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METHODS FOR PRODUCING PHOTOSENSITIVE MICROPARTICLES, AQUEOUS
COMPOSITIONS THEREOF AND ARTICLES PREPARED THEREWITH

BACKGROUND OF THE INVENTION
[0001] The present invention is directed to aqueous compositions for forming
photosensitive microparticles to photosensitive polymeric microparticles and to
methods for producing such microparticles. The present invention is also directed to
agqueous dispersions of photosensitive polymeric microparticles and articles
comprising the photosensitive polymeric microparticles.
[0002] Photosensitive materials demonstrate a response to electromagnetic
radiation, including infrared, visible and ultraviolet radiation as well as light
amplification by stimulated emission or laser. This response can be a type of
luminescence in which visible radiation is emitted by a photosensitive material after
exposure, e.g., fluorescent and phosphorescent materials; in which there is a change
in the wavelength of the electromagnetic radiation passing through the material, e.g.,
non-linear optical materials; or in which there is a reversible change in color, e.g.,
photochromic materials. |
[0003] There are products that take advantage of the phenomena
demonstrated by photosensitive materials, e.g., optical elements such as optical
memory elements and display elements. Although products incorporating core/shell
microparticles that demonstrate photosensitive properties are known, it is desirable to
have products in which the properties of the photosensitive materials in the

microparticles can be controlled.

DETAILED DESCRIPTION OF THE INVENTION
[0004] As used in this specification and the appended claims, the singular
forms "a," "an," and "the" include plural referents unless expressly and unequivocally
limited to one referent.
[0005] For the purposes of this specification, unless otherwise indicated, all
numbers expressing quantities of ingredients, reaction conditions, and other
parameters used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the desired
propertiés sought to be obtained by the present invention. At the very least, and not

as an attempt to limit the application of the doctrine of equivalents to the scope of the
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claims, each numerical parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary rounding techniques.

[0006]  All numerical ranges herein include all numerical values and ranges of
all numerical values within the recited range of numerical values. Notwithstanding
that the numerical ranges and parameters setting forth the broad sccipe of the
invention are approximations, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their
respective testing measurements.

[0007] The present invention includes various non-limiting embodiments.
One such embodiment is an aqueous composition comprising an effective amount of
at least one photosensitive material and at least one polymerizable component
comprising at least one substantially hydrophilic monomer and at least one
substantially hydrophobic monomer, the hydrophilic monomer and the hydrophobic
monomer being adapted.to combine and at least partially form microparticles of the
polymerizable component with which the photosensitive material is associated. The
term "monomer” includes single monomer units and oligomers that comprise a few
monomer units. Another non-limiting embodiment provides an aqueous composition
comprising an effective amount of at least one photosensitive material and at least
one polymerizable component comprising at least one hydrophilic functional group
and at least one hydrophobic functional group, the photosensitive material(s) and
nolymerizable component(s) being adapted to form at least partially crosslinked
photosensitive polymeric microparticles. A further-non-limiting embodiment provides
an aqueous composition in which the photosensitive material is a photochromic
material. In a still further non-limiting embodiment, the polymerizable component
comprises at least one substantially hydrophilic prepolymer, at least one substantially
hydrophobic prepolymer, and an effective amount of at least one organic
photochromic material comprising at least one polymerizable group, the
polymerizable cémponent being adapted to form at least partially crosslinkea
photochromic polymeric microparticles. |

[0008] In accordance with a further non-limiting embodiment, the
polymerizable component can still further comprise a material that is copolymerizable
with at least one of the substantially hydrophilic and substantially hydrophobic
monomers, which material is hereinafter referred to as the "copolymerizable
material". Moreover, the polymerizable component can possess functionality

adapted to react with crosslinking materials, to be compatible with host materials and
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to have properties associated with the photosensitive polymeric microparticles
described hereinafter.

[0009] The phrase "being adapted to combine and to at least partially form
microparticles of the polymerizable component with which the photosensitive material
is associated" refers to the polymerizable componeht being suitable to self assemble
into at least partially formed microparticles. Self-assembly of the microparticles is
due to the difference in the hydrophilicity and hydrophobicity associated with the
hydrophilic functional group(s) of the substantially hydrophilic monomer and the
hydrophobic functional group(s) of the substantially hydrophobic monomer
comprising the polymerizable component. The photosensitive material can be
associated with the microparticles by the selection of hydrophilic photosensitive
material(s), hydrophobic photosensitive materi'al(s)" or photosensitive material having
another property that allows it to chemically or physically associate with the resulting
microparticles or the polymerizable component.

[0010] After formation of the microparticles, they are typically polymerized.
The phrase “to at least partially polymerize and form at least partially crosslinked
polymeric microparticles” refers to the polymerizable component in which from some
to all of the monomers l;eact and combine to form chain-like polymeric materials and
the reactive groups on from some to all of these chain-like polymeric materials react
and crosslink to form polymeric networks in which from some to all of the chains are
interconnected. The aforementioned reactive groups are chemical groups capable of
undergoing a polymerization reaction known to those skilled In the art. Non-limiting
examples of such polymerizable groups include methacryloyloxy, acryloyloxy, vinyl,
allyl, carboxyl, amino, mercapto, epoxy, hydroxy and isocyanato.

[0011] In accordance with one non-limiting embodiment, the aqueous
compositions of the present invention comprise an amount of water that can vary
widely. In one non-limiting example, the amount of water can range from 30 weight
percent to an amount less than 100 weight percent, inclusive of all numerical values
and ranges of all numerical values within this range, as specified hereinbefore for all
numerical ranges cited herein. In aﬁother non-limiting embodiment, the aqueous
composition can include organic solvents in amounts that can vary widely, e.g., a
range from a positive amount less than 1 weight percent up to 70 weight percent.
The weight percent of water and organic solvent are based on the weight of either
 water or solvent divided by the total weight of water and organic solvent (if present)
multiplied by 100.

[0012] The types of organic solvents that can be included in the aqueous

composition can vary widely. In one non-limiting embodiment, the aqueous
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composition can include polar solvents, such as alcohols, and nonpolar solvents
such as hydrocarbon liquids. Non-limiting examples of organic solvents that can be
included in the aqueous composition include propylene glycol monobuty! ether,
ethylene glycol monohexyl ether, ethylene glycol monobutyl ether, diethylené glycol
butyl ether, n-butanol, isopropanol, benzyl alcohol, mineral spirits, N-

methylpyrrolidinone, toluene, TEXANOL®solvent which is reported to be 2,2,4-
trimethyl-1,1,3-pentanediol monoisobutyrate and which is available from Eastman
Chemical Co., and mixtures of such solvents. In a further non-limiting embodiment,
the use of organic solvents can aid in the process of forming the crosslinked
polymeric microparticles. If required, some or all of the organic solvent can be

- removed from the aqueous composition by methods known to those skilled in the art,
e.d., via an azeotropic distillation or a reduced pressure distillation at temperatures of
less than 40°C.

[0013] In another non-limiting embodiment, adjuvant materials can also be
Incorporated into the agueous composition, e.g., conventional ingredients that aid in
processing the polymerizable component or impart desired characteristics to the
resulting microparticles. Non-limiting examples of such ingredients include rheology
control agents, surfactants, initiators, catalysts, cure-inhibiting agents, reducing
agents, acids, bases, preservatives, crosslinking materials, free radical donors, free
radical scavengers, stabilizers such as ultraviolet and thermal stabilizers, and
adhesion promoting agents, such as organofunctional silanes, siloxanes, titanates
and zirconates, which adjuvant materials are known to those skilled in the art.
[0014] As previously stated, the agueous composition comprises at least one
polymerizable component comprising at least one substantially hydrophilic:monomer
and at least one substantially hydrophobic monomer. As used herein, the terms
"substantially hydrophilic monomer"” and "substantially hydrophobic monomer” refer
to the relative hydrophilic or hydrophobic character of the monomers compared one
to the other. The substantially hydrophilic monomer of the polymerizable component
Is more hydrophilic than the substantially hydrophobic monomer. Correspondingly,
the substantially hydrophobic monomer of the polymerizable component is more
hydrophobic than the substantially hydrophilic monomer. One method of determining
the hydrophilic’hydrophobic character of a material is the well-known Hydrophilic-
Lipophilic Balance (HLB) number. HLB numbers generally range from 1 to 20, with 1
- being an oil-soluble material and 20 being a water-soluble material. Using this

system, materials designated herein as substantially hydrophobic would demonstrate
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an HLB of less than 10 while materials designated as substantially hydrophilic wouid
demonstrate an HLB of greater than 10.

[0015] The proportions of the substantially hydrophilic monomer(s) to the at
substantially hydrophobic monomer(s) can vary widely. In one non-limiting
embodiment, the weight percent of the substantially hydrophilic monomer and the
substantially hydrophobic monomer in the polymerizable component can each range
from 2 to 98 weight percent, based on the total polymerizable component solids
weight of 100 percent. Non-limiting examples of proportions of substantially
hydrophilic monomers to substantially hydrophobic monomers are 20:80 and 50:50.
[0016] In another non-limiting embodiment, the substantially hydrophilic
monomer is substantially compatible with, has an affinity for, and/or is capable of at
least partially dissolving in water using conventional mixing meaﬁs. The substantially
hydrophilic monomers used in the polymerizable monomer component of the present
invention can comprise any hydrophilic monomer known to those skilled in the art.
Non-limiting examples of such hydrophilic monomers include monomers comprising
hydrophilic functional groups such as: acid-functional groups; hydroxyl-functional
groups; nitrile-functional groups; amino-functional groups; amide-functional groups;
carbamate-functional groups; ionic-functional groups such as quaternary ammonium
or sulfonium groups; or mixtures of such functional groups.

[0017] In a still further non-limiting embodiment, the degree of hydrophilicity
and hydrophobicity of the monomers used to prepare the polymerizable component
can be varied, as is known to those skilled in the art. A substantially hydrophobic

| monomér of the polymerizable component can be converted into a substantially
hydrophilic monomer. In one non-limiting embodiment, isocyanato groups on a
hydrophobic monomer of the polymerizable component can be functionalized with
siloxane groups by reacting the isocyanato groups with an organofunctional silane
such as aminopropyl triethoxysilane. Upon dispersion in water, the hydrolyzable
groups, e.g., alkoxysilanes, are at least partially hydrolyzed to form hydrophilic silanol
groups. If allowed to react with alcohol or themselves, these hydrophilic groups can
revert to hydrophobic groups. The same functionalization process can be preformed
with available isocyanato groups on the polymerized and crosslinked phofosensitive
polymeric microparticles.

[0018] Non-limiting examples of suitable organo-functional silanes for such a
hydrophobic to hydrophilic conversion process inciude: (3-
acryloxypropyl)dimethylmethoxysilane, acryloxypropyltriethoxysilane,
allytriethoxysilane, 4-aminobutyltriethoxysilane, carboxymethyltriethoxysilane,

epoxybutyltrimethoxysilane, glycidoxypropyltrimethoxysiiane,
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isocyanatopropyltriethoxysilane, 3-mercaptopropylitrimethoxysilane,
mercaptomethylmethyl-diethoxysilane, methacryloxypropylmethyldimethoxysilane,
(methacryloxymethyl)dimethylethoxysilane, methacryloxypropyltrimethoxysilane,
strylethyltrimethoxysilane, ureidopropyltriethoxysilane, ureidopropyltrimethoxysilane,
vinylmethyldiethoxysilane, vinyltriacetoxysilane, vinyitriethoxysilane or mixtures
thereof.

[0019] In addition to organo-functional silanes, other substantially
hydrophobic materials that can be made substantially hydrophilic include materials
such as alkoxylated melamines, phenol-formaldehydes, urea-formaldehydes which
upon acid catalysis in water form substantially hydrophilic groups, as is known o
those skilled in the art.

[0020] Non-limiting examples of hydrophilic acid-functional group-containing
monomers include acrylic acid, methacrylic acid, beta-carboxyethyl acrylate,
acryloxypropionic acid, 2-acrylamide methylpropane sulfonic acid, acrylic(3-
sulfopropyl)ester acids, crotonic acid, dimethylolpropionic acid, fumaric acid,
mono(C4-C47)alkyl esters of fumaric acid, maleic acid, mono(C4-C,7)alkyl esters of
maleic acid, itaconic acid, mono(C,-C47)alkyl esters of itaconic acid and mixtures
thereof.

[0021] - Non-limiting examples of hydrophilic hydroxyl-functional group-
containing monomers include 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate,
hydroxypropyl methacrylate, hydroxypropyl acrylate, hydroxybutyl methacrylate,

~ hydroxybutyl acrylate, hydroxymethyl ethyl acrylate, hydroxy methylpropyl acrylate,
dicaprolactone acrylate, diethanolamine, dimethanolamineﬂ or mixtures thereof. Non-
limiting examples of nitrile-functional group-containing monomers include
methacrylonitriles and acrylonitriles.

[0022] Non-limiting examples of hydrophilic amino-functional group-
containing monomers include allylamine, dimethlallyiamine, 2-(dimethylamino)ethyl
methacrylate, 2-(t-butylamino)ethyl methacrylate, 4-aminostyrene,
dimethylaminoethyl vinyl ether, and N-(3-dimethylaminopropyl)methacrylamide.
[0023] Non-limiting examples of hydrophilic ionic-functional group-containing
monomers include allyltrimethylammonium chloride, 2-trimethylammonium ethy!
acrylic chloride, and vinylbenzyl dimethyl sulfonium chloride.

[0024] Non-limiting examples of hydrophilic amide-functional group-
containing monomers include methacrylamides and acrylamides.

[0025] Non-limiting examples of hydrophilic carbamate-functional group-

containing monomers include allyl carbamate, vinyl carbamate, the reaction product
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of hydroxyethyl carbamate and methacrylic anhydride, and the reaction product of
hydroxyethyl carbamate with isophorone di-isocyanate and hydroxyethyi acrylate.
[0026] Non-limiting examples of hydrophilic vinyl-functional group-containing
monomers include vinyl acetate, vinyl pyrrolidones and vinyl propionates.

[0027] In one non-limiting embodiment, the hydrophobic monomer(s)
comprise a monomer that is substantially free ot hydrophilic functionality and is
substantially incompatible with, has less affinity for and/or is capable of only
minimally dissolving in water using conventional mixing means. In another non-
limiting embodiment, the hydrophobic monomer(s) used in the polymerizable
component of the present invention can include any hydrophobic monomer known to
those skilled in the art. Non-limiting examples of hydrophobic functional groups
include hydrocarbons having 4 or more carbon atoms. Further examples of such
functional groups are included in the description of hydrophobic monomers
hereinafter.

[0028] Non-limiting examples of hydrophobic monomers include free-radically
polymerizable monomers which include, but are not limited to, vinyl aromatic
monomers, e.g., styrene, a-methyl styrene, t-butyl styrene and vinyl toluene; vinyl
and vinylidene halides, e.g., vinyl chloride and vinylidene chloride; vinyl esters; vinyl
ethers, vinyl butyrates, alkyl esters of acrylic and methacrylic acids having from 4 to
17 carbon atoms in the alkyl group, including butyl methacrylate, butyl acrylate,
cyclohexy! methacrylate, cyclohexyl acrylate, 2-ethylhexyl methacrylate, 2-ethylhexy!
acrylate, butyl hexylmethacrylate, butyi hexylacrylate, isooctylmethacrylate,
isooctylacrylate, isodecyl methacrylate, isodecyl acrylate, isobornyl methacrylate,
isobornyl acrylate, lauryl methacrylate and lauryl acrylate; and mixtures thereof.
[0029] Other suitable hydrOphobic monomers include organo-functional
silanes having substantially non-hydrolyzable substituents, such as alkoxy groups
having 3 or more carbon atoms.

[0030] In one non-limiting embodiment, the polymerizable component
comprises at least one copolymerizable material that is different from the at least one
substantially hydrophilic monomer and the at least one substantially hydrophobic
monomer. In another non-limiting embodiment, the copolymerizable material(s) can
be reacted with the substantially hydrophilic monomer(s) to form a substantially
hydrophilic prepolymer and/or with the substantially hydrophobic monomer(s) to form
a substantially hydrophobic prepolymer.

[0031]  Inanother non-limiting embodiment, the copolymerizable material(s)
can be any material that is copolymerizable with at least one of the substantially

hydrophilic monomer(s) and the substantially hydrophobic monomer(s). In one non-

{
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limiting embodiment, the copolymerizable material(s) is a structural backbone
forming material. Non-limiting examples of copolymerizable material(s) can be
chosen from: ethylenically unsaturated group-containing materiais; isocyanate-
coﬁtaining materials known to those skilled in the art, e.g., reaction products of
isocyanates and other correspondingly reactive materials, e.g., polyols, in which the
reaction product has at least one reacftive isdcyanato group; hydroxyl-group
containing monomers known to those skilled in the art; epoxy-group containing
monomers known to those skilled in the art; carboxy-group containing monomers
known to those skilled in the art; carbonate-group containing monomers known to
those skilled in the art, e.g., a reaction product of a polyol comprising at least one
carbonate group and vinyl monomer and a reaction product of a polyol comprising at
least one carbonate group and an isocyanate comprising one reactive isocyanate
group and at leastone polymerizable double bond as described in U.S. Patent
Application Publication US 2003/0136948 paragraphs [0041] to [0085]); or mixtures of
such copolymeriz_able materials.

[0032] In one non-limiting embodiment, the &)bblyme(izéﬁle materiél(s) '
includes silyl-group containing materials, e.g. organo-functional silanes having at

least one polymerizable group, such. as the previously described organo-functional
silanes.

[0033] Non-limiting examples of copolymerizable materials such as
ethylenically unsaturated group-containing monomers include vinyl monomers and
ethylenically unsaturated monomers having a functional group chosen from hydroxyl,
carboxyl, amino, mercapto, (meth)acryloyloxy, e.g., methacryloyloxy or acryloyloxy,
iIsocyanato or mixtures thereof, which are known to those skilled in the art. In one
non-limiting embodiment, the copolymerizable materials can have two or more of the

same polymerizable group or two or more of different polymerizable groups. In
another non-limiting embodiment, the copolymerizable material is chosen from

(meth)acrylic monomers having at least one functional group chosen from hydroxyl,
amino, mercapto or mixtures thereof.

[0034] In one non-limiting embodiment, the substantially hydrophilic

monomer(s) and/or the substantially hydrophobic monomer(s) used in the formation
of the polymerizable component are chosen for the properties provided by the glass
transition temperatures of the respective polymers upon polymerization, as is known
to those skilled in the art. For example, monomers that form polymers having glass
transition temperatures higher than room temperature, e.g. 23°C, tend to form rigid or
hard polymers while monomers that form polymers having glass transition

8
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temperatures less than room temperature tend to be soft and flexible. The properties
of the monomers used to form the polymeric microparticle environment can affect the
performance of the photosensitive materials. For example, in the case of organic
photochromic materials that depend on conformational changes to demonstrate an
activated and unactivated state, in one non-limiting embodiment, a soft and flexible
environment permits more movement and can allow an increase in performance or a
rigid and hard environment permits less movement and can cause a decrease in
performance. Formulating the polymerizable component with materials having
properties that can affect the performance of the photosensitive materials enables
the resulting photosensitive polymeric microparticle to have an environment in which
the performance of the photosensitive materials can be controlled.

[0035] Upon polymerization, the substantially hydrophilic monomer(s) arid the
substantially hydrophobic monomer(s) each form polymers, the glass transition
temperatures of which can vary widely. In one non-limiting embodiment, the glass
transition temperature of a polymer formed upon polymerization of the substantially
hydrophobic monomer(s) is greater than or equat to the glass transition temperature
of the polymer formed upon polymerization of the substantially hydrophilic
monomer(s). In an alternate non-limiting embodiment, the glass transition .
temperature of the polymer formed upon polymerization of the substantially
hydrophobic monomer(s) is less than the glass transition temperature of the polymer
formed upon polymerization of the substantially hydrophilic monomer(s). '

[0036] In a further non-limiting embodiment, the substantially hydrOphbbic
monomer(s) is adapted to form a polymer that upon polymerization has a glass
transition temperature less than 23°C, e.g., from 22.9°C to —-100°C or from 22°C to -

90°C. In a still further non-limiting embodiment, the substantially hydrophilic
monomer(s) is adapted to form a polymer that upon polymerization has a glass

transition temperature equal to or greater than 23°C, e.g., from 23°C to 130°C or
from 24°C to 100°C.

- [0037] In a still further non-limiting embodiment, the substantially hydrophilic
monomer(s) and/or the substantially hydrophobic monomer(s) can be urethane
materials adapted to form substantially rigid and/or substantially flexible segments.
The concept of preparing urethane material in order to form rigid or flexible segments
by choosing the components, e.q., isocyanates and polyols, to form the appropriate
typé of segment is known to those skilled in the art. See for example tﬁe discussion

of hard and soft segments in U.S. Patent 6,187,444 at column 3, line 49 to column 4,
line 46. A rigid segment of
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urethane material is one that gives the resulting material in which it is used a stiffness
that is not easily bent without breaking. A flexibie §egment of urethane material is
one that results in a material being pliable and capable of being bent or moved from
a straight line or form without breaking.  In one non-limiting embodiment, the
substantially hydrophobic monomer is a urethane material, e.g., a urethane
(meth)acrylate prepolymer, that is adapted to form a flexible-segment and the
substantially hydrophilic monomer(s) is a urethane material, e.g., a urethane
(meth)acrylate prepolymer,. adapfed to form a rigid-segment. In an alternate non-
limiting embodiment, the substantially hydrophobic monomer(s) is a urethane
material that is adapted to form a rigid-segment and the substantially hydrophilic
monomer(s) is a urethane material adapted to form a flexible-segment.

[0038] The urethane materials of the present invention can be prepared with
isocyanates and polyols, amines and/or thiols that can vary widely. Suitable
materials and methods are known to those skilled in the art of urethane preparation.
[0039] When the urethane-forming components, such as organic components
having hydroxyl, mercapto and/or amino groups and isocyanates, are combined to
produce the urethane materials of the present invention, the relative amounts of the
ingredients are typically expressed as a ratio of the available number of reactive
isocyanate groups to the available number of reactive hydroxyl, mercapto and/or
amino groups, e.g., an equivalent ratio of NCO:X wherein X is OH, SH, NH and/or
NH,. For example, a ratio of NCO:X of 1.0:1.0 is obtained when the weight of one
NCO equivalent of the isocyanate component is reaéted with the weight of one X
equivalent of the hydroxyl, mercapto and/or amino group-containing component. The
urethane materials have an equivalent ratio of NCO:X that can vary widely. For
example, in one non-limiting embodiment, the equivalent ratio of NCO:X can range
between 0.3:1.0 and 3.0:1.0 and all inclusive ranges therebetween. When the ratio is
greater than 1.0:1.0, the excess isocyanato groups can be blocked and/or further
reacted, e.g., with urea or organo-functional silanes, to form hydrophilic groups, as IS
known to those skilled in the art.

[0040] Non-limiting examples of isocyanate components include modified or
unmodified isOcyanateé having free, blocked, e.g., with suitable blocking agents, or
partially blocked isocyanate-containing components, as known to those skilled in the
art, chosen from: toluene-2,4-diisocyanate; toluene-2,6-diisocyanate; diphenyl
methane-4,4'-diisocyanate; diphenyl methane-2,4’-diisocyanate; para-phenylene
diisocyanate; biphenyl diisocyanate; 3,3’-dimethyi-4,4’-diphenylene diisocyanate;
tetrametherne¥1 4-diisocyanate; hexamethylene-1,6-diisocyanate; 2,2,4-trimethyl

hexane-1,6-diisocyanate; lysine methyl ester diisocyanate; bis (isocyanato
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ethyl)fumarate; isophorone diisocyanate; ethylene diisocyanate; dodecane-1,12-
diisocyanate; cyclobutane-1,3-diisocyanate; 2-heptyl-3,4-bis(9-isocyanatononyl)-1-
pentyl-cyclohexane; cyclohexane-1,3-diisocyanate; cyclohexane-1,4-dilsocyanate;
dicyclohexylmethane-4,4-diisocyanate or methylene bis(4-cyclohexylisocyanate);
methyl cyclohexyl diisocyanate; hexahydrotoluene-2,4-diisocyanate;
hexahydrotoluene-2,6-diisocyanate; hexahydrop.henyléne-1 ,3-diisocyanate;
hexahydrophenylene-1,4-diisocyanate; m-tetramethyixylene diisocyanate; p-
tetramethylxylene diisocyanate; perhydrodiphenylmethane-2,4’-diisocyanate;
perhydrodiphenylmethane-4,4'-diisocyanate or mixtures thereof.

[0041] In a further non-limiting embodiment, when the urethane material is
formed in the presence of a catalyst, the catalyst can be chosen from: Lewis bases,
| ewis acids and insertion catalysts, as is described in Ullmann's Encyclopedia of
Industrial Chemistry, 5th Edition, 1992, Volume A21, pp. 673 to 674.

[0042] Non-limiting examples of organic polyols that can be used in the
present invention as urethane-forming components include (a) polycarbonate polyols;
(b) low molecular weight polyols, e.g., polyols having a weight average molecular
weight less than 500, e.qg., aliphatic diols, such as C,-C,, aliphatic diols, triols,
polyhydric alcohols and alkoxylated low molecular weight polyols; (c) polyester
- polyois; (d) polyether polyols; (e) amide-containing polyols; (f) polyacrylic polyols; (g)
epoxy polyols; (h) polyhydric polyvinyl alcohols; (i) urethane polyols; or (j) mixtures
thereof. The aforementioned polycarbonate polyols can be formed by methods
known in the art, as disclosed in U.S. Patents 5,143,997 at column 3, line 43 to
column 6, line 25, and 5,527,879 at column 2, line 10 to column 3, line 48. The other
polyols can also be prepared by methods known in the art, as described in U.S.
Patent 6,187,444 at column 7, line 25 to column 12, line 15.

[0043] In one non-limiting embodiment, the organic polyols, e.g., diols, triol,
“etc., that are used to prepare the urethane material of the present invention, can be
used to form prepolymers or adducts with the isocyanates. In another non-limiting
embodiment, substantially hydrophilic or substantially hydrophobic prepolymers can
each be prepared by the reaction of a hydrophilic monomer, such as dimethyilol
propionic acid, or a hydrophobic monomer, such as a Cg alibhatic diol, with the
iIsocyanate reactive group of the prepolymer. Such prepolymers can be substantially
hydrophilic or substantially hydrophobic urethane (meth)acrylate prepolymers, e.g.,

urethane acrylate prepolymers, urethane methaérylate prepolymers or a mixture
thereof. |
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[0044] As previously stated, the aqueous compositions of the present
invention include an effective amount of at least one photosensitive material. The
term “an effective amount of photosensitive material” means that amount of
photosensitive material in the polymerizable component and resulting photosensitive
polymeric microparticle which, when irradiated with an appropriate wavelength of
electromagnetic radiation, produces a detectable response by instrument or visual
observation such as’ a change in the wavelength or amount of radiation emitted by
the photosensitive material, a change in the wavelength of the radiation passing
through the photosensitive material or a change in the observed color of the
- photosensitive material. The term “photosensitive materials” includes photosensitive
organic materials, photosensitive inorganic materials or mixtures thereof, but does
not include colorants such as pigments and fixed tint dyes and conventional dichroic
dyes unless the dichroic property is associated with a photochromic material as
discussed hereinafter. In one non-limiting embodiment, the photosensitive material is
chosen from fluorescent dyes, phosphorescent dyes, nonlinear optical materials;
photochromic materials or mixtures thereof.

[0045] In another non-limiting embodiment, the photosensitive material(s)
further comprises one or more polymerizable groups described hereinbefore.
Various methods for attaching polymerizable groups to photosensitive materials are
known to those skilled in the art. See for example, U.S. Patent 6,1 13,814 at column
8, line 42 to column 22, line 7. Additional methods that can be
employed are those used for attaching functional
groups to non-photosensitive materials, such as the methods described in U.S.
Patent 5,919,846 at column 2, line 35 to column 4, line 42. The photosé_nsitive
material, in one non-limiting embodiment, can be at least partially bound to the chain-
like polymeric materials of the polymerizable component.

[0046] As known to those skilled in the art, fluarescent and phosphorescent
dyes emit visible radiation when an atom or molecule passes from a higher to a lower
electronic state. The difference between the two dyes being that the emission of
luminescence after exposure to radiation from the fluorescent dye occurs sooner
than that from a phosphorescent dye. |

[0047] Fluorescent dyes known to those skilled in the art can be used as
photosensitive materials in the present invention. See Haugland, R.P.(1996) -
Molecular Probes Handbook for Fluorescent Probes and Research Chemicals, 6th
edition. Non-limiting examples of fluorescent dyes include anthracenes, tetracenes,

pentacenes, rhodamines, benzophenones, coumarins, fluoresceins, perylenes and

mixtures thereof.
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[0048] Phosphorescent dyes known to those skilled in the art can be used as
photosensitive materials in the present invention. Non-limiting examples of
phosphorescent dyes include: metal-ligand complexes such as tris(2-
phenypyridine)iridium [Ir(ppy)3] ; 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphyrin
platinum (li) [PtOEP] and organic dyes such as eosin (2'4',5",7'-
tetrabromofluorescein), 2,2"-bipyridine and erythrosin (2',4',5',7'-tetraiodofluorescein).
(0049] Non-linear optical materials (NLO) can have a distinct crystalline
structure, which is optically anisotropic with respect to electromagnetic radiation, but
can also be amorphous, e.g., gallium arsenate, as well as polymeric incorporating a
variety of chromophores such as disperse red 1 [2873-52-8] 4-(N-ethyl-N-2-
hydroxyethyl)amino-4'-nitroazobenzene. As used herein the term “anisotropic”
means having at least one property that differs in value when measured in at least
one different direction. Thus, “optically anisotropic materials” are materials that have
at least one optical property that differs in value when measured in at least one
different' direction. Based on the anisotropic nature of NLO materials, ordering or
alignment of the materials, as known to those skilled in the art, is used to take full
advantage of the nonlinear behavior of these materials. Some NLO matenals
change light passing through them, depending upon orientation, temperature, light
wavelength etc. A non-limiting example of this property of NLO materials is that a
red light of low wavelength enters a crystal of ammonium dihydrogen phosphate
which releases photons of accumulated higher energy and exits as blue light of a
higher wavelength. See, D. Arivuoli "Fundamentals of nonlinear optical materials”
PRAMANA-journal of physics Vol 57, Nos 5 &6 Nov. & Dec. 2001, pp. 871-883.
[0050] NLO materials known to those skilled in the art can be used as
photosensitive materials in the present invention. See Nalwa, H.S. and Miyata, S,

Editors, Nonlinear Optics of Organic Molecules and Polymers by CRC, 1997 . Non-
limiting examples of NLO materials in addition to the aforementioned materials

include: 4-dimethylamine-4-nitrostilbene; 4-[4-(phenylazo)-1-naphthylazo]lphenol: N-
ethyl-N-(2-hydroxyethyl)-4-(4-nitrophenylazo)aniline; and (S)-(-)-1-(4-nitrophenyl)-2-
pyrrolidinemethanol.

[0051] Photochromic materials have at least two states, a first state having a
first absorption spectrum and a second state having a second ‘absorption spectrum
that differs from the first absorption spectrum, and are capable of switching between
the two states in response to at least actinic radiation of at least two different
wavelengths. For example, Isomer A of a photochromic material at the first

absorption spectrum, e.g., a “clear” state, is exposed to light of a first wavelength and
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isomerizes to Isomer B at the second absorption specirum, e.g., a “colored” state,
which when exposed to light ofé second and different wavelength or when exposure
to the light of a first wavelength is discontinued isomerizes back to isomer A.
Typically, photochromic materials in the clear state are considered as "unactivated"
and in the colored state, are "activated." Within the class of photochromic materials,
there are thermally reversible and non-thermally reversible photochromic materials.
Thermally reversible photochromic materials are capable of switching between a first
and a second state in response to at least actinic radiation and reverting back to the
first state ih response to thermal energy, e.g., any form of heat, or removal of the
activating radiation. Non-thermally reversible (or photo-reversible) photochromic
materials are adapted to switch states in response to actinic radiation, but not
thermal energy. As used herein “actinic radiation” means electromagnetic radiation,
such as but not limited to ultraviolet and visible radiation that is capable of causing a
response in photochromic materials.

[0052] In a further non-limiting embodiment, both thermally reversible ana
non-thermally reversible photochromic materials can be adapted to display both
photochromic and dichroic, e.g., at least partially linearly polarizing, properties under
appropriate conditions and are referred to as photochromic-dichroic materials. As
used herein, “at least partially linearly polarizing” means to confine from some to all
of the vibrations of the electric field vector of lightwaves to one direction or plane. As
discussed below in more detail, the photosensitive articles comprising optically
anisotropic materials such as non-linear optical materials and/or photochromic-
dichroic materials can be at least partially aligned.

[0053] Non-limiting examples of photochromic materials include a wide
vériety of photochromic materials that can be used as photosensitive materials in the
present invention. In one non-limiting embodiment, the photochromic material is
chosen from an inorganic photochromic material, an organic photochromic materiat
or a mixture thereof.

[0054] In one non-limiting embodiment, the inorganic photochromic material
bomprises crystallites of silver halide, cadmium halide and/or copper halide. Other
non-limiting inorganic photochromic materials can be prepared by the addition of
europium (1) and/or cerium(lll) to a mineral glass such as a soda-silica glass. In one
non-limiting embodiment, the inorganic photochromic materials are added to molten
glass and formed into particles that are incorporated into the aqueous composition of
the present invention to form microparticles comprising such particulates. The glass

particulates can be formed by any of a number of various methods known in the art.
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The inorganic photochromic materials are further described in Kirk Othmer
Encyclopedia of Chemical Technoloay. 4th Edition, Volume 6, pages 322-325.
[0055] In another non-limiting embodiment, the photochromic material is at
least one organic photochromic material comprising at least one activated absorption
maxima in the range from 300 to 1000 nanometers, as is known to those skilled in
the art. In a further non-limiting embodiment, the organic photochromic material
comprises a mixture of (a) at least one organic photochromic material having a
visible lambda max of from 400 to less than 550 nanometers, and (b) at least one
organic photochromic material having a visible lambda max of from 550 to 700
nanometers.

[0056] In a further non-limiting embodiment, the photochromic material can
include the following classes of materials: pyrans, oxazines, fulgides, fulgimides,
diarylethenes or mixtures thereof. Accbrding to various non-limiting embodiments
disclosed herein, the photochromic material(s) can be a thermally reversible
- photochromic material and/or a non-thermally reversible photochromic material..
According to one non-limiting embodiment, the photochromic material(s) is chosen
from thermally reversiiale pyrans, thermally reversible oxazines, thermally reversibie
fulgides, thermally reversible fulgimides or mixtures thereof. According to another
non-limiting embodiment, the photochromic material(s) is a non-thermally reversible
fulgide, non-thermally reversible fulgimide, non-thermally reversible diarylethene or a
mixture thereof. According to further non-limiting embodiments, the photochromic
material is a photochromic-dichroic material.

[0057] Non-limiting examples of photochromic pyrans that can be used
herein include benzopyrans, and naphthopyrans, e.g., naphtho[1,2-b]pyrans,
naphtho[2,1-blpyrans, and indeno-fused naphthopyrans, such as those disclosed in
U.S. Patent 5,645,767 at column 2, line 16 to column 12, line §7, and heterocyclic-
fused naphthopyrans, such as those disclosed in U.S. Patent Nos. 5,723,072 at
Qolumn 2, line 27 to column 15, line 55, 5,698,141 at column 2, line 11 to column 19,
line 45, 6,153,126 at column 2, line 26 to column 8, line 60, and 6,022,497 at column

2, line 21 to column 11, line 46, and spiro—9-fluoreno[1,2-b]pyrans, phenanthropyrans,
quinolinopyrans; fluoroanthenopyrans and spiropyrans, e.g.,

spiro(benzindoline)naphthopyrans, spiro(indoline)benzopyrans,
spiro(indoline)naphthOpyrans, spiro(indoline)quinolinopyrans and spiro(indoline)pyrans.
More specific examples of naphthopyrans and complementary organic photochromic
substances are described in U.S. Patent 5,658,501 at column 1, line 64 to column 13,
line 17. Spiro(indoline)pyrans are also described

15



CA 02573595 2009-08-24

in the text, Technigues in Chemistry, Volume lil, “Photochromism”, Chapter 3, Glenn
H. Brown, Editor, John Wiley and Sons, Inc., New York, 1971,

[0058] Non-fimiting examples of photochromic oxazines that can be used in
conjunction with various non-limiting embodiments disclosed herein include
benzoxazi'nes, naphthoxazines, and spiro-oxazines, e.g.,
spiro(indoline)naphthoxazines, spiro(indoline)pyridobenzoxazines,
spiro(benzindoline)pyridobenzoxazines, spiro(benzindoline)naphthoxazines,
spiro(indoline)benzoxazines, spiro(indoline)fluoranthenoxazine, and
spiro(indoline)quinoxazine.

[0059] Non-limiting examples of thermally reversible photochromic fulgides or
fulgimides that can be uéed in conjunction with various non-limiting embodiments
disclosed herein include: fulgides and fulgimides, which are disclosed in U.S. Patent
4,685,783 at column 1, line 57 to column 5, line 27, and mixtures of any of the
aforementioned photochromic materials/compounds.

- [0060] According to one specific, non-limiting embodiment, wherein the
photochromic material comprises at least two photochromic compounds, the
photochromic compounds can be linked to one another via linking group substituents
on the individual photochromic compounds. For example, the photochromic
materials can be. polymerizable photochromic compounds or photochromic
compounds that are adapted to be compatible with a host material (“compatibilized
photochromic materials”). Non-limiting examples of polymerizable photochromic
matenals that can be used in conjunction with various non-limiting embodiments
disclosed herein are disclosed in U.S. Patent 6,113,814 at column 2, line 23 to
column 23, line 29. Non-limiting examples of compatiblized photochromic

materials that can be used in conjunction with various non-limiting embodiments
disclosed herein are disclosed in U.S. Patent 6,555,028 at column 2,

line 40 to column 25, line 26. In one non-limiting embodiment, a

polymerizable photochromic material that is substantially hydrophilic can be used as
the substantially hydrophilic monomer in the polymerizable component. in another
non-limiting embodiment, a polymerizable photochromic material that is substantially

hydrophobic can be used as the substantially hydrophobic monomer in the
polymerizable component. |

[0061] Other suitable photochromic groups and complementary photochromic
groups are described in U.S. Patents 6,080,338 at column 2, line 21 to column 14,
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line 43; 6,136,968 at column 2, line 43 to column 20, line 67; 6,296,785 at column 2,
line 47 to column 31, line 5; 6,348,604 at column 3, line 26 to column 17, line 15;
6,353,102 at column 1, line 62 to column 11, line 64; and 6,630,597 at column 2, line
16 to column 16, line 23.

[0062] Still further suitable photochromic materials include photochromic-
dichroic materials, such as the materials disclosed in U.S. Patent

7,342,112 from paragraph [0020] to [0134], filed May 17, 2004.
Such material can be used to provide polarizing

properties to microparticles that are at least partially aligned as described hereinafter.
Non-limiting examples of such photochromic-dichroic compounds include:

(1) 3-phenyl-3-(4-(4-(3-piperidin-4-yl-propy!)piperidino)phenyl)-13,13-dimethyl-
indeno[2',3":3,4]-naphtho[1,2-b]pyran;

(2) 3-phenyl-3-(4-(4-(3-(1-(2-hydroxyethyt)piperidin-4-yl)propyl)piperidino)phenyl)-
13,13-dimethyl-indeno[2’,3":3,4]naphtho[1,2-b]pyran; ;

(3) 3-phenyl-3-(4-(4-(4-butyl-phenylcarbamoyl)-piperidin-1-yl) phenyl)-13,13-dimethyl-
6-methoxy-7-(4-phenyl-piperazin-1-yl)indeno[2’,3’:3,4] naphtho[1,2-b]pyran;

(4) 3-phenyl-3-(4-([1,4bipiperidinyl-1'-yD)phenyl)-13,13-dimethyl-6-methoxy-7-
([1,4bipiperidinyl-1’-yl)indeno[2’,3":3,4]naphtho[1,2-b]pyran; |

(5) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimethyl-6-methoxy-7-(4-(4-
hexylbenzoybxy)-piperidin-1-yl)indeno[2’,3’:3,4] naphtho[1,2-b]pyran; or

(6) mixtures of such pyrans.

[0063] In addition to the aforementioned photochromic materials, a non-
limiting example of non-thermally reversible diarylethene photochromic material is
described in U.S. Patent Application 2003/0174560 from paragraph [002'5] to [0086],

and a non-thermally reversible fulgide or fungimide is described in U.S. Patent
5,631,382 at column 2, line 35 to column 12, line 8.

[0064] In a further non~lifniting embodiment, the photosensitive material is a
photochromic material comprising a pyran chosen from:

(a) 3,3-di(4-methoxyphenyl)-6,11,13-trimethyl-13-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy)-3H, 13H-indeno[2, 1-flnaphtho[1,2-b]pyran;
" (b) 3-phenyl-3-(4-morpholinophenyl)-6,7-dimethoxy-13-butyl-13-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy)-3H,13H-indeno([2,1-flnaphtho[1,2-b]pyran;
(C) 3,3-di{(4-methoxyphenyl)-6-methoxy-7-morpholino-13-ethyl-13-(2-(2-
hydroxyethoxy)ethoxy)-3H, 13H-indeno{2, 1-filnaphtho{1,2-bJpyran;
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(d) 3-(4-(2-hydroxyethoxy)phenyl)-3-(4-morpholinophenyl)-13,13-
dimethyl-3H,13H-indeno[2,1-flnaphtho[1,2-b]pyran;
() 3-(4-methoxyphenyl)-3-(4-fluorophenyl)-6,7-dimethoxy-13-ethyl-13-(2-
(2-hydroxyethoxy)ethoxy)- )-3H,13H-indeno[2,1-filnaphtho[1,2-b]pyran;
(f) 3,3-di(4-methoxyphenyl)-6,11,13-trimethyl-13-hydroxy-3H, 13H-
indeno[2, 1-flnaphthof1,2-blpyran; or
| (9) mixtures of such pyrans.
[0065] Methods of making photochromic materials with and without at least
one polymerizable group are well known to those skilled in the art. For example, and
without limitation, 3,3-di(4-methoxyphenyl)-6,11,13-trimethyl-13-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy-3H,13H-indeno[2,1-flnaphtho[1,2-b]pyran
(Photochromic Material A), can be prepared by following the process of Example 8 of

U.S. Patent 6,113,814, except that in Step 7 of the process, triethylené glycol is used in
place of diethylene glycol.

[0066] In a further non-limiting embodiment, a photochromic material, such as
- 3-phenyl-3-(4-morpholinophenyl)- 6,7-dimethoxy-13-butyl- 3-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy-3H,13H-indeno[2,1-flnaphtho[1 ,2-b]pyran
(Photochromic Material B), can be prepared by using the same process as

described above for Photochromic Material A, except that the product of Example 16
in U.S. Patent 6,296,785, is used in Step 7 of Example 8 of U.S. 6,113,814

[0067] In a still further non-limiting embodiment, a photochromic material.
such as 3,3-di(4-methoxyphenyl)-6-methoxy-7-morpholino-1 3-ethyl-13-(2-(2-
hydroxyethoxy)ethoxy)-3H,13H-indeno[2, 1-flnaphtho[1 ,2-b]pyran (Photochromic
Material C), can be prepared by reacting 2-morpholino-3-methoxy-5,7-dihydroxy-7-
ethyl-7H-benzo[C]fluorene, which can be prepared by following Step 2 of Example 9
of U.S. Patent 6,296,785 using the appropriately substituted starting material with 1,1-
bis(4-methoxyphenyl)-2-propyn-1-ol, which can be prepared by following the method
of Step 1 of Example 1 of U.S. patent 5,458,814 using procedures known to those
skilled in the art.

[0068] In another non-limiting embodiment, a photochromic material, such as
(d) 3-(4-(2-hydroxyethoxy)-phenyl-3-(4-morpholinophenyi)-13, 1 3-dimethyl-3H,13H-
indeno[2,1-flnaphtho[1,2-b]pyran (Photochromic Material D), can be prepared by
reacting 7,7-dimethyl-5-hydroxy-7H-benio[C]ﬂuorene with1-(4-(2-hydroxyethoxy)-
phenyl-1-(4-morpholinophenyl)-2-propyn-1-of using procedures known to those
skilled in the art.
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[0069] Similarly, in a further non-limiting embodiment, a photochromic
material, such as 3-(4-fluorophenyl)-3-(4-methoxyphenyl)-6,7-dimethoxy-13-ethyl-13-
(2-(2-hydroxyethoxy)ethoxy)-3H,13H-indeno[2,1-finaphtho[1,2-b]pyran

(Photochromic Material E), can be prepared by following the process used for
Photochromic Material A except by using 3-(4-ﬂuorophenyl)-3-(4—methoxyphen9l)-
6,7-dimethoxy-13-ethyl-13-hydroxy-3H,13H-indeno[2, 1-flnaphtho[1,2-blpyran and
diethylene glycol in the process.

[0070] In another non-limiting embodiment, a photochromic material, such as
(f) 3,3-di (4-methoxyphenyl)-6,11,13-trimethyi-13-hydroxy-3H, 13H-indenof2, 1-
flnaphtho[1,2-b]pyran (Photochromic Material F), can be prepared by following the

method of Example 5 of U.S. Patent 5,645,767 . |
[0071] The photosensitive materials described herein can be chosen from a

variety of materials. Non-limiting examples include: a single photosensitive
compound; a mixture of photosensitive compounds; a material comprising at least
one photosensitive compound, such as a polymeric resin or an organic monomeric
solution; a material such as a monomer or polymer to which at feast one
photosensitive compound is chemically bonded: a photosensitive polymer, e.g., a
photochromic polymer comprising photochromic compounds bonded together; or
mixtures thereof.

[0072] In one non-limiting embodiment, when the photosensitive material is
an organic photochromic material comprising at least one polymerizable group and
the copolymerizable material is present, the polymerizable component comprises
from 2 to 25 weight percent of substantially hydrophilic prepolymer, from 2 to 25

weight percent of substantially hydrophobic prepolymer, from 1 to 45 weight percent
of the photochromic material and from 5 to 95 weight percent of one or more

copolymerizable monomers, based on the total weight of solids of the polymerizable
component being 100 percent. In another non-limiting embodiment, the
polymerizab'!e component comprises from 10 to 25 weight percent of substantially
hydrophilic prepolymer, from 10 to 25 weight percent of substantially hydrophobic
prepolymer, from 5 to 15 weight percent of the photochromic material and from 35 to
75 weight percent of one or more copolymerizable monomers. The individual
components of the polymerizable component can each range in all numerical
amounts between any combination of their respective ranges inclusive of the
aforestated ranges. In one non-limiting embodiment, the organic photochromic is

present in an amount of up to 50 weight percent of the total weight of solids of the
polymerizable component.
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[0073] Further non-limiting embodiments of the present invention are at least
partially crosslinked photosensitive polymeric microparticles comprising an at least
partially polymerized component comprising integral surtace and interior domains
wherein said surface domain comprises at least one substantially hydrophilic region,
said interior doméin co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>