 | 033 | 029 | 033 | 040 | 0.39 | 037
[Dpex beforeflood | 1.81 | 2.02 | 198 | 1.82 | 19 | 1.96 | 185
Ducafterflood | 1.82 | 2.00 | 194 | 1.84 | 1.89 | 1.94 | 1.86
Difference _ 0.01_| -0.02 | -0.04 | 0.02 | -0.01 | -0.02 | 0.01
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Time at 120°C (sec.) | 15 30 | 45 60 75 | 90 | 120
Cesium hydroxide : ' o
| Dy before flood: 0.19 | 008 | 0.07 | 007 [ 007 | 0.08 | 0.07
Diin after flood 063 | 044 | 024 | 0.14 | 010 | 0.08.1 0.07
Difference | 044 | 036 | 0.17 | 0.07 | 0.03 0 0
| Diax before flood 162 | 1.79 | 1.70 | 160 | 1.59 | 1.58 | 137
| Dy after flood 161 | 1.78 | 1.73 | 1.58 | 1.59 | 1.61 | 1.40
Difference -0.01 | -0.01 | 0.03 | -0.02 0 | 0.03 0.03
Cesium acetate - _ _
| Dyin before flood 0.10 | 0.07 | 0.07 | 007 | 007 | 007 | 0.07
Diin after flood 050 | 046 | 039 | 027 | 020 | 016 | 0.10
‘| Difference 040 | 039 | 032 | 020 | 0.13 | 0.09 | 0.03
| Dinax before flood 145 | 155 | 153 | 148 | 147 | 146 | 142
Dinax after flood 149 | 159 | 160 | 1.58 | 1.59 | 151 | 1.43
Difference 004 | 0.04 | 0.07 ] 0.10 | 0.12 | 0.05 | 0.01
Cesium benzoate . o
| Dy before flood 0.10 | 007 | 007 | 007 | 007 | 007 | 0.07
D after flood 057 | 025 ] 019 ] 0.17 ] 0.13 | 0.10 | o.11
Difference 047 | 0.18 | 0.12 | 0.10 | 0.06 | 003 | 0.04
| Dynax before flood 170 | 1.66 | 1.77°| 155 ] 150 | 146 | 1.20
Dinax after flood 169 | 170 | 1.8} | 158 | 1.53 | 144 | 1.33
Difference -001 | 004 | 004 | 003 | 003 | -0.02 [ 0.04
Cesium phenoxide o
| Dinin before flood 0.13 | 0.07 | 007 | 007 | 007 | 007 | 0.07
| Dymip after flood 056 | 027 | 021 | 0.10 | 0.08 | 0.08 | 0.08
Dlﬂ'erence | 043 | 020 | 014 | 0.03 | 0.01 | 0.01 | 001
| Dig before flood 154 | 146 | 1.64 | 1.56 | 1.39 | 1.40 | 1.36
_D_g_.,aﬁerﬂood 1152 | 140 | 161 | 162 | 141 | 137 | 1.38
Difference _ -0.02 | -0.06 | -0.03 | 0.06 | 002 | -0.03 | 0.02
Cesium fluoride : : _ -
| Dyin before flood 021 | 007 | 007 | 007 .| 007 [ 007 | 0.07
| Dyig after flood 066 | 051 | 039 | 029 | 020 | 0.13 | 0.00
Difference 045 | 044 | 032 ] 022 | 0.13 | 0.06 | 0.02
Dinax before flood 150 | 1.72 | 158 | 160 | 161 | 146 | 1.45
[ Dypa after flood 140 | 1.69 | 161 | 156 | 158 | 137 | 1.44
Difference -0.10 | -0.03 | 0.03 | -0.04 | -0.03 | -0.09 | -0.01
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Timeat120°C(sec.) | 15 | 30 | 45 | 60 | 75 | 90 | 120
| Cesium chloride ' - )
| Dyin beforeflood - | 042 | 040 | 039 | 029 | 0.19 | 023 | 0.23
Dminafterflood | 0.73 | 068 | 0.65 [ 055 | 045 | 048 | 0.50
Difference T 031 ] 028 | 026 | 026 | 026 | 025 | 027
| Dunax before flood 153 | 168 | 1.64 | 155 | 1.51 | 152 | 1.33
| Dona after flood 154 | 168 | 165 | 1.52 | 154 | 148 | 1.53
| Difference 0.01 0 001 | -0.03 | 0.03 | -004 | 0.20
Cesium iodide - . .

| Dpin before flood 042 | 032 ] 037 | 023 | 0.19 | 022 | 025
| Dyip after flood 1 o066 | 051 | 049 ] 030 | 021 | 022 | 022
Difference 024 | 019 | 0.12 | 0.07 | 0.02 0 -0.03
Dumax before flood 174 | 193 | 192 | 1.80 | 1.85 | 192 | 1.89
| Dy after flood 176 | 191 | 192 | 191 | 187 | 190 | 1.96
Difference 0.02 | -0.02 0 002 | 002 | 0.02 | 0.07

From the data in Table 8, it will be seen that fixation was achieved
with all nucleophiles except cesium chloride. Using cesium iodide, fixation was
achieved with a Dpin of about 0.22, whereas with the other nucléophiles, the fixed

" Dmin was about 0.07. Cesium iodide was therefore successful in fixing the

intermediate level of density. The rate of fixation was in the order:
CsOBz ~ CsOPh ~ CsOH > CsF > CsOAc > Csl >>> CsCl.

| Examples 6-7 : Reduction Pr(u:eés

Example 6
.' “This Example illustrates a reduction process of the presént invention
in which a reducing agent precursor (a hydroquinone in its protonated form) is
coated in the acid-generating layer and a reagent (in this case an amine) capable of
converting this precursor to the reducing reactive material is coated in the color-
forming layer, and is mixed by diffusion into the acid-ge_néréting layer during the
heating step following exposure of the imaging medium.

_ A stock solution was prepared by dissolving the same superacid
precursor as in Example 5 (50 mg), a sensitizer (2,4,6-tris(2,4-dimethoxyphenyl)-
pyridinium hexafluoroantimonate, 50 mg) and the same secondary acid generator as
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in Examples 4 ahd 5 (150 mg) in the same polystyrene as in Exarhples 4 and 5 (2.5¢
of a 20% w/w solution in 2-butanone) Coatmg ﬂulds A-F+ were prepared by adding
to 450 mg aliquots of the stock solution the follawmg quantltxes of various
hydroquinones: o o |
FlidA:  No addition (controlj_

Fluid B: 2.4 mg of catechol (1,2-dihydroxybenzene)

_ Fluid C: 2.4 mg of hydroquinone (1,4-dihydroxybenzene)

Fluid D: 3.7 mg of t-butylhydroquinone |

_Flﬁi_d E: " 4,9 mg of 2,S-diétfbutylhydroquinone

Fluid F: 3.3 mg of trimethylhydroquinone.
In these coating ﬂmds the molar ratio of superacid precursor to ﬁxmg agent was
approximately 1:2. :
Coating fluids A-F were coated onto 4 mil Melinex with a #6 coaﬁﬁg
rod. The resultant films were overcoated with using a #8 coating rod with a_
dispersion prepared as follows. The same Copikem 35 magenta image dye as in
Example 2 (5 g) and an amine base (1-(3-aminoprop-1-yl)imidazole, 0.55 g) were
added to a solution of the same polystyrene binder as in the aforementioned stock
solution(15 g in 80 g of ethyl acetate), and the resultant solution was added to a
solution of the same Vinol 540 poly(vinyl alcohol) as used in Example 2 (57.2 gof a
7% solution in water). Water (110 g) was added, and the resultant mixture was
sonicated. ENaponnunlcd'eﬂud acetate aﬂbmdaithe:zquned aqueous«hspennon
(154.0 g, 14.5% sohds by welght)

_ The1nuupng1neduisoInoduoadeneempo&xiﬂnoughzas&q)“mdge-
to ultraviolet radiation in the same manner as in Example 4. Aﬁer exposure, the
media were heated at 60°C for 20 secénds, then at 120°C for 30 seconds. Optical
densities (green) were recorded for each exposure level in the same manner as in
Example 4, then the media were exposed to ﬂuorescént- lights (2000 ft. candles) for
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15 minutes, and the optical densities were ﬁgain recorded in the same manner. Table
9 below shows the results obtained. |
Table 9

Exposure (mJ/cm?) | 25.21 | 13.90 | 7.15 | 346 [ 2.17 [ 089 [ ©
Control (no hydroquinone) '
OD before flood 1.60 1.63 1.53 147 | 091 0.10 | 0.10
OD after flood 1.59 1.69 | 1.62 1.50 1.05 027 | 0.27
Difference ' 001 | 006 | 0.09 | 0.03 0.14 | 0.17 | 0.17
Cathechol . _
OD before flood 1.98 1.94 1.84 | 1.67 134 | 0.12 | 0.12
OD after flood 2.00 1.98 1.90 1.75 1.48 034 | 0.34
Difference . 0.02 | 0.04 | 0.06 | 0.08 0.14 | 022 | 022
Hydroquinone -
OD before flood 2.00 195 | 1.91 1.63 136 | 0.13 | 0.13
OD after flood 2.03 2.00 1.97 1.73 144 | 020 | 0.20
Difference 0.03 0.05 | 006 | 0.10 | 0.08 | 0.07 | 0.07
2-t-Butylhydroquinone
OD before flood .1.92 1.86 1.73 1.53 1.02 | 0.15 | 0.15
OD after flood 1.95 1.90 1.78 1.60 1.17 | 0.19 | 0.19
| Difference | 0.03 0.04 | 0.05 007 | 015 | 0.04 | 0.04
2,5-Di-t-butylhydroquinone
OD before flood 1.96 1.80 1.66 1.58 1.59 | 0.51 0.10
OD after flood 2.00 1.86 1.74 1.68 166 | 0.76 | 0.13
Difference 004 | 006 | 008 { 0.10 | 0.07 | 025 | 0.03
Trimethylhydroquinone : _
OD before flood 1.94 1.90 1.86 1.71 1.35 0.11 0.11
OD after flood 2.00 193 |- 1.89 | 1.73 140 | 0.13 | 0.13
Difference 0.06 | 0.03 0.03 0.02 | 0.05 0.02 | 0.02

From the data in Table 9, it will be seen that the efficiency of Dmm
5 fixing (zero exposure) was in the order:

control ~ catechol < hydroqumone < t-butylhydroqmnone <
2,5-di-t-butylhydroquinone < trimethylhydroquinone.
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Intermediate density levels were generally not ﬁxed in this system, but the sensitivity

of the medium was not decreased by incorporation of the hydroquinene into the acid-

generating layer.

Example 7 . | _
. This Example illustrates a redhction process of the present in which a
ferrocene derivative is used as the reducing ﬁxmg reagent, and also 1llustrates that
the ability of a reducmg reagent to function as a ﬁxmg reagent in the present process
is controlled by the ox1dat10n potentlal of the reducing reagent.

Coating fluids were prepared as follows:

Fluid A | _

The same superacid precursor as in Example 5 above (25 mg), and
the same sensitizer (25 mg) and secondary acid generator (75 mg) as in Example 4
above were dissolved in a solution of the same polystyrene -as in Example 425gof
a 10% wiw solutlon in 2-butanone).

Flmd§ B0-B4 _

To separate aliquots of a 16.5 % w/w solution of an acrylate polymer,
Acryloid B-82 (available from Rohm & Haas, Philadelphia, PennSylvenia 19104) in
2-butanone, 0.184M in the same Coplkem 35 1mage dye as used in Example 3
above, were added sufficient amounts of each of the ferrocene denvatlves listed
below to make the solutions 0.016M i in the ferrocene derivative. The derivatives
used were as follows:

Fluid Ferrocene derivative Oxidation potemial (mV vs SCE
_ . : in acetonitrile)

B0 None (control) . Notapplicable

Bl - Femocene 440

B2 ' 1,1"-Dimethylferrocene 340

B3 1-Formylferrocene ™ 720

B4 Decamethylferrocepe, . -120
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An acid-_genera_ting layer was prepared by coating Fluid A on to

several pieees of a transparent poly(ethylene terephthalate) base of 4 mil (101 um)

thickness using a #8 coating rod. Separately, five color-change layers were prepared

‘by coating Fluids B0-B4 on to 5 mil Melinex base using a #8 coating rod.
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The layers so produced'were treated as follows:

1. Five pxeces of the acld-generatmg layer were exposed to
ultravxolet xrradlatlon in the same way as in Example 1 above (25
mJ/cm? exposure) over half their area. The other half of each piece
remained unexposed

2. The five pieces of acid-generating layer were heated at 60°C

for 30 seconds.

3.~ Each of the five pieces was laminated to one of the color-
change layers B0-B4 at 120°C, 60 psig and 10 ft/min.

4, The transparent base was peeled away from each of the

5. Each of the resultant media was cut into seven portions, each
having an exposed and an unexposed region.
6. Each of the seven portions of each of the five media was

 heated for a dlﬁ'erent length of time (between 0 and 150 seconds) at
. 120°C.

7. Green opticel densities (in reflection) were recorded for the
Dhin and Dpax regions of each of the 35 porhons in the same manner
as in Example 4 above.

8. - The 35 portions were exposed to ﬂuoreecent light ilhimination
(2000 ft. candles) for 20 minutes. -

9. The optical densities in Diin and Dimax regxons were again read

in the same manner as before.
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The results obtained are shown in Table 10 below the first half of
this Table gives optlcal densities prior to the fluorescent exposure, while the second
half gives optical densities after the fluorescent exposure. -

Table 10
Optical densities before fluorescent exposure _
Time at 120°C (sec.) 0 | ‘15 30 | 60 90 120 150
BO,Dmin . 0.55 0.56 | 0.56 0.52 | 0.51 | 0.48 0.52
B0, Dmax 1.47 242 | 234 | 220 | 2.15 2.07 | 237
B1, Dyin__ 0.43 042 | 047 0.45 0.44 0.43 0.42
B1, Dnax ' 0.99 1.79 1.85 | 1.81 1.91 1.92 1.76
B2, Dpin 0.49 0.49 0.51 0.44 0.45 0.50 0.49
B2, Dpax ' 141 | 197 194 | 1.63 1.76 1.98 2.04
B3, Dmin . 1 049 | 0.50 | 0.51 | 048 0.50 |- 0.51 0.52
B3, Dmax 215 | 2.15 | 2.19 | 217 | 2.02 2.06 | 2.15
B4, Dmin 0.35 0.15 0.15 0.18 0.15 | 0.15 0.14
B4, Dyax 132 | 1.16 | 0.86 | 1.00 0.83 | 0.74 0.79
Optical densities after fluorescent exposure '
B0, Dmin - 1.11 | 1.10 1.10 | 1.14 | 1.05 1.10
B0, Dmax - 244 | 230 | 221 2.18 2.19 | 240
B1, Dmin : - 089 | 095 | 0.92 0.93 090 | 0.88
B1, Dyyiax ' - 1.82 1.96 1.86 1.890 | 2.04 1.84
B2, Dpin ' - 098 | 1.01 0.88 0.91 097 | 0.93
B2, Dmax - 2.03 1.88 | 1.69 | 1.80 1.99 2.09
B3, Dmin - 098 .| 1.01 0.97 1.00 0.97 | 0.98
B3, Dmax - 209 | 2.21 220 | 2.10 | 2.08 | 2.14
B4, Dmin - 0.19 | 0.23 029 | 0.18 | 0.16 | 0.15
B4, Dinax - | 105 | 0.75 097 { 0.79 0.75 0.80

From the data in Table 10, it will be seen that only in the case of
color-change'layer_ B4, in whicli decamethylferrocene was present, was fixation of
the Dpuin regions achieved, as indicated by the minimal changes in optical density of
these regions after the fluorescent exposure, and that a heating time of about 120
seconds at 120°C was required for adequate fixation.

**i#*_***#_‘#_&**#.*#***

From the foregoing,_it will be seen that the preseht invention provides

an imaging medium, and a process for producing and fixing an image, which produces
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a final image whlchls essentially insensitive to radiation of the wavelengths used to
produce the image, and which should thus have improved long term storage stability.
The reactive material needed fbr fixing can be chosen so that it can readily be
incorporated into the coating solution or dispersion used to form the color-change layer

5 of the imaging medium; thus, the provision of the fixing agent does not require major

changes in the manner in which the medium is produced, or the formation of additional
layers in the imaging medium. |
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QLT
. CLAIMS o

1. A process for producing,ahd fixing an image, which process
comprises: .

providifxg an imaging medium comprising an acid-generating layer or
phase compnsmg a mixture of a superacid precursor, a sensntlzer and a secondary
acid generator anda color-change layer ot phase compnsmg an image dye,

the sensitizer being capable of absorbing actinic radlatlon of a
sensitizer wavelength which does not, in the absence of the sensitizer, cause
decomposition of the superacid precursor to form a first acid; | o

the secondary acid generator being capable of acid-catalyzed thermal
decomposition by the first acid to form a secondary acid;. and | _

the image dye undergoing a change in its absorption of radiation upon
contact with the secondary acid; - |

magewxse exposing the medium to actinic radlauon of the sensitizer
wavelength, thereby causing, in the exposed areas of the acid-generating layer or
phase, the sensitizer to decompose at least part of the superacid precursor, the
1magew1se exposure leadmg to imagewise formation of the first acid in the acid-
generating layer;

thereafter, heating the medium to cause, in the exposed areas of the
acld-generatmg layer or phase, acid-catalyzed thermal decomposition of the

.secondary acid generator and formation of the secondary acid; and

admixing the components of the acld-generahng and color-change
layers or phases, thereby causing in the exposed areas of the me&ium, the secondary
aeid to bring about the ehange in absorption of the image dye and thereby form the
image; o . L
characterized by, in at least the non-exposed areas of the medium
reacting, with the superacid precursor, a reactive material which irreversibly destroys -
the superacid precuréor, thereby fixing the image.
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2. A process according to claim 1 characterized in that the
reactive material is one which undergoes a nucleophilic addition/elimination reaction-
with the superacid precursor. - o .

3. A process according to _claim' 2 characterized in that the
superacid precursor is a diaryliodonium salt and the nucleophilic addition/
elimination reaction produces an aryl iodide and a product in which an aryl
compound is substituted with a residue of a nucleophile derived from the reactive

5  material. |

4, A process according to according to any one of the preceding
claims characterized in that the reactive material is a salt having a potassium or
cesium cation and/or a fluoride, carboxylate, iodide, hydroxide, phenoxide or
benzoate anion.

5. A process accordmg to claim 1 characterized in that the
reactive material effects stoichiometric reduction of the superacid precursor. |
' 6.. A process according to claim 5 characterized in that the
reactive' material is any one or more of decamethylferrocene, hydroquinones,
catechols, enols, aminophenols, phenylenediamines, hydrazmes, hydroxylamines,
pwnnmﬂonesandsaksamdconqﬂexesofuansuunlnmmﬂs

7. A process according to claim 1 characterized in that fhc
reactive material comprises a first reactive material which is a nucleophile and a
second reactive material which is an oxidation/reduction catalyst.

| 8. A process according to claim 7 chanuneﬁzed in that the
oxidation/ reduction catalyst is a copper compound.

9. A process according to claim 8 chanunenzed -in that the
copper compound is any one or more of copper(l) acetate, copper(Il) acetate,
copper() ethylacetoacetate, copper(ll)  acetylacetonate and  copper(ll)
trifluoroacetylacetonate. |
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10. A process accordmg to accordmg to any one of the preceding

claims charactenzed in that the superacid precursor comprises an xodomum '

| compound.

| ll. An i 1mag1ng medlum compnsmg an acld-generatmg layer or
phase comprising a mixture of a superacid precursor, a sensitizer and a secondary
acid generator, and a color-change layer or phase comprising an image dye;
the sensitizer being capable of .ebsorbing actlmc .radiation of a
sensitizer wavelength wlﬁch does not, in the absence of the sensitizer, cause
decdmposition of the superacid precursor to form a first acid;
the secondary acid generator bemg capable of acid-catalyzed thermal

decomposition by the first acid to form a secondary a¢id; and

the image dye undergoing a change in its absorption of radiation upon
contact with the secondéry acid; - _

characterized in that the imaging medium further eomprises a reactive
compound capable of bringing about the ir;eversible decomposition of the superacid
precursor. |

12. Anxmagmgmedmmaccordmgtoclalm 11 charactenzedm
that the reactive matenal is capable of undergoing a nucleoph1hc addition/
elimination reaction with the superacid precursor. ,

13. Anlmagmgmedlumaccordmgtoclmm 12 characterized in
that the superacxd precursor is a diaryliodonium salt and the nucleophilic addition/
elimination reaction between the diaryliodonium salt and the reactive material

_produces an aryl halide and a product in which an aryl compound is substituted with
- aresidue of a nucleophile derived from the reactive matenal

" 14.  An imaging medium accordmg to clalm 13 charactenzed in
that the reactive material is a salt having a potassium or cesium cation ora fluoride,

| carboxylate, iodide, hydroxide, phenoxide or benzoate aniog_.
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15. An imaging medium according to claim 11 characterized in
that the reactive material is capable of effecting stoichiometric reduction of the

- superacid precursor.

16.  An imaging medium according to claim 15 characterized in
that the reactive material is any one or more of decamethylferrocene, hydréquinones,
catechols, enols, a’minophenolS, phénylenediamines, hydrazines, hydroxylamines,
pyrazolones and salts and complexes of transition metals. '

17.  An imaging medium according to claim 11 characterized in

. that the reactive material comprises a first reactive material which is a nucleophile

and a second reactive material which is an oxidation/reduction catalyst.

18.  An imaging medium according to claim 17 characterized in
that the oxidation/reduction catélyst is a copper compound. |

19.  Animaging medium according to claim 18 characterized in that
the copper co_mpound- is any one or more of copper(I) acetate, copper(II) acetate,

copper(Il) ethylacetoacetate, copper(Il) acetylacetonate and copper(Il) trifluoro-

20. An imaging medium according to any one 'of claims 10 to 19
characterized in that the superacid precursor comprises an iodonium compound.

21.  Aslide blank comprising: -

a support; E

a mask layer having a substantially transparent central portion and a
non-transparent peripheral portion surrounding the central pértion; and,

an imageable layer imageable to form an image which can be viewed in
transmission, | |

 the support, mask layer and imageable layer being secured together so

that the support and the imageable layer extend across essentially the entire transparent
central portion of the mask layer, at léast the portion of the support adjacent the central |
portion of the mask layer being substantially transparent, '
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characterized in that the unageable layer compnses an imaging medium
accordmgtoany one of claims 11 to 20.

2. A shde blank comprising:_

" a support at least part of which is essentially transparent; |

an imageﬁble layer sdperposed on one face of the sﬁpport, and
imageable to form an image which can be v1ewed in transnussxon, and

a protective layer superposed on the 1mageable layer on the opposed
side thereof from the support, at least part of the protective layer bemg essentlally

| transparent;

the support, imageable layer and protective .lay'er_ being secured

" together to form a slide blank having a thickness of at least 0.8 mm,

characterized in that the imageable layer comprises an imaging

 medium according to any one of claims 11 to 20 and in that the thickness of the

protectlve layer is such that no part of the mageable layer contalmng the color-
formmg composmon is more than 0.2 mm from one external surface of the slide
blank.
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