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PHOTO-ACTIVATED HYDROPHILIC COATINGS AND METHODS FOR
THEIR PREPARATION AND USE

FIELD

[0001] The present disclosure relates to coating compositions and methods of
preparing and using the same.

BACKGROUND

[0002] When water dries from a surface, water marks, smears or spots are left
on the surface due to the debris present in the water. One strategy for producing a self-
cleaning surface is to use hydrophilic materials. The hydrophobic debris is often repelled
from this type of surface, and the hydrophilic debris is attracted by water. As water
droplets spread out across the surface, they carry away the debris and clean the surface
without the need for scrubbing or the use of harsh chemicals. Particularly in exterior
applications, water can come in the form of rain making these surfaces essentially self-
cleaning. Therefore, self-cleaning surfaces using hydrophilic materials have been of
significant industrial interest.

SUMMARY

[0003] Some embodiments disclosed herein provide a coating composition.
The coating composition includes a first polymer including at least one positively charged
group; a second polymer including at least one negatively charged group; and at least one
protecting group contacting the positively charged group of the first polymer, the
negatively charged group of the second polymer, or both, wherein the at least one
protecting group is configured to be removed by photocleavage to form a salt bridge
between the positively and negatively charged groups.

[0004] Some embodiments disclosed herein provide a coating composition
including at least one self-cleaning mineral; and a medium for dispersing the at least one
self-cleaning mineral, wherein the medium includes a first polymer including at least one
positively charged group, a second polymer including at least one negatively charged
group, and at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both, wherein the at
least one protecting group is configured to be removed by photocleavage to form a salt

bridge between the positively and negatively charged groups.
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[0005] Some embodiments disclosed herein provide a method of making a
coating composition, the method including providing a mixture including a first polymer
that includes at least one positively charged group, a second polymer that includes at least
one negatively charged group, and at least one protecting group contacting the positively
charged group of the first polymer, the negatively charged group of the second polymer,
or both, wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged groups.

[0006] Some embodiments described herein provide a method of making a
storage-stable coating composition, the method including providing a mixture including a
first polymer that includes at least one positively charged group, a second polymer that
includes at least one negatively charged group, and at least one protecting group
contacting the positively charged group of the first polymer, the negatively charged group
of the second polymer, or both, wherein the at least one protecting group is configured to
be removed by photocleavage to form a salt bridge between the positively and negatively
charged groups; and shielding the mixture from radiation in a visible or ultraviolet range.

[0007] Some embodiments described herein provide a method of coating a
substrate, the method including applying a coating composition to the substrate, wherein
the coating composition includes a first polymer that includes at least one positively
charged group, a second polymer that includes at least one negatively charged group, and
at least one protecting group contacting the positively charged group of the first polymer,
the negatively charged group of the second polymer, or both; wherein the at least one
protecting group is configured to be removed by photocleavage to form a salt bridge
between the positively and negatively charged groups.

[0008] Some embodiments disclosed herein provide an article of manufacture
including a coating covering at least a portion of the article, wherein the coating includes a
first polymer including at least one positively charged group, a second polymer including
at least one negatively charged group, and at least one protecting group contacting the
positively charged group of the first polymer, the negatively charged group of the second
polymer, or both; wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged groups.

[0009] The foregoing summary is illustrative only and is not intended to be in

any way limiting. In addition to the illustrative aspects, embodiments, and features
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described above, further aspects, embodiments, and features will become apparent by
reference to the drawings and the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an example of a salt bridge between amino and
carboxylic acid groups.

[0011] FIG. 2 illustrates some examples of the first and second polymers in the
coating composition.

[0012] FIG. 3 illustrates an example of salt bridge linkage between poly(acrylic
acid) and poly(allylamine).

[0013] FIG. 4 illustrates an example of some photo-cleavable protecting
groups for amines and carboxylic acid groups.

DETAILED DESCRIPTION

[0014] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, combined, separated, and designed
in a wide variety of different configurations, all of which are explicitly contemplated
herein.
Definitions

[0015] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art. In
the event that there is a plurality of definitions for a term, those in this section prevail
unless stated otherwise.

[0016] As used herein, the term “positively charged group” refers to any
functional group that carries a positive charge at a neutral pH. Examples of “positively
charged group” include but are not limited to carboxylic acid, sulfonic acid, phosphoric

acid, phosphonic acid, boric acid, and other suitable acid groups.
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[0017] As used herein, the term “negatively charged group™ refers to any
functional group that carries a negative charge at a neutral pH. Examples of “negatively
charged group” include but are not limited to amine group, ammonium group and other
base groups.

[0018] As used herein, the term “additive” refers to a solid or liquid component
admixed with a coating composition for the purpose of affecting one or more properties of
a cured coating composition. An additive can be a component, agent, composition and the
like usually added in smaller amounts (e.g. less than 5%, 1 %, 0.1 %, or 0.01 % (vol.
/vol.)) and yet give a significant effect on the product. Additives can include one or more
of catalysts, thickeners, stabilizers, emulsifiers, texturizers, adhesion promoters, UV
stabilizers, flatteners (de- glossing agents), biocides to fight microbial and/or plant growth,
agents to modify or control surface tension, agents to improve or control flow properties
such as thixotropic agents, agents to improve the finished appearance, agents to increase
wet edge, agents to improve pigment stability, agents to impart anti-freeze properties,
agents to control foaming, agents to control skinning, agents to catalyze drying. The
coating composition may comprise one or more additives.

[0019] As used herein, the term “self-cleaning”, “self-cleaning surface” and
“self-cleaning layer” can be wused interchangeably and are intended to include
surfaces/layers that are resistant to dirt or contamination, or can prevent, remove or
disintegrate organic or inorganic dirt, contamination, or micro-organisms from adhering or
contaminating the surface/layer.

[0020] As used herein, the term "photocatalytic material" refers to a material
for which a photocatalytic reaction occurs upon being irradiated with light. Examples of
photocatalytic material include but not limited to metal oxides such as titanium dioxide,
zinc oxide, tungsten oxide, silver oxide, tin oxide, and zirconium oxide.

[0021] The term “pigment” used herein refers to a material with light
absorption properties, including absorption of electromagnetic radiation with wavelengths
in the range of visible light, such as 380 - 750nm, optionally altered by the addition of
another material such as one or more pigments. Pigments can be granular solids
incorporated into the paint to contribute color and opacity. Pigments can be classified as
either inorganic or organic pigments. Inorganic pigments include but are not limited to e.g.

titanium dioxide, carbon black or red and yellow iron oxides. The group of organic
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pigments includes synthesized and modified organic compounds with chromatic properties,
such as phthalo blue, phthalo green and quinacridone. A pigment may also include one or
more pigments disclosed in Industrial Inorganic Pigments, 3rd, Completely Revised and
Extended Edition, Gunter Buxbaum and Gerhard Pfaff (Editors), (2005); and Industrial
Organic Pigments: Production, Properties, Applications, 3rd, Completely Revised Edition,
Willy Herbst, Klaus Hunger, (2004).

[0022] The term "filler" as used herein refers to any material, matter,
component and composition added to thicken the coating, support its structure and simply
increase the volume of the coating or to lower the cost. Fillers typically include cheap and
inert materials, such as one or more of talc, calcium carbonate, kaolin, lime, baryte, clay,
etc. Coating compositions that will be subjected to abrasion may contain fine quartz sand
as a filler to ameliorate erosion by the abrasion.

[0023] The term "binder" used herein refers to a film-forming component of
the coating composition. The binder may impart adhesion, bind the pigments together, and
influence properties such as gloss potential, exterior durability, flexibility, and toughness.
Binders include synthetic or natural resins such as acrylics, polyurethanes, polyesters,
melamine resins, epoxy, alkyds, and modifications thereof. The term organic binder relates
to binders made from organic polymeric materials.

[0024] The term "salt-bridge" used herein refers to a bond formed between
positively charged and negatively charged groups. Examples of a salt bridge include but
are not limited to a salt bridge formed between amine and carboxylic acid groups, a salt
bridge formed between amine and sulfonic acid groups, a salt bridge formed between
amine and phosphoric acid groups, a salt bridge formed between amine and phosphonic
acid groups, and salt bridges formed between amine and other suitable acid groups.

[0025] As used herein, the term “water soluble” describes a compound that can
be completely dissolved in water at a concentration at least of 3 grams per 100 mL of
water at a pH equal to 7 and at 25 °C.

[0026] The term "polymer" used herein includes both homopolymers and
copolymers having various molecular architectures.

[0027] The term “alkyl” refers to a straight or branched monovalent
hydrocarbon containing, unless otherwise stated, 1-20 carbon atoms (e.g., C;-Cjp).

Examples of alkyl include, but are not limited to, methyl, ethyl, n-propyl, i-propyl, n-butyl,

-5-
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i-butyl, and 7-butyl. The term “alkenyl” refers to a straight or branched monovalent or
bivalent hydrocarbon containing 2-20 carbon atoms (e.g., C,-Co) and one or more double
bonds. Examples of alkenyl include, but are not limited to, ethenyl, propenyl, propenylene,
allyl, and 1,4-butadienyl. The term “alkynyl” refers to a straight or branched monovalent
or bivalent hydrocarbon containing 2-20 carbon atoms (e.g., C,-Cio) and one or more
triple bonds. Examples of alkynyl include, but are not limited to, ethynyl, ethynylene, 1-
propynyl, 1- and 2-butynyl, and 1-methyl-2-butynyl. The term “alkoxy” refers to an -O-
alkyl radical. Examples of alkoxy include, but are not limited to, methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy. The term
“acyloxy” refers to an —O-C(O)-R radical in which R can be H, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl, or heteroaryl.

[0028] The term “cycloalkyl” refers to a monovalent or bivalent saturated
hydrocarbon ring system having 3 to 30 carbon atoms (e.g., Cs-Ci2). Examples of
cycloalkyl include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
1,4-cyclohexylene, cycloheptyl, cyclooctyl, and adamantine. The term “cycloalkenyl”
refers to a monovalent or bivalent non-aromatic hydrocarbon ring system having 3 to 30
carbons (e.g., C;-Ci,) and one or more double bonds. Examples include cyclopentenyl,
cyclohexenyl, and cycloheptenyl. The term "heterocycloalkyl" refers to a monovalent or
bivalent nonaromatic 5-8 membered monocyclic, 8-12 membered bicyclic, or 11-14
membered tricyclic ring system having one or more heteroatoms (such as O, N, S, or Se).
Examples of heterocycloalkyl groups include, but are not limited to, piperazinyl,
pyrrolidinyl, dioxanyl, morpholinyl, and tetrahydrofuranyl. The term "heterocycloalkenyl"
refers to a monovalent or bivalent nonaromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring system having one or more heteroatoms (such
as O, N, S, or Se) and one or more double bonds.

[0029] The term “aryl” refers to a monovalent 6-carbon monocyclic, 10-carbon
bicyclic, 14-carbon tricyclic aromatic ring system. Examples of aryl groups include, but
are not limited to, phenyl, naphthyl, and anthracenyl. The term “arylene™ refers to a
bivalent 6-carbon monocyclic, 10-carbon bicyclic, 14-carbon tricyclic aromatic ring
system. The term “aryloxyl” refers to an -O-aryl. The term “arylamino” refers to an —
N(R)-aryl in which R can be H, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, or heteroaryl. The term “heteroaryl” refers to a
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monvalent aromatic 5-8 membered monocyclic, 8-12 membered bicyclic, or 11-14
membered tricyclic ring system having one or more heteroatoms (such as O, N, S, or Se).
Examples of heteroaryl groups include pyridyl, furyl, imidazolyl, benzimidazolyl,
pyrimidinyl, thienyl, quinolinyl, indolyl, and thiazolyl. The term “heteroarylene” refers to a
bivalent aromatic 5-8 membered monocyclic, 8-12 membered bicyclic, or 11-14 membered
tricyclic ring system having one or more heteroatoms (such as O, N, S, or Se).

[0030] Optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted  alkynyl, optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl,  optionally  substituted  cycloalkenyl, optionally  substituted
heterocycloalkenyl, optionally substituted aryl, and optionally substituted heteroaryl
mentioned above include both substituted and unsubstituted moieties. Possible substituents
on amino, cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, aryl, arylene,
heteroaryl, and heteroarylene include, but are not limited to, C;-Cy, alkyl, C;-C;y alkenyl,
C,-Cyo alkynyl, C;-Cy cycloalkyl, C;-C,q cycloalkenyl, C;-C, heterocycloalkyl, C;-Cy
heterocycloalkenyl, C;-C;, alkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, amino, C;-Ci
alkylamino, arylamino, hydroxy, halo, oxo (O=), thioxo (S=), thio, silyl, C;-C, alkylthio,
arylthio, C;-C,y alkylsulfonyl, arylsulfonyl, acylamino, aminoacyl, aminothioacyl, amidino,
mercapto, amido, thioureido, thiocyanato, sulfonamido, guanidine, ureido, cyano, nitro,
acyl, thioacyl, acyloxy, carbamido, carbamyl (-C(O)NH,), carboxyl (-COOH), and
carboxylic ester. On the other hand, possible substituents on alkyl, alkenyl, alkynyl, or
alkylene include all of the above-recited substituents except C;-C;, alkyl. Cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl, and heteroaryl can also be fused
with each other.

Coating Compositions

[0031] A strong demand exists for coatings and surfaces that minimize the
need for cleaning. The financial and environmental benefits offered by these materials are
highly appealing to consumers. One strategy for producing self-cleaning surfaces is to use
extremely hydrophilic materials. As hydrophobic debris is repelled from this type of
surface, and hydrophilic debris is attracted to water, hydrophilic coatings allow water to
clean the surface without the need for scrubbing or the use of harsh chemicals.

[0032] Hydrophilic self-cleaning surfaces may be formed by utilizing particles

of hydrophilic minerals such as titanium dioxide or calcium carbonate dispersed into a
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medium. Increasing the hydrophilicity of the medium could increase the hydrophilicity of
the surface and enhance its self-cleaning characteristics. However, these materials do not
always meet the requirement of curing into a strong and insoluble hydrophilic matrix. The
particles of minerals may also aggregate in the medium during storage. Aggregation in the
medium will not only reduce shelf-life but also make the coating difficult to apply.

[0033] The coating composition disclosed herein can cure into an insoluble
hydrophilic matrix and yet do not have aggregation of particles in solution during storage.
In addition, the use of photo-cleavable protecting groups in the coating composition
disclosed herein allows water soluble components to be stored in solution for extended
periods of time and to later cure into an insoluble matrix upon application to a surface.
Moreover, the hydrophilicity levels of the coatings may be further increased by dispersing
hydrophilic minerals such as titanium oxide into a highly hydrophilic network. Applications
for this type of coating composition may include but are not limited to anti-fog coatings
and biocompatible hydrophilic coatings.

[0034] The coating composition can include a first polymer including at least
one positively charged group; a second polymer including at least one negatively charged
group; and at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both, wherein the at
least one protecting group is configured to be removed by photocleavage to form a salt
bridge between the positively and negatively charged groups.

[0035] The coating composition can include at least one self-cleaning mineral.
The self-cleaning mineral can be a photocatalytic material. In other embodiments, the self-
cleaning mineral can be titanium oxide, calcium carbonate, cobalt oxide, chromium oxide,
iron oxide, tin oxide, silicon oxide, zirconium oxide, aluminum oxide, magnesium oxide,
zinc oxide, magnesium oxide, silver oxide, or combinations thereof.

[0036] In some embodiments, the self-cleaning mineral can be titanium oxide.
The titanium oxide can be selected from anatase titanium dioxide, rutile titanium dioxide,
brookite titanium dioxide and mixtures thereof.

[0037] In other embodiments, the self-cleaning mineral can be calcium
carbonate. In some embodiments, the self-cleaning mineral can be cobalt oxide. In some
embodiments, the self-cleaning mineral can be chromium oxide. In some embodiments, the

self-cleaning mineral can be iron oxide. In some embodiments, the self-cleaning mineral
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can be tin oxide. In some embodiments, the self-cleaning mineral can be silicon oxide. In
some embodiments, the self-cleaning mineral can be zirconium oxide. In some
embodiments, the self-cleaning mineral can be aluminum oxide. In some embodiments, the
self-cleaning mineral can be magnesium oxide. In some embodiments, the self-cleaning
mineral can be zinc oxide. In some embodiments, the self-cleaning mineral can be
magnesium oxide. In some embodiments, the self-cleaning mineral can be silver oxide.

[0038] The coating composition can be hydrophilic when the salt bridge is
formed. A salt bridge can be formed between positively charged and negatively charged
groups. As shown in FIG. 1, a salt bridge may form between amino and carboxylic acid
groups. The interactions between the amino and carboxylic acid groups create a
combination of hydrogen and ionic bonds. The same electrostatic forces that create salt
bridges can strongly attract water molecules, resulting in the salt bridges being suitable for
use in hydrophilic coating compositions.

[0039] The first polymer can include at least one positively charged group, and
the positively charged group can include at least one base. In some embodiments, the
positively charged group can include at least one amine or ammonium group. The first
polymer can be polyallylamine, poly(diallyldimethylammonium chloride), salts thereof, or
copolymers thereof. In some embodiments, the first polymer can be polyallylamine or its
salt. In other embodiments, the first polymer can be poly(diallyldimethylammonium
chloride) or its salt. In some embodiments, the first polymer can be copolymers of
polyallylamine and poly(diallyldimethylammonium chloride).

[0040] The second polymer can include at least one negatively charged group,
and the negatively charged group can include at least one acid group. Examples of acid
groups include but not limited to carboxylic acid, sulfonic acid, phosphoric acid,
phosphonic acid, and boric acid. In some embodiments, the negatively charged group can
include at least one carboxylic acid group. In some embodiments, the negatively charged
group can include at least one sulfonic acid. In some embodiments, the negatively charged
group can include at least one phosphoric acid. In some embodiments, the negatively
charged group can include at least one phosphonic acid. In some embodiments, the
negatively charged group can include at least one boron acid.

[0041] The second polymer can be any water soluble polymer containing at

least one acid group. The second polymer can be selected from polyacrylic acid,
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polymethacrylic acid, polyitanconic acid, polycifraconic acid, polybenzoic acid, polymeric
derivatives of half carboxylic esters of malonates, salts thereof, or copolymers thereof. In
some embodiments, the second polymer can be polyacrylic acid or its salt. In some
embodiments, the second polymer can be polymethacrylic acid or its salt. In some
embodiments, the second polymer can be polyitanconic acid or its salt. In some
embodiments, the second polymer can be polycifraconic acid or its salt. In some
embodiments, the second polymer can be polybenzoic acid or its salt. In some
embodiments, the second polymer can be polymeric derivatives of half carboxylic esters of
malonates or its salt.

[0042] FIG. 2 illustrates some examples of polymers that are candidates for use
in the coating composition. Polymers such as poly(acrylic acid), poly(allylamine), and
poly(diallyldimethylammonium chloride) are water soluble. The water solubility of these
polymers allows them to be used in water-based paints, reducing or minimizing the use of
volatile organic solvents. Polymers containing carboxylic acid groups, e.g poly(acrylic
acid), can react with polymers containing amine or ammonium groups, e.g.
poly(allylamine) or poly(diallyldimethylammonium chloride), to form salt bridges as shown
in FIG. 3. Under suitable circumstances, a blend of these polymers are cross-linked by the
salt-bridges formed and harden into a hydrophilic and water insoluble network suited for
use in hydrophilic coatings.

[0043] In some embodiments, the molecular weight of the first polymer may be
in a range from about 10,000 to about 500,000. For example, the molecular weight of the
first polymer may be about 10,000, about 50,000, about 100,000, about 150,000, about
200,000, about 250,000, about 300,000, about 350,000, about 400,000, about 450,000,
about 500,000, or a range between any of these values. When the first polymer in the
composition is poly(allyamine), the molecular weight of the first polymer may be in a range
from about 17,000 (300 units) to about 65,000 (1100 units). When the first polymer in the
composition is Poly(diallyldimethylammonium chloride), the molecular weight of the first
polymer may be in a range from about 100,000 (620 units) to about 500,000 (3,100 units).
In some embodiments, the molecular weight of the first polymer may be in a range from
about 50,000 to about 500,000. In some embodiments, the molecular weight of the first

polymer may be in a range from about 100,000 to about 500,000.
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[0044] In some embodiments, the molecular weight of the second polymer may
be in a range from about 1,000 to about 5,000,000. For example, the molecular weight of
the second polymer may be about 1,000, about 10,000, about 100,000, about 500,000,
about 1,000,000, about 1,500,000, about 2,000,000, about 2,500,000, about 3,000,000,
about 3,500,000, about 4,000,000, about 4,500,000, about 5,000,000, or a range between
any of these values. When the second polymer used in the composition is poly(acrylic
acid), the molecular weight of the poly(acrylic acid) may be in a range from about 1,800
(25 units) to about 4,500,000 (62,5000 units). In some embodiments, the molecular weight
of the poly(acrylic acid) may be in a range from about 1,000 to about 5,000,000. In some
embodiments, the molecular weight of the poly(acrylic acid) may be in a range from about
2,000 to about 4,500,000. In some embodiments, the molecular weight of the poly(acrylic
acid) may be in a range from about 10,000 to about 5,000,000. In some embodiments, the
molecular weight of the poly(acrylic acid) may be in a range from about 20,000 to about
5,000,000. In some embodiments, the molecular weight of the poly(acrylic acid) may be in
a range from about 100,000 to about 5,000,000. In some embodiments, the molecular
weight of the poly(acrylic acid) may be in a range from about 1,800 to about 2,500,000. In
some embodiments, the molecular weight of the poly(acrylic acid) may be in a range from
about 1,800 to about 1,500,000. In some embodiments, the molecular weight of the
poly(acrylic acid) may be in a range from about 1,800 to about 1,000,000.

[0045] The molecular weight of the second polymer and the first polymer may
be different from each other. However, the number of the acid groups in the first polymer
may substantially be equal to the number of amino groups in the second polymer. In some
embodiments, the number of the acid groups in the first polymer can be equal to the
number of amino groups in the second polymer. In some embodiments, the number of the
acid groups in the first polymer can be in the range of from about 90% to about 110% of
the number of amino groups in the second polymer.

[0046] The ratio of an amount of the first polymer to an amount of the second
polymer in the coating composition may be adjusted to create an optimal number of salt-
bridges. In some embodiments, the molar ratio of the first polymer to the second polymer
in the coating composition can be in a range from about 0.001:1 to about 100:1. For
example, the molar ratio can be about 0.001:1, 0.01:1, 0.1:1, 1:1, 10:1, 50:1, 100:1, or a

range between any of these ratios. In some embodiments, the molar ratio of the first
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polymer to the second polymer can be about 1:1. In some embodiments, the molar ratio of
the first polymer to the second polymer can be in a range from about 0.1:1 to about
10:1.In some embodiments, the molar ratio of the first polymer to the second polymer can
be in a range from about 0.01:1 to about 10:1. In some embodiments, the molar ratio of
the first polymer to the second polymer can be in a range from about 0.001:1 to about
10:1. In some embodiments, the molar ratio of the first polymer to the second polymer can
be in a range from about 0.001:1 to about 1:1.

[0047] The amount of self-cleaning mineral in the coating composition may
vary depending on the types of minerals. In some embodiments, the amount of self-
cleaning mineral in the coating composition is about 0.001% to about 50% by weight. For
example, the amount can be about 0.001% by weight, about 0.01% by weight, about 0.1%
by weight, about 1% by weight, about 5% by weight, about 10% by weight, about 20% by
weight, about 30% by weight, about 40% by weight, about 50% by weight, or a range
between any of these values. In some embodiments, the amount of self-cleaning mineral in
the coating compositing can be in a range of from about 0.01% to about 10% by weight.
In some embodiments, the amount of self-cleaning mineral in the coating compositing can
be in a range of from about 0.01% to about 20% by weight. In some embodiments, the
amount of self-cleaning mineral in the coating compositing can be in a range of from about
0.01% to about 50% by weight. In some embodiments, the amount of self-cleaning mineral
in the coating compositing can be in a range of from about 0.001% to about 10% by
weight. In some embodiments, the amount of self-cleaning mineral in the coating
compositing can be in a range of from about 0.01% to about 5% by weight. In some
embodiments, the amount of self-cleaning mineral in the coating compositing can be in a
range of from about 0.001% to about 20% by weight. In some embodiments, the amount
of self-cleaning mineral in the coating composition can be in a range of from about 0.01%
to about 50% by weight.

[0048] The formation of the salt bridges can be prevented after the coating has
been applied to the desired surface. One way to control the salt-bridge formation is to use
photo-cleavable protecting groups. The protecting groups may be used to protect the
positively charged groups, the negatively charged groups, or both. In some embodiments,

only the positively charged groups may be protected. In some embodiments, only the
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negatively charged groups may be protected. In other embodiments, both the positively
and negatively charged groups may be protected.

[0049] The protecting group can be selected independently from phenacyl, o-
nitrobenzyl, acetophenones, benzoins, cinnamate esters, coumaryl, or combinations
thereof. In some embodiments, the protecting group can be phenacyl. In some
embodiment, the protecting group can be o-nitrobenzyl. In some embodiments, the
protecting group can be acetophenones. In some embodiments, the protecting group can
be benzoins. In some embodiments, the protecting group can be cinnamate esters. In some
embodiments, the protecting group can be coumaryl.

[0050] Protecting groups can be used to control the timing of salt-bridges
formation in the coating composition, thus providing control to the curing of the coating
composition. For example, the process of salt bridge formation can be blocked by the use
of photo-cleavable protecting groups. As shown in FIG. 4, the protecting group would be
attached to the carboxylic acid group or the amino group in either the first or the second
polymer. Upon exposure to photo radiation or heating, these protecting groups can be
removed from the protected carboxylic acid group, the protected amino group, or both.
This cleavage regenerates the carboxylic acid group, the amino group, or both, allowing
salt bridges to be formed between these functional groups.

[0051] The substitution groups on the protecting groups may be used to tune
the protecting group to the desired water solubility and sensitivity to light and activation
wavelength. The protecting group may be optionally substituted with one or more
substitution groups including, but are not limited to, hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, nitro, amino, halo, alkoxy,
phenoxy, hydroxyl, nitrile, carboxylic acid, amide, ester, aryl, and heteroaryl. For example,
as shown in FIG. 4, the substitution group X in the phenacyl protecting group of the
poly(carboxylic acid) can include hydrogen, hydroxyl, methyl, and methoxy groups. The
substitution groups X; and X; in the o-Nitrobenzyl protecting group for the poly(amines)
can include but not limited to hydrogen, methyl and nitro groups. The substituents on the
protecting group may be optionally substituted.

[0052] The position of the substitution groups on the protecting groups may
also be changed to tune the protecting group to the desired water solubility and sensitivity

to light and activation wavelength. For example, as shown in FIG. 4, the substitution
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group X in the phenacyl protecting group may be positioned in any of the para, meta, or
ortho positions. In some embodiments, the position of the substitution groups is not
limited.

[0053] The coating composition may include one or more solvents. In some
embodiments, the solvent can be water. In some embodiments, the solvent can be a
mixture of water and one or more organic solvents. A variety of organic solvents can be
used in a composition described herein. Examples of the organic solvent include but not
limited to acetaldehyde, acetone, acetonitrile, 1,2-butanediol, 1,3-butanediol, 1,4-
butanediol, 2-butoxyethanol, dimethylformamide, dimethoxyethane, dimethyl sulfoxide,
1,4-dioxane, methanol, ethanol, ethylene glycol, furfuryl alcohol, glycerol, 1-propanol,
isopropanol, 1,5-pentanediol, 1,3-propanediol, propylene glycol, tetrahydrofuran and
triethylene glycol, ethyl acetate or combinations thereof In some embodiments, the
organic solvent can be ethanol. In some embodiments, the organic solvent can be acetone.
In some embodiments, the organic solvent can be tetrahydrofuran.

[0054] One or more pigments may be included in the coating composition. In
some embodiments, the pigment can be an inorganic pigment. Examples of suitable
inorganic pigment include but are not limited to titanium dioxide, carbon black or red and
vellow iron oxides. In some embodiments, the pigment can be an organic pigment.
Examples of suitable inorganic pigment include but are not limited to phthalo blue, phthalo
green and quinacridone.

[0055] One or more binders may be included in the coating composition. In
some embodiments, the binder can be synthetic or natural resins such as acrylics,
polyurethanes, polyesters, melamine resins, epoxy, alkyds, acrylics, and copolymers
thereof.

[0056] One or more additives may be included in the coating composition. The
additive can be catalysts, thickeners, stabilizers, emulsifiers, texturizers, adhesion
promoters, UV stabilizers, flatteners (de- glossing agents), biocides to fight microbial
and/or plant growth, agents to modify or control surface tension, agents to improve or
control flow properties such as thixotropic agents, agents to improve the finished
appearance, agents to increase wet edge, agents to improve pigment stability, agents to
impart anti-freeze properties, agents to control foaming, agents to control drying. In some

embodiments, the additive can be a thickener. In some embodiments, the additive can be a

-14-



WO 2015/012804 PCT/US2013/051598

stabilizer. In some embodiments, the additive can be an emulsifier. In some embodiments,
the additive can be a texturizer. In some embodiments, the additive can be an adhesion
promoter. In some embodiments, the additive can be a UV stabilizer. In some
embodiments, the additive can be a flattener such as a de-glossing agent. In some
embodiments, the additive can be a biocide to prevent or reduce microbial and/or plant
growth. In some embodiments, the additive can be an agent to modify or control surface
tension. In some embodiments, the additive can be an agent to improve or control flow
properties such as thixotropic agents. In some embodiments, the additive can be an agent
to improve the finished appearance. In some embodiments, the additive can be an agent to
increase wet edge. In some embodiments, the additive can be an agent to improve pigment
stability. In some embodiments, the additive can be an agent to impart anti-freeze
properties. In some embodiments, the additive can be an agent to control foaming. In some
embodiments, the additive can be an agent to control drying.

[0057] A coating composition can include at least one self-cleaning mineral;
and a medium for dispersing the at least one self-cleaning mineral, wherein the medium
comprises a first polymer comprising at least one positively charged group, a second
polymer comprising at least one negatively charged group, and at least one protecting
group contacting the positively charged group of the first polymer, the negatively charged
group of the second polymer, or both, wherein the at least one protecting group is
configured to be removed by photocleavage to form a salt bridge between the positively
and negatively charged groups.

Methods of Making Coating Compositions

[0058] A method of making a hydrophilic coating composition can include
providing a mixture including a first polymer comprising at least one positively charged
group, a second polymer comprising at least one negatively charged group, and at least
one protecting group contacting the positively charged group of the first polymer, the
negatively charged group of the second polymer, or both, wherein the at least one
protecting group is configured to be removed by photocleavage to form a salt bridge
between the positively and negatively charged groups. The method may further include
exposing the mixture to photo radiation for a time period sufficient to remove at least a
portion of the protecting groups to form the salt bridge between the positively and

negatively charged groups.
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[0059] The protecting groups may be attached to the positively charged group
of the first polymer, the negatively charged group of the second polymer, or both through
various reaction schemes depending on the type of protecting groups and the charged
groups. Reaction schemes I and II below illustrate examples of attaching the protecting

groups to carboxylic acids and amines.

(0] (0]
Br (0] (0] R
‘ N )J\ Base ‘ = T
+ —_—
/\/ HO R /\/ 0
X X

Attachment of Phenacyl Protecting Groups to Carboxylic Acids (X = H, OH, OMe, Me)

Scheme (1)
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Attachment of o-Nitrobenzyl Protecting Groups to Amines (X = H, Me, NO,)
Scheme (ll)

[0060] Referring to reaction scheme I, phenacyl bromide may be attached to
carboxylic acids at a temperature of about 0°C to about 100°C in the presence of a non-
nucleophilic base such as a triethyl amine or an alkali carbonate. A variety of solvents may
be used including water, various organic solvents or blends of water and organic solvents.
Referring to reaction scheme II, amines can react with o-nitrobenzyl at a temperature of
about 0°C to about 100°C in the presence of a non-nucleophilic base such as a triethyl
amine. Polar aprotic solvents such as DMF, THF may be used.

[0061] The method of making a hydrophilic coating composition may include
adding at least one self-cleaning mineral to the mixture. The adding of the self-cleaning
mineral may be performed before the exposing step. Examples of self-cleaning minerals
include but are not limited to titanium oxide, calcium carbonate, cobalt oxide, chromium
oxide, iron oxide, tin oxide, silicon oxide, zirconium oxide, aluminum oxide, magnesium
oxide, zinc oxide, magnesium oxide, silver oxide, or combinations thereof.

[0062] The step of providing a mixture may include applying the mixture to a

substrate. The step of applying the mixture to a substrate can be performed at a suitable
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temperature range. In some embodiments, the temperature for applying the mixture may be
from about 0 °C to about 100 °C. For example, the temperature can be about 0 °C, about
10 °C, about 20 °C, about 30 °C, about 40 °C, about 50 °C, about 60 °C, about 70 °C,
about 80 °C, about 90 °C, about 100 °C, or a range between any of these values. In some
embodiments, the temperature for applying the mixture can be from about 0 °C to about
80 °C. In some embodiments, the temperature, the temperature for applying the mixture
can be from about 0 °C to about 60 °C. In some embodiments, the temperature for
applying the mixture can be from about 0 °C to about 50 °C. In some embodiments, the
temperature for applying the mixture can be from about 10 °C to about 50 °C. In some
embodiments, the temperature for applying the mixture can be from about 0 °C to about
40 °C. In some embodiments, the temperature, the temperature for applying the mixture
can be from about 10 °C to about 40 °C.

[0063] Removing the protecting group can be achieved by using a source of
radiation sufficient to cleave the protecting groups from the protected positively charged
group, the protected negatively charged group, or both. For example, the mixture can be
exposed to radiation in a visible or ultraviolet range of the spectrum. In some
embodiments, the photo radiation can be of a wavelength of about 100 to about 700 nm.
For example, the wavelength can be about 100 nm, about 150 nm, about 200 nm, about
250 nm, about 300 nm, about 350 nm, about 400 nm, about 450 nm, about 500 nm, about
550 nm, about 600 nm, about 650 nm, about 700 nm, or a range between any of these
values. In some embodiments, the photo radiation can be of a wavelength of about 300 to
about 600 nm. In some embodiments, the photo radiation can be of a wavelength of about
200 to about 400 nm. In some embodiments, the photo radiation can be of a wavelength of
about 300 to about 350 nm. In some embodiments, the protecting group may be cleaved
by ultraviolet radiation of about 330 to about 350 nm.

[0064] The mixture can be exposed to the radiation for a duration that may
vary depending on the intensity of the photo radiation and the nature of the protecting
group or substrate. In some embodiments, the coating mixture may be exposed to photo
radiation for about 5 minutes to about 24 hours. For example, the exposure can occur for
about 5 minutes, about 30 minutes, about 1 hour, about 5 hours, about 10 hours, about 15
hours, about 20 hours, about 24 hours, or a range between any of these values. In some

embodiments, the coating mixture may be exposed to photo radiation for about 1 hour to
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about 10 hours. In some embodiments, the coating mixture may be exposed to photo
radiation for about 3 hours to about 8 hours. In some embodiments, the coating mixture
may be exposed to photo radiation for about 4 hours to about 6 hours. The duration of
exposure of the coating mixture to the radiation may also be tuned based on by varying
protecting group or light intensity.

[0065] Light sources that can provide output radiation sufficient to cleave the
protecting groups and promote formation of salt bridges may be used. Suitable light
sources can include either natural photo radiation (that is, solar radiation) or external
artificial photo radiation sources. The external artificial photo radiation sources may
include, for example, metal halide bulbs, or other suitable bulbs that provide an activating
source of photo radiation.

[0066] The duration and intensity for which the mixture is exposed to a source
of photo radiation depends on a number of factors, including but are not limited to the type
of protecting groups used in the coating mixture, the type of polymers contained in the
coating mixture, the thickness of the coating, the incident angle of the photo radiation on
the coating, the intensity of the source of radiation at the coating mixture, the reaction rate
of the salt-bridge formation desired or required, the degree to which the photo radiation
may be reflected or absorbed by the substrate and/or any other coatings or layers present
thereon. It will be appreciated that a skilled person can control the duration and intensity
for which the mixture is exposed to photo radiation to obtain the desired coating.

[0067] Removing the protecting group may also be achieved by heating the
coating mixture at a temperature sufficient to cleave the protecting groups of the protected
positively charged group, the protected negatively charged group, or both. The duration
and intensity for which the mixture is heated depends on a number of factors, including but
not limited to the type of protecting groups used in the coating mixture, the type of
polymers contained in the coating mixture, the thickness of the coating, and the reaction
rate of the salt-bridge formation desired or required. It will be appreciated that a skilled
person can control the duration and intensity for which the mixture is heated to obtain the
desired coating.

[0068] A portion of the protecting groups may be removed from the protected
positively charged or negatively charged groups upon photo radiation or heating. In some

embodiments, the portion of protecting groups removed from the protected positively or
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negatively charged groups may be no less than 95%. In some embodiments, the portion of
protecting groups removed from the protected positively or negatively charged groups
may be no less than 90%. In some embodiments, the portion of protecting groups removed
from the protected positively or negatively charged groups may be no less than 80%. In
some embodiments, the portion of protecting groups removed from the protected
positively or negatively charged groups may be no less than 60%. In some embodiments,
the portion of protecting groups removed from the protected positively or negatively
charged groups may be no less than 50%. In some embodiments, the portion of protecting
groups removed from the protected positively or negatively charged groups may be no less
than 30%. In some embodiments, the portion of protecting groups removed from the
protected positively or negatively charged groups may be in a range of about 30% to about
60%. In some embodiments, the portion of protecting groups removed from the protected
positively or negatively charged groups may be in a range of about 40% to about 70%. In
some embodiments, the portion of protecting groups removed from the protected
positively or negatively charged groups may be in a range of about 50% to about 90%.

[0069] The steps of applying the mixture and exposing can be performed either
simultaneously or sequentially. In some embodiments, the applying and exposing steps may
be performed simultaneously. In some embodiments, the applying and the exposing may be
performed sequentially, and the step of exposing may be performed after the step of
applying. In some embodiments, the applying and the exposing may be performed
sequentially, and the step of exposing may be performed before the step of applying.

[0070] Prior to application to a surface, the mixture may be protected from
photo radiation in a visible or ultraviolet range. The mixture may be shielded from photo
radiation using suitable methods. Examples of shielding methods include but are not
limited to the use of metal or other opaque containers, or storage in dark areas.

[0071] A method of making a storage-stable coating composition may include
providing a mixture including a first polymer comprising at least one positively charged
group, a second polymer comprising at least one negatively charged group, and at least
one protecting group contacting the positively charged group of the first polymer, the
negatively charged group of the second polymer, or both, wherein the at least one

protecting group is configured to be removed by photocleavage to form a salt bridge

-19-



WO 2015/012804 PCT/US2013/051598

between the positively and negatively charged groups; and shielding the mixture from
radiation in a visible or ultraviolet range.

[0072] The method of making a storage-stable coating composition may
further include adding at least one self-cleaning mineral to the mixture. The self-cleaning
mineral added can be a photocatalytic material.

[0073] The storage-stable coating composition may be stored at a suitable
temperature. In some embodiments, the coating composition may be stored at a
temperature of about 0 °C to about 100 °C. For example, the coating composition may be
stores at a temperature of about 0 °C, about 10 °C, about 20 °C, about 30 °C, about 40
°C, about 50 °C, about 60 °C, about 70 °C, about 80 °C, about 90 °C, about 100 °C, or a
range between any of these values. In some embodiments, the coating composition may be
stored at a temperature of about 0 °C to about 50 °C. In some embodiments, the coating
composition may be stored at a temperature of about 10 °C to about 50 °C. In some
embodiments, the coating composition may be stored at a temperature of about 15 °C to
about 45 °C.

[0074] The mixture may be shielded from photo radiation during storage, so as
to prevent photocleavage of the protecting groups before the coating is used to coat a
surface. Examples of shielding methods include but not limited to the use of metal or other
opaque containers, or storage in dark areas.

Methods of Coating

[0075] A method of coating a substrate can include applying a coating
composition to the substrate, wherein the coating composition includes a first polymer
including at least one positively charged group, a second polymer including at least one
negatively charged group, and at least one protecting group contacting the positively
charged group of the first polymer, the negatively charged group of the second polymer,
or both; wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged groups.

[0076] The step of applying the coating composition to the substrate may
include applying the coating composition by one or more of the following operations:
brushing the coating composition on the substrate; dipping the substrate in the coating
composition; spraying the coating composition on the substrate; spreading the coating

composition on the substrate; and rolling the coating composition on the substrate.
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[0077] Other suitable methods for applying a coating composition to the
substrate may also include sol-gel, spray pyrolysis, chemical vapor deposition, and
magnetron sputtering vacuum deposition over the surface of the substrate.

[0078] An article of manufacture can include a coating covering at least a
portion of the article, wherein the coating can include a first polymer comprising at least
one positively charged group, a second polymer comprising at least one negatively charged
group, and at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both; wherein the at
least one protecting group is configured to be removed by photocleavage to form a salt

bridge between the positively and negatively charged groups.

EXAMPLES

Example 1 - Coating composition

[0079] A coating composition is created by dissolving poly(allylamine),
protected poly(acrylic acid) and titanium oxide in water at 40°C. The concentrations of
these materials in water can be 20%, 46%, and 2% respectively by weight. In the
composition, 50% of the carboxylic acid groups in the poly(acrylic acid) are expected to
be protected with phenacyl protecting groups (X = H from Figure 4). This coating
composition is expected to result in a 1:1 molar ratio of carboxylic acid and amine groups
once deprotected. The mixture is stirred at 60 rpm to suspend the titanium oxide in the
mixture,

[0080] Another coating composition is created by dissolving poly(acrylic acid),
protected poly(allylamine) and titanium oxide in a 50/50 by volume blend of water and
ethanol at room temperature. The concentrations of these materials can be 20%, 40%, and
2% respectively by weight. In the composition, 50% of the amine groups in the
poly(allylamine) are expected to be protected with o-nitrobenzyl protecting groups (X; and
X, =H from Figure 4). This coating composition is expected to result in a 1:1 molar ratio
of carboxylic acid and amine groups once deprotected. The mixture is stirred at 60 rpm to

suspend the titanium oxide in the mixture.
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Example 2 - An article coated with either one of the coating compositions from Example 1

and hydrophilic self-cleaning properties of the coated surface.

[0081] An example application involves spraying an article with either one of
the coating compositions from Example 1 at room temperature and allowing the coating
composition to air dry for 24 hours at room temperature. The coating composition can
then be exposed to 300 nm UV-light for 4 hours in order to deprotect the poly(acrylic
acid) and result in salt bridge formation.

[0082] Another example application involves dipping the article into either one
of the coating compositions from Example 1 at room temperature and allowing the coating
composition to air dry for 24 hours at room temperature. The coating composition can
then be exposed to 350 nm UV-light for 3 hours in order to deprotect the poly(acrylic
acid) and result in salt bridge formation.

[0083] The resulting coated surfaces can be extremely hydrophilic and is
expected to demonstrate very low contact angle with water. The coated surfaces are
expected to exhibit self-cleaning effect. The hydrophilic surface may allow water to spread
out thinly, carrying dirt and debris away as the water flows over the surface, thus
minimizing the need for surfactants or other cleaning agents. Exposure of the coated
surfaces to UV-light can cause the titanium oxide to generate reactive oxygen species that

can bleach stains and kill microbes.

Example 3 — Storage-stable coating compositions
[0084] An example composition can be created by dissolving poly(allylamine),

protected poly(acrylic acid) and titanium oxide in water at 40°C. The concentrations of
these materials can be 20%, 46%, and 2% respectively by weight. In the composition,
50% of the carboxylic acid groups in the poly(acrylic acid) are expected to be protected
with phenacyl protecting groups (X = H from Figure 4). This composition is expected to
result in a 1:1 molar ratio of carboxylic acid and amine groups once deprotected. Stirring
at 60 rpm is used to suspend the titanium oxide in the mixture. The composition can be
stored at room temperature in opaque containers to prevent exposure to light. The
composition is expected to remain stable, or the carboxylic acid groups in the poly(acrylic
acid) may continue to be protected with the phenacyl protecting groups, for as long as the

composition is shielded from light.
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[0085] Another example composition can be created by dissolving poly(acrylic
acid), protected poly(allylamine) and titanium oxide in a 50/50 by volume blend of water
and ethanol at room temperature. The concentrations of these materials can be 20%, 40%,
and 2% respectively by weight. In the composition, 50% of the amine groups in the
poly(allylamine) are expected to be protected with o-nitrobenzyl protecting groups (X; and
X, = H from Figure 4). This composition is expected to result in a 1:1 molar ratio of
carboxylic acid and amine groups once deprotected. Stirring at 60 rpm is used to suspend
the titanium oxide in the mixture. The composition can be stored at room temperature in
opaque containers to prevent exposure to light. The composition is expected to remain
stable, or the amine groups in the poly(allylamine) may continue to be protected with the

o-nitrobenzyl protecting groups, for as long as the composition is shielded from light.

Example 4 — Attaching protecting groups to the first and the second polvmers
[0086] Protection of the poly(acrylic acid) can be accomplished by dissolving

the poly(acrylic acid), phenacyl bromide, and triethyl amine in a 50/50 by volume mixture
of water and ethanol. The concentrations would be 18%, 25%, and 13% respectively by
weight. The mixture can be heated to 50°C for 6 hours.

[0087] Protection of the poly(allylamine) can be accomplished by dissolving
the poly(allylamine), o-nitrobenzyl chloroformate, and triethyl amine in tetrahydrofuran.
The concentrations can be 13%, 25%, and 12% respectively by weight. The mixture can
be allowed to react at room temperature for 2 hours.

[0088] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which such claims are entitled. It is to be understood
that this disclosure is not limited to particular methods, reagents, compounds,

compositions or biological systems, which can, of course, vary. It is also to be understood

-23-



WO 2015/012804 PCT/US2013/051598

that the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting.

[0089] One skilled in the art will appreciate that, for this and other processes
and methods disclosed herein, the functions performed in the processes and methods may
be implemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments.

[0090] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0091] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,”
the term “includes™ should be interpreted as “includes but is not limited to,” etc.). It will
be further understood by those within the art that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim recitation
by the indefinite articles "a" or "an" limits any particular claim containing such introduced
claim recitation to embodiments containing only one such recitation, even when the same
claim includes the introductory phrases "one or more" or "at least one" and indefinite
articles such as "a" or "an" (e.g., “a” and/or “an” should be interpreted to mean “at least
one” or “one or more”), the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced claim
recitation is explicitly recited, those skilled in the art will recognize that such recitation
should be interpreted to mean at least the recited number (e.g., the bare recitation of "two

recitations,” without other modifiers, means at least two recitations, or two or more
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recitations). Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, etc.” is used, in general such a construction is intended in the sense
one having skill in the art would understand the convention (e.g., © a system having at least
one of A, B, and C” would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). In those instances where a convention analogous to “at least one of A, B,
or C, etc.” is used, in general such a construction is intended in the sense one having skill
in the art would understand the convention (e.g., “ a system having at least one of A, B, or
C” would include but not be limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B, and C together, etc.). It will
be further understood by those within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibilities of including one of the
terms, either of the terms, or both terms. For example, the phrase “A or B” will be
understood to include the possibilities of “A” or “B” or “A and B.”

[0092] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[0093] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower
third, middle third and upper third, etc. As will also be understood by one skilled in the art

2% ¢

all language such as “up to,” “at least,” and the like include the number recited and refer to
ranges which can be subsequently broken down into subranges as discussed above.
Finally, as will be understood by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or 3
cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and

so forth.
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[0094] From the foregoing, it will be appreciated that various embodiments of
the present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not

intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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WHAT IS CLAIMED IS:

1. A coating composition comprising:

a first polymer comprising at least one positively charged group;

a second polymer comprising at least one negatively charged group; and

at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both,

wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged
groups.

2. The coating composition of claim 1, further comprising at least one self-
cleaning mineral.

3. The coating composition of claim 2, wherein the self-cleaning mineral is a
photocatalytic material.

4, The coating composition of claim 2, wherein the self-cleaning mineral is
titanium oxide, calcium carbonate, cobalt oxide, chromium oxide, iron oxide, tin oxide,
silicon oxide, zirconium oxide, aluminum oxide, magnesium oxide, zinc oxide, magnesium
oxide, silver oxide, or combinations thereof.

5. The coating composition of claim 2, wherein the amount of self-cleaning
mineral in the coating composition is about 0.01% to about 10% by weight.

6. The coating composition of claim 1, wherein the positively charged group
comprises at least one base.

7. The coating composition of claim 1, wherein the positively charged group
comprises at least one amine or ammonium group.

8. The coating composition of claim 1, wherein the first polymer comprises at
least one amine or ammonium group.

9. The coating composition of claim 1, wherein the first polymer is
polyallylamine, poly(diallyldimethylammonium chloride), salts thereof, or copolymers
thereof.

10. The coating composition of claim 1, wherein the negatively charged group
comprises at least one acid group.

11. The coating composition of claim 1, wherein the negatively charged group

comprises at least one carboxylic acid.
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12. The coating composition of claim 1, wherein the negatively charged group
comprises at least one sulfonic acid.

13. The coating composition of claim 1, wherein the second polymer comprises
at least one carboxylic acid group.

14.  The coating composition of claim 1, wherein the second polymer is
polyacrylic acid, polymethacrylic acid, polyitanconic acid, polycifraconic acid, polybenzoic
acid, polymeric derivatives of half carboxylic esters of malonates, salts thereof, or
copolymers thereof.

15. The coating composition of claim 1, wherein the protecting group is
selected independently from phenacyl, o-nitrobenzyl, acetophenones, benzoins, cinnamate
esters, coumaryl, or combinations thereof.

16.  The coating composition of claim 1, further comprising a solvent.

17. The coating composition of claim 16, wherein the solvent is water, ethanol,

methanol, acetone, tetrahydrofuran, ethyl acetate or combinations thereof.

18.  The coating composition of claim 1, further comprising one or more
pigments.

19.  The coating composition of claim 1, further comprising one or more
binders.

20.  The coating composition of claim 19, wherein the binder is selected from

polyurethanes, polyesters, melamine resins, acrylics, or copolymers thereof.

21.  The coating composition of claim 1, further comprising one or more
additives.
22, The coating composition of claim 1, wherein the coating composition is

hydrophilic when the salt bridge is formed.

23.  The coating composition of claim 1, wherein the first polymer and the
second polymer are present in the coating composition in a molar ratio of about 0.1:1 to
about 10:1.

24, The coating composition of claim 1, wherein the first polymer comprises at
least one amine or ammonium group and the second polymer comprises at least one acid
group, and wherein the number of amine groups on the first polymer substantially equals
to the number of acid groups on the second polymer.

25. A coating composition comprising:
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at least one self-cleaning mineral; and
a medium for dispersing the at least one self-cleaning mineral, wherein the
medium comprises

a first polymer comprising at least one positively charged group,

a second polymer comprising at least one negatively charged group,
and

at least one protecting group contacting the positively charged
group of the first polymer, the negatively charged group of the second
polymer, or both,

wherein the at least one protecting group is configured to be
removed by photocleavage to form a salt bridge between the positively and
negatively charged groups.

26. The composition of claim 25, wherein the coating composition is
hydrophilic when the salt bridge is formed.

27.  The coating composition of claim 25, wherein the self-cleaning mineral is a
photocatalytic material.

28. The coating composition of claim 25, wherein the self-cleaning mineral is
titanium oxide, calcium carbonate, cobalt oxide, chromium oxide, iron oxide, tin oxide,
silicon oxide, zirconium oxide, aluminum oxide, magnesium oxide, zinc oxide, magnesium
oxide, silver oxide, or combinations thereof.

29. The coating composition of claim 25, wherein the self-cleaning mineral is
present in the coating composition in an amount of about 0.01% to about 10% by weight.

30.  The coating composition of claim 25, wherein the first polymer and the
second polymer are present in the coating composition in a molar ratio of about 0.1 to
about 10.

31. The coating composition of claim 25, wherein the first polymer comprises
at least one amine or ammonium group and the second polymer comprises at least one acid
group, and wherein the number of amine groups on the first polymer substantially equals
to the number of acid groups on the second polymer.

32. The coating composition of claim 25, wherein the positively charged group

comprises at least one base.
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33. The coating composition of claim 25, wherein the positively charged group
comprises at least one amine.

34, The coating composition of claim 25, wherein the first polymer comprises
at least one amine or ammonium group.

35.  The coating composition of claim 25, wherein the first polymer is
polyallylamine, poly(diallyldimethylammonium chloride), salts thereof, or copolymers
thereof.

36. The coating composition of claim 25, wherein the negatively charged group
comprises at least one acid.

37. The coating composition of claim 25, wherein the negatively charged group
comprises at least one carboxylic acid.

38.  The coating composition of claim 25, wherein the second polymer
comprises at least one carboxylic acid group.

39.  The coating composition of claim 25, wherein the second polymer is
polyacrylic acid, polymethacrylic acid, polyitanconic acid, polycifraconic acid, polybenzoic
acid, polymeric derivatives of half carboxylic esters of malonates, salts thereof, or
copolymers thereof.

40. The coating composition of claim 25, wherein the protecting group is
phenacyl, o-nitrobenzyl, acetophenones, benzoins, cinnamate esters, coumaryl, or
combinations thereof.

41. A method of making a coating composition, the method comprising:

providing a mixture comprising:

a first polymer comprising at least one positively charged group,

a second polymer comprising at least one negatively charged group,
and

at least one protecting group contacting the positively charged
group of the first polymer, the negatively charged group of the second
polymer, or both, wherein the at least one protecting group is configured to
be removed by photocleavage to form a salt bridge between the positively
and negatively charged groups.

42, The method of claim 41, further comprising adding at least one self-

cleaning mineral to the mixture.
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43, The method of claim 41, further comprising applying the mixture to a
substrate at a temperature of about 0 ° C to about 100 ° C.

44, The method of claim 42, further comprising exposing the mixture to photo
radiation for a time period sufficient to remove at least a portion of the protecting groups
to form the salt bridge between the positively and negatively charged groups.

45. The method of claim 43, wherein the mixture is exposed to photo radiation
in a visible or ultraviolet range.

46. The method of claim 43, wherein the applying and the exposing are
performed simultaneously

47. The method of claim 43, wherein the applying and the exposing are
performed sequentially.

48.  The method of claim 41, wherein the coating composition is hydrophilic
when the salt bridge is formed.

49, The method of claim 43, wherein the mixture is exposed to photo radiation
for about 1 hour to about 10 hours.

50. The method of claim 41, wherein the mixture is shielded from photo
radiation in a visible or ultraviolet range during the adding step.

51. The method of claim 41, wherein the self-cleaning mineral is a
photocatalytic material.

52. The method of claim 41, wherein the self-cleaning mineral is titanium oxide,
calcium carbonate, cobalt oxide, chromium oxide, iron oxide, tin oxide, silicon oxide,
zirconium oxide, aluminum oxide, magnesium oxide, zinc oxide, magnesium oxide, silver
oxide, or combinations thereof.

53. The method of claim 41, wherein the positively charged group comprises at
least one base.

54, The method of claim 41, wherein the positively charged group comprises at
least one amine.

55. The method of claim 41, wherein the first polymer comprises at least one
amine group.

56. The method of claim 41, wherein the first polymer is polyallylamine,
poly(diallyldimethylammonium chloride), salts thereof, copolymers thereof, or any

combinations thereof.
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57. The method of claim 41, wherein the negatively charged group comprises
at least one acid.

58. The method of claim 41, wherein the negatively charged group comprises
at least one carboxylic acid.

59. The method of claim 41, wherein the second polymer comprises at least
one carboxylic acid group.

60. The method of claim 41, wherein the second polymer is polyacrylic acid,
polymethacrylic acid, polyitanconic acid, polycifraconic acid, polybenzoic acid, polymeric
derivatives of half carboxylic esters of malonates, salts thereof, copolymers thereof, or any
combinations thereof.

61. The method of claim 41, wherein the protecting group is phenacyl, o-
nitrobenzyl, acetophenones, benzoins, cinnamate esters, coumaryl, or combinations
thereof.

62. A method of making a storage-stable coating composition, the method
comprising

providing a mixture comprising:

a first polymer comprising at least one positively charged group,

a second polymer comprising at least one negatively charged group,
and

at least one protecting group contacting the positively charged
group of the first polymer, the negatively charged group of the second
polymer, or both,

wherein the at least one protecting group is configured to be
removed by photocleavage to form a salt bridge between the positively and
negatively charged groups; and
shielding the mixture from radiation in a visible or ultraviolet range.

63. The method of claim 62, further comprising adding at least one self-
cleaning mineral to the mixture.

64, The method of claim 63, wherein the self-cleaning mineral is a
photocatalytic material.

65. The method of claim 63, wherein the self-cleaning mineral is titanium oxide,

calcium carbonate, cobalt oxide, chromium oxide, iron oxide, tin oxide, silicon oxide,
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zirconium oxide, aluminum oxide, magnesium oxide, zinc oxide, magnesium oxide, silver
oxide, or combinations thereof.

66. The method of claim 63, wherein the mixture is shielded from radiation in a
visible or ultraviolet range during the adding step.

67. The method of claim 62, further comprising maintaining the mixture at a
temperature of about 0 ° C to about 50 ° C.

68. The method of claim 62, wherein the positively charged group comprises at
least one base.

69. The method of claim 62, wherein the positively charged group comprises at
least one amine.

70. The method of claim 62, wherein the first polymer comprises at least one
amine group.

71. The method of claim 62, wherein the first polymer is polyallylamine,
poly(diallyldimethylammonium chloride), salts thereof, copolymers thereof, or any
combinations thereof.

72. The method of claim 62, wherein the negatively charged group comprises
at least one acid.

73. The method of claim 62, wherein the negatively charged group comprises
at least one carboxylic acid.

74. The method of claim 62, wherein the second polymer comprises at least
one carboxylic acid group.

75. The method of claim 62, wherein the second polymer is polyacrylic acid,
polymethacrylic acid, polyitanconic acid, polycifraconic acid, polybenzoic acid, polymeric
derivatives of half carboxylic esters of malonates, salts thereof, copolymers thereof, or any
combinations thereof.

76. The method of claim 62, wherein the protecting group is phenacyl, o-
nitrobenzyl, acetophenones, benzoins, cinnamate esters, coumaryl, or combinations
thereof.

77. A method of coating a substrate, the method comprising:

applying a coating composition to the substrate, wherein the coating
composition comprises:

a first polymer comprising at least one positively charged group,
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a second polymer comprising at least one negatively charged group, and
at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both;
wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged groups.

78. The method of claim 77, wherein the coating composition further
comprises at least one self-cleaning mineral.

79. The method of claim 78, wherein the self-cleaning mineral is a
photocatalytic material.

80. The method of claim 77, further comprising exposing the coating
composition to radiation for a time period sufficient to remove at least a portion of the
protecting groups to form the salt bridge between the positively and negatively charged
groups.

81. The method of claim 80, wherein the applying and the exposing are
performed simultaneously.

82. The method of claim 80, wherein the applying and the exposing are
performed sequentially.

83. The method of claim 80, wherein the coating composition is exposed to
radiation in a visible or ultraviolet range.

84. The method of claim 77, wherein applying the coating composition to the
substrate is carried out at a temperature of about 0 ° C to about 50 ° C.

85. The method of claim 77, wherein applying the coating composition to the
substrate comprises:

applying the coating composition by one or more of the following
operations:

brushing the coating composition on the substrate;

dipping the substrate in the coating composition;

spraying the coating composition on the substrate;

spreading the coating composition on the substrate; and

rolling the coating composition on the substrate.

86. An article of manufacture comprising;
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a coating covering at least a portion of the article, wherein the coating
comprises:
a first polymer comprising at least one positively charged group,
a second polymer comprising at least one negatively charged group, and
at least one protecting group contacting the positively charged group of the
first polymer, the negatively charged group of the second polymer, or both;
wherein the at least one protecting group is configured to be removed by
photocleavage to form a salt bridge between the positively and negatively charged groups.
87. The article of claim 86, wherein the coating further comprises at least one
self-cleaning mineral.
88. The article of claim 86, wherein the self-cleaning mineral is a photocatalytic
material.
89. The article of claim 86, wherein the coating is hydrophilic when the salt

bridge is formed.
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