1 COWPOSI TI ONS, SYSTEMS, AND METHODS FOR | MAG NG BACKGROUND [ 0001]
Mat erial s that produce col or change upon stinulation with energy such
as light or heat nmay have possible applications in imaging. For
exanple, such materials nay be found in thermal printing papers and
instant imaging films. Cenerally, the gaterials and conpositions
known so far may require a multifiim structure and further
processing to produce an imge (e.g., instant imaging filnms such as
Pol aroid). And in the case of facsimle and thermal head nedi a, high
energy input of greater than 1 J/cnR is needed to achi eve good

i mges. The conpositions in multifilmnmedia my require control of

di ffusion of color-formng chemstry and further processing, and are
i n separate phases and |layers. Mst thermal and facsimle paper
coatings consist of coatings prepared by preparing fine dispersions
of nore than two conponents. The conponents m x and react upon
application of energy, resulting in a colored nmaterial. To the
necessary mxing, the particles need to contact across three or nore

phases or |ayers r ' o t e

mul ti pl e phases ag’gﬂY‘E%ﬂsﬂ#Eﬁ?ﬁéﬁg&nﬁiﬁ%ﬁﬁpﬁﬁﬁgw@ mthis
process. For exanple, a relatively powerful carbon dioxide |aser
with an energy density of 3 J/cnR at tinmes of nuch greater than 100
ps may be needed to produce a mark. In sone instances, this high
energy application may cause damage to the inmaging substrate. In many
situations, it may be desirable to_produce a visible mark nore
efficiently using either a less iﬁ@ﬁ@&ouf&@s power f ul , and/ or
shorter energy application. Therefore, 2 '

[0001] Materiais that produce color change upon stimulation with energy such
as light or heat may have possible applications in imaging. For example, such
materials may be found in thermal printing papers and instant imaging fims.
Generally, the materials and compositions known so far may require a multifilm
structure and further processing to produce an image (e.g., instant imaging films
such as Polaroid). And in the case of facsimile and thermal head media, high
energy input of greater than 1 J/cm? is needed to achieve good images. The
compasitions in multifilm media may require control of diffusion of color-forming
chemistry and further processing, and are in separate phases and layers. Most
thermal and facsimile paper coatings consist of coatings prepared by preparing
fine dispersions of more than two components. The components mix and react
upon application of energy, resulting in a colored material. To the necessary
mixing, the particles need to contact across three or more phases or layers and
merge into a new phase. Because of these multiple phases and layers, high
energy is required to perform this process. For example, a relatively powerful
carbon dioxide laser with an energy density of 3 Jlcm? at times of much greater
than 100 us may be needed to produce a mark. In some instances, this high
energy application may cause damage to the imaging substrate. In many
situations, it may be desirable to produce a visible mark more efficiently using
either a less intense, less powerful, and/or shorter energy application. Therefore,



there is a need for fast marking coatings, possibly conposed of fewer
than three phases and in single layer. Single layer color-formng
materials, initiated and addressable by radiation, particularly with
energy density of less than 1 JJcn2 delivered in less than 100 ps is
heret o unknown. SUMVARY [0002] Disclosed herein are inmaging
materials and nethods of making imaging materials. The materials

di scl osed herein may include an antenna, a color fornmer and an

activator, is ' rix,.. The cal.or forner d the
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absorbed energy heats the mixture which causes the color former and the
activator to mix and react, causing the color former to change color and a mark to
be produced.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] For a detailed description of embodiments of the invehtion, reference will
now be made to the accompanying drawings in which:
[0004] Figure 1 shows a method of preparing an imaging material according to
an embodiment of the present invention.
[0005] Figure 2 shows an imaging medium according to an embodiment of the
present invention.
NOTATION AND NONEMCLATURE
[0006] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
companies may refer to components by different names. This document does
not intend to distinguish between components that differ in name but not function.
[n the following discussion and in the claims, the terms ‘“including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted
to mean "including, but not fimited to . . . ." The term “leuco dye” is a color
forming substance which is colorless or one color in a non-activated state and
produces or changes color in an activated state. As used herein, the term
“activator” is a substance which reacts with a leuco dye and causing the leuco
dye to alter its chemical structure and change or acquire color. By way of



not intend to distinguish between conponents that differ in nanme but
not function. |In the follow ng discussion and in the clains, the
ternms "including” and "conprising"” are used in an open-ended
fashion, and thus should be interpreted to nmean "including, but not
limted to ...." The term"leuco dye" iy a color formng substance
which is colorless or one color in a non-activated state and
produces or changes color in an activated state. As used herein, the
term "activato st anc ich.r | euco _dye and
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[0008] Embodiments of the invention include coatings that result in clear marks
and excellent image quality when marked with a 780 nm laser operating at 45mw.
The materials used to produce color change upon stimulation by energy may
include a color-former such as a fluoran leuco dye and an activator such as
sulphonylphenol dispersed in a matrix such as radiation-cured acrylate oligomers
and monomers and applied to a substrate. In particular embodiments, either the
leuco dye or the activator may be substantially insoluble in the matrix at ambient
conditions. An efficient radiation energy absorber that functions to absorb energy
and deliver it to the reactants is also present in this coating. Energy may then be
applied by way of, for example, a laser or infrared light. Upon application of the
energy, either the activator, the color-former, or both may become heated and
mix which causes the color-former to become activated and a mark to be
produced.

[0009] Referring now to the embodiments illustrated in Figure 2, there is shown
imaging medium 100, energy 110, substrate 120, imaging composition 130, and
suspended particles 140. Imaging medium 100 may comprise a substrate 120.
Substrate 120 may.be any substrate upon which it is desirable to make a mark,
such as, by way of example only, paper (e.g., labels, tickets, receipts, or



The materials used to produce col or change upon stimnul ation by energy
may include a color-former such as a fluoran | euco dye and an
activator such as sul phonyl phenol dispersed in a matri x such as

radi ati on-cured acrylate oligomers and nononers and applied to a
substrate. In particular enbodinents, either the |euco dye or the
activator may be substantially insoluble in the matrix at anbi ent
conditions. An efficient radi ati on energy absorber that functions to

absorb ener it to the reactants i resent
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be subst antfPraWI?f eneray UB ing upon the equipment available,
conditions, and desired result. Examples of energy which may be used include

IR radiation, UV radiation, x-rays, or visible light. The antenna may absorb the
energy and heat the imaging composition 130. The heat may cause suspended
particles 140 to reach a temperature sufficient to cause the interdiffusion of the
color forming species initially present in the particles (e.g., glass transition
temperatures (Tg) or melting temperatures (Ty,) of particles 140 and matrix). The
activator and dye may then react to form a color.

[0012] Examples 1 and 2 illustrate exemplary embodiments of the present
invention. Several modifications may be made that are within the scope of the
present invention. For example, antenna 60 may be any material which
effectively absorbs the type of energy to be applied to the imaging medium to
effect a mark. By way of example only, the following compounds IR780 (Aldrich
42,531-1) (1), IR783 (Aldrich 54,328-2) (2), Syntec 9/1 (3), Syntec 9/3 (4) or metal
complexes (such as dithiolane metal complexes (5) and indoaniline metal
complexes (6)) may be suitable antennae:



matri x and nmay be suspended in the matrix as uniformy distributed
particles 140. The imaging conposition 130 may be applied to the
substrate via any acceptable nethod, such as, by way of exanple
only, rolling, spraying, or screen printing. [0011] Energy 110 may
be directed i magewi se to inaging nmedi ump 100. The form of energy may
vary dependi ng upon the equi pnment avail able, anbient conditions, and
desired result. Exanples of energy which may be used include IR

radi ati on, WV radlat|on X-rays, or visible light. The antenna may
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S (49 R A\ /ApDR3 11 M RZA3 3 M R4 (5 6 wiere M is a
transition netal, Rl, R2, R3, and R4 are al kyl or aryl groups with or
wi t hout hal o substituents, and A, A2, A3, and A4 can be S, NH, or

Se; RS 6

where M; is a transition metal, R1, Rz, R3, and R, are alkyl or aryl groups with or
without halo substituents, and A4, Az, As, and A4 can be S, NH, or Se;

Rs

NHRg

2 (6)

where M; is Ni or Cu and Rs and Rg are aryl or alkyl groups with or without halo
substituents.

Additional examples of antennae can be found in “Infrared Absorbing Dyes”,
Matsuoka, Masaru, ed., Plenum Press (1990) (ISBN 0-306-43478-4) and "Near-
Infrared Dyes for High Technology Applications”, Daehne, S.; Resch-Genger, U.;
Wolfveis, O. ,Ed., Kluwer Academic Publishers (ISBN 0-7923-5101-0), both
incorporated herein by reference.

[0013] The activator (e.g., bisphenol-A) and color-forming dye 90 (e.g., BK-400)
may act in tandem to produce a mark. The activator and dye may be any two
substances which when reacted together produce a color change. When
reacted, the activator may initiate a color change in the dye or develop the dye.
One of the activator and the dye may be soluble in the matrix (e.g., lacquer 30) at
ambient conditions. The other may be substantially insoluble in the lacquer at
ambient conditions. By “substantially insoluble,” it is meant that the solubility of
the other in the lacquer at ambient conditions is so low, that no or very little color
change may occur due to reaction of the dye and the activator at ambient
conditions. Although, in the embodiments described above, the activator may be
dissolved in the lacquer and the dye remains suspended as a solid in the matrix
at ambient conditions, it is also acceptable that the color former may be dissolved
in the matrix and the activator may remain as a suspended solid at ambient
conditions. Activators may include, without limitation, proton donors and phenolic
compounds such as bisphencl-A and bisphenol-S. Color formers may include,



N b-NHR6 Mz: ~N azZ 2 (6) where M is N or Cu and R5 and R6 are aryl
or alkyl groups with or without halo substituents. Additional

exanpl es of antennae can be found in "Infrared Absorbing Dyes",

Mat suoka, Masaru, ed., Plenum Press (1990) (I SBN 0-306-43478-4) and
"Near- Infrared Dyes for Hi gh Technol ogy Applications”, Daehne, S.;
Resch-Genger, U.; Wlfbeis, O ,Ed., uwer Academ c Publishers

(I SBN 0-7923-5101-0), both incorporated herein by reference. [0013]
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where A and R are aryl or alkyl groups.

[0014] Lacquer 30 may be any suitable matrix for dissolving and/or dispersing
the activator, antenna, and color former. Acceptable lacquers may include, by
way of example only, UV curable matrices such as acrylate derivatives, oligomers
and monomers, with a photo package. A photo package may include a light
absorbing species which initiates reactions for curing of a lacquer, such as, by
way of example, benzophenone derivatives. Other examples of photoinitiators for
free radical polymerization monomers and pre-polymers include but are not
limited to: thioxanethone derivatives, anthraquinone derivatives, acetophenones
and benzoine ether types. It may be desirable to choose a matrix which is cured
by a form of radiation other than the type of radiation which causes a color
change. Matrices based on cationic polymerization resins may require photo-
initiators based on aromatic diazonium salts, aromatic halonium salts, aromatic
sulfonium salts and metallocene compounds. An example of an acceptable
lacquer or matrix may include Nor-Cote CDGO000 (a mixture of UV curable
acrylate monomers and oligomers) which contains a photoinitiator (hydroxy
ketone) and organic solvent acrylates (e.g., methyl methacrylate, hexyl
methacrylate, beta-phenoxy ethyl acrylate, and hexamethylene acrylate). Other



condi tions. Activators may include, without limtation, proton donors
and phenolic conmpounds such as bi sphenol - A and bi sphenol -S. Col or
formers may include, 7 wthout |imtation, |euco dyes such as
fluoran | euco dyes and phthalide color forners as described in "The
Chem stry and Applications of Leuco Dygs", Mithyala, Ram ah, ed.,

Pl enum Press (1997) (1SBN 0-306-45459-9), incorporated herein by
reference. Exanpl es of acceptable fluoran | euco dyes conprise the
structure shown Formula (7),.0 N/ 1 I \ N where A
o' R are AFPigbleRYRTS Bo rAicas ek jiciie arevials APy lRIMELS BUH) o
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40, and a two phase UV curable paste 50. In the embodiments illustrated in
Figure 1, 2 grams of dibenzyl oxalate was heated to melting (= 85° C). Twenty
grams of activator bisphencl-A and one gram of antenna IR780 were dissolved in
the melted dibenzyl oxalate. The activator/fantenna solution 20 was cooled and
ground into a fine powder 70.
[0016] Five grams of the ground activator/fantenna powder 70 was dissolved in
15.3 g Nor-Cote CDG000 UV-lacquer (a mixture of UV curable acrylate
monomers and oligomers) 30 to form the lacquer/antenna/activator solution 40
into which 14.5 g BK-400 leuco dye (2'-anilino-3'-methyl-6'-(dibutylamino)fluoran -

available from Nagase, the structure of which is set forth below as Formula 8)
n-Bu

n-Bu——N o Me

Ph

Tz

© (8)
(average particle size < 5 pm) 90 and 1.9 g pure bisphenol-A (average particle
size < 5 pm) was added. The mixture was rendered to a fine paste and screen
printed onto a substrate at a thickness of approximately 7 um to form an imaging
medium (not shown). The coating on the medium was then UV cured by mercury

lamp.



by a formof radiation other than the type of radiation which causes
a color change. Matrices based on cationic polynerization resins my
require photo- initiators based on aromatic diazoniumsalts, aronmatic
hal onium salts, aromatic sulfoniumsalts and netal | ocene conpounds.
An exanpl e of an acceptable |acquer orgmatrix may include Nor-Cote
CDA00 (a m xture of UV curable acrylate nononmers and ol i goners)
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and 1.2 gram of antenna IR780 were dissolved in the melted dibenzyl oxalate.
The activator/antenna solution 20 was cooled and ground into a fine powder 70,
[0019] 1.8 grams of the ground activator/antenna powder 70 was dissolved in
15.3 g Nor-Cote CDG000 UV-lacquer 30 to form the lacquer/antenna/activator
solution 40 into which 15 g $-205 leuco dye (2-anilino-3-methyl-6-(N-ethyl-N-



nononers and oligoners) 30 to formthe | acquer/antennal acti vat or
solution 40 into which 14.5 g BK-400 | euco dye

(2'-anilino-3" -methyl-6"-(di butylam no)fluoran - available from
Nagase, the structure of which is set forth below as Forrmula 8) n-Bu
| n-eu-NO\ NMe | | Ph OHO(8) (ayerage particle size <5 pm
90 and 1.9 g pure bisphenol -A (average particle size <5 pm was
added. The m xture was rendered to a fine paste and screen printed

onto a substrat at t hi ckness f .approxi mately .7, to forman
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cured by rrercury Iarrp Et9 [0017] Direct marking was effected on the
resulting coated substrlate with a 45 nmWlaser. A mark of
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i mage i s mar i e rgdi i '[the use of a printing
i nternmedi ary. ‘ odlrrets of Exanmple 2, 2
grans of di & : O . Twenty
granms of activator TG SA (Phef 2- (2-propenyl) -
(9C1)) (Formula (9))

(10)

(average particle size < 5 pm) 80 and 2.0 g pure bisphenol-A (average patrticle
size also < 5 ym) was added. The mixture was rendered to a fine paste and
screen printed onto a substrate at a thickness of approximately 7 uym to form an
imaging medium (not shown). The coating on the medium was then UV cured by
mercury lamp. Direct marking was effected on the resulting coated substrate with
a 45 mW laser. A mark of approximately 20 ym x 45 pm was produced with
energy applications of about 60 psec to 100 psec.

[0020] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.



OH HO (9) and 1.2 gramof antenna | R780 were dissolved in the

mel ted di benzyl oxal ate. The activator/antenna solution 20 was
cooled and ground into a fine powder 70. [0019] 1.8 grans of the
ground activator/antenna powder 70 was dissolved in 15.3 g Nor-Cote
CDA00 UWv-lacquer 30 to formthe | acquak/antennal/ activator sol ution
40 into which 15 g S-205 | euco dye (2-anilino-3-nethyl-6-(Nethyl-

10 isoanylam no)fluorane - avail able from "Nagase Co., Ltd")
(Formula (10)). Et NO\ Me | / Ph I OH (10) (average particle
size <5 pn) 90 and 2.0 g pure bi sphe%@ M (average particle size
also < 5 pn) wadnaddedlaiméeism xture was rendered to a fine paste and
screen printed onto a substrate at a thickness of approximtely 7 pm
to forman imging nmedium (not shown). The coating on the nedi um was
then W cured bya ditgdt GHading abipolhd e6ihpiEiidi ng was effected on the
resulting coated substrate Wltﬁ a 45 mNIaser A mark of

approxi matel y 2@ ®& 45 pm was produced with energy applications of
about 60 psec t%nlé]ﬂerﬁ}%e&sscil%zﬂ]thg%tlﬁpove di scussion is neant to be

illustrative of the principles and
a color former; and

an activator;

wherein one of the activator and the color former is soluble in the matrix or
matrix precursor at ambient conditions;

wherein the soluble of the activator and the color former is dissolved in the
matrix; and -

wherein the other of the activator and the color former is substantially
uniformly distributed in the matrix.

2, The compound of claim 1 wherein the color former comprises at least one
compound chosen from the group consisting of a leuco dye and a phthalide dye.

3. The compound of claim 1 wherein the activator comprises a phenolic
compound.
4, The compound of claim 1 wherein the antenna comprises at least one of

the compounds chosen from the group consisting of quinone, phthalocyanine,
naphthalocyanine, - metal complexes, azo, croconium, squarilium dyes,
hexafunctional polyester oligomers, and the compounds represented by the

following formulae:



vari ous enbodi nents of the present invention. Nunerous variations and
nodi fications will becone apparent to those skilled in the art once
the above disclosure is fully appreciated. It is intended that the
following clains be interpreted to enbrace all such variations and
modi fications. 11 Cains:- Wat is claiged is: 1. A direct inmaging
conpound conprising: a matrix; an antenna dissolved in the matrix;
a color former; and an activator; wherein one of the activator and
the color former is solwble in the matrix or ymtrix precursor at

[ i [ and the

color for

the activat my
di stri but ed ein the
col or former conpri ound cho$en frdmthe group

consisting of a |l eugo dye and a phtthal i de dye.
claim1l wherein the gctivator coonises a phenol | conpound. 4. The
conmpound of claiml erein the antenna conprisgs at | east one of

t he conpounds chosen fromthle group consisting pf quigone,

pht hal ocyani ne,

3| The compound of

o o (A)

I
(B)
(C)
(D).

5. The compound of claim 1 wherein the antenna is tuned to readily absorb

laser radiation.



napht hal ocyani ne, netal conpl exes, azo, croconium squarilium dyes,
hexaf uncti onal pol yester oligonmers, and the conpounds represented by
the followng formulae: 12 aNLN/ c¢cI OO 111-O1-0ONa ~I 0 (A aN
Nci (B ONSNOO(C O\ o-:0oro (D- 5 The compound of claiml
wherein the antenna is tuned to readilysabsorb [|aser radiation. 13
6. The conpound of claim1 wherein the substantially insoluble
conponent - conprises particles with an average di aneter of no nore

than about éo Phe compound of claim 1 wherein the substantially insoluble component
comprises particles with an average diameter of no more than about 20 um.

7. The compound of claim 1 wherein the direct imaging compound comprises
3wt% — S0wt% solid particles.

8. An image recording medium, the medium comprising a substrate and any
of the direct imaging compounds of claims 1-7, and wherein the imaging material

is directly or indirectly applied to the substrate.

Q. A method for preparing a direct imaging material, the method comprising:
providing a binder, a dye, a color developer, and an antenna, wherein the
dye changes color when reacted with the color developer, wherein one of the dye
and the color developer is soluble in the binder at ambient conditions:
dissolving the antenna and the binder soluble compound in the binder; and
substantially uniformly distributing the other of the dye and the color

developer in the binder.
10.  The method of claim 8 wherein the dye comprises a leuco dye.

11.  The method of claim 8 wherein the color developer comprises a phenolic

compound.

12. The method of claim 8 wherein the antenna comprises at least one of the
compounds chosen from the group consisting of quinone, phthalocyanine,
naphthalocyanine, metal complexes, azo, croconium, squarilium dyes,
hexafunctional polyester oligomers, and the compounds represented by the

following formulae:



7. The conpound of claim 1 wherein the direct imging conpound
conprises 3wm%- 90wt % solid particles. 8 An inmage recording

medi um the nedi um conprising a substrate and any of the direct

i mgi ng conpounds of clains 1-7, and wherein the imging material is
directly or indirectly applied to the gubstrate. 9. A nmethod for
preparing a direct inmaging material, the nmethod conprising:

providing a binder, a dye, a color devel oper, and an antenna, wherein
the dye changes col or en reacted with the col or devel oper, wherein
one of- the dz; [ he bi nder at
anbi ent con#@ 50l ubl e
conpound i buting the
ot her of t 3 . The

met hod of clam 8 7 11. The

met hod of claim8 wherein the col ol devel oper conpri ses a phenolic
conpound. 12. The hod of claim & wherein the tenna conprises at

| east one of the co unds chosen fromthe grogp consisting of

qui none, phthal ocyani ne, ngpht hal ocyani ne, net | exes, azo,

croconium squariliumiyes, {| hexafunctional pol ol i goners, and
t he conpounds represent the follow ng for g4y cl OO
ol A

(B)

(©)

(D).

13.  The method of claim 8 wherein the substantially insoluble component
comprises particles with an average diameter of no more than about 20 pm.



1 11 -Ol I-ONa OO(A aN+ N ¢l (B SN+ N / SO(CQ 0SSO
O (D), 13. The nethod of claim8 wherein the substantially insoluble
conponent conprises particles with an average di aneter of no nore

t han about 20 pm 15 14. The nethod of claim 8 wherein the direct

i magi ng naterial conprises 3wt%- 90wyfosolid particles. 15. An

i magi ng conposition nmade by any of the nmethods of clains 9 - 14. 16.

An i mage recording nedium the nmedium conprising a substrate and a

direct imgj hg material, erein the direct . ing. material is .,
ot epar ed bylany THe et RIATE B ErEn Boodier TRANaHaRErA ehgPrises
i magi ng mat®ibal goatdisof§ bhitices. indirectly applied to the substrate.

15.  Animaging composition made by any of the methods of claims 9 - 14.

16.  An image recording medium, the medium comprising a substrate and a
direct imaging material, wherein the direct imaging material is prepared by any of
the methods of claims 9-14, and wherein the imaging material is directly or

indirectly applied to the substrate.



