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This invention relates to stabilization of thermal images. More particularly, this invention relates to
thermal imaging media, processes for forming images and imaged media in which a color — stabilizing
additive is used to reduce fading of the images during projection of the image by passage of visible
radiation through the image. The sensitivity of the thermal imaging media of the invention is improved by
the incorporation of the color — stabilizing additive therein.

Copending International Patent Application No. PCT/US92/02055 and EP — A—-92107576.8, both com —
monly owned with the present application, describe and claim imaging media comprising a color — forming
layer comprising a thermal color —forming composition adapted to undergo a change of color upon increase
in the temperature of the color —forming layer above a color —forming temperature for a color —forming
time. Preferred imaging media described in these three applications are substantially as shown in Figure 1
of the accompanying drawings and comprise three separate color —forming layers containing yellow, cyan
and magenta thermal color —forming compositions; each of these color —forming compositions comprises a
color —forming compound which can produce the desired color and an infra—red absorber capable of
absorbing infra—red radiation and thereby generating heat in the color —forming layer. The three color -
forming layers use infra—red absorbers absorbing at differing wavelengths so that each color —forming
layer can be imaged independently; for example, specific imaging media disclosed in these three
applications use infra—red absorbers having peak absorptions at approximately 792, 822 and 869 nm.

Copending and commonly owned EP - A—-92107574.3 describes and claims certain processes for the
synthesis of bis(heterocyclic) dyes, especially asymmetric dyes in which the two heterocyclic nuclei differ.
These processes are useful for the synthesis of certain infra—red dyes used in the imaging medium of the
present invention shown in Figure 1 of the accompanying drawings.

Copending and commonly owned International Patent Application No. PCT/US91/08695 describes and
claims certain bis(benzpyrylium) infra—red dyes, including the croconate dye used in the thermal imaging
medium described below with reference to Figure 1 of the accompanying drawings.

As already indicated, imaging media are known which have at least one color —forming layer compris —
ing a color —forming composition adapted to undergo a change of color (from colorless to colored, from
colored fo colorless, or from one color to another) upon increase in the temperature of the color —forming
layer above a color —forming temperature for a color —forming time. The color change in such media need
not be supplied by applying heat directly to the medium; the color —forming composition may comprise a
color —forming compound (also referred to herein as a "leuco dye") which undergoes a change of color
upon heating above a color —forming temperature, and an absorber capable of absorbing actinic (usually
infrared) radiation and thereby generating heat in the color—forming layer. When such a medium is
exposed to appropriate actinic radiation, this radiation is absorbed by the absorber, thereby heating the
color —forming compound and causing it to undergo its color change. Many such thermal imaging media
have the advantage over conventional silver halide media of not requiring a post—exposure developing
step. Such thermal imaging media also have the advantage that they are essentially insensitive to visible
light, so that they can be handled under normal lighting conditions.

For example U.S. Patents Nos. 4,602,263 and 4,826,976 both describe thermal imaging systems for
optical recording and particularly for forming color images. These thermal imaging systems rely upon the
irreversible unimolecular fragmentation of one or more thermally unstable carbamate moieties of an organic
compound to effect a visually discernible color shift. U.S. Patents Nos. 4,720,449 and 4,960,901 describe a
similar imaging system in which the color —developing component is a substantially colorless di— or
triarylmethane imaging compound possessing within its di— or ftriarylmethane structure an aryl group
substituted in the ortho position to the meso carbon atom with a moiety ring —closed on the meso carbon
atom to form a 5— or 6 —membered ring, said moiety possessing a nitrogen atom bonded directly to the
meso carbon atom and the nitrogen atom being bound to a group with a masked acyl substituent that
undergoes fragmentation upon heating to liberate the acyl group for effecting intramolecular acylation of the
nitrogen atom to form a new group in the ortho position that cannot bond to the meso carbon atom,
whereby the di— or triarylmethane compound is rendered colored. Other thermal imaging systems using
di— or triarylmethane compounds are described in U.S. Patents Nos. 4,720,450, while U.S. Patent No.
4,745,046 describes a thermal imaging system using as color —forming co-—reactants a substantially
colorless di— or friarylmethane compound possessing on the meso carbon atom within its di— or
triarylmethane structure an aryl group substituted in the ortho position with a nucleophilic moiety which is
ring — closed on the meso carbon atom, and an electrophilic reagent which, upon heating and contacting the
di— or triarylmethane compound, undergoes a bimolecular nucleophilic substitution reaction with the
nucleophilic moiety to form a colored, ring —opened di — or triarylmethane compound.

The aforementioned patents describe a preferred form of imaging medium for forming multicolor
images; in this preferred imaging medium, three separate color —forming layers, capable of forming yellow,
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cyan and magenta dyes, respectively, are superposed on top of one another. Each of the three color -
forming layers has an infra—red absorber associated therewith, these absorbers absorbing at differing
wavelengths, for example 760, 820 and 880 nm. This medium is imagewise exposed to three lasers having
wavelengths of 760, 820 and 880 nm. (In the present state of technology, solid state diode lasers emitting at
about 760 to 1000 nm provide the highest output per unit cost. Since most of the color —forming materials
described in the aforementioned patents do not have high extinction coefficients within this wavelength
range, it is necessary to include the infra—red absorbers with the leuco dyes in order to ensure efficient
absorption of the laser radiation and hence efficient heating of the leuco dye.) The resultant imagewise
heating of the color —forming layers causes the leuco dyes to undergo color changes in the exposed areas,
thereby producing a multicolored image, which needs no development.

This preferred type of imaging medium is capable of very high resolution images; for example, the
medium can readily be used to produce a 2K line 35 mm slide (i.e., a slide having 2000 pixels in each line
parallel to the long edges of the slide). However, it has been found that images produced from certain leuco
dyes, especially those described in the aforementioned U.S. Patents Nos. 4,720,449 and 4,960,901, tend to
fade and/or undergo color shifts when those images are projected using powerful conventional slide
projectors, for example xenon arc projectors, for extended periods of time. Obviously, fading and color
shifts are undesirable and the need therefore exists for ways of preventing or at least reducing such fading
and color shifts.

The thermal color —forming reactions described in the aforementioned patents do not provide any
amplification such as occurs in silver halide based imaging media, and consequently the media are
relatively insensitive; typically, the thermal media require energy inputs of about 1 J/cm? per color — forming
layer to achieve maximum fransmission optical densities around 3.0, which are needed for acceptable
slides. Accordingly, it would be advantageous to improve the sensitivity of these thermal imaging media so
as to improve the speed of image formation and/or reduce the power requirements for the energy source
used for imaging.

It has now been found that quinones, hydroquinones and certain metal cations reduce the fading and
color shifts which otherwise occur during projection of thermal images produced as described in the
aforementioned U.S. Patents Nos. 4,720,449 and 4,960,901, and also serve to increase the sensitivity of the
thermal imaging media described in these patents.

Accordingly, this invention provides a thermal imaging medium comprising at least one imaging layer,
the imaging layer comprising a color —forming compound which undergoes a change of color upon heating
above a color —forming temperature for a color —forming time, the color —forming compound being of the
formula:
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in which formulae:

rings A and B are aromatic nuclei;

Z and Z', which may be linked other than via the meso carbon atom, represent the moieties sufficient to
complete the auxochromophoric system of a diarylmethane or a triarylmethane dye in the dye compound, Z
and Z' being such that the dye compound has absorption in the visible region;

L is a leaving group which is removed on heating; and

the broken line between the SO» group and ring B denotes that the sulfonamide ring in the color —
forming compound may be 5— or 6 — membered.

This imaging medium is characterized in that the imaging layer further comprising a color —stabilizing
additive comprising any one or more of a quinone, a hydroquinone and a source of zinc, nickel, copper(ll),
cobalt(ll) or aluminum(lll) cations.

The term "meso carbon atom" is used herein in its conventional sense to refer to the carbon atom
bonded to the groups Z and Z' in the compounds of Formula | and II.

The term "hydroquinone” is used herein generically to refer to any aromatic system in which a single
phenyl ring bears two hydroxyl groups in positions para to one another. Thus, the term as used herein
includes not only derivatives of hydroquinone itself in which the phenyl ring is substituted, for example 2 -
phenyl -5 —methylhydroquinone, but also compounds in which the phenyl ring bearing the hydroxyl groups
is fused to one or more other aromatic rings, for example naphthohydroquinone. The term "quinone" is
used in a corresponding manner.

This invention also provides a process for forming an image, the process comprising:

providing a thermal imaging medium having at least one imaging layer comprising a color —forming
compound;

imagewise heating the imaging layer above a color —forming temperature for a color —forming time,
thereby causing, in heated regions of the image, at least part of the color —forming compound to be
converted to a dye compound, thereby forming an image. This process is characterized in that the imaging
medium is an imaging medium of the present invention.

Finally, this invention provides an imaged medium having imagewise colored and substantially un—
colored areas, the substantially uncolored areas of the image comprising a color — forming compound which
undergoes a change of color upon heating above a color —forming temperature for a color —forming time,
the color —forming compound being of Formula | above and the colored areas of the image comprising a
dye compound of Formula Il above. The imaged medum is characterized in that the colored and
substantially uncolored areas further comprise a color — stabilizing additive comprising any one or more of a
quinone, a hydroquinone and a source of zinc, nickel, copper(ll), cobali(ll) or aluminum(lll) cations

Figure 1 of the accompanying drawings shows a schematic cross —section through a preferred imaging
medium of the present invention;

Figure 2 shows the effect of chlorohydroquinone in increasing the sensitivity of a thermal imaging
medium containing a cyan color —forming compound, as described in Example 1 below;

Figure 3 shows the effect of chlorohydroquinone in preventing fading of images produced from a cyan
color —forming compound, as described in Example 1 below;

Figure 4 shows the effect of 2 —methyl —5 — phenylhydroquinone in increasing the sensitivity of a thermal
imaging medium containing a cyan color —forming compound, as described in Example 2 below;

Figure 5 shows the effect of 2—-methyl -5 - phenylhydroquinone in preventing fading of images pro—
duced from a cyan color —forming compound, as described in Example 2 below;

Figure 6 shows the effect of various concentrations of 2 —~methyl —5 — phenylhydroquinone in preventing
fading of images produced from a cyan color —forming compound, as described in Example 3 below;
Figure 7 shows the effect of various concentrations of 2,5 —di —t - butylhydroquinone in preventing fading
of images produced from a cyan color —forming compound, as described in Example 4 below;

Figure 8 shows the effect of 2,5—di—1t—butylhydroquinone in preventing fading of images produced
from a magenta color —forming compound, as described in Example 5 below;

Figure 9 shows the effects of catechol and resorcinol in increasing the sensitivity of a thermal imaging
medium containing a cyan color —forming compound, as described in Example 6 below;

Figure 10 shows the effect of catechol and resorcinol in preventing fading of images produced from a
cyan color —forming compound, as described in Example 6 below;

Figure 11 shows the effects of 2-phenyl—5—1-butylhydroquinone, phenylhydroquinone and 2,5-
dichlorohydroquinone in increasing the sensitivity of a thermal imaging medium containing a cyan
color —forming compound, as described in Example 7 below;

Figure 12 shows the effects of 2-phenyl—5—1-butylhydroquinone, phenylhydroquinone and 2,5-
dichlorohydroquinone in preventing fading of images produced from a cyan color —forming compound,
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as described in Example 7 below;

Figure 13 shows the effects of 2-methyl -5 - phenylhydroquinone, phenylhydroquinone and 2-

phenyl -5 —t - butylhydroquinone in preventing fading of images produced from a cyan color —forming

compound, as described in Example 8 below;

Figure 14 shows the effects of 2,5 —di—1— butylhydroquinone and 2,5 —dichlorohydroquinone in pre —

venting fading of images produced from a cyan color —forming compound, as described in Example 8
below;

Figures 15A, 15B and 15C show the effects upon the red, green and blue minimum optical densities of a

medium caused by addition of various hydroquinones, as described in Example 9 below;

Figures 16A and 16B show the effects upon the red and visible minimum optical densities of a thermal

imaging medium of this invention caused by addition of 2-—methyl -5 - phenylhydroquinone, 2,6 -

dichloro — 1,4 — benzoquinone and 9,10 — anthraquinone, as described in Example 10 below;

Figure 17 shows the effects of 2 —methyl -5 —phenylhydroquinone, 2,6 —dichloro — 1,4 — benzoquinone

and 9,10 —anthraquinone in increasing the sensitivity of a thermal imaging medium containing a cyan
color —forming compound, as described in Example 10 below;

Figure 18 shows the effect of 2-methyl -5 —phenylhydroquinone, 2,6 —dichloro — 1,4 —benzoquinone

and 9,10 —anthraquinone in preventing fading of images produced from a cyan color —forming com —
pound, as described in Example 10 below;

Figure 19 shows the effect of zinc, nickel and aluminum cations in increasing the sensitivity of a thermal

imaging medium containing a cyan color —forming compound, as described in Example 11 below;

Figure 20 shows the effect of zinc, nickel and aluminum cations in preventing fading of images produced

from a cyan color —forming compound, as described in Example 11 below;

Figure 21 shows the effect of varying amounts of zinc cation in increasing the sensitivity of a thermal

imaging medium containing a cyan color —forming compound, as described in Example 12 below;

Figure 22 shows the effect of varying amounts of zinc cation in preventing fading of images produced

from a cyan color —forming compound, as described in Example 12 below;

Figure 23 shows the effect of copper(ll) and cobalt(ll) cations in preventing fading of images produced

from a cyan color —forming compound, as described in Example 13 below;

Figure 24 shows the effect of various zinc rosinates in increasing the sensitivity of a thermal imaging

medium containing a cyan color —forming compound, as described in Example 14 below; and

Figure 25 shows the effect of various zinc rosinates in preventing fading of images produced from a cyan

color —forming compound, as described in Example 14 below.

As already mentioned, the thermal imaging medium of the present invention comprises a color—
forming compound of Formula | (which, upon heating above a color —forming temperature for a color—
forming time, forms a dye compound of Formula Il) and a color — stabilizing additive. More than one color —
stabilizing additive may be employed if desired.

In general, it is preferred to use a hydroquinone rather than a quinone in the imaging medium and
process of the present invention, since the hydroquinones seem o be somewhat more effective than the
quinones. Hydroquinones having an electron withdrawing substituent on the aromatic ring bearing the two
hydroxyl groups are preferred, since they have been found to be more effective in preventing fading of
images produced using the present process; the effectiveness of the hydroquinones in preventing image
fading correlates well with the electron withdrawing ability of the substituent(s), but does not correlate with
the redox potentials of the hydroquinones. The or each electron withdrawing substituent may be, for
example, a halogen atom or an alkyl group. Specific preferred hydroquinones for use in the present medium
and process are chlorohydroquinone, 2,5-dichlorohydroquinone, 2-methyl—5 - phenylhydroquinone,
phenylhydroquinone and 2,5 —di —t— butylhydroquinone.

The imaging layer used in the imaging medium of the present invention normally contains a polymeric
binder and, when the color — stabilizing additive is a quinone or hydroquinone, the quinone or hydroquinone
used must of course be chosen so that it can be dispersed at the required concentration in the polymeric
binder used, though in practice it is not usually difficult to disperse quinones and hydroquinones in the
binders normally used in thermal imaging media. In general, it is recommended that quinones and
hydroquinones containing strongly acid substituents be avoided, since these acid substituents may cause
undesirable color formation of the color —forming compound during storage at ambient temperature.

In general, zinc is preferred over the other metal cations for use in the imaging medium and process of
the present invention. With sensitive color —forming compounds, zinc will typically increase the sensitivity of
the medium at least about 30 percent. However, as illustrated in Example 11 below, certain relatively
insensitive color —forming compounds, which in the absence of zinc image so slowly that they are
impractical for use in any commercially —useful imaging medium, are increased in sensitivity several
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hundred per cent by the addition of zinc. Appropriate zinc salts are readily available and inexpensive. In
addition, zinc tends to be less likely than other cations to form unwanted colored complexes with other
components of the imaging medium.

The source of metal cations used in the present imaging medium can be any metal compound which
can be dispersed at the required concentration in the imaging layer and which does not adversely affect
any of the components of that layer. The imaging layer normally contains a polymeric binder and this
polymeric binder typically restricts the sources of metal cations which can be used, since many inorganic
metal salts cannot be dispersed at high concentrations in polymeric binders and/or adversely affect such
binders. In general, it is recommended that strongly acidic salts, for example, zinc salicylate, benzoate,
ascorbate and phenolsulfonate, be avoided, since these acidic salts may cause undesirable color formation
of the color —forming compound during storage at ambient temperature. Zinc chloride and zinc nitrate are
also sufficiently acidic to cause undesirable color formation in some leuco dyes, and hence are not
recommended for use in the present invention. Preferred metal sources are metal carboxylates; zinc acetate
and isobutyrate are especially preferred because of their low cost and low molecular weight, which reduces
the amount of the salt which has to be included in the imaging layer to provide a given amount of zinc
cation. The use of lower carboxylates containing less than about 8 carbon atoms is preferred, since higher
carboxylates, which are waxy materials, tend not to give clear layers; for example, it has been found that
zinc stearate is too waxy to give a clear coating. Nickel, aluminum, copper(ll) and cobali(ll) are all
conveniently supplied as their acetates.

Another preferred source of zinc and/or nickel in the imaging media of the present invention is zinc and
nickel rosinates, also known commercially as zinc and nickel resinates. These materials are rosin — based
zinc and nickel salts with good solubility in the polymeric binders typically used in thermal imaging media.
Rosin consists mainly of abietic acid, with minor proportions of hydrogenated abietic acids and other
materials. Examples of rosinates which are available commercially and are useful in the present imaging
media are the materials sold under the registered trademarks Zirex, Zinar, Zitro and Polytac100 by Arizona
Chemical Company, 1001 East Business Highway 98, Panama City, Florida 32401, United States of
America. The zinc derivatives described in U.S. Patent No. 5,008,237 may also be used.

The rate of projector fading and/or color shifting experienced with the imaged medium of the present
invention varies considerably with the polymeric binder used in the imaging layer, and thus the optimum
amount of color —stabilizing additive to be used in the imaging layer is best determined empirically. In
general, however, when the color — stabilizing additive is a quinone or hydroquinone, it is preferred that at
least about 0.25, and desirably at least about 0.5, mole of quinone or hydroquinone be provided per mole of
color —forming compound, and when the color —stabilizing additive is a source of metal cations, it is
preferred that the source provide at least about 0.1, and desirably at least about 0.25, mole of metal cation
per mole of color —forming compound.. It should be noted that there is a color — stabilizing additive/color —
forming compound ratio above which further increases in the ratio do not appear to produce further
increases in sensitivity or protection against projector fading, although the exact ratio at which this occurs
will vary with the specific color — stabilizing additive and color —forming compound used.

The color change undergone by the color —forming compound during imaging of the thermal imaging
medium of the present invention may be from colorless to colored, or from one color to another), but in
general it is preferred that the color change be from colorless to colored. The term "colored" as used
herein is not restricted to colors visible fo the human eye; although the present invention may find its chief
application in imaging media intended for the production of visible images, it may also be used in imaging
media intended for the production of "images" which can only be read at non —visible (for example, infra—
red) wavelengths.

Preferred color —forming compounds of Formula | are those in which Z and Z' each comprise a
benzene ring, Z and Z' being linked via an oxygen atom bonded to the two benzene rings at positions ortho
to the meso carbon atom, so that the Z—-C—Z' grouping forms a xanthene nucleus. Especially preferred
compounds of this type are those in which the benzene rings of Z and Z' carry substituted amino groups at
positions para to the meso carbon atom. It is also preferred that, in the color —forming compounds of
Formula |, ring A comprise a benzene ring bearing, at its position para to the sulfonamide nitrogen atom, a
carbamate moiety.

Two specific preferred color —forming compounds of Formula | are:
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Except for the presence of the color — stabilizing additive, the various layers of the imaging medium of
the present invention, and the techniques used for exposing the medium, can be those used in the
aforementioned patents and applications. Thus, in carrying out the imaging method of the present invention,
heat may be applied or induced imagewise in a variety of ways. Preferably, selective heating is produced in
the color —forming layer itself by the conversion of electromagnetic radiation into heat, and preferably the
light source is a laser emitting source such as a gas laser or semiconductor laser diode, preferably an
infra—red laser. The use of a laser beam is not only well suited for recording in a scanning mode but by
utilizing a highly concentrated beam, radiant energy can be concentrated in a small area so that it is
possible to record at high speed and high density. Also, it is a convenient way fo record data as a heat
pattern in response to transmitted signals, such as digitized information.

Since most of the color —forming compounds used in the present imaging medium do not absorb
strongly in the infra—red, in the imaging medium of the present invention the imaging medium desirably
comprises an absorber capable of absorbing infra—red radiation and thereby generating heat in the imaging
layer. The heat thus generated is fransferred to the color —forming compound to initiate the color —forming
reaction and effect the change in the absorption characteristics of the color —forming compound from
colorless to colored. Obviously, the infrared absorber (which may also be referred to hereinafter as an
"infra—red dye") should be heat — conductive relationship with the color —forming compound, for example,
in the same layer as the color —forming compound or in an adjacent layer. Though an inorganic compound
may be employed, the infra—red absorber preferably is an organic compound, such as a cyanine,
merocyanine, squarylium, thiopyrylium or benzpyrylium dye, and preferably, is substantially non — absorbing
in the visible region of the electromagnetic spectrum so that it will not contribute any substantial amount of
color to the Dy, areas, i.e., the highlight areas of the image. The light absorbed by the respective infra—red
absorbers is converted into heat and the heat initiates the reaction to effect the formation of colored
compounds in the color—forming layers. Since this type of imaging medium is imaged by infra—red
radiation rather than by direct heating, a high resolution image is more easily achieved.

An especially preferred form of imaging medium of the present invention has at least two imaging
layers, the at least two imaging layers comprising color —forming compounds arranged to produce dye
compounds having differing colors, and comprising absorbers absorbing at differing wavelengths. The
infra—red absorbers are desirably selected such that they absorb radiation at different predetermined
wavelengths above 700 nm sufficiently separated so that each color—forming layer may be exposed
separately and independently of the others by using infra—red radiation at the particular wavelengths
selectively absorbed by the respective infra—red absorbers. As an illustration, three color —forming layers
containing yellow, magenta and cyan color —forming compounds could have infra—red absorbers asso—
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ciated therewith that absorb radiation at 792 nm, 848 nm and 926 nm, respectively, and could be addressed
by laser sources, for example, infra—red laser diodes, emitting laser beams at these respective
wavelengths so that the three color —forming layers can be exposed independently of one another. While
each layer may be exposed in a separate scan, it is usually preferred to expose all of the color —forming
layers in a single scan using multiple laser sources of the appropriate wavelengths. Instead of using
superimposed imaging layers, the color —forming compounds and associated infra—red absorbers may be
arranged in an array of side —by—side dots or stripes in a single recording layer. In such multi — color
imaging media, the color —forming compounds may comprise the subtractive primaries yellow, magenta
and cyan or other combinations of colors, which combinations may additionally include black. The leuco
dyes generally are selected to give the subtractive colors cyan, magenta and yellow, as commonly
employed in photographic processes to provide full natural color. A full color imaging medium of this type
having three imaging layers is described below with reference to Figure 1 of the accompanying drawings.

Where imagewise heating is induced by converting light to heat, the imaging medium may be heated
prior to or during exposure. This may be achieved using a heating platen or heated drum or by employing
an additional laser source or other appropriate means for heating the medium while it is being exposed.

The imaging medium of the present invention can be prepared in a manner similar to the imaging
media described in the aforementioned patents and applications. Typically, the color —forming compound
and any other components of the imaging layer (for example, a polymeric binder and an infra—red
absorber) are dispersed in an appropriate solvent, and the resultant liquid dispersion is coated onto a
support, generally a polymer film, using conventional coating equipment, and the resultant liquid film dried
fo produce the imaging layer. Rather than a solution coating, the layer may be applied as a dispersion or an
emulsion. The coating composition also may contain dispersing agents, plasticizers, defoaming agents,
hindered amine light stabilizers and coating aids. In forming the imaging layer(s) and the interlayers or other
layers, temperatures should be maintained below levels that will cause the color — forming reactions to occur
rapidly so that the color — forming compounds will not be prematurely colored.

To incorporate a color —stabilizing additive into the imaging layer in accordance with the present
invention, the additive is simply dispersed in the liquid dispersion with the other components of the imaging
layer. Thus, the present invention does not require extensive changes in the equipment or processes used
to produce the thermal imaging medium.

Apart from the presence of the color — stabilizing additive, the imaging medium of the present invention
may contain additional layers and components as described in the aforementioned patents and applications.
Thus, as already indicated, the imaging medium typically includes a support on which the imaging layer(s)
are deposited. The support should be sufficiently thick as to permit easy handling of the imaging medium,
and may be any material that substantially retains its dimensional stability during imaging. Desirably, the
support has a thickness of at least about 50 um. The support must be sufficiently transparent that it does
not raise excessively the Dy, of the final image. If it is desired to image through the support, the support
must also be sufficiently transparent that it does not interfere with the imaging process, and is preferably
non — birefringent, since if the medium is imaged through the support, a birefringent support may cause
difficulties in focussing the laser (or other radiation source) at the proper level within the imaging medium.
Suitable supports include polyethylene, polypropylene, polycarbonate, cellulose acetate, and polystyrene.
The preferred material for the support is a polyester, desirably poly(ethylene terephthalate).

Examples of binders that may be used include poly(vinyl alcohol), poly(vinyl pyrrolidone), methyl
cellulose, cellulose acetate butyrate, styrene — acrylonitrile copolymers, copolymers of styrene and butadi -
ene, poly(methyl methacrylate), copolymers of methyl and ethyl acrylate, poly(vinyl acetate), poly(vinyl
butyral), polyurethane, polycarbonate and poly(vinyl chloride). It will be appreciated that the binder selected
should not have any adverse effect on the leuco dye incorporated therein and may be selected to have a
beneficial effect. Also, the binder should be substantially heat—stable at the temperatures encountered
during image formation and it should be fransparent so that it does not interfere with viewing of the color
image. Where electromagnetic radiation is employed to induce imagewise heating, the binder also should
transmit the light intended fo initiate image formation.

As explained in more detail in the aforementioned EP - A—-92107576.8, in some imaging media of the
type described in the aforementioned patents, there is a tendency for one or more of the colored materials
produced during imaging to diffuse out of their color —forming layers, but such undesirable diffusion of
colored material can be reduced or eliminated by dispersing the leuco dye in a first polymer having a glass
transition temperature of at least about 50° C, preferably at least about 75° C, and most preferably at least
about 95°C, and providing a diffusion —reducing layer in contact with the color—forming layer, this
diffusion —reducing layer comprising a second polymer having a glass transition temperature of at least
about 50°C and being essentially free from the color —forming composition. Desirably, the diffusion —
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reducing layer has a thickness of at least about 1 um. The first polymer is desirably an acrylic polymer,
preferably poly(methyl methacrylate).

As discussed in the aforementioned International Application No. PCT/US92/02055, certain color—
forming compounds show a tendency to form bubbles during imaging. Accordingly, the imaging medium of
the present invention advantageously comprises a bubble — suppressant layer superposed on the imaging
layer and having a thickness of at least about 10 um, such that, upon imagewise increase in the
temperature of the imaging layer above the color —forming temperature for the color—forming time, in
heated regions the imaging layer undergoes its change of color but remains essentially free from bubbles.

Other layers which may be included in the imaging medium of the present invention are, for example, a
subbing layer to improve adhesion to a support, interlayers for thermally insulating the imaging layers from
each other, an ulira—violet screening layer having an ultraviolet absorber therein, or other auxiliary layers.
To give good protection against ultra —violet radiation, ulira —violet screening layers are desirably provided
on both sides of the imaging layer(s); conveniently, one of the ulira—violet screening layers is provided by
using as the support a polymer film containing an ultra —violet absorber, and such absorber — containing
films are available commercially.

A preferred embodiment of the invention will now be described, though by way of illustration only, with
reference to Figure 1 of the accompanying drawings, which is a schematic cross —section through an
imaging medium of the present invention. The thicknesses of the various layers shown in the drawing are
not to scale.

The imaging medium (generally designated 10) shown in Figure 1 is intended for use in the production
of transparencies and comprises a substantially transparent support 12 formed of 4 mil (101 um) poly -
(ethylene terephthalate) (PET) film incorporating an ultra — violet absorber. Appropriate PET films are readily
available commercially, for example as P4C1A film from DuPont de Nemours., Wilmington, Delaware,
United States of America.

The imaging medium 10 also comprises a diffusion —reducing subcoat 14 approximately 1 um thick
formed from a 10:1 w/w mixture of a water — dispersible styrene acrylic polymer (Joncryl 538 sold by S.C.
Johnson & Son, Inc., Racine Wisconsin 53403, United States of America) and a water —soluble acrylic
polymer (Carboset 526 sold by The B.F. Goodrich Co., Akron Ohio 44313, United States of America). The
presence of the minor proportion of water — soluble acrylic polymer reduces the tendency for the layer 14 to
crack during the coating process. The diffusion —reducing subcoat 14, which has a glass fransition
temperature of approximately 55° C, serves the function of a conventional subcoat, namely increasing the
adhesion of the imaging layer 16 (described in detail below) to the support 12. The subcoat 14 also serves
fo reduce or eliminate migration of dye compound from the imaging layer 16 after imaging; if a conventional
subcoat were employed in place of the diffusion —reducing subcoat 14, diffusion of the dye compound from
the layer 16 into the subcoat after imaging might cause loss of sharpness of the image. The subcoat 14 is
coated onto the support 12 from an aqueous medium containing the water —dispersible and water — soluble
polymers.

A yellow imaging layer 16 is in contact with the diffusion —reducing subcoat 14. This imaging layer 16 is
approximately 5 um thick and comprises approximately 47.5 parts by weight of a leuco dye of the formula:

Cl

H

(CH, ) c-'c':—c-g—rxil Cl

N——C—O—F\”

I (LD1)
i i 0
N(C,H

52
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in which R' is a tertiary butyl group (the compounds in which R' is an isobutyl or benzyl group may
alternatively be used), 1.6 parts by weight of an infra —red dye of the formula:

0 OCH

(IR1)

(prepared as described in copending and commonly owned International Application No. PCT/US91/08695;
essentially, this dye is produced by condensing two moles of a 2 - (1,1 —dimethylethyl) — 5,7 — dimethoxy —
4 - methylbenzpyrylium salt with a croconate salt), 3.3 parts by weight of a hindered amine stabilizer
(HALS - 63, sold by Fairmount Chemical Co., , Inc., 117 Blanchard Street, Newark NJ 07105, United States
of America), and 47.5 parts by weight of a poly(methyl methacrylate) binder (Elvacite 2021, sold by DuPont
de Nemours, Wilmington, Delaware, United States of America; this material is stated by the manufacturer to
be a methyl methacrylate/ethyl acrylate copolymer, but its glass transition temperature approximates that of
poly(methyl methacrylate)). This binder has a glass fransition temperature of approximately 110°C. The
imaging layer 16 is applied by coating from a mixture of heptanes and methyl ethyl ketone.

Superposed on the yellow imaging layer 16 is a diffusion —reducing layer 18, which, like the first
diffusion —reducing layer 14, serves to prevent migration of dye compound from the yellow imaging layer
16 on storage after imaging. The diffusion —reducing layer 18, which is approximately 2 um thick, is formed
of a water —dispersible styrene acrylic polymer (Joncryl 138 sold by S.C. Johnson & Son, Inc., Racine
Wisconsin 53403, United States of America), and is coated from an aqueous dispersion. This layer has a
glass transition temperature of approximately 60° C.

The next layer of the imaging medium 10 is a solvent —resistant interlayer 20 approximately 4.6 um
thick and composed of a major proportion of partially cross—linked polyurethane (NeoRez XR-9637
polyurethane sold by ICI Resins US, Wilmington, Massachusetts, United States of America) and a minor
proportion of poly(vinyl alcohol) (Airvol 540, sold by Air Products and Chemicals, Inc., Allentown Penn -
sylvania 18195, United States of America). This solvent —resistant interlayer 20 is coated from an aqueous
dispersion. The interlayer 20 not only helps to thermally insulate the imaging layers 14 and 22 (described
below) from one another during imaging, but also prevents disruption and/or damage to the yellow imaging
layer 16 and the diffusion —reducing layer 18 during coating of the magenta imaging layer 22. Since the
yellow imaging layer 16 and the magenta imaging layer 22 are both coated from organic solution, if a
solvent —resistant interlayer were not provided on the layer 16 before the layer 22 was coated, the organic
solvent used to coat the layer 22 might disrupt, damage or exiract leuco dye or infra—red absorber from
the layer 16. Provision of the solvent —resistant interlayer 20, which is not dissolved by and does not swell
in the organic solvent used to coat the layer 22, serves to prevent disruption of or damage to the layer 16
as the layer 22 is coated. Furthermore, the solvent —resistant interlayer 20 serves to prevent the magenta
leuco dye, infra—red dye and hindered amine light stabilizer from the layer 22 sinking into the diffusion —
reducing layer 18 and the yellow imaging layer 16 as the layer 22 is being coated.

Superposed on the solvent —resistant interlayer 20 is the magenta imaging layer 22, which is approxi —
mately 3 um thick and comprises approximately 47.25 parts by weight of a leuco dye of Formula Ill above
(this leuco dye may be prepared by the methods described in the aforementioned US—-A—-4 720 449 and 4
960 901), approximately 5.02 parts by weight of chlorohydroquinone (thus giving a leuco dye:
chlorohydroquinone molar ratio of about 1:0.75; alternatively, approximately 3.4 parts by weight of zinc
acetate may be used, thus giving a leuco dye: zinc cation molar ratio of about 1:0.4), 1.62 parts by weight
of an infra—red dye of the formula:
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NEt

(IR2)

(which may be prepared by reacting a compound of the formula:

o

V)
OR”

Et,N

in which R is a halogen atom or an alkyl group, with diethylamine to introduce the —NEf> group on the
squarylium ring, and then reacting the product with the 4 — methylbenzpyrylium salt fo give the final infra—
red dye of Formula IR2), 3.6 parts by weight of a hindered amine stabilizer (HALS —63), 0.27 parts by
weight of a wetting agent, and 47.25 paris by weight of a polyurethane binder (Estane 5715, supplied by
The B.F. Goodrich Co., Akron Ohio 44313, United States of America). The imaging layer 22 is applied by
coating from a cyclohexanone/methyl! ethyl ketone mixture.

(Alternatively, the infra—red dye of Formula IR2 above may be replaced by the dye of formula:

12
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Se

(IR3)

NH

Se+

(used in the form of its tetrafluoroborate salt) (this infra—red dye may be prepared by the process
analogous to that used to prepare the infra—red dye of Formula IR2 above using the corresponding
selenopyrylium squaric acid derivative and ammonia to introduce the amino group, followed by condensa—
tion of the product with a selenopyrylium salt; to prepare the selenopyrylium squaric acid derivative, the
corresponding selenopyrylium salt is substituted for the benzpyrylium salt 1V).)

On the imaging layer 22 is coated a second solvent - resistant interlayer 24 which is formed from the
same material, and coated in the same manner as, the solvent —resistant interlayer 20.

Superposed on the second solvent—resistant interlayer 24 is a cyan imaging layer 26, which is
approximately 3 um thick and comprises approximately 49.5 parts by weight of a leuco dye of Formula IV
above (this leuco dye may be prepared by the methods described in US—-A—-4 720 449 and 4 960 901),
approximately 5.86 grams of chlorohydroquinone (thus giving a leuco dye: chlorohydroquinone molar ratio
of about 1:0.75; alternatively approximately 3.97 grams of zinc acetate may be used to give a leuco dye:
zinc cation molar ratio of about 1:0.4), 1.62 parts by weight of an infra—red dye of the formula:

(IR4)

(which is preferably prepared by the process described in the copending and commonly owned EP-A -
92107574.3; essentially this process comprises reacting a diester, diacid chloride or monoester monoacid
chloride of squaric acid with a 2 - (1,1 —dimethylethyl) — 7 — diethylamino — 4 — methylbenzpyrylium salt and
hydrolysing to produce a benzpyryliummethylidene compound, and then reacting this compound with a 7 -
alkoxy —2 — (1,1 — dimethylethyl) — 4 — methylbenzpyrylium salt to give the final infra —red dye), 0.2 paris of a
wetting agent, and 49.5 paris by weight of a polyurethane binder (Estane 5715). The imaging layer 26 is
applied by coating from methyl ethyl ketone.

13
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(Alternatively, the infra—red dye of Formula IR4 above may be replaced by the dye of formula:

NEt

Et N

(which may be prepared by a process analogous to that used to prepare the infra—red dye of Formula IR2
above, by reacting the intermediate of Formula V above with ammonia fo infroduce an amino group on the
squarylium ring, then reacting the product with a 4-methylbenzpyrylium salt to produce the amino
squarylium dye, and finally reacting this amino squarylium dye with pivaloyl chloride to produce the final
pivaloylamino group on the squarylium ring).

As already indicated, the layers 14 —26 of the imaging medium 10 are produced by coating on to the
transparent support 12. However, the remaining layers of the imaging medium 10, namely the transparent
bubble — suppressant layer 32, the ultraviolet filter layer 30 and the adhesive layer 28 are not coated on to
the layer 26 but rather are prepared as a separate unit and then laminated to the remaining layers of the
medium.

The transparent bubble — suppressant layer 32 is a 1.75 mil (44um) PET film, a preferred film being that
sold as ICI 505 film by ICl Americas, Inc., Wilmington, Delaware, United States of America. The bubble —
suppressant layer 32 prevents the formation of bubbles in the imaging layers 16, 22 and 26 of the imaging
medium 10 during imaging.

The ultraviolet filter layer 30 serves to protect the imaging layers 16, 22 and 26 from the effects of
ambient ulfraviolet radiation. It has been found that the leuco dyes are susceptible to undergoing color
changes when exposed fo ultraviolet radiation during storage before or after imaging; such color changes
are obviously undesirable since they increase the Dy, of the image and may distort the colors therein. The
ultraviolet filter layer 30 is approximately 5 um thick and comprises approximately 83 percent by weight of
a poly(methyl methacrylate) (Elvacite 2043, sold by DuPont de Nemours, Wilmington, Massachusetts,
United States of America), 16.6 percent by weight of an ultraviolet filter (Tinuvin 328 sold by Ciba — Geigy,
Ardsdale New York, United States of America) and 0.4 percent by weight of a wetting agent. The ultraviolet
filter layer 30 is prepared by coating on to the bubble — suppressant layer 32 from a solution in methyl ethyl
ketone.

The adhesive layer, which is approximately 2 um thick, is formed of a water —dispersible styrene
acrylic polymer (Joncryl 138 sold by S.C. Johnson & Son, Inc., Racine Wisconsin 53403, United States of
America) and is coated on to the ultraviolet filter layer 30 from an aqueous dispersion.

After the layers 30 and 28 have been coated on to the bubble —suppressant layer 32, the entire
structure containing these three layers is laminated under heat (approximately 225°F, 107 ° C) and pressure
fo the structure containing the layers 12 — 26 to form the complete imaging medium 10.

If desired, the bubble — suppressant layer 32 may be formed by coating, rather than by lamination of a
pre —formed film on to the layers 12 -26. If the bubble — suppressant layer 32 is to be formed by coating, it
is convenient to incorporate an ultra —violet absorber into the bubble — suppressant layer, thereby avoiding
the need for a separate ultra — violet absorber layer. Thus, in this case, the layer 28 is coated on to the layer
26 using the solvent already described, and then the bubble — suppressant layer 32 containing the ulira—
violet absorber may be coated on to the layer 28 from an aqueous medium.

The medium 10 is imaged by exposing it to the beams from three infra—red lasers having wavelengths
of approximately 792, 848 and 926 nm. The 926 nm beam images the yellow imaging layer 16, the 848 nm
beam images the magenta imaging layer 22 and the 792 nm beam images the cyan imaging layer 26.
Thus, a multicolor image is formed in the imaging medium 10, and this multicolor image requires no further
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development steps. Furthermore, the medium 10 may be handled in normal room lighting prior to exposure,
and the apparatus in which the imaging is performed need not be light — tight.

The following Examples are given, though by way of illustration only, to show the effects of the color -
stabilizing additives in increasing the sensitivity of the imaging medium of the present invention, and in
reducing projector fading in images produced therefrom. The infra—red dyes used in combination with the
leuco dyes of these Examples were different from those used in the preferred imaging medium described
above with reference to Figure 1, and were as follows:

With magenta leuco dyes:

(see U.S. Patent No. 4,508,811); and

With cyan leuco dyes:

(viy)

(which may be prepared as described in the aforementioned copending Application No. 2,067,959).
Examplel

This Example illustrates the effect of chlorohydroquinone in increasing sensitivity of and reducing
projector fading of images formed from, imaging media containing the cyan leuco dye of Formula IV above.

Part A : Sensitivity Experiments

The following experiments used a simplified, monochrome model of the imaging medium described
above with reference to Figure 1. This simplified model comprised the support 12 incorporating an ultra—
violet absorber, the cyan imaging layer 26 (with varying amounts of chlorohydroquinone, as described
below, with the aforementioned Elvacite 2021 poly(methyl methacrylate) replacing the Estane 5715 used in
the medium shown in Figure 1, and with the infra—red absorber being that of Formula VIl above), an
adhesive layer 28 and a bubble — suppressant layer 32, which was formed from the same polymeric film as
the support 12 and thus incorporated an ultra — violet absorber.

Three imaging media were prepared, a control in which the imaging layer contained no
chlorohydroquinone, and two others in which the molar ratio of leuco dye to chlorohydroquinone was 1:0.5
and 1:1 (hereinafter referred to as "CHQ/LC = 0.5" and "CHQ/LC = 1" respectively). All three media were
then imaged with a 792 nm laser at varying writing speeds (the speed at which the focussed spot from the
laser is moved across the medium), a separate area of the medium being imaged at each writing speed, 1o
produce images having regions of varying red optical densities. The red optical densities of the various
areas of the resultant images were measured using an X — Rite 310 photographic densitometer (supplied by
X~—Rite, Inc., Grandville, Michigan) with the appropriate filter. The results are shown in Table 1 below and
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plotted in Figure 2 of the accompanying drawings, in which the red optical density achieved is plotted
against writing speed.

Part B: Projector Fading Experiments

The images produced in Part A above were placed in a Kodak Ektagraphic Model AF —2 slide projector
(equipped with a Sylvania tungsten —halogen ELH 300W 120V bulb) for 10 minutes with the projector on the
high setting, and the red optical densities of the various areas of the images remeasured following projector
exposure in the same manner as before. The results are shown in Table 1 below and plotted in Figure 3 of
the accompanying drawings, in which the percentage change in red optical density of the images is plotted
against the initial red optical density. This percentage change in optical density is calculated by:

% Change in O.D. = 100(D, — Dy)/Dy,

where D, is the optical density after projector exposure and Dy is the optical density before exposure.
Obviously, negative percentage changes in optical density represent fading of the image.

Table 1
Control CHQ/LC = 0.5 CHQ/LC = 1.0
Writing Initial Red [ Change in [Initial Red [ Change in Q.D., % |Initial Red | Change in Q.D., %
Speed, m/s | Density Q.D., % Density Density
0.18 3.49 0.0 3.84 -1.3 3.44 0.3
0.26 2.80 -2.0 3.76 -0.5 3.42 0.1
0.32 1.73 -16.8 2.37 1.3 1.93 -1.3
0.42 0.49 -24.0 0.72 -0.9 0.76 0.8
0.51 0.19 -17.2 0.28 0.0 0.28 1.0

From Table 1 and Figure 2 it will be seen that both hydroquinone — containing media produced optical
densities at a given writing speed higher than that produced by the hydroquinone —free control medium,
with the medium having a leuco dye:hydroquinone ratio of 1:1.0 usually giving a lower optical density at a
given writing speed than the medium having a leuco dye:hydroquinone ratio of 1:0.5. Thus, the addition of
hydroquinone to the cyan imaging layer rendered the medium more sensitive.

Quantifying the increase in sensitivity produced by a given hydroquinone or quinone additive is
complicated by a "burn-—out" phenomenon which is just visible in Figure 2 but which is more easily
discerned in other experiments described below; see, for example, Figure 9. Although this "burn —out"
phenomenon is not described in the aforementioned patents, it is known that if a thermal imaging medium
having a color—forming layer such as those used in the present invention is imaged at progressively
greater exposures (i.e., greater energy inputs per unit area of medium), the optical density of the image
increases steadily with exposure until a point of maximum optical density is reached, after which further
increase in exposure results in the optical density decreasing with exposure, so that very heavily exposed
samples of medium have optical densities significantly less than the maximum achievable for that medium.
It is this decrease in optical density with increasing exposure which is referred to as "burn-—out". In
experiments such as those whose results are shown in Figure 2, in which a laser of constant energy output
is used and the writing speed is varied, burn —out is manifested as a positive slope of the optical density
against writing speed curve at low writing speeds, since exposure is inversely proportional to writing speed.

As might be expected, the experiments described herein show that media sensitized with
hydroquinones or quinones in accordance with the present invention begin to manifest burn —out at lower
exposures (and thus higher writing speeds) than similar unsensitized media. Accordingly, at low writing
speeds a sensitized medium might produce a lower optical density than the corresponding unsensitized
medium because at that low writing speed the sensitized medium is already suffering from severe burn -
out, while the unsensitized medium has not begun to suffer from burn —out. Thus, the sensitivities of various
media can only properly be compared at exposures and writing speeds where none of the media being
compared are suffering from burn —out; in other words, when making sensitivity comparisons, the compari —
sons must be made in regions of optical density/writing speed curves where all the relevant curves have a
significant negative slope. Hereinafter, quoted percentage increases in sensitivity are expressed as:
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[{Average of (Optical Density of Sensitized Medium/Optical Density of Unsensitized Medium)} — 1] x 100%

with the relevant range of writing speeds indicated in parentheses following the percentage.

Using this formula, the CHQ/LC = 0.5 medium showed a 42% (writing speeds 0.26 - 0.51 m/s)
increase in sensitivity, and the CHQ/LC = 1.0 medium showed a 34% (writing speeds 0.26 — 0.51 m/s)
increase in sensitivity.

Also, from Table 1 and Figure 3 it will be seen that, in both hydroquinone — containing media, the fading
experienced in the control medium after 10 minutes of projector exposure was substantially eliminated.

Example g

This Example illustrates the effect of 2—methyl -5 - phenylhydroquinone ("MPHQ") in increasing
sensitivity of, and reducing projector fading of images formed from, imaging media containing the cyan
leuco dye of Formula IV above.

Example 1 was repeated, except that the chlorohydroquinone used in that Example was replaced with
equimolar amounts of 2 -methyl—5 - phenylhydroquinone. The media were imaged and exposed in a
projector in the same way as in Example 1. The results are given in Table 2 below; the results of the
imaging experiments are plotted in Figure 4, while the result of the projector experiments are plotted in
Figure 5 below.

Table 2
Control MPHQ/LC = 0.5 MPHQ/LC = 1.0
Writing Initial Red [ Change in [Initial Red [ Change in Q.D., % |Initial Red | Change in Q.D., %
Speed, m/s | Density Q.D., % Density Density

0.18 3.49 0.0 3.64 2.2 4.05 -2.5
0.26 2.80 -2.0 3.42 1.9 3.24 0.0
0.32 1.73 -16.8 1.81 0.0 1.70 -5.9
0.42 0.49 -24.0 0.53 -2.0 0.45 -1.8
0.51 0.19 -17.2 0.21 -2.9 017 7.2

From Table 2 and Figure 4 it will be seen that both hydroquinone —containing media produced some
increase in optical densities at low writing speeds, although the improvement was smaller than for the
chlorohydroquinone — containing media in Example 1 above; the medium having a leuco dye:hydroquinone
ratio of 1:0.5 showed an average increase in sensitivity of about 12% (writing speeds 0.26 — 0.51 m/s),
whereas the medium having a leuco dye:hydroquinone ratio of 1:1.0 showed a smaller increase in
sensitivity.

Also, from Table 2 and Figure 5 it will be seen that, in both hydroquinone — containing media, the fading
experienced in the control medium after 10 minutes of projector exposure was substantially reduced, and in
the case of the medium having a leuco dye:hydroquinone ratio of 1:0.5, substantially eliminated.

Example §

This Example illustrates the effect of varying amounts of 2 -~ methyl — 5 — phenylhydroquinone in reduc —
ing projector fading of images formed from imaging media containing the cyan leuco dye of Formula IV
above.

Example 2 was repeated, except that the media used were a control medium free from hydroquinone
and media in which the imaging layer contained MPHQ at leuco cyan dye : MPHQ molar ratios of 1:0.14,
1:0.28, 1:0.37 and 1:0.49. The media were imaged at writing speeds of 0.18, 0.22, 0.26, 0.32, 0.42 and 0.51
m/s, and exposed in a projector in the same way as in Examples 1 and 2. The results are given in Table 3
below and plotted in Figure 6.
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From Table 3 and Figure 6, it will be seen that all the MPHQ — containing media showed less fading

than the control medium, with the LC : MPHQ

1:0.49 medium exhibiting the smallest average fading.
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Example 4_1

This Example illustrates the effect of varying amounts of 2,5 —di—t—butylhydroquinone ("DtBHQ") in
reducing projector fading of images formed from imaging media containing the cyan leuco dye of Formula
IV above.

Example 3 was repeated, except that the media used were a control medium free from hydroquinone
and media in which the imaging layer contained D{BHQ at leuco cyan dye: DtBHQ molar ratios of 1:0.24,
1:0.48, 1:0.71 and 1:0.84. The media were imaged at writing speeds of 0.18, 0.22, 0.26, 0.32, 0.42 and 0.51
m/s, and exposed in a projector in the same way as in Examples 1 to 3. The results are given in Table 4
below and plotted in Figure 7.
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From Table 4 and Figure 7, it will be seen that all the DtBHQ — containing media showed less fading
than the control medium, with the LC : DIBHQ = 1:0.84 medium exhibiting the smallest average fading. By
comparing Table 4 with Table 3 and Figure 7 with Figure 6, it will be seen, however, that DIBHQ appears to
be less effective than MPHQ in reducing fading of this leuco cyan dye; the medium with DtBHQ/LC = 0.84
showed about the same fading as the medium with MPHQ/LC = 0.49.
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Example §

This Example illustrates the effect of 2,5-di—t—butylhydroquinone in reducing projector fading of
images formed from imaging media containing the magenta leuco dye of Formula Il above.

Example 4 was repeated, except that the cyan imaging layer was replaced with a magenta imaging
layer similar to the magenta imaging layer 22 described above with reference to Figure 1 but containing the
infra—red dye of Formula VI above. Only two media were used, namely a control medium free from
hydroquinone and a medium in which the imaging layer contained DtBHQ at a leuco magenta dye : DtBHQ
molar ratio of 1:0.76. The media were imaged at writing speeds of 0.18, 0.22, 0.26, 0.32, 0.42, 0.51 and 0.63
m/s, and exposed in a projector in the same way as in Examples 1 to 4, but for a period of 20 minutes. The
results are given in Table 5 below and plotted in Figure 8; for obvious reasons, green rather than red optical
densities were measured for the magenta dye images.

Table 5
Control DtBHQ/LM = 0.76
Initial Green Density Change in Q.D., % Initial Green Density Change in Q.D., %
3.22 -3.7 3.18 5.0
3.19 -2.5 3.15 3.2
2.98 -7.0 3.04 2.0
1.96 -9.2 2.09 1.0
0.67 -12.0 0.67 -3.0
0.22 -18 0.24 -8.4

From Table 5 and Figure 8, it will be seen that the addition of the DtBHQ to the magenta imaging layer
greatly reduced the projector fading of the images produced from that imaging layer.

Example §

This Example illustrates the effect of catechol and resorcinol in increasing sensitivity of and reducing
projector fading of images formed from, imaging media containing the cyan leuco dye of Formula IV above.

Example 1 was repeated, except that the media used were the control medium, a medium containing
catechol at a leuco dye : catechol molar ratio of 1:1.08, and a medium containing resorcinol at a leuco dye :
resorcinol molar ratio of 1:1.05. The infra—red optical densities of the three media at 792 nm were found to
be 0.89, 1.09 and 1.05 respectively. The media were imaged and exposed in a projector in the same way
as in Example 1. The results are given in Table 6 below; the results of the imaging experiments are plotted
in Figure 9, while the result of the projector experiments are plotted in Figure 10 below.
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From Table 6 and Figure 9 it will be seen that both hydroquinone —containing media produced
significant improvements in sensitivity, especially when allowance is made for the burn —out phenomenon
discussed above, which these media display at the 0.125 and 0.14 m/s writing speeds. The average
increase in optical density for the catechol —containing medium was 57% (writing speeds 0.16 — 0.32
m/s), while the average increase in optical density for the resorcinol — containing medium was 41% (writing
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speeds 0.16 — 0.32 m/s). Figure 9 shows catechol to be more effective as a sensitizer than resorcinol in
these experiments.

Also, from Table 6 and Figure 10 it will be seen that, in both hydroquinone —containing media, the
fading experienced in the control medium after 10 minutes of projector exposure was very substantially
reduced.

Example Z

This Example illustrates the effect of 2-phenyl—-5—1t-butylhydroquinone ("PtBHQ"), phenyl-
hydroquinone ("PHQ") and 2,5 — dichlorohydroquinone ("DCIHQ") in increasing sensitivity of, and reducing
projector fading of images formed from, imaging media containing the cyan leuco dye of Formula IV above.

Example 1 was repeated, except that the media used were the control medium and three media in
which the cyan imaging layer contained respectively PtBHQ, PHQ and DCIHQ, each at a leuco dye :
hydroquinone molar ratio of 1:0.5. The media were imaged and exposed in a projector in the same way as
in Example 1. The results are given in Table 7 below; the results of the imaging experiments are plotted in
Figure 11, while the results of the projector experiments are plotted in Figure 12 below.
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From Table 7 and Figure 11 it will be seen that all three hydroquinone — containing media produced
significant improvements in sensitivity, especially when allowance is made for the burn —out phenomenon
discussed above, which these media display at low writing speeds. Figure 11 indicates that the order of

effectiveness as sensitizers is:
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DCIHQ > PHQ > PiBHQ.

Also, from Table 7 and Figure 12 it will be seen that, in all the three hydroquinone — containing media,
the fading experienced in the control medium after 10 minutes of projector exposure was very substantially
reduced.

Example §

This Example illustrates the effect of 2-methyl—5-phenylhydroquinone ("MPHQ"), phenyl-
hydroquinone ("PHQ"), 2-phenyl—5—1—butyl — hydroquinone ("PtBHQ"), 2,5-di—t—butylhydroquinone
("DtBHQ") and 2,5 — dichlorohydroquinone ("DCIHQ") in reducing projector fading of images formed from
imaging media containing the cyan leuco dye of Formula IV above.

Example 1 was repeated, except that the media used were a control medium free from hydroquinone
and six media containing in which the cyan imaging layer contained respectively MPHQ, PHQ, PtBHQ,
DtBHQ and DCIHQ, each at a leuco cyan dye : hydroquinone molar ratio of 1:0.25. The media were imaged
at writing speeds of 0.18, 0.22, 0.26, 0.32, 0.42 and 0.51 m/s, and exposed in a projector in the same way
as in Examples 1 to 3. The results are given in Table 8 below and plotted in Figures 13 and 14 (the control
results are shown in both Figures for ease of comparison).

Table 8
Control MPHQ/LC = 0.25 PHQ/LC = 0.25
Initial Red | Change in | Initial Red | Change in | Initial Red | Change in
Density 0.D., % Density 0.D., % Density 0.D., %
3.42 -9.4 3.77 -2.9 3.94 -3.3
3.15 12,7 3.62 2.2 3.69 -6.5
3.01 -28.4 3.18 -2.8 3.43 -2.0
1.67 -35.4 1.74 -11.5 1.90 -6.3
0.44 -37.6 0.48 -17.5 0.58 -17.2
0.18 -13.5 0.19 9.1 0.25 -16.3

PtBHQ/LC = 0.25

DtBHQ/LC = 0.25

DCIHQ/LC = 0.25

Initial Red | Change in | Initial Red | Change in | Initial Red | Change in
Density 0.D., % Density 0.D., % Density 0.D., %
3.88 -1.6 3.37 1.5 3.67 -2.7
3.80 -1.6 3.34 -2.1 3.26 -1.5
3.04 -7.7 2.61 -3.4 2.66 -23
1.59 -19.5 137 -15.3 1.77 -9.0
0.46 -30.4 0.42 -26.2 0.61 -1.5
0.19 -21.1 0.20 -25.0 0.24 -8.3

From Table 8 and Figures 13 and 14, it will be seen that all of the hydroquinone — containing media
showed significantly less fading than the control medium, with the MPHQ, PHQ and DCIHQ - containing
media showing greatly reduced fading. Based upon these results, the order of effectiveness of the
hydroquinones in preventing fading appears to be:
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DCIHQ > PHQ = MPHQ > DtBHQ = PtBHQ.
Example g

This Example demonstrates that the addition of hydroquinones to imaging media in accordance with the
present invention does not produce unacceptable increases in the minimum optical densities of the media.

It is known that, when used in varying types of imaging media, hydroquinones sometimes cause
staining problems because air oxidation of the hydroquinones leads to the formation of yellowish materials.
To determine whether such staining problems were likely fo be significant in imaging media of the present
invention, 25 microliters of 2 x 10~>M solutions (0.5 nanomoles) of various hydroquinones were deposited
on silica gel plates, and three separate samples of the freated plates were stored for 18.5 hours at room
temperature in the dark, at room temperature under intense fluorescent lighting (510 ft. candles, approxi—
mately ten times normal room lighting intensity), and in a 70° C oven respectively. The red, green and blue
optical densities of each sample of the silica gel plates were read over a white target using an X - Rite 310
photographic densitometer. The results are shown in Figures 15A, 15B and 15C of the accompanying
drawings.

From these Figures it will be seen that, as would be expected, the major effect of adding the
hydroquinones was an increase in the blue optical density of the medium, especially in the samples stored
under intense light or at elevated temperature. Based upon these results, PtBHQ and DiBHQ are preferred
for their lack of staining.

It should be noted that the conditions used in these experiments were deliberately made likely to
produce staining, in that the hydroquinones were placed on a material with a large surface area freely
exposed to atmospheric oxygen. Increases in minimum optical densities produced by the use of
hydroquinones in thermal imaging media such as that described above with reference to Figure 1, in which
the hydroquinone — containing layers are sandwiched between two plastic films, are likely to be much less
than those obtained in these experiments.

Example E

This Example illustrates the use of quinones in the present invention.

The media used in these experiments were substantially similar to those used in Example 1 above. The
infra—red dye (VI — 0.36 g of a 1% w/v solution in 2 —butanone), the cyan leuco dye (IV - 0.22 g) and
1.46 g of a 15% w/v solution of a poly(methyl methacrylate) in acetone were mixed together to form a clear
solution, which was split into four equal portions of about 500 ul each. One of these portions, the control,
was used as such; to the other three portions were added 3 mg of 2-—methyl -5 - phenylhydroquinone
(MPHQ), 2,6 —dichloro -~ — 1,4 —benzoquinone (DCBQ) and 9,10 — anthraquinone (AQ) respectively. Each of
the portions was then coated on to a 4 mil poly(ethylene terephthalate) base with a coating rod, the coatings
allowed to dry overnight, and a cover sheet was laminated over the coatings at about 220°F (104° C). The
resultant films were imaged at writing speeds of 0.22, 0.25, 0.32 and 0.42 m/s and projected for 10 minutes
in the same way as in Example 1, with the red optical densities being measured before and after projection.
The results are shown in Table 9 below. Figure 17 shows the variation of red optical density with writing
speed, while Figure 18 shows the change in optical density with initial red optical density.

Also, the red and visible optical densities of unimaged portions of the four films were measured after
imaging. The films were stored at 70° C in an oven and these densities remeasured after 17, 41 and 65
hours storage. Figures 16A and 16B respectively show the variation of red and visible optical densities
respectively with storage time.

26



10

15

20

25

30

35

40

45

50

55

EP 0 543 136 A1

o
€0
sTo
(440
s/u ‘paadg
Sunum

980
€
vT€
6v'¢
Aysua(g
Py reniu]

{o3u0)

76l
191-
9L
oor-
%
‘.(I.o uI
Aduey)

780
99°C
LOY
80y
AysuaQg
P
[entug

OHdN

60-

[

0'8-
L
% “d'0
ui a3uey)

[ICLAR

680
8¢T
so'e
69'¢
Aysua(
102 §
eniuy

og0a

L'e-
8¢

81

4%
% “d’'0
u1 aguey)

0

8
65T
144
L'y
ksuaq
poy EnIug

ov

£9T-

L'81-

1'9-

'z
% “d"0
o)

.

ut Igue

From Figures 16A and 16B, it will be seen that MPHQ and DCBQ had only a minor effect on the red
and visible optical densities of the film, and did not greatly affect its optical densities upon storage at
elevated temperatures, whereas AQ markedly increased the optical densities both initially and upon storage
at elevated temperatures.

Also, from Figures 17 and 18, it will be seen that MPHQ, DCBQ and AQ all increased the sensitivity of
the medium, with AQ giving the greatest increase in sensitivity, and that MPHQ and DCBQ greatly reduced
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the projector fading of the images, whereas AQ conferred no such protection against projector fading.
Example 11

This Example illustrates the effect of zinc, aluminum and nickel cations in increasing sensitivity of, and
reducing projector fading of images formed from, imaging media containing the cyan leuco dye of Formula

IV above.

Part A : Sensitivity Experiments

The media used in this experiment were the same as in Example 1 above, and had a leuco dye :
polymer weight ratio of 0.5 : 1. Four media were prepared, a control in which the cyan color —forming layer
contained no metal cations, a second medium in which the color —forming layer contained zinc acetate at a
leuco dye : zinc molar ratio of 1:0.36, a third medium in which the color —forming layer contained aluminum
acetate at a leuco dye : aluminum molar ratio of 1:0.23, and a fourth medium in which the color —forming
layer contained nickel acetate at a leuco dye : nickel molar ratio of 1:0.32. These four media were imaged
and their optical densities recorded in the same way as in Example 1. The results are shown in Table 10
below and plotted in Figure 19 of the accompanying drawings.

Part B: Projector Fading Experiments

The images produced in Part A above were placed in a Kodak Ektagraphic Model AF —2 slide projector
(equipped with a Sylvania tungsten —halogen ELH 300W 120V bulb) for 10 minutes with the projector on the
high setting, and the red optical densities of the various areas of the images remeasured following projector
exposure in the same manner as before. The results are shown in Table 10 below and plotted in Figure 20
of the accompanying drawings, in which the percentage change in optical density of the images is plotted
against the initial red optical density.
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From Table 10 and Figure 19 it will be seen that the metal — containing media produced higher optical
densities at certain writing speeds than that produced by the metal — free control medium; in fact, the Zn/LC
= 0.36 medium showed a 24% (writing speeds 0.16 — 0.32 m/s) increase in sensitivity, the AI/LC = 0.23
medium showed a 98% (writing speeds 0.16 — 0.32 m/s) increase in sensitivity, and the Ni/LC = 0.32
medium showed a 13% (writing speeds 0.16 — 0.32 m/s) increase in sensitivity. Thus, the addition of these
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metals to the cyan imaging layer rendered the medium more sensitive.
Also, from Table 10 and Figure 20 it will be seen that the addition of the metals substantially reduced
the fading experienced in the control medium after 10 minutes of projector exposure.

Example E

This Example illustrates the effect of zinc isobutyrate in increasing sensitivity of, and reducing projector
fading of images formed from, imaging media containing the cyan leuco dye of Formula IV above.

Part A : Sensitivity Experiments

The media used in this experiment were the same as in Example 1 above. Four media were prepared, a
control in which the cyan color —forming layer contained no zinc, and three others in which the color—
forming layer contained zinc isobutyrate at leuco dye : zinc molar ratio of 1:0.2, 1:0.4 and 1:0.8. These four
media were imaged and their optical densities recorded in the same way as in Example 1, except that a
785 nm laser was used for imaging. The results are shown in Table 11 below and plotted in Figure 21 of the
accompanying drawings.

Part B: Projector Fading Experiments

The images produced in Part A above were placed in a Kodak Ektagraphic Model AF —2 slide projector
(equipped with a Sylvania tungsten —halogen ELH 300W 120V bulb) for 10 minutes with the projector on the
high setting, and the red optical densities of the various areas of the images remeasured following projector
exposure in the same manner as before. The results are shown in Table 11 below and plotted in Figure 22
of the accompanying drawings, in which the percentage change in optical density of the images is plotted
against the initial red optical density.
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From Table 11 and Figure 21 it will be seen that the zinc —containing media produced higher optical
densities at a given writing speed than that produced by the control medium; in fact, the Zn/LC = 0.2
medium showed a 21% (writing speeds 0.22 — 0.42 m/s) increase in sensitivity, the Zn/LC = 0.4 medium
showed a 23% (writing speeds 0.22 — 0.42 m/s) increase in sensitivity, and the Zn/LC = 0.8 medium
showed a 49% (writing speeds 0.22 — 0.42 m/s) increase in sensitivity. Thus, the addition of zinc to the
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cyan imaging layer rendered the medium more sensitive.

Also, from Table 11 and Figure 22 it will be seen that the addition of zinc substantially reduced the
fading experienced in the control medium after 10 minutes of projector exposure; however, zinc at a leuco
dye : zinc molar ratio of 1:0.8 was no more effective in preventing fading that at a molar ratio of 1:0.4.

Example E

This Example illustrates the effect of copper(ll) and cobali(ll) cations in reducing projector fading of
images formed from imaging media containing the cyan leuco dye of Formula IV above.

The media used in this experiment were the same as in Example 1 above. Three media were prepared,
a control in which the cyan color —forming layer contained no metal cations, and two others in which the
color —forming layer contained, respectively, copper(ll) acetate and cobali(ll) acetate at a leuco dye : metal
molar ratio of 1:0.2. These three media were imaged and their optical densities recorded in the same way
as in Example 1, except that a 785 nm laser was used for imaging. These images were placed in a Kodak
Ektagraphic Model AF -2 slide projector (equipped with a Sylvania tungsten —halogen ELH 300W 120V
bulb) for 10 minutes with the projector on the high setting, and the red optical densities of the various areas
of the images remeasured following projector exposure in the same manner as before. The results are
shown in Table 12 below and plotted in Figure 23 of the accompanying drawings, in which the percentage
change in optical density of the images is plotted against the initial red optical density.

Table 12
Control Cu/LC = 0.2 Co/LC = 0.2
Optical 1.04 1.48 1.12
Density
at 785
nm
Control Cu/LC = 0.2 Co/LC = 0.2
Writing Initial Change Initial Change Initial Change
Speed, Red in 0.D,, Red in O.D., Red in 0.D.,
m/s Density % Density % Density %
0.14 2.67 -4.9 2.34 -2.6 2.79 -1.8
0.16 2.39 -8.0 2.71 3.0 3.21 -4.77
0.18 2.30 -10.9 2.95 -2.0 3.28 -4.0
0.22 1.95 -13.9 3.52 -1.7 2.95 -4.1
0.26 1.23 -17.1 3.08 -2.6 1.94 -6.2
0.32 0.52 -13.5 1.30 -3.1 0.91 -4.4
0.42 0.12 0.0 0.34 -5.9 0.32 0.0

From Table 8 and Figure 15 it will be seen that the addition of copper(ll) or cobali(ll) substantially

reduced the fading experienced in the control medium after 10 minutes of projector exposure.
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Example 1_4

This Example illustrates the effect of zinc rosinates in increasing sensitivity of, and reducing projector
fading of images formed from, imaging media containing the cyan leuco dye of Formula IV above.

Part A : Sensitivity Experiments

The media used in this experiment were the same as in Example 1 above. Five media were prepared, a
control in which the cyan color —forming layer contained no zinc, and four others in which the color—
forming layer contained one of the zinc rosinates Zirex, Zinar, Zitro and Polytac100 (Zirex, Zinar, Zitro and
Polytac100 are all Registered Trademarks) at a leuco dye : zinc molar ratio of 1:0.2. These five media were
imaged and their optical densities recorded in the same way as in Example 1, except that an 784 nm laser
was used. The results are shown in Table 13 below and plotted in Figure 24 of the accompanying drawings.

Part B: Projector Fading Experiments

The images produced in Part A above were placed in a Kodak Ektagraphic Model AF —2 slide projector
(equipped with a Sylvania tungsten —halogen ELH 300W 120V bulb) for 10 minutes with the projector on the
high setting, and the red optical densities of the various areas of the images remeasured following projector
exposure in the same manner as before. The results are shown in Table 13 below and plotted in Figure 25
of the accompanying drawings, in which the percentage change in optical density of the images is plotted
against the initial red optical density.
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From Table 13 and Figure 24 it will be seen that the zinc rosinate — containing media produced higher
optical densities at a given writing speeds than that produced by the control medium; in fact, the Zirex/LC
= 0.2 medium showed a 190% increase in sensitivity, the Zinar/LC = 0.2 medium showed a 106%
increase in sensitivity, the Zitro/LC = 0.2 medium showed a 117% increase in sensitivity, and the
Polytac100/LC = 0.2 medium showed a 188% increase in sensitivity, all calculated over the full range of
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writing speeds of 0.18 - 0.42 m/s. Thus, the addition of zinc rosinates to the cyan imaging layer rendered
the medium more sensitive.

Also, from Table 13 and Figure 25 it will be seen that the addition of zinc rosinate substantially reduced

the fading experienced in the control medium after 10 minutes of projector exposure.

From the foregoing it will be seen that the addition of a color — stabilizing additive o the imaging layer

of a thermal imaging medium in accordance with the present invention is effective in increasing the
sensitivity of the imaging medium and in reducing projector fading of images produced therefrom.

Claims

1.

A thermal imaging medium comprising at least one imaging layer, the imaging layer comprising a
color —forming compound which undergoes a change of color upon heating above a color —forming
temperature for a color — forming time, the color —forming compound being of the formula:

Z
N~
//B\ﬁ )
( ]
. __s0, A
O—=C——1L

and forming after its change in color a dye compound of the formula:

Z\ /Z
Cs

S~
(\ B |
~ - | A

in which formulae:

rings A and B are aromatic nuclei;

Z and Z', which may be linked other than via the meso carbon atom, represent the moieties
sufficient to complete the auxochromophoric system of a diarylmethane or a triarylmethane dye in the
dye compound, Z and Z' being such that the dye compound has absorption in the visible region;

L is a leaving group which is removed on heating; and

the broken line between the SOz group and ring B denotes that the sulfonamide ring in the color —
forming compound may be 5— or 6 — membered,

characterized in that the imaging layer further comprises a color — stabilizing additive comprising
any one or more of a quinone, a hydroquinone and a source of zinc, nickel, copper(ll), cobali(ll) or
aluminum(lll) cations.

An imaging medium according to claim 1 characterized in that the color — stabilizing additive comprises
a hydroquinone.

An imaging medium according to claim 2 characterized in that the hydroquinone has an electron
withdrawing substituent on the aromatic ring bearing the two hydroxyl groups.
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11.

12,
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An imaging medium according to claim 3 characterized in that the hydroquinone is chlorohydroquinone,
2,5 —dichlorohydroquinone, 2 —methyl -5 —phenylhydroquinone, phenylhydroquinone or 25-di—t—
butylhydroquinone.

An imaging medium according to claim 2 characterized in that the imaging layer comprises a total of at
least about 0.25 mole of quinone and hydroquinone per mole of color — forming compound.

An imaging medium according to claim 1 characterized in that the color — stabilizing additive comprises
comprises a source of zinc cations.

An imaging medium according to any one of the preceding claims characterized in that, in the color -
forming and dye compounds, Z and Z' each comprise a benzene ring, Z and Z' being linked via an
oxygen atom bonded to the two benzene rings at positions ortho to the meso carbon atom, so that the
Z—-C—Z' grouping forms a xanthene nucleus.

An imaging medium according to any one of the preceding claims characterized by an absorber
capable of absorbing infra—red radiation and thereby generating heat in the imaging layer and
promoting the color change of the color —forming compound.

An imaging medium according to claim 8 characterized by at least two imaging layers, the at least two
imaging layers comprising color —forming compounds arranged to produce dye compounds having
differing colors, and comprising at least two absorbers absorbing at differing wavelengths.

A process for forming a image, the process comprising:

providing a thermal imaging medium having at least one imaging layer comprising a color — forming
compound;

imagewise heating the imaging layer above a color — forming temperature for a color —forming time,
thereby causing, in heated regions of the image, at least part of the color —forming compound to be
converted to a dye compound, thereby forming an image'

the process being characterized in that the imaging medium is an imaging medium according to
any one of the preceding claims.

A process according to claim 10 wherein the image produced is projected by passing visible radiation
through the image and wherein the color — stabilizing additive present in the imaging medium reduces
fading of the image during projection.

An imaged medium having imagewise colored and substantially uncolored areas, the substantially
uncolored areas of the image comprising a color —forming compound which undergoes a change of
color upon heating above a color —forming temperature for a color —forming time, the color —forming
compound being of the formula:

VA
Z\C/
/7 | N ;\\\
( I
. __so, A
O—=C——1L

and the colored areas of the image comprising a dye compound of the formula:
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/
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0

in which formulae:

rings A and B are aromatic nuclei;

Z and Z', which may be linked other than via the intervening carbon atom, represent the moieties
sufficient to complete the auxochromophoric system of a diarylmethane or a triarylmethane dye, Z and
Z' being such that the dye compound has absorption in the visible region;

L is a leaving group which is removed on heating; and

the broken line between the SOz group and ring B denotes that the sulfonamide ring in the color —
forming compound may be 5— or 6 — membered,

characterized in that the colored and substantially uncolored areas further comprise a color -
stabilizing additive comprising any one or more of a quinone, a hydrogquinone and a source of zinc,
nickel, copper(ll), cobalt(ll) or aluminum(lll) cations.
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