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SURFACE MODIFIED PIGMENT PARTICLES, METHOD OF PREPARATION
& APPLICATION THEREOF

RELATED APPLICATION

Benefit of priority is claimed to U.S. Provisional Application Serial No.
61/644,491, filed May 9, 2012, entitled “SURFACE MODIFIED PIGMENT PARTICLES,
METHOD OF PREPARATION & APPLICATION THEREOF,” to Stanislav Vilner and
Paul Merchak.

Where permitted, the subject matter of the above-referenced provisional

application is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to surface modified pigment particles,
methods of their preparation, pigment dispersions made with the modified particles, and
their application for making imaging fluids for electronic displays, color filters, liquid
toners, inks including inkjet inks, coatings, paints, cosmetics, and plastics. In a preferred
embodiment, it relates to color imaging fluids for electronic displays working on the

principal of electrowetting or/and electrophoresis.

BACKGROUND

Colloidal stability is a fundamental property of pigment dispersion that determines
the particles’ resistance to flocculation, aggregation, and sedimentation during preparation,
storage and application of the pigment dispersion. In general, colloidal stability depends
upon the balance of the repulsive and attractive forces that exist between particles as they
approach one another in liquid media. If the particles have a mutual repulsion and
resistance to gravitational forces, then the dispersion will typically remain relatively
stable. However, if attractive forces prevail, then some instability mechanism will
eventually take place, for example flocculation, aggregation, flotation, and sedimentation.
As aresult, the dispersion will become unusable. Moreover, colloidal stability determines
essential properties of pigment dispersions such as coloristics, rheological behavior,
mobility of pigment particles, and particle size distribution.

A number of techniques have been used in the art to improve the colloidal stability
of pigment dispersions (e.g., see U.S. Pat. Nos. 6,113,680; 6,120,596; 7,855,829;
5,401,780; 5,482,547; U.S. Pat. Appl. Pub. Nos. US2011/0184096 and US2011/0184111;
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Juan et al., Dyes and Pigments 76: 463-469 (2008); Wen et al., Dyes and Pigments, 92:
554-562 (2011); and Wen ef al., Dyes and Pigments 92: 548-553 (2011). A detailed
review of methods for non-aqueous pigment dispersion stabilization can be found, e.g., in
U.S. Pat. No. 7,901,503. Exemplary of methods used to improve the colloidal stability of
particle dispersions include: (1) physical adsorption of polymeric dispersants or vehicle,
often in combination with a synergist (derivatives of organic pigments or dyes) to promote
adsorption of polymer; (2) encapsulation of the pigment particles; and (3) chemical
surface modification, which can include introduction on the surface of functional groups
and/or polymeric or oligomeric chains.

Such modifications can have a negative effect on product performance. For
example, dispersions made with prior art modified pigments often contain high molecular
weight polymers, surfactants, inorganic materials and in many cases required the use of
synergists and polymeric dispersants in the formulation. This creates significant
limitations for application of those dispersions due to increased viscosity, low interfacial
surface tension, and undesirable charge on pigment particle among others. Furthermore,
there is a strong need for highly pure and stable non-aqueous specialty dispersions and
imaging fluids with demanding requirements for electronics applications such as imaging
fluids for electronic displays.

Thus, while the prior art provides methods for preparing modified pigments for
improved colloidal dispersion and stability, there remains a need for modified pigments
having improved performance properties, particularly in compositions such as imaging
fluids for electronic displays and other electronic applications, thereby providing
advantageous alternatives to previous modified pigments. There is a need in the art for

long-term functioning fluids for use in electronic devices.

SUMMARY OF THE INVENTION

The current invention provides a means for satisfying the need for long-term
stability of pigment dispersions as well as long-term functioning fluids for use in
electronic devices, particularly electronic devices working on the principal of
electrowetting or/and electrophoresis.

Provided are surface modified pigment particles that include a surface functional
group, such as a functional group Q, that can form a covalent bond or a hydrogen bond

with a compound of Formula (1) or a partially or fully hydrolyzed and condensed
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compound of Formula (1). Functional group Q can be bonded to the pigment particle
surface via a covalent bond (chemisorption), an ionic bond, hydrogen bond or irreversible

adsorption. The compound of Formula (1) has the structure:

( Jm
¢-L ‘LE'SI' Rz)n Formula (1)

where ¢ is a linear, branched or dendritic polymeric chain having a molecular weight from
about 100 to about 5,000,000, L is NR*C(O)NH, OC(0O)NH, C(O)OCH,CH(OH)CH,,
OCH,CH(OH) CH,, NHCH,CH(OH)CH,, alkylene, C(0)O, C(O)NR?, SO,NR?, SO,, NR?,
=N-,=N'-, O or S, E is alkylene, arylene, alkylarylene, arylalkylene, alkyleneamino,
alkyleneimino, alkyleneoxyalkylene, arylencoxy, arylencoxyalkylene, oxaalkylene,
oxyalkylene, dioxyalkylene or oxyarylene; each R! independently is H, hydroxyl, oxyalkyl,
oxyalkylenearyl, halogen, acetate or amine, each R? independently is alkyl, cycloalkyl,
cycloheteroalkyl, aryl or alkylenearyl, R? is H, alkyl, aryl or alkylaryl, m=1to 3,n =0 to
2,mtn=3andx=1 or2.

The surface modified pigment particles also can include a surface functional group,
such as a functional group Q, that can form a covalent bond or a hydrogen bond with a
modifying compound M, which is a product formed by a full or partial hydrolysis of a
compound of Formula (1). For example, a compound of Formula (1) can be fully or
partially hydrolyzed resulting in a compound of Formula (1) where R! is selected from
among hydroxyl, H, oxyalkyl, oxyalkylenearyl, halogen, acetyl and amino, and the
resulting modifying compound M can be bonded to the pigment particle surface via a
covalent bond with a surface functional group, such as a functional group Q to form the
group -Q—M on the pigment particle surface. One or more modifying compounds M can
be bonded to the pigment particle surface via hydrogen bonds or covalent bonds or physical
adsorption.

The pigment particle surface can contain a plurality of functional groups Q that can
be the same or different. In some instances, the functional group Q is a hydroxyl, alkoxyl,
phenolic, thiol, alkylenethiol and thiophenolic group, or a hydroxyl or thiol group that is
attached to any aromatic, heteroaromatic, alicyclic or heterocyclic compound, or can be a

functionality that can be reacted to form a hydroxyl, phenolic, thiol or thiophenolic group.
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As a simplified example, the moiety -Q—M on the pigment particle surface can have the

following formula:

( Dm
¢ E- %l'(Rz)n

where Q is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene, O-heteroarylene, S-
heteroarylene, oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or
thioalicyclylene; mis 1 or 2; nis 0 or I; m+n =2; ¢, L, E, R, R? and x are as defined
above; and each R independently can interact with a different functional group Q on the
pigment particle surface or with an R! substituent of another modifying compound M.
Modifying compound M can interact with two functional groups Q on the pigment particle
surface to form, e.g., the moiety -Q—-M—Q- having one of the following formula or a
combination thereof:
R (R?)
¢-L—TE-Si | ¢-L-TE-Si
Q

s 0 S A

where each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene; R can
interact with a different functional group Q on the pigment particle surface or with an R*
substituent of another modifying compound M; and ¢, L, E, Rl, R? and x are as defined
above. In some instances, at least two modifying compounds M can interact with each
other and interact with different functional groups Q on the pigment particle surface to
form, for example, the moiety -Q-M-M—-Q-. The moicty -Q—-M-M-Q- can have the

following formula:
1 1

¢—L—E-§i/ \[él -E—L—¢
Q Q

]
| )
|
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where each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene; ¢, L, E, and
R are as described above; and each R' can interact with a different functional group Q on
the pigment particle surface or with an R' substituent of another modifying compound M.
The functional group Q can be attached to the pigment particle surface by a covalent, ionic
or hydrogen bond, or can be attached to the pigment particle surface via irreversible
adsorption onto the surface.

In the surface modified pigments provided herein, the polymer @ is selected to
have a molecular weight in the range of from about 100 to about 5,000,000. Any polymer
in this molecular weight range can be used. Exemplary polymers ¢ include a
polyalkylene, polyoxyalkylene, polyimine, polyester, polyamide, polyimide, polyurethane,
polyuria, polyacrylate, polyacrylonitrile, polysulfone, polystyrene, polyvinyl halogenide,
polyvinylidene halogenides, polyvinyl alcohol, polyvinyl acetate, polyvinylpyrrolidone,
polyvinyl butyral, polycarbonate, polyether sulfone, poly(arylene/alkylene) sulfide,
polyepoxide, polyaldehyde, polyketone, polyether ketone, phenol-formaldehyde,
polyethylene terephthalate, polybutylene terephthalate, hydrocarbon resin, and
metalorganic polymer containing at least one atom of silicon and/or germanium and a
random, block, dendritic, or combination co-polymer thereof. In some instance, polymer
& is selected from among polyethylene, polypropylene, polybutylene, polyisobutylene,
polyisoprene, polyacetal, polyethylene glycol, polypropylene glycol, polybutylene glycol,
polymethacrylate, polyalkyl/aryl acrylate, polyvinyl chloride, polyvinyl fluoride, polyvinyl

bromine, polysiloxane; or a random, block, dendritic, or combination co-polymer thereof.
The compound of Formula (1) is the reaction product of a compound of Formula (2):
R
FTE-Si-RY), | Formula (2)
with a compound of formula (3)
FHo Formula (3)
where Fis selected from among -NCO, -NR4R5, -N+R4R5R6, -SO* ", -OH, -SH, R, -COOH,
-COR’, -SO,R’, epoxy, acrylate and vinyl; F' is selected from among -NCO, -NR'R?,
-N+R4R5R6, -SOS', -OH, -SH, R7, -COOH, -COR7, -SOQR7, epoxy, acrylate and vinyl; R4,
R® and R® cach independently is H or alkyl; R’ is F, Cl or Br; q=1 to 100; and ¢, E, Rl, Rz,
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m, n and x are as described above, where functional group F of the compound of Formula
(2) can react with a functional group F" of the compound of formula (3).

In the surface modified pigment particles provided herein, particles of any carbon
black or organic pigment or insoluble dye can be surface modified. Examples of such
pigments include carbon black, any organic pigment related to a class of azo or azo
condensed pigments, metal complexes, benzimidazolones, azomethines, methines,
cyanines, azacarbocyanines, enamines, hemicyanines, streptocyanines, styryls,
zeromethines, mono-, di-, tri-, and tetraazamethines, caratenoids, arylmethanes,
diarylmethanes, triarylmethanes, xanthenes, thioxanthenes, flavanoids, stilbenes,
coumarins, acridenes, fluorenes, fluorones, benzodifuranones, formazans, pyrazoles,
thiazoles, azines, diazines, oxazines, dioxazines, triphenodioxazines, phenazines,
thiazines, oxazones, indamines, nitroso, nitro, quinones, hydroquinones, naphthaquinones,
anthraquinones, rhodamines, phthalocyanines, neutrocyanines, diazahemicyanines,
porphirines, perinones, perylenes, pyronins, diketopyrrolopyrroles, indigo, indigoids,
thioindigo, indophenols, naphthalimides, isoindolines, isoindolinones, iminoisoindolines,
iminoisoindolinones, quinacridones, flavanthrones, indanthrones, anthrapyrimidines,
quinophthalones, isoviolanthrones, pyranthrones, and any combination thereof.

In some instances the pigment comprises a vat or disperse dye or insoluble salt or
complex of acid, direct, reactive, mordant, solvent, natural, basic (cationic), sulfur,
fluorescent, or optical brightener, a mixture of organic pigment, inorganic pigment or
extenders or solid solutions thereof, shell type pigments with inorganic nuclei covered
with organic shell, or dispersed polymer particles or any combination thereof.

In some instances, the pigment is selected from among carbon black, titanium
dioxide, zinc oxide, silica, iron oxide, antimony yellow, lead chromate, lead chromate
sulfate, lead molybdate, ultramarine blue, cobalt blue, manganese blue, chrome oxide
green, hydrated chrome oxide green, cobalt green, metal sulfides, cadmium sulfoselenides,
zinc ferrite, bismuth vanadate, and derivatives and any combinations thereof. In some
instances, the pigment is selected from among C.I. Pigment Black 6, 7,9, 11, 12, 14, 15,
22,26, 27, 28,29, 30, 33, 34 and 35; C.I. Pigment Green 18, 20, 21, and 22; C.I. Pigment
Blue 27, 30, and 73; C.I. Pigment Red 265 and 275; C.1. Pigment Yellow 38, 40, 53, 119,
157,158, 160, 161, 162, and 184; C.I. Pigment White 4, 5, 6, 6:1, 7, 8,9, 10, 12, 13, 14,
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15, 18, 18:1, 19, 21, 22, 23, 24, 25, 26, 27, 28, 32, 33, and 36 and any combination
thereof. In some instances, the pigment is C.I. Pigment Black 7. The pigment also can be
a mixture of two or more organic pigments, carbon black and/or inorganic pigments, dyes,
solid solution or product of reaction thereof. The pigment also can be a near infra-red
(NIR) reflecting or NIR transmissive pigment or a mixture of two or more NIR reflecting
or NIR transmissive inorganic and/or organic pigments, dyes, solid solution or product of
reaction thereof. The pigment also can be a black colorant, such as a black pigment or
black dye or combination thereof.

In the surface modified pigment particles provided herein, the modifying compound
M can be present in an amount of from at or about 0.1% to at or about 95% based on the
weight of the surface modified particles. The size of the pigment particles can vary, and
generally the pigment particles have a mean weight diameter of from 10 nm to 5 um.

Also provided herein is pigment dispersion composition that includes the surface
modified pigment particles provided herein and one or more of a polar solvents or one or
more non-polar solvents. The pigment dispersion compositions also can include optional
ingredients, such as additional organic pigment, inorganic pigment, surfactant, synergist,
additive for electrical conductivity control, polymeric dispersant, plasticizer, resin,
defoamer and charge director and any combination thereof. If present, the additional
organic pigment or inorganic pigment or both can contain one or more ionic, nonionic, or
polymeric groups or combination thereof attached to a surface of the additional organic
pigment or the inorganic pigment.

When present in the dispersion composition, the polar solvent can include any
polar solvent known in the art. Examples of polar solvents include water, a glycol, a
polyglycol, an alcohol, a polyol, an ether, an ester, a ketone, a lactam, a pyrrolidone, a
carbonate, a sulfone, a sulfoxide, an amide, a heterocyclic amine, a nitrile, an aliphatic
acid acetal, a carbamate, an aldehyde and a chlorinated hydrocarbon and any combination
thereof. The polar solvent can include a combination of functions selected from among
alcohol, ketone, ether, ester, amine, nitrile, amide, sulfoxide, carboxylic acid, aldehyde
and halogen. For example, the polar solvent can include a combination of alcohol and
ketone, or ether and ester and ketone, or amine and alcohol and halogen.

In some instances, the polar solvent is selected from among water, ethylene glycol,

1,2-propylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, diethylene glycol,
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dipropylene glycol, glycerin, ethylene carbonate, propylene carbonate, 1,2-butylene
carbonate, 1,2- cyclohexane carbonate, glycerin carbonate, dimethyl carbonate, diethyl
carbonate, acetophenone, pyridine, dimethyl malonate, diacetone alcohol, hydroxypropyl
carbamate, beta-hydroxy-ethyl carbamate, N-methyl formamide, N-methyl acetamide,
dimethylsulfoxide, sulfolane, 2-pyrrolidone, N-methyl-2-pyrrolidone, N-cyclohexyl-2-
pyrrolidone, acetonyl acetone, cyclohexanone, ethyl acetoacetate, ethyl-L-lactate, pyrrole,
N-methyl pyrrole, N-ethyl pyrrole, 4H-pyran-4-one, 1,3-dimethyl-2-imidazolidinone,
morpholine, N-methyl-morpholine, N-ethyl-morpholine, N-formylmorpholine, beta-
propiolactone, beta-valerolactone, beta-hexa-lactone, gamma-butyrolactone, gamma-
valerorolactone, gamma-hexalactone, gamma-heptalactone, gamma-octalactone, gamma-
nonalactone, gamma-decalactone, delta-valerolactone, delta-hexalactone, delta-hepta-
lactone, delta-octalactone, delta-nonalactone, delta-decalactone, delta-tetradecalactone and
delta-octadecolactone and any combination thereof.

When present in the dispersion, any non-polar solvent can be selected. The non-
polar solvent can be selected from among one or a combination of non-substituted,
substituted, linear, branched and cyclic compounds including one or more silicon and/or
germanium atoms, aliphatic or aromatic hydrocarbons, partially hydrogenated aromatic
hydrocarbons, alicyclic or aromatic heterocyclic compounds and derivatives thercof
containing a halogen, nitro, nitroso, epoxy, phosphate, or cyano group; fatty alcohols and
carboxylic acids, and ethers, esters, and amides thercof. Examples of non-polar solvent
include decane, dodecane, tetradecane, cyclohexane, decalin, tetralin, octadecanol, a
silicone oil, a linear siloxane, a cyclic siloxane, a branched aliphatic hydrocarbon, a
petroleum solvent, kerosene, a mineral spirit, tetradecane epoxide and fluorinated
hydrocarbons and combinations thereof.

The amount of surface modified pigment in the dispersion composition can vary.
Generally, the amount of surface modified pigment is in the amount of from 1% to 60%,
or from 5% to 30%, based on the weight of the dispersion composition. The viscosity of
the dispersion can be adjusted in order to have the desired rheology of a selected
application. Generally, the dispersion compositions provided herein have a dynamic
viscosity of from at or about 0.5 cP to at or about 2,000 cP, or from about 1 cPs to about
500 cPs, or from about 1 cPs to 100 cPs, at 25°C at a rotational speed of 30 rpm using a
Brookfield Viscometer LVDV- 11 + Pro using the appropriate spindle. The pigment
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dispersions provided herein exhibit no significant change in particle size distribution or
viscosity after storage at 80°C for at least 7 days.

Also provided are methods of preparing surface modified pigment particles. The
methods include as steps synthesizing a compound of Formula (1) by reacting a compound
of Formula (2) with a compound of Formula (3); treating the pigment particles with the
compound of formula (1) to form a surface treated pigment; and isolating the surface
treated pigment by: (i) filtration to form a press-cake and drying the press-cake or (ii)
direct drying of the surface treated pigment without filtration. The pigments can be treated
with the compound of Formula (1) at a temperature in the range of 0°C to 200°C for a
period of time of from 0.5 hours to 24 hours with or without pigment milling. In some
instances, the pigment particles are larger than desired, and pigment milling can be
performed to reduce the size of the pigment particles. The methods also can include an
optional purifying step to purify the pigment. The pigment can be purified before or after
surface treatment in order to remove impurities. The purifying step can include extraction,
sublimation, centrifugation, distillation, re-crystallization, fractional crystallization,
ultrafiltration or reverse osmosis or any combination thereof.

The surface modified pigment particles or a dispersion thereof as provided herein
can be used in any application in which pigments are used. For example, surface modified
pigment particles or a dispersion thereof as provided herein can be used to prepare a color
imaging fluid for an electronic display, a color filter, a liquid toner, an ink, including an
inkjet ink, an aerosol ink, a coating, a paint, a cosmetic or a plastic.

Also provided are color imaging fluids for electrowetting and/or electrophoresis
electronic displays. The fluids include the surface modified pigment particles provided
herein, or a dispersion of the surface modified pigments as described herein, where the
amount of surface modified pigment particles is in the range of at or about 0.01% to at or
about 30% by weight of the color imaging fluid, or in the range of at or about 0.2% to at or
about 20% by weight of the color imaging fluid. For these applications, the surface
modified pigment particles can have a mean weight diameter of from at or about 10 nm to
at or about 5 um, or from at or about 20 nm to at or about 500 nm, or from at or about 30
nm to at or about 300 nm. Generally, the color imaging fluids provided herein have a
dynamic viscosity of from at or about 0.5 cP to at or about 2,000 cP, or from about 1 cPs

to about 500 cPs, or from about 1 cPs to 100 cPs, at 25°C at a rotational speed of 30 rpm
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using a Brookfield Viscometer LVDV- 11 + Pro using the appropriate spindle. The color
imaging fluids provided herein exhibit no significant change in particle size distribution or
viscosity after storage at 80°C for at least 7 days. Also provided are electronic displays
and other electronic devices that operate by principles of electrowetting, electrofluidics,
and/or electrophoresis, where the devices contain the surface modified pigment particles

or the color imaging fluids provided herein.

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of any
subject matter claimed.

The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described.

I. DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in the art to which the inventions
belong. All patents, patent applications, published applications and publications, websites
and other published materials referred to throughout the entire disclosure herein, unless
noted otherwise, are incorporated by reference in their entirety for any purpose.

In this application, the use of the singular includes the plural unless specifically
stated otherwise. In this application, the use of “or” means “and/or” unless stated
otherwise.

[P 1
a

As used herein, the singular forms an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise.

As used herein, the terms “comprises” and/or “comprising,” specify the presence
of stated features, integers, steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. Furthermore, to the extent that the terms
“includes”, “having”, “has”, “with”, “composed”, “comprised” or variants thercof are used
in either the detailed description or the claims, such terms are intended to be inclusive in a
manner similar to the term “comprising.”

As used herein, ranges and amounts can be expressed as “about” a particular value

or range. “About” is intended to also include the exact amount. Hence “about 5 percent”
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means “about 5 percent” and also “5 percent.” “About” means within typical
experimental error for the application or purpose intended.

As used herein, “optional” or “optionally” means that the subsequently described
event or circumstance does or does not occur, and that the description includes instances
where said event or circumstance occurs and instances where it does not. For example, an
optional component in a system means that the component may be present or may not be
present in the system.

As used herein, “monomer” refers to a material having a viscosity less than that of
an oligomer and a relatively low molecular weight (i.e., having a molecular weight less
than about 750 g/mole) and containing one or more polymerizable groups, which are
capable of polymerizing and combining with other monomers or oligomers to form other
oligomers or polymers.

As used herein, “oligomer” refers to a material having a viscosity greater than that
of a monomer and a relatively intermediate molecular weight (i.e., having a molecular
weight greater than about 750 g/mole but generally less than 10,000 g/mole) having one or
more polymerizable groups, which are capable of polymerizing and combining with
monomers or oligomers to form other oligomers or polymers.

As used herein, “polymer” refers to a molecule that includes a substructure formed
from one or more monomeric, oligomeric, and/or polymeric constituents polymerized or
cross-linked together. The monomer and/or oligomer units can be regularly or irregularly
arranged and a portion of the polymer chemical structure can include repeating units.

As used herein, a “dendritic polymeric chain” refers to a broad class of branched
macromolecular polymer structures having a regularly repeated branching structure or
having an irregularly repeated branching structure or a combination thereof. Examples
include dendrimer polymers, linear/dendritic hybrid polymers, dendronizcd polymers,
dendri-grafted polymers, hyperbranched polymers, multi-arm star polymers, arboreal
polymers, polymer brushes, and hyper-grafted polymers. The dendritic polymeric chain
can be symmetric or asymmetric. Dendrimer polymers typically have a regularly repeated
branching structure, while hyperbranched polymers have an irregularly repeated branching
structure. Dendrimer polymers typically include branches extending from other branches,
like a tree, instead of linear branches extending from a well-defined backbone segment,

and typically include a relatively high level of branching (see U.S. Pat. No. 7,585,933 and
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U.S. Pat. Pub. No. 2011/0111951). Dendritic polymeric chains can have a structure in
which the polymer chains are dendritically branched from one focal point, or a structure in
which polymer chains are radiated from a plurality of focal points linked to a molecule
serving as a backbone or core.

As used herein, “molecular weight” means number average molecular weight
unless expressly noted otherwise.

As used herein, “excellent stability” with reference to dispersions refers to a
permanence of the essential dispersion properties, such as particle size distribution,
viscosity, rheological behavior, and color.

As used herein, “aliphatic” refers to hydrocarbyl organic compounds or groups
characterized by a straight, branched or cyclic arrangement of the constituent carbon
atoms and an absence of aromatic unsaturation. Aliphatics include, without limitation,
alkyl, alkylene, alkenyl, alkenylene, alkynyl and alkynylene. Aliphatic groups typically
have from 1 to 20 carbon atoms. Aliphatics include saturated and unsaturated compounds.

As used herein, a numerical range such as “1 to 20” refers to each integer in the
given range; e.g., “1 to 20 carbon atoms” means that an alkyl group can contain only 1
carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and including 20 carbon atoms.

As used herein, “alicyclic compound” refers to an organic compound containing a
ring system but that is not aromatic. The ring system can contain one or more rings where
at least one ring is aliphatic. Alicyclic compounds include rings having any degree of
saturation. Exemplary alicyclic compounds include rings having from about 4 to about 12
carbon atoms in the ring.

As used herein, “alicyclylene” refers to a divalent alicyclic radical.

As used herein, “alkoxy” refers to the monovalent radical alkyl-O— where the alkyl
group is as described below. Examples include methoxy, ethoxy, n-propoxy, iso-propoxy,
n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy and 1,2-dimethylbutoxy.

As used herein, “alkyl” by itself or as part of another substituent refers to a
monovalent saturated aliphatic hydrocarbyl radical having up to about 40 carbon atoms,
usually 1 to 20 carbon atoms, or 1 to 10 carbon atoms, that is derived by the removal of
one hydrogen atom from a single carbon atom of a parent alkane. By way of example
only, “C;-C4 alkyl” indicates an alkyl having one, two, three, or four carbon atoms, i.e.,

the alkyl is selected from among methyl, ethyl, propyl, iso-propyl, #-butyl, iso-butyl, sec-
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butyl and #-butyl. Thus “C; — C4” includes C; — C,, C; — C3, C; — C3 and C, — C salkyl.
The hydrocarbon chain may be either straight or branched. This term is exemplified by
groups such as methyl, ethyl, n-propyl, isopropyl, #-butyl, iso-butyl, tert-butyl, n-hexyl, n-
octyl and fert-octyl.

As used herein, “alkylene” by itself or as part of another substituent refers to a
divalent saturated alkyldiyl group having two terminal monovalent radical centers derived
by the removal of one hydrogen atom from each of the two terminal carbon atoms of the
straight-chain or branched parent alkane. The alkylene can be straight-chained or branched.
Examples of alkylene groups include methylene (-CH,-), ethylene (-CH,CH,—), and
propylene (-CH,CH,CH,— and -CH(CH3)CH,-).

As used herein, “alkylamine” alone or in combination, refers to an alkyl group that
is covalently joined to an amine group.

As used herein, “alkylenearyl” refers to a divalent radical —alkylene-aryl—, where
an alkylene group is covalently joined to an aryl group.

As used herein, “alkylimine” alone or in combination, refers to an alkyl group that
is covalently joined to an imine group.

As used herein, “alkylamino” refers to a monovalent radical —alkyl-NR*R®, where
cach of R* and R” independently is selected from hydrogen and alkyl and alkyl is as
defined above.

As used herein, “alkylencamino” refers to a divalent radical —alkyl-NR*—, where R*
can be hydrogen or alkyl and alkyl is as defined above.

As used herein, “alkylimino” refers to a divalent radical alkyl-N=, where alkyl is
as defined above.

As used herein, “alkyleneimino” refers to a divalent radical —alkyl-N=, where alkyl
1s as defined above.

As used herein, “alkyleneoxy” refers to a divalent radical —alkylene-O—, where
alkylene is as defined above.

As used herein, “alkoxyalkyl” refers to a moiety having two alkyl groups as
defined herein tethered together via an oxygen bond. Exemplary alkoxyalkyl groups
include polyoxyalkylenes, such as polyethylencoxides, that are terminated with an alkyl

group, such as a methyl group.
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As used herein, “alkylthio” refers to a radical —S-alkyl. Representative examples
include, but are not limited to, methylthio, ethylthio, propylthio and butylthio.

As used herein, “amide” refers to the radical-C(O)NH..

As used herein, “amino” refers to the radical —NRth, where each R
independently is selected from among hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and
heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as
described herein.

As used herein, “aryl” by itself or as part of another substituent refers to a
monovalent aromatic monocyclic, bicyclic or polycyclic (3 or more rings) hydrocarbon
radical that contains no ring heteroatoms derived by the removal of one hydrogen atom
from a single carbon atom of a parent aromatic ring system. Where the systems are not
monocyclic, the term aryl includes for each additional ring the saturated form (perhydro
form) or the partially unsaturated form (for example the dihydro form or tetrahydro form)
or the maximally unsaturated (nonaromatic) form. In some instances, the term aryl refers
to bicyclic radicals in which the two rings are aromatic and bicyclic radicals in which only
one ring is aromatic. Examples of aryl include phenyl, naphthyl, anthracyl, indanyl, 1,2-
dihydro-naphthyl, 1,4-dihydronaphthyl, indenyl, 1,4-naphthoquinonyl and 1,2,3,4-
tetrahydronaphthyl, as well as groups derived from aceanthrylene, acenaphthylene,
acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene, fluoranthene,
fluorene, hexacene, hexaphene, hexylene, as-indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene,
pentalene, pentaphene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene,
pyranthrene, rubicene, triphenylene and trinaphthalene. Particularly preferred aryls are
phenyl and naphthyl.

Aryl groups can be formed by three, four, five, six, seven, eight, nine, or more than
nine carbon atoms. In some instances, an aryl group can be a 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-,
11-, 12-, 13- or 14-membered, aromatic mono-, bi- or polycyclic system. In some
instances, an aryl refers to an aromatic Cz-Co ring or an aromatic C4-Cg ring.

As used herein, “arylene” refers to a divalent aryl group radical derived by the
removal of one hydrogen atom from two carbon atoms wherein the aryl group is as

described above.
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As used herein, “aryleneoxy” refers to a divalent radical of the structure -R"-O-
where R" is an arylene group as described above.

As used herein, “alkylaryl” by itself or as part of another substituent, refers to an
alkyl radical that is covalently joined to an aryl group. Exemplary alkylaryl groups
include benzyl, phenethyl, phenopropyl, 1-benzylethyl, phenobutyl and 2-benzylpropyl.
The alkyl group can be C;-Cy and the aryl moiety can be Cg-Cyy.

As used herein, “alkylarylene” by itself or as part of another substituent, refers to a
divalent radical —alkyl-arylene—containing an alkyl that is covalently joined to an aryl
group.

As used herein, “alkoxyl” refers to a monovalent —alkyl-OH radical where alkyl is
as defined herein.

As used herein, “alkylenethiol” refers to the monovalent radical —alkylene-SH
where alkylene is as defined herein.

As used herein, “arylalkyl” refers to a monovalent radical formed between an alkyl
radical as defined above, substituted with one or more aryl groups as defined above ,where
the aralkyl group is attached through the alkyl radical.

As used herein, “arylalkylene” refers to a divalent radical —aryl-alkylene— formed
between an aryl radical as defined above and an alkyl radical as defined above.

As used herein, “aryloxy” refers to a divalent —aryl-O— radical where aryl is as
defined herein.

As used herein, “aryloxyalkyl” refers to a monovalent moiety having an aryl group
and an alkyl group tethered together via an oxygen bond where the point of attachment is
within the alkyl radical.

As used herein, “carboxy” and “carboxyl” refer to the radical -C(O)OH.

As used herein, “cyano” refers to the radical —-CN.

As used herein, “cycloalkyl” by itself or as part of another substituent refers to a
cyclic alkyl radical having from 3 to about 12 carbon atoms and having a single cyclic ring
or multiple condensed rings, including fused and bridged ring systems. Cycloalkyls can be
formed by three, four, five, six, seven, eight, nine, or more than nine carbon atoms. In
some instances, the ring system includes 3 to 12 carbon atoms. In some instances, the ring
system includes 3 to 6 carbon atoms.

As used herein, “cycloalkylene” refers to a cyclic divalent alkylene.
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As used herein, “cycloheteroalkyl” by itself or as part of another substituent refers
to a stable heterocyclic non-aromatic ring and fused rings containing one or more
heteroatoms independently selected from N, O, P, Si and S. A fused heterocyclic ring
system can include carbocyclic rings and need only include one heterocyclic ring.
Examples of heterocyclic rings include, but are not limited to, piperazinyl,
homopiperazinyl, piperidinyl and morpholinyl.

As used herein, “epoxy” refers to compounds in which an oxygen atom is directly
attached to two adjacent carbon atoms already attached in some other way, such as in a
carbon chain or ring system. An example is a cyclic ether containing a 3-membered ring
consisting of one oxygen atom and two carbon atoms (oxirane).

As used herein, “ester” refers to the group —C(=0)OR® where R® can be selected
from among alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl.

As used herein, “hetero” when used to describe a compound or a group means that
one or more carbon atoms in the compound or group have been replaced by a heteroatom,
such as N, O, P, Si or S. Hetero can be applied to any of the hydrocarbyl groups described
above such as, e.g., heteroalkyl, cycloheteroalkyl and heteroaryl, and can have from 1 to 5
heteroatoms.

As used herein, “heteroatom” refers to any atom that is not carbon. Examples
include B, N, O, P, Se, Si and S.

As used herein, “heterocycle” refers to a closed ring hydrocarbon in which one or
more than one of the atoms in the ring is an element other than carbon (e.g., B, N, O, P,
Se, Si or S) and includes aromatic (heteroaryls) and non-aromatic (cycloheteroalkyl) rings
and systems.

As used herein, “heteroaryl” refers to a monovalent heteroaromatic group radical
derived by the removal of a hydrogen atom from an atom of a parent heteroaromatic ring
system. The heteroaryl group can be attached through a C or heteroatom bond. Typical
heteroaryl groups include, but are not limited to, groups derived from arsindole, benzene,
benzothiophene, benzo[c]Jthiophene, benzimidazole, benzoxazole, benzisoxazole,
benzothiazole, carbazole, B-carboline, chromane, chromene, cinnoline, furan, imidazole,
indazole, indole, indoline, indolizine, isobenzofuran, isochromene, isoindole, isoindoline,
isoquinoline, isothiazole, isoxazole, oxadiazole, oxazole, perimidine, phenanthridine,

phenanthroline, phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole,
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pyrazine, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine, purine quinazoline,
quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole,
[2,4,6]triazine and xanthene, as well as fused ring systems such as acridine, anthracene,
cinnoline, naphthalene, naphthyridine, quinoline, isoquinoline, quinoxaline and
quinazoline. In some embodiments, the heteroaryl groups are those derived from thiazole,
thiophen, pyrrole, benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole,
oxazole and pyrazine.

As used herein, “heteroarylene” refers to a divalent heteroaromatic group radical
derived by the removal of two hydrogen atoms from an atom of a parent heteroaromatic
ring system, containing at least one heteroatom.

As used herein, “heterocyclic” or “heterocyclyl” refers to a monovalent radical
mono-, or poly-cyclic ring system that includes at least one heteroatom and is unsaturated,
partially saturated or fully saturated. Heterocyclic includes fused ring systems where one
or more of the fused rings contain no heteroatoms. Examples of heterocyclic groups
include, e.g., pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinoxalinyl, pyridazinonyl and tetrahydrofuryl. One having ordinary
skill in the art will recognize that the maximum number of heteroatoms in a stable,
chemically feasible heterocyclic ring, whether it is aromatic or non-aromatic, is
determined by the size of the ring, the degree of unsaturation and the valence of the
heteroatoms. In general, a heterocyclic ring may have one to four heteroatoms so long as
the heteroaromatic ring is chemically feasible and stable.

As used herein, “heterocyclylene” refers to a divalent heterocyclyl group where the
heterocyclyl group is as described above.

As used herein, “heteroarylene” refers to a divalent heteroaryl group where the
heteroaryl group is as described above.

As used herein, “hydroxyl” refers to the radical —OH.

As used herein, “hydroxyalkyl” by itself or as part of another substituent refers to
an alkyl group in which one or more of the hydrogen atoms are replaced with a hydroxyl
substituent. Thus, the term “hydroxyalkyl” includes monohydroxyalkyls, dihydroxyalkyls
and trihydroxyalkyls.

As used herein, “nitroso” refers to the radical —-NO.
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As used herein, “oxaalkylene” refers to an divalent alkylene group as defined
above where one or more non-adjacent —CH,— groups have been substituted with a
catenary oxygen atom, such as -CH,CH,OCH(CH3)CH,—.

As used herein, “oxyalicyclylene” refers to a divalent radical of the structure —O-
R%-, where R? is an alicyclylene as defined above.

As used herein, “oxyalkyl” refers to a monovalent radical of the structure —O-alkyl,
where alkyl is as defined above.

As used herein, “oxyalkylene” refers to a divalent radical of the structure —O-R°—,
where R® is an alkylene as defined above. Examples of oxyalkylenes include, but are not
limited to —O-CH,—, —O-CH,-CH,— and —O-C3;He—.

As used herein, “dioxyalkylene” refers to a divalent radical of the structure —O-R°-
O-, where R is an alkylene as defined above. Examples of dioxyalkylenes include, but
are not limited to—O-CH,-O—,—-O-CH,CH,-O- and —OC;H¢-O)-.

As used herein, “oxyalkylenearyl” refers to a monovalent radical of the structure
—O-R°R", where R® is an alkylene as defined above and R" is an aryl as defined above.

As used herein, “oxyarylene” refers to a divalent radical of the structure —O-R-,
where R'is an arylene as defined above.

As used herein, “oxyheterocyclylene” refers to a divalent radical of the structure

—O-RY-, where RY is a heterocyclylene group as described above.

As used herein, “phenolic group” refers to the group — .

As used herein, “phenyl” refers to the aryl form of benzene and has the formula
—C¢Hs, where the six carbon atoms are arranged in an aromatic ring structure.

As used herein, “sulfonyl” refers to the divalent radical —S(O,)—.

As used herein, “thiol” refers to the monovalent radical —SH.

As used herein, “thioalicyclylene” refers to a divalent radical of the structure —S-
R%-, where R? is an alicyclylene as defined above.

As used herein, “thioalkyl” refers to the monovalent radical —S-alkyl where alkyl is
as defined above.

As used herein, “thioalkylene” refers to a divalent radical of the structure —S-R°—,

where R® is an alkylene as defined above.
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As used herein, “thioarylene” refers to a divalent radical of the structure ~S-RL,
where R'is an arylene as defined above.
As used herein, “thioheterocyclylene” refers to a divalent radical of the structure

—S-RY~, where RY is a heterocyclylene group as described above.

As used herein, “thiophenolic group” refers to the group — .

As used herein, “vinyl” refers to the monovalent radical -CH=CHj.

As used herein, the phrase “no significant change” means that the change of the
parameter mentioned is within 7% to 10% of the original measurement of the parameter,
such as particle size and viscosity.

Throughout this disclosure, all parts and percentages are by weight (wt% or mass%
based on the total weight; parts by weight) and all temperatures are in °C, unless otherwise

indicated.

II. SURFACE MODIFICATION OF PIGMENTS

The treatment of inorganic materials including inorganic pigments with
organosilicon compounds is well known (see, e.g., Arkles, Hydrophobicity, Hydrophilicity
and Silane Surface Modification (2006) and Arkles, Hydrophobicity, Hydrophilicity and
Silane Surface Modification Version 2.0 (2011), brochures available from Gelest, Inc.,
Morrisville, PA). The surface of those materials is highly polar due to polar functional
groups, and specifically hydroxyl groups that can easily react with various silicon
modifiers forming covalent bonds. It also is well known that a vast majority of organic
pigments lack surface polar groups, and modification of organic pigments with silicon
compounds is very often inefficient due to low adsorption energy of those compounds on
the pigment particle surface. Some inorganic pigments are known to be particularly
difficult to surface-modify. For example, even when some functional groups are present
on the surface of carbon black, silanization of this material is notoriously inefficient.

Analysis of prior art demonstrates that a number of general methods have been
used for modification of organic pigments and carbon black with silicone and
siliconorganic compounds. These include physical adsorption of surfactants/polymers;
microencapsulation; deposition of inorganic oxides, for example silica and aluminum
oxide, on the surface of organic pigments followed by physical adsorption or

chemisorption of modifier/coupling agent/polymer; or combinations of these methods.



10

15

20

25

30

WO 2013/169395 PCT/US2013/032582

-20 -

U.S. Pat. No. 6,113,680 describes physical adsorption organoalkoxysilanes,
organosilanes, and acetoalkoxyaluminum diisopropylates onto organic pigments to make
the surface of the organic pigments uniformly hydrophobic. The polymer is formed on the
surface through hydrolysis and polymerization of monomers.

A similar approach is proposed in U.S. Pat. No. 6,120,596 for organic pigment
modification with hydrolyzable halosilanes, organohalosilane, and titanium tetrachloride
to improve pigment dispersibility in various solvent media.

In U.S. Pat. No. 7,855,829, encapsulated organic pigments are described. The
encapsulated organic pigments are intended for electrophoretic displays and are made by
precipitation of co-polymer with relatively high molecular weight on the pigment particle
surface. The polymer is pre-made by polymerization of three oligomers, two of which are
organosilicones.

In U.S. Pat. Nos. 5,401,780 and 5,482,547, the surface of organic pigments is
treated first with hydrolyzable compounds of Ti, Sn, or Zr to deposit relevant oxide on the
pigment particle surface, and then the pigments is treated with reactive silanes. In the case
of U.S. Pat. No. 5,401,780, the reactive silane is methacryloxypropyltrimethoxysilane that
reacts with other acrylic monomers to encapsulate the pigment particles. In the case of
U.S. Pat. No. 5,482,547, hydrolyzable silanes form covalent bonds to the oxide on the
pigment particle surface and polymerize on the pigment particle surface.

In U. S. Pat. Appl. Pub. No. US2011/0184096, a sol-gel process is utilized to
deposit silica on the surface of organic pigments following the polymerization of various
acrylic monomers. Both the bonds between silica and pigment, and the bonds between
polymer and silica, are assumed to be non-covalent ones.

U. S. Pat. Appl. Pub. No. US2011/0184111 also purportedly describes
modification of organic and inorganic pigments with silica; however, the application
assumes the bond between the pigment particle surface and the oxide is a covalent bond.
In the case of inorganic pigments, it might be justified, but it is not likely for organic
pigments.

Deposition of oxides on the surface of organic pigments in order to improve
pigment dispersibility, heat resistance, light fastness, and other properties, also is
described in the prior art. For example, Juan et al. describes coating Pigment Yellow 12

(CL: PY 12/ CAS No.: 6358-85-6) by nano-silica particles using layer-by-layer self-
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assembly technique [Juan ef al., Dyes and Pigments 76: 463-469 (2008). Methods of
treating pigments for use in electronic displays also are known in the art. For example,
Wen ef al. describes preparation of Pigment Yellow 13 (C.1. PY13 / CAS No. 5102-83-0),
Pigment Red 254 (P.1. PR 254 / CAS No. 84632-65-5), and phthalocyanine blue 15:3 (C.1.
PB 15:3 / CAS No. 147-14-8) for electrophoretic displays by treating the named pigments
with sodium silicate to deposit silica on the pigment particle surface followed by reaction
with aminopropyltriethoxysilane [Zi-Qiang Wen et al., Dyes and Pigments 92: 554-562
(2011)]. Deposition of aluminum oxide on Pigment Yellow 3 (C.I. PY 3 / CAS No. 6486-
23-3) is described in H. Wen et al., Dyes and Pigments, 92: 548-553 (2011).

Such modifications can impact the properties of the pigments and the resulting
dispersions. For example, for some of the prior art modified pigments, dispersion may
require use of synergists and polymeric dispersants, while colloidal stability often can be
achieved only in the presence of high molecular weight polymers, surfactants or inorganic
materials or combinations thereof. The presence of these additional materials can impact
performance. For example, high molecular weight polymers or surfactants can increase
the viscosity of the dispersion or otherwise modify the rheological properties of the
dispersion. The presence of surfactants also can modulate interfacial surface tension.
Further, some of the materials used in prior art modified pigment dispersions can result in
an undesirable charge on the pigment particles, which could limit the application of such
dispersions in electronic applications, such as electronic displays or other devices working
on the principle of electrowetting and/or electrophoresis.

Provided herein are surface modified pigment particles, e.g., particles of organic
and inorganic pigment and carbon black. Also provided are methods of surface
modification of pigment particles. In some instances, the disclosed methods of
modification of the surface of pigment particles allows forming covalent bonds between
silicon atoms of the modifying polymer and surface hydroxyl groups of the pigment
particles. Also provided are dispersions comprising the modified pigment provided
herein. The dispersions of surface modified pigment particles can be used for preparation
of imaging fluids for electrowetting, electrofluidic or electrophoretic devices as well as for
inks, including inkjet inks and acrosol inks, coatings, paints, toners, color filters, cosmetics
and plastics. Also provided are imaging fluids containing the surface modified pigment

particles provided herein. Also provided are electrowetting, electrofluidic, or
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electrophoretic devices or other articles that include the surface modified pigment particles

or the imaging fluid provided herein.

I1I1. SURFACE-MODIFIED PIGMENT PARTICLES

Provided herein are surface-modified pigment particles, such as particles of
organic or inorganic pigment or carbon black. The modified particles can be obtained by
direct chemisorption of a modifier compound containing Si atoms with the surface of the
pigment particles. The surface-modified particles also can include covalent bonds
between silicon atoms of the modifying compound and surface functional groups, such as
hydroxyl groups, of the pigment particles, such as organic or inorganic pigment or carbon
black. Dispersions made with surface modified pigments provided herein demonstrate
excellent stability in a wide range of solvents generally without utilizing additional
polymeric dispersants, synergists, and surfactants, and thus, the surface modified pigments
provided herein actually can be self-dispersing pigments. The surface modified pigments
provided herein are especially useful for imaging fluids for electronic displays, color
filters, liquid toners, inks including inkjet inks and aerosol inks, coatings, paints, cosmetics
and plastics, providing excellent color and rheological properties, improved functionality
and durability of electronic devices due to the non-ionic mechanism of dispersion
stabilization of the surface modified pigments in both polar and non-polar media. In some
instances, the surface-modified pigments include a compound of Formula (1) on the
surface of the pigment. In some instances, the surface-modified pigments include a
modifying compound M on the surface of the pigment.

A. Modifying Compound M

The surface modified pigment particles can include a modifying compound M.
The modifying compound M provided herein is a product formed by the full or partial

hydrolysis of one or more compounds of Formula (1):

( Dm
¢-L ‘LE Si- Rz)n Formula (1)

where:
E is alkylene, arylene, alkylarylene, arylalkylene, alkyleneamino, alkyleneimino,
alkylencoxyalkylene, arylencoxy, arylencoxyalkylene, oxaalkylene, oxyalkylene,

dioxyalkylene or oxyarylene;



10

15

20

25

30

WO 2013/169395 PCT/US2013/032582

-23 -

R' is H, hydroxyl, oxyalkyl, oxyalkylenearyl, halogen, acetate or amine;

R is alkyl, cycloalkyl, cycloheteroalkyl, aryl or alkylenearyl;

m=1to 3;

n=0to2;

m+n = 3;

x=1or2;

L is selected from among NR*C(O)NH, OC(O)N-, C(O)OCH,CH(OH)CHs,
OCH,CH(OH)CH,, NHCH,CH(OH)CH,, alkylene, C(0)O, C(O)NR?, SO,NR?,
SO, NR-,=N-,=N"-, O and S;

R*is H, alkyl, aryl or alkylaryl; and

¢ is linear, branched or dendritic polymeric chain with molecular weight from about
100 to about 5,000,000, preferably from about 1000 to about 100,000; without any
limitation it can be polyalkylene, (for example, polyethylene, polypropylene,
polybutylene, polyisobutylene, polyisoprene), polyoxyalkylene (for example,
polyacetal, polyethylene glycol, polypropylene glycol, and polybutylene glycol),
polyimine, polyester, polyamide, polyimide, polyurethane, polyuria, polyacrylate
(such as polymethacrylate and polyalkyl/aryl acrylate), polyacrylonitrile,
polysulfone, polystyrene, polyvinyl halogenide (polyvinyl chloride, polyvinyl
fluoride, polyvinyl bromine), polyvinylidene halogenides, polyvinyl alcohols,
polyvinyl acetate, polyvinylpyrrolidone, polyvinyl butyral, polycarbonate,
polyether sulfone, poly(arylene/alkylene) sulfide, polyepoxide, polyaldehyde,
polyketone, polyether ketone, phenol-formaldehyde, polyethylene terephthalate,
polybutylene terephthalate, hydrocarbon resins, and metalorganic polymer
including at least one atom silicon and/or germanium, such as polysiloxane; it also

could be a random, block, dendritic, or comb co-polymer thercof.

In some instances, E is a -C;-Cyg alkylene-, or a -C,-Cyg alkylene-, or a -C1-Cyy
alkylene-, or -C;-Cg alkylene-. In some instances, E is a monocyclic, bicyclic or polycyclic
bivalent aromatic or heteroaromatic system. In some instances, E is a 3-, 4-, 5-, 6-, 7-, 8-,
9-,10-, 11-, 12-, 13- or 14-membered, bivalent aromatic or heteroaromatic mono-, bi- or
polycyclic system. In some instances, E is a bivalent aromatic or heteroaromatic C3-Co

ring. In some instances, E is a bivalent aromatic or heteroaromatic C4-Cs ring. In some
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instances, E is (C;-Cy)alkylene(C3-Cyq)arylene, or (C,-Cy)alkylene(C;-Cyy)-arylene, or
(C1-Cyp)alkylene(Cs-Cyg)arylene, or (C;-Cg)-alkylene(C3-Cy4)arylene, or
(C1-Cyo)alkylene(Cs-Co)arylene, or (C,-Cyp)alkylene(Cs-Co)arylene, or (Ci-Cio)-
alkylene(Cs-Co)arylene, or (Ci-Ce)alkylene(Cs-Co)arylene or (Cp-Cyp)alkylenephenyl. In
some instances, E is selected from among phenyl, naphthyl, anthracyl, indanyl, 1,2-dihydro-
naphthyl, 1,4-dihydronaphthyl, indenyl, 1,4-naphthoquinonyl and 1,2,3,4-tetrahydro-
naphthyl. In some instances, E is a C{-Cyalkyleneamino, or a C,-Cyp-alkyleneamino, or a
C1-Cypalkyleneamino, or C;-Cgalkylencamino. In some instances, E is a C;-Cy-alkylene-
imino, or a C,-Cypalkyleneimino, or a C;-Cjpalkyleneimino, or C;-Cgalkyleneimino. In
some instances, E is a (C;-Cjg)-alkyleneoxy(C;-Cyg)alkylene, or a (C;-Cy)alkyleneoxy(Ci-
Cio)alkylene, or a (C1-Cjp)-alkylencoxy(C;-Cyp)alkylene, or a (C;-Ce)alkyleneoxy(C;-
Ce)alkylene. In some instances, E is a (C3-Cyg)arylencoxy or a (C4-Co)arylencoxy. In some
instances, E is a (C3-Cy) arylencoxy-(C;-Cy)alkylene, or a (C4-Cy) arylencoxy-(C;-Cyg)-
alkylene or a (C3-Cy) arylencoxy-(C;-Ce)alkylene. In some instances, E is an oxa(C;-Cy)-
alkylene, or an oxa(C;-Cjp)alkylene or an oxa(C;-Ce)alkylene. In some instances, E is an
oxy(C;-Cyp)alkylene, or an oxy(C;-Cjg)alkylene or an oxy(C;-Ce)alkylene. In some
instances, E is a dioxy(C;-Cyg)alkylene, or a dioxy(C;-Cjg)alkylene or a dioxy(C;-Cs)-
alkylene. In some instances, E is an oxy(C3;-Cyg)arylene or an oxy(C4-Co)arylene.

In some instances, R' is oxy(C;-Cyo)alkyl, or oxy(C,-Cyo)alkyl, or oxy(C;-Co)-
alkyl, or oxy(C;-Cg)alkyl. In some instances, R" is oxy(C;-Cyo)alkyl(C3-C 4)aryl, or
0oxy(Cy-Cyo)alkyl(C;3-Cyy)aryl, or oxy(C;-Cyg)alkyl(C3-Cyg)aryl, or oxy(C-Ce)alkyl(Cs-
Cig)aryl, or oxy(C;-Cyg)alkyl(C;s-Co)aryl, or oxy(C,-Cyg)alkyl(C;s-Co)aryl, or -oxy(C;-Cg)-
alkyl(Cs-Co)aryl, or oxy(C;-Cs)alkyl(C3-Co)aryl or oxy(C,-Cyo)alkylphenyl. In some
instances, R'is halogen. In some instances, R'is F, Cl or Br. In some instances, R'is
(C1-Cyg)amine. In some instances, R!is hydroxyl. In some instances, R!is H.

In some instances, Rlisa (C1-Cyp)alkyl, or a (Cy-Cy)alkyl, or a (C;-Cyg)alkyl, or
(C1-Cg)alkyl. In some instances, R? is a (C3-Cy)cycloalkyl, or a (C4-Cyo)cycloalkyl, or
(C4-Cy)cycloalkyl. In some instances, R* is a (Ca-Cyo)cycloheteroalkyl containing 1 to 5
heteroatoms selected from among B, N, O, P, Se, Si and S, or a (C4-Cyg)cycloheteroalkyl
containing 1 to 3 heteroatoms selected from among N, O, P, Si and S. In some instances,
R? is a monocyclic, bicyclic or polycyclic aromatic or heteroaromatic system. In some

instances, Rlisa 3-,4-,5-,6-,7-, 8-, 9-, 10-, 11-, 12-, 13- or 14-membered, aromatic or
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heteroaromatic mono-, bi- or polycyclic system. In some instances, R* is an aromatic Cs-
Cy ring. In some instances, R? is an aromatic or heteroaromatic C4-Cg ring. In some
instances, R? is (C1-Cyo)alkylene(Ca-Ci4)aryl, or (C-Cao)-alkylene(Ci-Ci4)-aryl, or (Ci-
Cio)alkylene(Cs-Cia)aryl, or -(C-Ce)alkylene(C3-Cia)aryl, or (C1-Cyp)alkylene-(C3-Co)aryl,
or (C,-Cyg)alkylene(C;-Co)aryl, or (C;-Cyg)alkylene(Cs-Co)-aryl, or (C-Ce)-alkylene(Cs-
Cy)aryl or (C,-Cyg)alkylenephenyl. In some instances, R? is selected from among phenyl,
naphthyl, anthracyl, indanyl, 1,2-dihydro-naphthyl, 1,4-dihydronaphthyl, indenyl, 1,4-
naphthoquinonyl and 1,2,3,4-tetrahydronaphthyl.

In some instances, R? is hydrogen. In some instances, R is a (C;-Cyo)alkyl, or a
(C,-Cyp)alkyl, or a (C;-Cyg)alkyl, or (C;-Cg)alkyl. In some instances, R’ is a monocyclic,
bicyclic or polycyclic aromatic or heteroaromatic system. In some instances, R*is a3-, 4-
, 5-, 6-,7-, 8-, 9-,10-, 11-, 12-, 13- or 14-membered, aromatic or heteroaromatic mono-,
bi- or polycyclic system. In some instances, R® is an aromatic C3-Co ring. In some
instances, R? is an aromatic or heteroaromatic C4-Cg ring. In some instances, R®is (Cs-
Cao)alkyl(Cs-Cyq)aryl, or (C-Cyo)alkyl(Cs-Cia)aryl, or (C;-Cyg)alkyl(Cs-Cia)aryl, or -(C;-
Co)alkyl(Cs-Cia)aryl, or (C;-Cyp)alkyl(Cs-Co)aryl, or (C,-Cyp)alkyl(C3-Co)aryl, or (C;-
Cio)alkyl(C3-Co)aryl, or (C;-Cg)alkyl(C;-Cy)aryl or (C,-Cyg)-alkylphenyl. In some
instances, R? is selected from among phenyl, naphthyl, anthracyl, indanyl, 1,2-dihydro-
naphthyl, 1,4-dihydronaphthyl, indenyl, 1,4-naphtho-quinonyl and 1,2,3,4-tetrahydro-
naphthyl. In some instances, R® is phenyl.

For any and all of E, R, R% R, ¢, L, m, n and x, the substituents can be selected
from among a subset of the listed alternatives in any combination thereof.

The full or partial hydrolysis of one or more compounds of Formula (1) can result
in the modification of the substituents of Formula (1) so that they are reactive with a
functionality on the pigment particle surface, resulting in the formation of modifying
compound M. For example, a compound of Formula (1) can be fully or partially
hydrolyzed resulting in a compound of Formula (1) where R is a hydroxyl, oxyalkyl, and
oxyalkylenearyl, and R also can be a residual H, halogen, acetyl or amino, and the
resulting modifying compound M can be bonded to the pigment particle surface via a
covalent bond with a surface functional group, such as a functional group Q to form the

group -Q—M on the pigment particle surface.
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In some instances, modifying compound M can react with one or more that one
functional group Q on the pigment particle surface to form one or more than one covalent
bond. In some instances, the bond between modifying compound M and functional group
Q is formed via a condensation or addition reaction. In some instances, the pigment
particle surface includes a plurality of functional groups Q that can be the same or
different. Functional group Q can be any functional group that can react with a group on
modifying compound M to form a covalent bond. In some instances, functional group Q
can be selected from among a hydroxyl, alkoxyl, phenolic, thiol, alkylenethiol and
thiophenolic group, or a hydroxyl or thiol group that is attached to any aromatic,
heteroaromatic, alicyclic or heterocyclic compound, or can be a functionality that can be
reacted to form a hydroxyl, phenolic, thiol or thiophenolic group. Functional group Q can
be part of the chemical structure of existing pigments, vat or disperse dyes, insoluble salts
or complexes of dyes, or other complex colorants, such as shell type pigments with
inorganic core covered with organic pigment or dye, or functional groups Q can be
introduced in the course of synthesis of the chromophore itself or as a result of subsequent
additional reactions. Further, functional groups Q also can be introduced through an ionic
or hydrogen bond or through irreversible adsorption of low molecular weight compounds
or monomers or oligomers or polymer(s) that include a functional group Q. The functional
groups Q also can be introduced via direct reaction of a precursor containing a functional
group Q with a pigment particle surface (chemisorption).

In some instances, the modifying compound M can interact with a functional group
Q on the pigment particle surface to form the moiety -QM. In some instances, Q includes
a hydroxyl group and the moiety -QM is a reaction product of the condensation of a
hydrolyzed compound of Formula (1) with a hydroxyl group of Q. For example, the
compound of Formula (1) can have the structure:

b-L-[E-Si(R")m(R*)al
where R! is -O-methyl, m is 3 and n is 0 and each of each of ¢, E, Rl, Rz, m, n and X is as
identified above, which when hydrolyzed yields the modifying compound M of the
structure ¢-L-[E-Si(OH);] that interacts with the hydroxyl functionality of Q on the
pigment particle surface to attach M to the pigment particle surface via at least one of the
hydroxyl groups of the Si atom, such as via a condensation reaction. In some instances,

the modifying compound M can interact with functional group Q on the pigment particle
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surface as well as other functional groups on one or plurality of different modifying
compounds M. For example, the surface modified pigment particles can include the
moiety -Q-M, which can have the

following formula:
( D
¢ E- %l'(Rz)n

where each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene, O-

heteroarylene, S-heteroarylene, oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or
thioalicyclylene; mis 1 or 2; nis 0 or 1; E is alkylene, arylene, alkylarylene, arylalkylene,
alkyleneamino, alkyleneimino, alkyleneoxyalkylene, aryleneoxy, arylencoxyalkylene,
oxaalkylene, oxyalkylene, dioxyalkylene or oxyarylene; each R! independently is H,
hydroxyl, oxyalkyl, oxyalkylenearyl, halogen, acetate or amine; each R? independently is
alkyl, cycloalkyl, cycloheteroalkyl, aryl or alkylenearyl; x = 1 or 2; L is selected from
among NR*C(O)NH, OC(O)NH, C(O)OCH,CH(OH)CH,, OCH,CH(OH)CH,,
NHCH,CH(OH)CHb, alkylene, C(0)0O, C(O)NR?, SO,NR?, SO, NR?, =N-, =N*-, O and S;
R*is H, alkyl, aryl or alkylaryl; ¢ is a linear, branched or dendritic polymeric chain with
molecular weight from about 100 to about 5,000,000, preferably from about 1000 to about
100,000; without any limitation it can be polyalkylene, (for example, polyethylene,
polypropylene, polybutylene, polyisobutylene, polyisoprene), polyoxyalkylene (for
example, polyacetal, polyethylene glycol, polypropylene glycol, and polybutylene glycol),
polyimine, polyester, polyamide, polyimide, polyurethane, polyuria, polyacrylate (such as
polymethacrylate and polyalkyl/aryl acrylate), polyacrylonitrile, polysulfone, polystyrene,
polyvinyl halogenide (polyvinyl chloride, polyvinyl fluoride, polyvinyl bromine),
polyvinylidene halogenides, polyvinyl alcohols, polyvinyl acetate, polyvinylpyrrolidone,
polyvinyl butyral, polycarbonate, polyether sulfone, poly(arylene/alkylene) sulfide,
polyepoxide, polyaldehyde, polyketone, polyether ketone, phenol-formaldehyde,
polyethylene terephthalate, polybutylene terephthalate, hydrocarbon resins, and
metalorganic polymer including at least one atom silicon and/or germanium, such as

polysiloxane; it also could be a random, block, dendritic, or comb co-polymer thereof; and
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cach R independently can interact with a different functional group Q on the pigment
particle surface or with an R' substituent of another modifying compound M.

The modifying compound M also can interact with a plurality of functional groups
Q on the pigment particle surface as well as other functional groups on one or a plurality
of different modifying compound M. For example, modifying compound M can interact
with two functional groups Q on the pigment particle surface to form, e.g., the moiety -Q—

M-Q- having one of the following formulae or a combination thereof:

® )
¢-L—TE-Si | ¢-L—E-Si
Q Q .

where each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene; each R*
can interact with a different functional group Q on the pigment particle surface or with an
R! substituent of another modifying compound M; and cach of ¢, E, Rl, R?and x is as
described above.

In some instances, at least two modifying compounds M interact with each other
and interact with different functional groups Q on the pigment particle surface. For
example, two modifying groups M can interact with two different functional groups Q on
the pigment particle surface to form the moiety -Q—M-M-Q-. In some instances, the

moiety -Q-M-M-Q- can have the following formula:

1 Rl
¢—L—E-§i/ O~ féi-E—L—(I)
Q Q
I l
it “|"

where each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene; each of ¢,
L, E, R! is as described above; and each R! can interact with a different functional group
Q on the pigment particle surface or with an R' substituent of another modifying

compound M.
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B. Preparation of Compounds of Formula (1)

Modifying compound M can be prepared by full or partial hydrolysis of a compound
of Formula (1):
&-L-[E-Si(R)m(R*)ulx

where each of ¢, L, E, R, Rl, R%, m, n and x is as defined above. Compounds of Formula
(1) can be prepared by reacting a compound of Formula (2):

F-[E-SiRYm(R)ul Formula (2)
with a compound of Formula (3):

FHed Formula (3)
where Fis selected from among -NCO, -NR4R5, -N+R4R5R6, -SO* " -OH, -SH, R, -
COOH, -COR’, -SO,R’, epoxy, acrylate and vinyl; F'is selected from among -NCO, -
NR'R®, -N'RR°R®, -SO™, -OH, -SH, R’, -COOH, -COR’, -SO,R’, epoxy, acrylate and
vinyl; each of R*, R® and R® independently is H or C;-Cyalkyl; R is F, Cl or Br; q=1 to
100; and ¢, E, Rl, Rz, m, n and x are as described above, where functional group F of the
compound of Formula (2) reacts with a functional group F" of the compound of formula
(3). When the compound of Formula (3) includes a plurality of functional groups F", a
plurality of compounds of Formula (2) can react with the compound of Formula (2), where
a functional group [F of cach of the compounds of Formula (2) reacts with a different
functional group F* of the compound of formula (3). In some instances, a compound of

Formula (3) has fewer than 90, or fewer than 80, or fewer than 70, or fewer than 60, or

fewer than 50, or fewer than 40, or fewer than 30, or fewer than 20, or fewer than 10, or

fewer than 5 functional groups F'. In some instances, a compound of Formula (3) has 5,
4, 3,2 or 1 functional groups F".

In some instances, the reaction between the functional group F of a compound of
formula (2) and the functional group(s) Flofa compound of Formula (3) is an addition or

condensation reaction. Optionally, pigment particles can be treated with a compound of

formula (2) first and then reacted with a compound of Formula (3) via functional groups F

and F".

An exemplary process is depicted in Scheme 1.
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0
R >Si NH\/O N
o INV N N0 4 HN
R'I/ (|) d)
=T @) 3)
R1/ O\Si
o | NN N
/ o \
R! / d)
R’ (1) o)

As shown in Scheme I, a compound of Formula (2) where m=3,n=0,x=1, Fis
5 —NCO and E is -CH,CH,CH, is reacted with a compound of Formula (3) where F" is

NH; to produce a compound of Formula (1).

An exemplary compound of Formula (1) is a compound where ¢ is a polyalkylene
glycol with MW = 2000; L is NHC(O)NH; E is C;Hg; R'is OC,Hs; m=3; n=0; and x=1.
Starting materials for this exemplary compound are Surfonamine® L-200 (available from

10 Huntsman International) and 3-isocyanatopropyltriethoxysilane (available from Gelest,
Inc., Morrisville, PA), where Fis NCO; F'is NHy; E is C3Hg; R'is OC,Hs; m=3; n=0;
q=1; and x=1.

In another example of a compound of Formula (1), ¢ is a polyisobutylene with
MW=1000-2000, L. is NHCH,CH(OH)CHpy; E is C3Hg; R'is OCHs; m=3; n=0; x=1.

15  Starting materials for this example are Kerocom® PIBA 03 (available from BASF AG,
Ludwigshafen, Germany) and 5,6-epoxyhexyltriethoxysilane (available from Gelest, Inc.,
Morrisville, PA) with Fis epoxy group; F'is NH,; E is CzsHg; R' is OCHz; m=3; n=0;
q=1; and x=1.

The amount of the modifying compound M in the modified pigment composition

20  can be from about 0.1% to 95% based on the weight of the modified pigment composition,
and can be from about 10% to 60% based on the weight of the composition. The amount
of the modifying compound M in the modified pigment composition can be from about

5% to 50%, or 10% to 45%, or 15% to 40%, or 20% to 30%, or 20% to 40%, or 25% to
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60%, or 30% to 65%, or 35% to 70%, or 40% to 80%, or 45% to 90%, or 50% to 95%,
based on the weight of the modified pigment composition. At a concentration of
modifying compound M below about 0.1% weight usually will not provide the desired
colloidal stability and at a concentration of modifying compound M above 95% usually
will result in inadequate rheological behavior and decreased interfacial tension (IFT).

C. Pigment Particles

The particles of pigment to be surface modified can include particles of any
organic pigment, insoluble dyes or salts or complexes of dyes, or carbon black. Pigments
with surface hydroxyl or phenolic groups are most suitable for the purpose of the current
invention. Thiol or thiolphenolic groups can be utilized as well; however, they are less
preferable because of the lower stability of the S-Si bond versus the O-Si bond. The
hydroxyl/phenolic groups can be part of the chemical structure of existing pigments, vat or
disperse dyes, insoluble salts or complexes of dyes, or other complex colorants, such as
shell type pigments with inorganic core covered with organic pigment or dye, or they can
be introduced through a customized synthesis of the pigment or the dye. In both cases,
hydroxyl group can be introduced in the course of synthesis of the chromophore itself or
as a result of subsequent additional reactions. Further, hydroxyl or phenolic groups also
can be introduced through irreversible adsorption of hydroxyl or phenolic group-
containing low molecular weight compounds or monomers/oligomers/polymer.

Non-limiting examples of suitable pigments include azo or azo condensed
pigments, metal complexes, benzimidazolones, azomethines, methines such as cyanines,
azacarbocyanines, enamines, hemicyanines, streptocyanines, styryls, zeromethines, mono-,
di-, tri-, and tetraazamethine; caratenoids, arylmethanes such as diarylmethanes and
triarylmethanes; xanthenes, thioxanthenes, flavanoids, stilbenes, coumarins, acridenes,
fluorenes, fluorones, benzodifuranones, formazans, pyrazoles, thiazoles, azines, diazines,
oxazines, dioxazines, triphenodioxazines, phenazines, thiazines, oxazones, indamines,
nitroso, nitro, quinones such as hydroquinones, naphthaquinones, and anthraquinones;
rhodamines, phthalocyanines, neutrocyanines, diazahemicyanines, porphirines, perinones,
perylenes, pyronins, diketopyrrolopyrroles, indigo, indigoids, thioindigo, indophenols,
naphthalimides, isoindolines, isoindolinones, iminoisoindolines, iminoisoindolinones,
quinacridones, flavanthrones, indanthrones, anthrapyrimidines, quinophthalones,

isoviolanthrones, pyranthrones, and any combinations and/or any solid solution thereof;
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vat or disperse dyes or insoluble salt/complex of acid, direct, reactive, mordant, solvent,
natural, basic (cationic), sulfur, fluorescent, or optical brightener; mixtures of organic,
inorganic pigments or extenders, solid solutions thereof, shell type pigments with
inorganic nuclei covered with organic shell. The pigment also can be a dispersed polymer
particle, such as polystyrene, polyamides, polysulfones, polyesters, polyurethanes,
polyalkylenes, polysulfides, co-polymers and mixtures or co-polymers thereof, but not
limited by them only. The dispersed polymer particles can be non-colored or colored with
any of the aforementioned pigments and/or dyes.

Non-limiting exemplary organic pigments include C.I. Pigment Black 1, 2, 3, 31,
and 32; C.I. Pigment Green 7, 36, 37, 47, 54, and 58; C.I. Pigment Blue 15:1, 15:2, 15:3,
15:4, 15:6, 16, 21, 22, 25, 60, 64, 65, 75, 76, and 79; C.1. Pigment Violet 19, 20, 23, 25,
29, 31, 32, 33, and 37; C.I. Pigment Brown 1, 25, 28, 38, 42; C.I. Pigment Red 12, 13, 14,
15,21, 23, 32, 40, 85, 88, 89, 112, 114, 122, 123, 144, 147, 149, 166, 168, 170, 171, 175,
176,177, 178, 179, 180, 181, 183, 184, 185, 187, 188, 189, 190, 192, 194, 195, 196, 202,
208, 209, 214, 216, 220, 221, 224, 226, 242, 245, 248, 251, 254, 255, 256, 260, 264, 266,
269, and 271; C.I. Pigment Orange 2, 3, 4, 5, 16, 22, 24,36, 38, 40, 43, 51, 60, 61, 62, 64,
66, 69, 71, 72, 73, and 77; C.I. Pigment Yellow 7, 12, 13, 23, 24, 74, 83, 93, 94, 95, 97,
101, 108, 109, 110, 120, 123, 138, 139, 147, 148, 150, 151, 154, 155, 167, 170, 171, 173,
174, 175, 180, 181, 182, 185, 192, 193, 194, 199, 213, 218 and 220; C.I. Vat Black 1, 2, 7,
8,25,27,28,29,30,35,65; ClL VatGreen 1, 2, 3,4, 6,8,9, 11, 12, 17, 23; C.I. Vat Blue
1,2,3,4,5,6,7,8,9, 11,12, 13, 14, 16, 18, 19, 20, 21, 22, 25, 30, 31, 32, 33, 37, 40, 42,
43,47, 53, 64, and 67; C.1. Vat Violet 1, 2, 3,4, 5, 8,9, 10, 13, 14, 15, 16, 17, 18, and 19;
C.I. Vat Brown 1, 3, 5, 8, 9, 14, 16, 21, 22, 25, 26, 31, 33, 37, 42, and 45, C.I. Vat Red 10,
13, 14, 15, 18, 19, 20, 21, 23, 24, 28, 29, 32, 35, 37, 38, 39, 40, 42, 44, and 48; C. 1. Vat
Orange 1,2,3,4,7,9,11, 13,15, 16,17, 18, 19, and 20; C. L. Vat Yellow 1, 2, 3, 4, 9, 10,
11,12, 13,17, 18, 20, 23, 26, 27, 28, 29, 31, 33, and 44.

In some instances, exemplary organic pigments include C.I. Pigment Black 31 and
32; C.I. Pigment Green 7, 36, 47, 54, and 58; C.I. Pigment Blue 15:1, 15:2, 15:3, 15:4,
15:6, 16, and 60; C.1. Pigment Violet 19, 23, 29, and 37; C.1. Pigment Brown 25, 28, and
38; C.I. Pigment Red 122, 123, 144, 149, 168, 171, 175, 176, 177, 178, 179, 183, 185,
189, 190, 202, 208, 209, 220, 224, 242, 251, 254, 255, 260, and 264; C.1. Pigment Orange
36,43, 60, 61, 62, 64, and 71; C.1. Pigment Yellow 74, 83, 95, 97, 110, 120, 138, 139,
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150, 151, 154, 155, 167, 180, 181, 182, 185, 192, 194, 199, and 213; C.I. C.I. Vat Black §,
25, and 27; C.I. Vat Green 1, 2, and 4; C.I. Vat Blue 4, 6, 11, 16, and 19; C.I. Vat Violet 1,
9, 10, and 13; C.I. Vat Brown 1, 25, 31, and 33; Vat Red 13, 29, and 31; C. 1. Vat Orange
1,2,3,7,9,and 11; C. 1. Vat Yellow 2, 4, 10, 12, and 33.

In some instances, a pigment containing at least one hydroxyl group is selected.
Exemplary organic pigments containing at least one hydroxyl group include C.I. Pigment
Blue 25; C.1. Pigment Violet 20, 25, and 32; C.I. Pigment Brown 1 and 42; C.1. Pigment
Red 12, 13, 14, 15, 21, 23, 32, 40, 85, 89, 112, 114, 147, 170, 171, 175, 176, 177, 183,
184, 185, 187, 188, 196, 208, 220, 221, 242, 245, 256, 266, and 269; C.I. Pigment Orange
2,3,4,5,22,24, 38; C.I. Pigment Yellow 7, 23, 101, and 148; C.1. Vat Blue 12, 13, 42,
43, and 47; C.I. Vat Violet 15 and 17; C.I. Vat Red 40.

In some instances, a pigment containing at least one primary aromatic amino group
or nitro is selected. For example, an organic pigment containing at least one primary
aromatic amino group that could be substituted by a phenolic group via diazonium salt, or
at least one nitro group that first is reduced to amino group followed by conversion to
hydroxyl, or that can be replaced directly with a hydroxyl group, can be selected.
Exemplary of such pigments are C.I. Pigment Black 1; C.I. Pigment Red 177, 196; C.1.
Vat Black 7; C.I. Vat Green 9 and 11; C.I. Vat Blue 31, 32, 33 and 64; C.I. Vat Red 10,
18, 20, 21, and 31.

In some instances, the organic pigment can be a near-infrared (NIR) reflecting or
NIR transmissive pigment or a fluorescent pigment. Non-limiting example of such
pigments are the perylene pigments. These pigments can be used individually or as a
mixture of two or more NIR reflecting/ transmissive organic pigments, dyes, solid solution
or product of reaction thereof. In one specific example, the mixture is a black pigment or
dye or combination thereof.

Non-limiting examples of inorganic pigments include carbon black, titanium
dioxide, zinc oxide, silica, iron oxide, antimony yellow, lead chromate, lead chromate
sulfate, lead molybdate, ultramarine blue, cobalt blue, manganese blue, chrome oxide
green, hydrated chrome oxide green, cobalt green, metal sulfides, cadmium sulfoselenides,
zinc ferrite, bismuth vanadate, and derivatives and any combinations thereof. Non-
limiting specific examples of inorganic pigments are C.1. Pigment Black 6, 7,9, 11, 12,
14, 15, 22, 26, 27, 28, 29, 30, 33, 34 and 35; C.I. Pigment Green 18, 20, 21, and 22; C.1.
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Pigment Blue 27, 30, and 73; C.I. Pigment Red 265 and 275; C.1. Pigment Yellow 38, 40,
53,119, 157,158, 160, 161, 162, and 184; C.I. Pigment White 4, 5, 6, 6:1, 7, 8,9, 10, 12,
13,14, 15, 18, 18:1, 19, 21, 22, 23, 24, 25, 26, 27, 28, 32, 33, and 36.

In some instances, the pigment is carbon black or an inorganic pigment selected
from among C.I. Pigment Black 6, 7,9, 11, 12, 14, 15, 22, 26, 27, 28, 29, 30, 33, 34 and
35 or C.I. Pigment White 4, 5, 6, 6:1, 7, 18, 18:1, 26, 28 and 32. In some instances, the
inorganic pigment is C.I. Pigment Black 7. In some instances, a black pigment is a mixture
of two or more of carbon black, organic and/or inorganic pigments, dyes, solid solution or
product of reaction thereof.

In some instances, the inorganic pigment is NIR reflecting pigment or a mixture of
two or more NIR reflecting/transmissive inorganic and organic pigments, dyes, solid
solution or product of a reaction thereof. In one specific example, the mixture is a black
NIR reflecting pigment and NIR transmissive organic pigment or dye composition. In
another example, the NIR reflecting pigment is white pigment or a combination of the
NIR reflecting white pigment with organic transmissive pigment or dye. Exemplary NIR
reflecting pigments include titanium oxide (TiO,), composite oxide system pigment,
titanium oxide-coated mica pigment and zinc oxide pigment.

D. Pigment Functional Group Modification

The aforementioned pigments without any preferred functional groups, such as
hydroxyl/phenolic groups, can be subjected to additional reactions in order to introduce
such functional groups, such as functional groups Q, particularly hydroxyl/phenolic
groups. Any reaction known in the art that results in the addition of a functional group Q,
such as a hydroxyl/phenolic group, or the conversion of a reactive group to a
hydroxyl/phenolic group, can be used. Non-limiting examples include reaction of pigment
with paraformaldehyde in mineral acid yielding methylol derivatives; substitution of
amino-, nitro- groups or halogen by a hydroxyl or phenolic group; addition of a hydroxyl
to unsaturated bonds; reaction of epoxides with a carboxylic or amino group; and
reduction of aldehydes, ketones, and carboxylic acids.

Surface hydroxyl or phenolic groups also can be introduced via irreversible
adsorption. Introduction of surface hydroxyl/phenolic groups via irreversible adsorption
can be done via any method known in the art, such as by adsorption from solution if the

modifier is soluble in the solvent of choice, or through mechanochemical modification in
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case of insoluble modifier. For example, the pigment can be treated with a pigment
derivative or a dye of identical or different chromophore structure containing a functional
group, such as hydroxyl/phenolic groups, or hydroxyl or phenolic group containing
monomer/oligomer/polymer from solution or using any type of milling and grinding
equipment. When monomer/oligomer/polymer is used, any method of encapsulation or
microencapsulation known in the art, with or without cross-linking, can be used. A

simplified exemplary process is shown in Scheme I1.

Scheme 11:
NH, OH
H,N HO

NH, OH

@ NaNO, + HCI @

H,N " HO
/ \NH2 / \OH
H,N HO

As shown in Scheme 11, a pigment particle containing aromatic -NH; groups on its
surface can be treated with NaNO, under acidic conditions to yield diazonium -groups that
are replaced by —OH functional groups on the pigment surface.

Hydroxyl or phenolic groups also can be introduced as a result of direct reaction of
a precursor with pigment particle surface. Non-limiting examples include diazotization of
aromatic aminophenols, for example, p-aminophenol, aminonaphthols, aminobenzyl
alcohol, and the like with nitrous acid to form a diazonium salt, followed by reacting the
diazonium salt with the pigment particle surface. If the reaction is carried out at a
temperature higher than ambient, the diazonium salt decomposes forming a radical that
reacts with pigment particle surface. At a temperature lower than 5°-7°C, diazonium salt
also can react with a suitable pigment via an azo coupling mechanism.

E. Pigment Purification

If desired, the pigment can be purified prior to or after surface modification or
both, such as to minimize or eliminate organic and inorganic intermediates, impurities, and
contaminations utilizing any appropriate techniques known in the art. Non-limiting
examples include extraction, sublimation, centrifugation, distillation, re-crystallization,

fractional crystallization, ultrafiltration, reverse osmosis, and any combination thereof.
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F. Pigment Particle Size

The size of the pigment particle can be selected to be of a size suitable for the end
use of the surface modified pigments. Pigment particles can have a mean weight diameter
from dynamic light scattering particle size analysis preferably ranging from at or about 10
nm to about 5 um. In some instances, the particle size is in a range of from at or about 20
nm to at or about 1,000 nm. In some instances, the particle size is in a range of from at or
about 20 nm to at or about 500 nm. In some instances, the particle size is in a range of
from at or about 50 nm to at or about 300 nm. In some instances, the particle size is in a
range of from at or about 75 nm to at or about 250 nm. In some instances, the particle size
is in a range of from at or about 20 nm to at or about 200 nm. In some instances, the
particle size is in a range of from at or about 30 nm to at or about 300 nm. In some
instances, the particle size is in a range of from at or about 50 nm to at or about 500 nm.

In some instances, the particle size is in a range of from at or about 250 nm to at or about
750 nm.
IV. METHODS OF SURFACE MODIFICATION OF PIGMENTS

Also provided herein are methods of modification of pigments, particularly surface
modification of pigments. In some instances, the methods allow formation of covalent
bonds between silicon atoms of a modifying compound M and surface hydroxyl groups of
functional group Q of pigment particles, such as any organic pigment, insoluble dyes or
salts or complexes of dyes, or carbon black or combinations thereof.

The method of surface modification of pigment particles includes the synthesis of a
compound of Formula (1):

¢-L-[E-Si(R)m(R)alx Formula (1)
by reacting a compound of Formula (2):
F-[E-Si(RYHm(R)ulx Formula (2)
with a compound of Formula (3):
FHed Formula (3)
as a first process step, where each of ¢, L, E, Rl, Rz, m, n, X, F, fl and q is as defined

above. The compound of Formula (1) is subject to a full or partial hydrolysis, resulting in
the formation of modifying compound M. The pigment particles can be treated with the

modifying compound M as a second process step. Optionally, pigment particles can be
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treated with a compound of Formula (2) first and then reacted with a compound of
Formula (3) via functional groups F and F'. Depending on the polarity of the compound
of Formula (3), treatment can be done in water in case of hydrophilic polymers, or in any
suitable solvent or any mixture of solvents with or without addition of water. The pigment
is pre-mixed first with a solvent, optionally with addition of co-solvent, surfactant,
defoamer, polymeric dispersant and other additives known to those the skilled in the art.

If necessary, the dispersion can be milled to reduce pigment particle size before, during, or
after treatment with modifying compound M or with a compound of formula (2). Without
limitation, any type of milling equipment can be used. Exemplary milling equipment that
can be used includes high speed dissolver and homogenizer, rotating ball mill, vibration
mill, agitated horizontal or vertical media mill, basket mill, rotor/stator type machines, or
attritors. The milling equipment can work by batch operation or by way of recirculation
and/or discrete pass. Any known type and size of media can be used, for example, glass,
ceramics, sand, polymeric, and metal media with sizes in a range from 15 um to about 10
cm. Media shape can be any shape known to the skilled artisan, including circular,
regular, irregular, or a mixture thereof. Typical equipment includes machines
manufactured by Eiger, Netzsch, Buhler, Premier, Hockmeyer, Chicago Boiler, Union
Process, IKA Works, Baker-Perkins, Paul-O-Abbe etc. After milling, the pigment
dispersion optionally can be filtered or centrifuged or both to remove large pigment
particles, broken media, or contaminants.

The treatment of the pigment particles with a modifying compound M or a
compound of Formula (2) in the course of second process step can be carried out at any
temperature in the range of from 0°C to 200°C for a time period from 0.5-24 hours with or
without pigment milling as explained above. The pH can be in the range of from 3 to 9, or
from 4 to &, or from 5 to 7. The treatment can be performed under acidic, neutral or basic

conditions. An exemplary simplified process is shown in Scheme I11.
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As shown in Scheme 111, pigment particles containing a functional group Q,
depicted here as —OH, are reacted with compounds of Formula (1), where m =3, n =0,

5 x=1, Eis-CH,CH;CH,- and L is -NHC(O)NH-, which during the processing is subject
to a full or partial hydrolysis, resulting in the formation of modifying compounds M. The
modifying compounds M react with the functional groups on the pigment particle surface
and optionally can react with other modifying compounds M, as depicted in Scheme III.
In some instances, all of the functional groups on the pigment particle surface form a

10 moiety QM. In some instances, unreacted functional groups Q remain on the pigment
particle surface. In addition, compounds of Formula (1) also can attach to the pigment
particle surface by direct chemisorption or by hydrogen bonding with the surface of the
pigment particles.

In a third process step, the treated pigment particles are isolated. The isolation step

15  can be performed using any method known in the art. For example, the particles can be
isolated by filtration or centrifugation to form a press-cake and subsequently drying the
press-cake. The particles also can be isolated by direct drying of the pigment dispersion
without filtration. Both press-cake and pigment dispersion can be dried using any known
process and equipment type such as simple oven, spray dryer, fluid bed dryer,

20  pneumatic/flash dryer, rotary dryer/evaporator, microwave, infra-red, or radio frequency
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dryer, but not limited to these only. The drying process can be done at atmospheric
pressure or at lower pressure. The drying process can be done under flow of inert gas, such
as nitrogen or argon. The duration and temperature of the drying process depend on the
type of the process and the equipment used and can be from a few seconds to 48 hours and
temperature can vary from about 40°C to 300°C, and can be from about 80°C to 200°C,
although other combinations of time and temperature can be used.

Optionally, if it is desired, the surface modified pigment can be purified from
organic and inorganic intermediates, impurities, and contamination utilizing any
appropriate techniques (e.g., see U.S. Pat. Nos. 4,370,269 and 4,124,582 and U.S. Pat.
Pub. No. 2006/0167236). Non-limiting examples include extraction, sublimation,
centrifugation, distillation, ultrafiltration, reverse osmosis, or any combination thereof.

In an exemplary process, a compound of Formula (1) is mixed with pigment in a
solvent, which can be aqueous or non-aqueous (a process using a non-aqueous solvent can
include addition of water). In the course of pigment treatment, the compound of Formula
(1) is partially or fully hydrolyzed to form modifying compound M that reacts with
functional groups, such as functional group(s) Q, on the pigment particle surface.

In a second exemplary process, a compound of Formula (1) can be mixed in a
solvent, which can be aqueous or non-aqueous (a process using a non-aqueous solvent can
include addition of water) under the same conditions as described above, resulting in full
or partial hydrolysis of the compound of Formula (1) to yield modifying compound M in a

separate step, followed by mixing with the pigment to be modified.

V. PIGMENT DISPERSIONS CONTAINING SURFACE-MODIFIED PIGMENTS
The surface modified pigments provided herein can be used for preparation of
pigment dispersions with excellent stability and excellent function, particularly for
applications that use an electrowetting technology. Dispersions made with the surface
modified pigments provided herein demonstrate excellent stability in a wide range of
solvents without requiring additional polymeric dispersants, synergists, and surfactants,
and thus, the surface modified pigments provided herein actually are self-dispersing
pigments. Although the modified pigments provided herein actually are self-dispersing,
compositions that include the surface modified pigments provided herein also can include
other additives, including polymeric dispersants, synergists, and surfactants. The surface

modified pigments provided herein are especially useful for making imaging fluids for
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electronic displays, color filters, liquid toners, inks including inkjet inks and aerosol inks,
coatings, paints, cosmetics, and plastics and other applications. The surface modified
pigments provided herein result in dispersions exhibiting excellent color and rheological
properties, improved functionality and durability, particularly in electronic devices due to
the non-ionic mechanism of dispersion stabilization in both polar and non-polar media.

The dispersions provided herein include the surface modified pigment of the
invention and can generally also include at least one polar or non-polar solvent, and
optionally additional organic or inorganic pigments or dyes or surface modified pigments
or insoluble dyes made by a method of chemical modification by covalently attaching
ionic, nonionic, or polymeric groups to the pigment particle surface. The dispersions
provided herein also can include surfactant, synergist, additive for electrical conductivity
control, polymeric dispersant, resin, defoamer, charge director, and other functional
additives known those the skilled in the art, alone or in any combination.

The dispersion can be used for preparation of an imaging polar or non-polar fluid
for use with electrowetting, electrofluidic, or electrophoretic devices. The dispersion also
can be used for preparation of aqueous or non-aqueous inks including inkjet inks and
acrosol inks, coatings, color filters, electrographic toners, liquid developers, paints,
cosmetics and plastics that include the surface modified pigment provided herein.

A. Polar solvents

The dispersions including the surface modified pigments provided herein can
include a polar solvent. Any polar solvent known in the art can be included in the
dispersion. For preparation of imaging fluid, the polar solvent can be an individual liquid
polar solvent or a combination of two or more liquid polar solvents. Non-limiting
examples include water, glycols, polyglycols, alcohols, polyols, ethers, esters, ketones,
lactams, pyrrolidones, carbonates, sulfones, sulfoxides, amides, heterocyclic amines,
nitriles, aliphatic acids, acetals, carbamates and aldehydes. The solvent also can include a
compound having multiple functions, for example a functionality selected from among
alcohol, ketone, ether, ester, amine, nitrile, amide, sulfoxide, carboxylic acid, aldehyde
and halogen and any combination thereof. For example, the solvent can include a
combination of functions, such as alcohol/ketone, cther/ester/ketone and

amine/alcohol/halogen.
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Non-limiting specific examples of polar solvents include water, ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,4-butylene glycol, diethylene glycol,
dipropylene glycol, glycerin, ethylene carbonate, propylene carbonate, 1,2-butylene
carbonate, 1,2- cyclohexane carbonate, glycerin carbonate, dimethyl carbonate, diethyl
carbonate, acetophenone, pyridine, dimethyl malonate, diacetone alcohol, hydroxypropyl
carbamate, beta-hydroxyethyl carbamate, N-methyl formamide, N-methyl acetamide,
dimethylsulfoxide, sulfolane, 2-pyrrolidone, N-methyl-2-pyrrolidone, N-cyclohexyl-2-
pyrrolidone, acetonyl acetone, cyclohexanone, ethyl acetoacetate, ethyl-L-lactate, pyrrole,
N-methyl pyrrole, N-ethyl pyrrole, 4H-pyran-4-one, 1,3-dimethyl-2-imidazolidinone,
morpholine, N-methylmorpholine, N-ethylmorpholine, N-formylmorpholine, beta-
propiolactone, beta-valerolactone, beta-hexalactone, gamma-butyrolactone, gamma-
valerorolactone, gamma-hexalactone, gamma-heptalactone, gamma-octalactone, gamma-
nonalactone, gamma-decalactone, delta-valerolactone, delta-hexalactone, delta-hepta-
lactone, delta-octalactone, delta-nonalactone, delta-decalactone, delta-tetradecalactone,
delta-octadecolactone, and any combination thereof.

B. Non-polar solvents

The dispersions including the surface modified pigments provided herein can
include a non-polar solvent. Any non-polar solvent known in the art can be included in
the dispersion. For preparation of imaging fluid, the non-polar solvent can be an
individual liquid non-polar solvent or a combination of two or more liquid non-polar
solvents.

Exemplary non-polar solvents particularly useful for preparation of imaging fluids
include non-substituted, substituted, linear, branched or cyclic compounds including
silicon and/or germanium; aliphatic or aromatic hydrocarbons, partially hydrogenated
aromatic hydrocarbons, alicyclic or aromatic heterocyclic compounds or derivatives
thereof containing a halogen, nitro, nitroso, epoxy, phosphate, or cyano groups; fatty
alcohols and carboxylic acids, and ethers, esters, and amides thereof. The solvent also can
include a compound having multiple functions. Non-limiting examples include the
solvent having halogen and nitro groups, or cyano and epoxy groups.

Non-limiting specific examples of non-polar solvents are decane, dodecane,
tetradecane, cyclohexane, decalin, tetralin, octadecanol, silicone oils for example linear or

cyclic siloxanes, branched aliphatic hydrocarbons Isopar® series from Exxon, and other
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petroleum solvents such as kerosene and mineral spirit, tetradecane epoxide, and
fluorinated hydrocarbons.

C. Preparation of the dispersions and colored imaging fluids

The dispersions and colored imaging fluids containing the surface modified
pigments provided herein can be produced using any method known in the art to produce
pigment dispersions and colored imaging fluids, particularly colored electro-optical
imaging fluids (e.g., see U.S. Pat. Nos. 8,313,576, 8,258,231, 8,018,640, 7,804,561,
6,211,347, 5,663,224, 5,449,582 and 5,034,508 and U.S. Pat. Pub. Nos. US2012/0307347,
US2007/0205979 and US2007/0187242). For example, in preparing the dispersions and
the colored imaging fluids, the surface modified pigments provided herein can be
premixed with an appropriate solvent and optionally with any other components, for
example, in a vessel equipped with a high-speed stirrer with rotation velocity in a range of
500-12,000 RPM. The mixture then can be milled using known milling equipment, such
as but not limited to, a rotating ball mill, vibration mill, agitated horizontal or vertical
media mill, basket mill, rotor/stator type machines, or attritors. The mixture can be milled
by batch operation or by way of recirculation and/or discrete pass.

Any known type and size of media can be used, for example, glass, ceramics, sand,
polymeric, and metal media with sizes in a range from 15 um to about 10 cm. Media
shape can be circular, regular, irregular, or a mixture thereof. Typical equipment includes
machines manufactured by Eiger, Netzsch, Buhler, Premier, Hockmeyer, Chicago Boiler,
Union Process, IKA Works, Baker-Perkins, Paul-O-Abbe etc.

The duration of the milling process depends on desired particle size, type of
milling equipment, and employed media. For example, the milling process can be from a
few minutes to 72 hours or longer, or can be from 15 minutes to 6 hours. The milling
process can be performed at any temperature, such as from about 5°C to 120°C. Any
combination of milling time and temperature can be selected. After milling, the pigment
dispersion optionally can be filtered or centrifuged or both to remove large pigment
particles, broken media, or contaminants.

In the dispersions provided herein, the surface modified pigment of the invention
can be present in an amount at or about 1 wt% to at or about 60 wt%, or at or about 2 wt%
to at or about 50 wt%, or at or about 3 wt% to at or about 40 wt%, or at or about 5 wt% to

at or about 30 wt% based on the weight of the dispersion. Pigment concentrations below
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1% are possible but are not economical to mill. Pigment concentrations above 60% are
possible but typically will not provide acceptable rheological behavior. In some instance,
the surface modified pigment is present in an amount of 1 wt%, 2 wt%, 3 wt%, 4 wt%, 5
wt%, 6 wt%, 7 wt%, 8 wt%, 9 wt%, 10 wt%, 11 wt%, 12 wt%, 13 wt%, 14 wt%, 15 wt%,
16 wt%, 17 wt%, 18 wt%, 19 wt%, 20 wt%, 21 wt%, 22 wt%, 23 wt%, 24 wt%, 25 wt%,
26 wt%, 27 wt%, 28 wt%, 29 wt%, 30 wt%, 31 wt%, 32 wt%, 33 wt%, 34 wt%, 35 wt%,
36 wt%, 37 wt%, 38 wt%, 39 wt%, 40 wt%, 41 wt%, 42 wt%, 43 wt%, 44 wt%, 45 wt%,
46 wt%, 47 wt%, 48 wt%, 49 wt%, 50 wt%, 51 wt%, 52 wt%, 53 wt%, 54 wt%, 55 wt%,
56 wt%, 57 wt%, 58 wt% or 60 wt%, based on the weight of the dispersion.

In the imaging fluids provided herein, the surface modified pigment of the
invention can be present in an amount of at about 0.01 wt% to at or about 30 wt%, or at
about 0.1 wt% to at or about 25 wt%, or at about 0.2 wt% to at or about 20 wt%, based on
the weight of the imaging fluid. Pigment concentrations below 0.01% are possible but
usually will not provide adequate color contribution. Pigment concentrations above 30%
are possible but typically will not provide acceptable rheological behavior and will
demonstrate inadequate performance in electronic devices. In some instances, the surface
modified pigment is present in an amount of 0.01 wt%, 0.02 wt%, 0.03 wt%, 0.04 wt%,
0.05 wt%, 0.06 wt%, 0.07 wt%, 0.08 wt%, 0.09 wt%, 0.1 wt %, 0.2 wt%, 0.3 wt%, 0.4
wt%, 0.5 wt%, 0.6 wt%, 0.7 wt%, 0.8 wt%, 0.9 wt%, 1 wt%, 1.25 wt%, 1.5 wt%, 1.75
wt%, 2 wt%, 2.25 wt%, 2.5 wt%, 2.75 wt%, 3 wt%, 3.25 wt%, 3.5 wt%, 3.75 wt%, 4 wt%,
4.25 wt%, 4.5 wt%, 4.75 wt%, 5%, 5.25 wt%, 5.5%, 5.75 wt%, 6 wt%, 6.25 wt%, 6.5
wt%, 6.75 wt%, 7 wt%, 7.25 wt%, 7.5 wt%, 7.75 wt%, 8 wt%, 8.25 wt%, 8.5 wt%, 8.75
wt%, 9 wt%, 9.25 wt%, 9.5 wt%, 9.75 wt%, 10 wt%, 10.25 wt%, 10.5 wt%, 10.75 wt%,
11 wt%, 11.25 wt%, 11.5 wt%, 11.75 wt%, 12 wt%, 12.25 wt%, 12.5 wt%, 12.75 wt%, 13
wt%, 13.25 wt%, 13.5 wt%, 13.75 wt%, 14 wt%, 14.25 wt%, 14.5 wt%, 14.75 wt%, 15%,
15.25 wt%, 15.5%, 15.75 wt%, 16 wt%, 16.25 wt%, 16.5 wt%, 16.75 wt%, 17 wt%, 17.25
wt%, 17.5 wt%, 17.75 wt%, 18 wt%, 18.25 wt%, 18.5 wt%, 18.75 wt%, 19 wt%, 19.25
wt%, 19.5 wt%, 19.75 wt%, 20 wt%, 20.25 wt%, 20.5 wt%, 20.75 wt%, 21 wt%, 21.25
wt%, 21.5 wt%, 21.75 wt%, 22 wt%, 22.25 wt%, 22.5 wt%, 22.75 wt%, 23 wt%, 23.25
wt%, 23.5 wt%, 23.75 wt%, 24 wt%, 24.25 wt%, 24.5 wt%, 24.75 wt%, 25%, 25.25 wt%,
25.5%, 25.75 wt%, 26 wt%, 26.25 wt%, 26.5 wt%, 26.75 wt%, 27 wt%, 27.25 wt%, 27.5
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wt%, 27.75 wt%, 28 wt%, 28.25 wt%, 28.5 wt%, 28.75 wt%, 29 wt%, 29.25 wt%, 29.5
wt%, 29.75 wt% or 30 wt% based on the weight of the imaging fluid composition.

Pigment particles in the dispersion and imaging fluid can have a mean weight
diameter determined from dynamic light scattering particle size analysis ranging from
about 10 nm to about 5 um. In some instances, particle size is in the range of at or about
20 nm to at or about 500 nm. In some instances, particle size is in the range of at or about
50 nm to at or about 300 nm, or at or about 30 nm to at or about 300 nm, or at or about 10
nm to at or about 100 nm, or at or about 100 nm to at or about 400 nm. The dynamic
viscosity of the dispersion and the colored imaging fluid is preferably from about 0.5 cPs
to 2,000 cPs at 25°C, more preferably from about 1 cPs to 500 cPs at 25°C, and most
preferably from about 1 cPs to 100 cPs at 25°C, when measured using a Brookfield
Viscometer LVDV- I + Pro at T=25°C, rotation speed 30 RPM, using the appropriate
spindle.

The dispersions and imaging fluids of the embodiment demonstrate excellent
stability, exhibiting a permanence of the essential dispersion properties, such as particle
size distribution, rheological behavior, and color. The stability of the imaging fluid in
addition to aforementioned properties also includes permanence of interfacial surface
tension and proper functioning in electronic device. The experimental methods for
evaluation of the dispersions and fluids are described below.

VI. TEST METHODS

The viscosity of the dispersions and color imaging fluids provided herein can be
measured using any method known in the art. For example, the viscosity values of the
dispersions and color imaging fluids provided herein were measured using a Brookfield
Viscometer LVDV- 11 + Pro at T=25°C, rotation speed 30RPM, and appropriate spindle.
Other rheometers and shear rates also can be used to measure viscosity.

The particle size distribution of the pigment particles can be measured using any
method known in the art. For the particle size values discussed herein, particle size
distribution was determined using particle size analyzers working on the principle of
dynamic light scattering, using particle size measuring equipment available from
Microtrac, Inc. (Montgomeryville, PA), including the NPA 250 and Microtrac™ UPA.

The stability of the dispersions and imaging fluids was evaluated by comparison of

particle size distribution, viscosity, and microscopy images of freshly made sample to a
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sample subjected to accelerated aging. The accelerated aging test was performed by
placing a sample of the dispersion or imaging fluid in a closed container for one week at
80°C. The dispersion is considered to be stable if there is no significant difference
between parameters of the initial and aged samples.

The colored imaging fluids were tested for electrowetting capability by evaluating
change in contact angle on a hydrophobic dielectric and electrode substrate with voltage
application. In an exemplary test, indium tin oxide (ITO) coated glass was covered with a
combination of Parylene C dielectric and Cytonix FluoroPel™ 1601V hydrophobic
fluoropolymer as the ambient. Alternately, the dielectric layer can contain Al,O3 and
Asahi Cytop CTL-809M hydrophobic fluoropolymer. A conductive wire attached at one
point to the ITO layer of the substrate served as the ground electrode. The substrate was
submerged in a transparent non-polar solvent and a drop of colored fluid having a polar
fluid was placed on the surface. Direct or alternating current in increments of 2V was
supplied to the drop through a tungsten cat whisker probe and the contact angle of the drop
at each voltage was recorded and calculated using VCA Optima software program (AST
Products Inc., Billerica, MA). A fluid was considered electrowetting capable if the contact
angle decreased upon application of voltage so that the final contact angle was less than
90° (e.g., see Balaji Raj ef al., "lon and Liquid Dependent Dielectric Failure in
Electrowetting Systems", Langmuir 25(20): 12387-12392 (2009), the contents of which is
incorporated by reference herein in its entirety.

The performance of the colored fluid was also evaluated in a proprietary
electrowetting device (described in K. Blankenbach et al., “Novel Electrowetting
Displays”, SID International Symposium (2007), Book 1, P-111, p.p. 618-621, the
content of which is incorporated in its entirety by reference herein). Drops of colored
fluid immersed into non-polar solvent were driven between two chambers of the device by
switching voltage. Ideally, the drops should move without hesitation, sticking to the
surface of the cell, splitting, forming small satellites, or exhibiting pigment flocculation at
least for four weeks at room temperature. In the course of the measurements, observations
were made to detect the surface staining by pigment particles, formation of gas bubbles, or

change of fluid color.
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VII. APPLICATIONS

The surface modified pigments provided herein, as well as dispersions and colored
fluids containing the modified pigments, can be used to formulate any composition that is
colored of that includes pigments or dyes or any combination therecof. Exemplary of such
compositions are inks, including inkjet inks and aerosol inks, coatings, toners, color filters,
paints, cosmetics, plastics and fluids for electrowetting, electrofluidic, or electrophoretic
devices.

The surface modified pigments and pigment dispersions provided herein are well-
suited for ink and coating compositions. The inks or coatings can be formulated to have a
viscosity suitable for deposition by any deposition process known in the art. Exemplary
deposition processes include flexographic, gravure, roller coating, cascade coating, curtain
coating, slot coating, electro coating, wire bound bar, acrosol, and digital deposition
processes, including inkjet printing. A preferred deposition process is inkjet printing,
where the ink or coating can be formulated to have the appropriate viscosity, such as 100
cP or less , or 50 cP or less, or 20 cP or less, or 10 ¢P or less when measured at 25°C at a
shear rate of about 100 sec™ to 200 sec™.

The surface modified pigments and pigment dispersions provided herein are well-
suited for color cosmetic compositions. Various cosmetic products, such as make-up
foundations, blushes, eye shadows and lipsticks are colored using pigments. The formed
cosmetic products containing the pigments can be formulated to be in any of various forms,
including oil-in-water emulsions, water-in-oil emulsions and anhydrous compositions. The
surface modified pigments and pigment dispersions provided herein allow preparation of
these compositions while maintaining even dispersion of the surface treated pigments,
minimizing or eliminating pigment particle agglomeration in the final product.

The surface modified pigments provided herein can be included in electronic
displays that operate by principles of electrowetting, electrofluidics, and/or
electrophoresis. Such devices can contain an imaging fluid made with a surface modified
pigment of the present invention. In one specific example, the colored imaging fluids
containing a surface modified pigment provided herein can be used in a display that
operates according to electrowetting principles to create an image. Generally, an
electrowetting device contains a plurality of individual pixels, which are filled with a polar

fluid and a non-polar fluid, which are immiscible. A voltage applied to, or removed from,
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cach pixel causes movement of the polar fluid and thereby changes the appearance or state
of the pixel from, for example, a colored state to a non-colored or transparent state.

Examples of electrowetting devices that work with imaging fluids, in which any of
the surface modified pigments provided herein could be included, are described in U.S.
Pat. Pub. Nos. US20123/07347, US2012/154896 and US2012/092753 and International
Pat. Appl. Publ. Nos. W02012/102802, W02012/031093, W02012/091776 and
WO02011/020020, and K. Blankenbach et al., “Novel Electrowetting Displays”, SID
International Symposium, 2007, Book 1, P-111, p.p. 618-621, the content of each of which
is incorporated herein in its entirety.

In another specific example, the colored imaging fluids provided herein, which
include the surface modified pigments as described herein, can be used in a display that
operates according to principles of electrophoresis to create an image. Examples of
electrophoretic devices that work with imaging fluids, in which any of the surface
modified pigments provided herein could be included, are described in U.S. Pat. Pub. No.
US2012/307347 and International Pat. Pub. Nos. W02012/102802, and W02012/031093,
the content of each of which is incorporated herein in its entirety.

VIII. EXAMPLES

The following examples, including experiments and results achieved, are provided for

illustrative purposes only and are not to be construed as limiting the scope of the invention.

Example 1

A black pigment dispersion was prepared by mixing 100 parts of NIPex® 160 (a

pigment carbon black produced on the basis of the Degussa Gas Black process and
available from Orion Engineered Carbons, Frankfurt am Main, Germany), 500 part of
deionized (DI) water and 50 parts of isopropanol followed by homogenization at ambient
temperature for one hour using a high speed mixer at 3000 RPM. Separately, a surface
modifying compound was prepared by mixing 89.0 parts of Surfonamine® L-200 (a
hydrophilic polyether monoamine available from Huntsman International LLC, The
Woodlands, TX) and 11.0 parts of 3-isocyanatopropyltricthoxysilane (available from
Gelest, Inc., Morrisville, PA) at ambient temperature for one hour, the reaction mass then
was heated to 80°C for 0.5 hour and stirred at this temperature for two hours. The
resulting surface modifying additive then was added to the pigment dispersion and the

slurry was mixed for two hours at 80°C and then spray dried in a Biichi Mini Spray Dryer
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B-191(Biichi Corporation, New Castle, DE) at pump rate 30%, inlet temperature 215°C
and outlet temperature 142°C, yielding a surface modified pigment.

A dispersion containing the surface modified pigment then was prepared. 25 parts
of the surface modified pigment and 225 parts of gamma-butyrolactone were pre-mixed
using a high-speed mixer and then milled for two hours in an Eiger mill (Engineered
Mills, Inc., Grayslake, IL) with 0.5 mm ceramic media. Mean weight particle diameter of
the pigment was determined from dynamic light scattering particle size analysis and
determined to be about 185 nm. A portion of the dispersion was placed in a closed
container, which was placed in an oven at 80°C for accelerated ageing testing. After
maintaining the dispersion at 80°C for 7 days, particle size distribution was measured and
did not demonstrate any significant changes. To prepare an imaging fluid, the dispersion
was diluted with gamma-butyrolactone to reduce the pigment content to about 1%. The
resulting imaging fluid demonstrated excellent color and satisfactory electrowetting
properties for 4+ weeks.

Comparative Example 1a:

A comparative pigment dispersion was prepared using 22 parts of NIPex® 160
(available from Orion Engineered Carbons, Frankfurt am Main, Germany), 0.5 parts of
Solsperse® 12,000, a pigmentary synergist agent, and 2.5 parts of Solsperse® 20,000 a
polymeric dispersant (both available from Lubrizol, Ltd., Manchester, UK) and 225 parts
of gamma-butyrolactone were pre-mixed using high speed mixer and then milled for two
hours in an Eiger mill with 0.5 mm ceramic media. Mean weight particle diameter
determined from dynamic light scattering particle size analysis was about 145 nm. A
portion of the dispersion was placed in a closed container, which was placed in an oven at
80°C for accelerated ageing testing. After maintaining the dispersion at 80°C for 7 days,
particle size distribution did not demonstrate any significant changes. To prepare an
imaging fluid, the dispersion was diluted with gamma-butyrolactone to bring pigment
content to about 1%. This imaging fluid demonstrated excellent color but functioned in an
electrowetting device only for a few minutes. Surfaces of the device were stained with
black particles, indicating unsatisfactory performance.

Example 2

A red pigment dispersion was prepared by mixing 22.5 parts of PR177 (pigment

red 177 available from DIC Corp.), 160 parts of DI water, and 7 parts of 35% hydrochloric
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acid at ambient temperature for one hour. Then 11 parts of sodium nitrite as 38.5%
aqueous solution were added drop-wise to the slurry. After addition of all of the sodium
nitrite, the pigment slurry was heated to 70°C and stirred for one hour and the pigment
was recovered via filtration. The pigment was washed with DI water until the
conductivity of the filtrate was lower than 20uS/cm with a pH=7.5. The pigment press-
cake then was re-slurred in DI water at ambient temperature and stirred for one hour.
Separately, 6.9 parts of Surfonamine® L-200 (available from Huntsman International,
LLC, The Woodlands, TX) and 0.6 parts of 3-isocyanatopropyltriethoxysilane (available
from Gelest, Inc., Morrisville, PA) were mixed at ambient temperature for one hour, the
reaction mass then was heated to 80°C for 0.5 hour and stirred at this temperature for two
hours. The resulting surface modifying additive then was added to the pigment dispersion
and the mixture was mixed for two hours at 80°C and then dried in the oven overnight at a
temperature 100°C. The dry material was ground using an Osterizer® blender.

A dispersion containing the surface modified pigment then was prepared. 25 parts
of the surface modified pigment and 225 parts of propylene carbonate (available from
Huntsman International, LLC, The Woodlands, TX) were pre-mixed using a high speed
mixer and then milled for two hours in an Eiger mill with 0.5 mm ceramic media. Mean
weight particle diameter determined from dynamic light scattering particle size analysis
was about 215 nm. A portion of the dispersion was placed in a closed container, which
was placed in an oven at 80°C for accelerated ageing testing. After maintaining the
dispersion at 80°C for 7 days, particle size distribution did not demonstrate any significant
changes. To prepare an imaging fluid, the dispersion was diluted with propylene
carbonate to reduce the pigment content to about 1.0%. This fluid demonstrated excellent
color and satisfactory electrowetting properties for 4+ weeks.

Comparative Example 2a:

A comparative pigment dispersion was prepared using 22.5 parts of PR177
(available from DIC Corp.) and 150 parts of DI water were stirred at ambient temperature
for one hour. Separately, 6.9 parts of Surfonamine® L-300 (available from Huntsman) and
0.6 parts of 3-isocyanatopropyltriecthoxysilane (available from Gelest, Inc., Morrisville,
PA) were mixed at ambient temperature for one hour, reaction mass was then heated up to
80°C for 0.5 hour and stirred at this temperature for two hours. The resulting surface

modifying additive then was added to the pigment dispersion and the mixture was mixed
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for two hours at 80°C and then dried in the oven overnight at temperature 100°C. The dry
material was ground using Osterizer® blender.

A dispersion containing the modified pigment then was prepared. 25 parts of the
modified pigment and 225 parts of propylene carbonate (available from Huntsman) were
pre-mixed using a high speed mixer and then milled for two hours in an Eiger mill with
0.5 mm ceramic media. Mean weight particle diameter determined from dynamic light
scattering particle size analysis was about 303 nm. A portion of the dispersion was placed
in a closed container, which was placed in an oven at 80°C for accelerated ageing testing.
After maintaining the dispersion at 80°C for 7 days, particle size mean weight particle
diameter was 450 nm indicating that the dispersion is not stable. To prepare an imaging
fluid, the dispersion was diluted with propylene carbonate to reduce the pigment content to
about 1.0%. This fluid did not move at all in electrowetting device, indicating
unsatisfactory performance.

Example 3

A black pigment dispersion was prepared by mixing 115 parts of NIPex® 160 (a
pigment carbon black available from Orion Engineered Carbons, Frankfurt am Main,
Germany), 100 parts of n-heptane, 50 parts of DI water and 390 parts of isopropanol were
mixed and homogenized at ambient temperature for one hour using a high speed mixer at
3000 RPM. Separately, 154.0 parts of Kerocom® PIBA 03 (a polyisobutylene having a
molecular weight M, of about1000 g/mol and that has been NH;-functionalized to an
extent of about 75% by weight, supplied as a concentrate of about 65% by weight in
aliphatic hydrocarbons by BASF AG (Ludwigshafen, Germany) and 14.5 parts of 3-
isocyanatopropyltrimethoxysilane (available from Gelest Inc., Morrisville, PA) were
mixed at ambient temperature for one hour, then the reaction mass was heated to 100°C
for 0.5 hour and stirred at this temperature for two hours. The resulting surface active
additive then was added to the pigment dispersion and the mixture was mixed for two
hours at 80°C and then filtered, and press-cake was dried in the oven at 100°C for 12
hours. The dry material was ground using an Osterizer® blender.

A dispersion containing the surface modified pigment then was prepared. 25 parts
of the surface modified pigment and 225 parts of n-tetradecane were pre-mixed using a
high-speed mixer and then milled for two hours in an Eiger mill with 0.5 mm ceramic

media. Mean weight particle diameter determined from dynamic light scattering particle
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size analysis was about 168 nm. After keeping the dispersion at 80°C for 7 days, particle
size distribution did not demonstrate any significant changes. To prepare an imaging fluid,
the dispersion was diluted with n-tetradecane to bring pigment content to about 5%. This
fluid demonstrated excellent color and satisfactory electrowetting properties for 4+ weeks.

Comparative Example 3a:

A comparative pigment dispersion was prepared by mixing 20 parts of NIPex®
160 (available from Orion Engineered Carbons, Frankfurt am Main, Germany), 1.0 parts
of Solsperse® 5,000 and 4.0 parts of Solsperse® 19,000 (both available from Lubrizol,
Ltd., Manchester, UK) and 225 parts of n-tetradecane using high speed mixer and then
milled for two hours in Eiger mill with 0.5 mm ceramic media. Mean weight particle
diameter determined from dynamic light scattering particle size analysis was about 150
nm. A portion of the dispersion was placed in a closed container, which was placed in an
oven at 80°C for accelerated ageing testing. After maintaining the dispersion at 80°C for 7
days, particle size distribution did not demonstrate any significant changes. To prepare an
imaging fluid, the dispersion was diluted with gamma-butyrolactone to reduce the pigment
content to about 5%. This fluid demonstrated excellent color but did not function in the

electrowetting device.

Example 4
A black inkjet ink containing the surface modified pigment was prepared. A

pigment dispersion was prepared by pre-mixing at 3,000 RPM for 30 minutes 30 parts the
surface modified pigment of the Example 1 (above), 80 parts of propylene glycol, and 90
parts of deionized (DI) water. The dispersion then was milled for two hours in an Eiger
mill (Engineered Mills, Inc., Grayslake, IL) with 0.5 mm ceramic media. Mean weight
particle diameter of the pigment was determined from dynamic light scattering particle
size analysis and determined to be about 142 nm. A portion of the dispersion was placed
in a closed container, which was placed in an oven at 80°C for accelerated ageing testing.
After maintaining the dispersion at 80°C for 7 days, particle size distribution was
measured and did not demonstrate any significant changes. To prepare an inkjet ink, 100
parts of the dispersion was mixed with 15 parts of N-methylpyrrolidone, 25 parts of
glycerol, 25 parts of 1,6- hexanediol, 1 part of Proxel® GXL (anti-microbial from Arch
Chemical, Inc., Norwalk, CT), and 334 parts of DI water to reduce the pigment content to
about 3%. This ink demonstrated excellent optical density and printability.
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Example S

A red latex paint containing the surface modified pigment was prepared. A
pigment dispersion was prepared by pre-mixing at 3,000 RPM for 30 minutes 15 parts the
surface modified pigment of Example 2 (above), 20 parts of ethylene glycol, 10 parts of
Blanc Fixe, 1 part of concentrated aqueous ammonia, and 54 parts of DI water. The
dispersion then was milled for two hours in an Eiger mill (Engineered Mills, Inc.,
Grayslake, IL) with 0.5 mm ceramic media. Latex paint was made by mixing 5 parts of
the dispersion with Porter® Paint 384 HiHide Ultra Deep Base (Porter Paints, Louisville,
KY). Standard paint was prepared the same way as described but instead of the surface
modified pigment of the Example 2, standard C.I.® Pigment Red 177 (available from DIC
Corp.) was used and 7.5 parts of DI water were replaced with 7.5 parts of Surfynol® GA
(available from Air Products, Allentown, PA). Comparing the resulting latex paint
containing the surface modified pigment of Example 2 with the standard at equal pigment
content, the latex paint of Example 5 containing the surface modified pigment of Example

2 had a color strength of 108%.

While the present invention has been illustrated by a description of various
embodiments and while these embodiments have been described in considerable detail, it
is not intended to restrict or in any way limit the scope of the appended claims to such
details. Additional advantages and modifications will be readily apparent to those skilled
in the art. Thus, the invention in its broader aspects is not limited to the specific details,
representative apparatus and methods, and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit
or scope of the general inventive concept. Since modifications will be apparent to those of
skill in this art, it is intended that this invention be limited only by the scope of the

following claims.
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What is claimed is:
1. Surface modified pigment particles, comprising:
a surface on the pigment particles containing a functional group Q; and
a modifying compound M bonded to the surface via hydrogen bonds or via a
covalent bond with the functional group Q to form the group -Q—M on the surface;
wherein:
the modifying compound M comprises a product formed by a full or partial

hydrolysis of a compound of Formula (1):

( D
¢-L ‘LE Si-R*n | Formula (1)

wherein:

& is a linear, branched or dendritic polymeric chain having a molecular weight
from about 100 to about 5,000,000;

L is -NR*C(O)NH-, -OC(O)NH-, -C(0)OCH,CH(OH)CH,-, -OCH,CH(OH)CH,-,
-NHCH,CH(OH)CH,-, -alkylene-, -C(0)O-, -C(O)NR*-, -SO,NR”-, -SO,-, -NR*-, =N-
,=N"-, -O-or -S-;

cach E independently is alkylene, arylene, alkylarylene, arylalkylene,
alkyleneamino, alkyleneimino, alkyleneoxyalkylene, aryleneoxy, arylencoxyalkylene,
oxaalkylene, oxyalkylene, dioxyalkylene or oxyarylene;

cach R independently is H, hydroxyl, oxyalkyl, oxyalkylenearyl, halogen, acetate

or aming;

cach R*independently is alkyl, cycloalkyl, cycloheteroalkyl, aryl or alkylenearyl;

R*is H, alkyl, aryl or alkylaryl;

m=1to 3;

n=0to2;

m-+n = 3; and

x=1or2.

2. The surface modified pigment particles of claim 1, wherein the surface

comprises a plurality of functional groups Q that are the same or are different.



WO 2013/169395 PCT/US2013/032582

-54 -

3. The surface modified pigment particles of claim 1 or 2, wherein the

functional group Q is selected from among a hydroxyl, phenolic, thiol and thiophenolic

group.
4. The surface modified pigment particles of any one of claims 1 to 3, wherein
5 -Q—M has the following formula:
‘L ( Dim
2
$-LTE srn R, |
Q
’
wherein:

cach Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene;
10 mis 1 or 2;
nisOorl;
m+n = 2;
. LE, Rl, Rz, and x are as defined in claim 1; and
cach R independently can interact with a different functional group Q on the pigment

15  particle surface or with an R' substituent of another modifying compound M.

5. The surface modified pigment particles of any one of claims 1 to 3, wherein
modifying compound M interacts with two functional groups Q on the pigment
particle surface to form the moiety -Q-M—Q- having one of the following formula or a

combination thereof:

2
(llil) (1]1 )

¢-L—TE-Si | ¢-LE-Si
Q Q Q Q
20 ‘N N or "’:V J:V

wherein:
each Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene;
cach R! can interact with a different functional group Q on the pigment particle
25 surface or with an R' substituent of another modifying compound M; and

. LE, Rl, R” and x are as defined in claim 1.
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6. The surface modified pigment particles of any one of claims 1 to 3, wherein
at least two modifying compounds M interact with each other and interact with
different functional groups Q on the pigment particle surface to form the moiety -Q-
M-M-Q-.

7. The surface modified pigment particles of claim 6, wherein the moiety -Q—
M-M-Q- has the following formula:
1

¢-L—E- §l/ O~ [41 -E—L—¢
Q@ Q
RS
wherein:
cach Q independently is O, oxyalkylene, S, thioalkylene, oxyarylene, thioarylene,
oxyheterocyclylene, thioheterocyclylene, oxyalicyclylene or thioalicyclylene;
¢, L, E and R' are as described in claim 1; and
cach R! can interact with a different functional group Q on the pigment particle

surface or with an R! substituent of another modifying compound M.

8. The surface modified pigment particles of any one of claims 1 to 7, wherein

the functional group Q is attached to the surface by a covalent, ionic or hydrogen bond.

9. The surface modified pigment particles of any one of claims 1 to 7, wherein
the functional group Q is attached to the surface via irreversible adsorption onto the

surface.

10.  The surface modified pigment of any one of claims 1 to 9, wherein ¢ has a

molecular weight from about 1,000 to about 100,000.

11.  The surface modified pigment of any one of claims 1 to 10, wherein ¢ is
selected from among a polyalkylene, polyoxyalkylene, polyimine, polyester, polyamide,
polyimide, polyurethane, polyuria, polyacrylate, polyacrylonitrile, polysulfone,
polystyrene, polyvinyl halogenide, polyvinylidene halogenides, polyvinyl alcohol,
polyvinyl acetate, polyvinylpyrrolidone, polyvinyl butyral, polycarbonate, polyether
sulfone, poly(arylene/alkylene) sulfide, polyepoxide, polyaldehyde, polyketone, polyether
ketone, phenol-formaldehyde, polyethylene terephthalate, polybutylene terephthalate,
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hydrocarbon resin, and metalorganic polymer containing at least one atom of silicon

and/or germanium, and a random, block, dendritic, or combination co-polymer thereof.

12.  The surface modified pigment of any one of claims 1 to 11, wherein ¢ is
selected from among polyethylene, polypropylene, polybutylene, polyisobutylene,
polyisoprene, polyacetal, polyethylene glycol, polypropylene glycol, polybutylene glycol,
polymethacrylate, polyalkyl/aryl acrylate, polyvinyl chloride, polyvinyl fluoride, polyvinyl
bromine, polysiloxane; or a random, block, dendritic, or combination co-polymer thereof.

13.  The surface modified pigment particles of any one of claims 1 to 12, wherein
the compound of Formula (1) is the reaction product of a compound of Formula (2):

F-[E-Si(RYm(R*)a ]« Formula (2)
with a compound of formula (3)
(FHe-d Formula (3)
wherein:
Fis selected from among -NCO, NRR’, -N'R*R°R®, -SO*, -OH, -SH, R’, -COOH,

-COR’, -SO,R’, epoxy, acrylate and vinyl;

fl is selected from among -NCO, -NR4R5, -N+R4R5R6, -SO? ", -OH, -SH, R’, -COOH,
-COR’, -SO,R’, epoxy, acrylate and vinyl;

cach of R*, R® and R® independently is H or alkyl;

R’ is F, Cl or Br;

q=1 to 100; and

cachof ¢, E, Rl, Rz, m, n and X are as described in claim 1,

where functional group F of the compound of Formula (2) reacts with a functional group

F! of the compound of formula (3).

14.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment is selected from among carbon black, any organic pigment related to a
class of azo or azo condensed pigments, metal complexes, benzimidazolones, azomethines,
methines, cyanines, azacarbocyanines, enamines, hemicyanines, streptocyanines, styryls,
zeromethines, mono-, di-, tri-, and tetraazamethines, caratenoids, arylmethanes,
diarylmethanes, triarylmethanes, xanthenes, thioxanthenes, flavanoids, stilbenes,

coumarins, acridenes, fluorenes, fluorones, benzodifuranones, formazans, pyrazoles,
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thiazoles, azines, diazines, oxazines, dioxazines, triphenodioxazines, phenazines, thiazines,
oxazones, indamines, nitroso, nitro, quinones, hydroquinones, naphthaquinones,
anthraquinones, rhodamines, phthalocyanines, neutrocyanines, diazahemicyanines,
porphirines, perinones, perylenes, pyronins, diketopyrrolopyrroles, indigo, indigoids,
thioindigo, indophenols, naphthalimides, isoindolines, isoindolinones, iminoisoindolines,
iminoisoindolinones, quinacridones, flavanthrones, indanthrones, anthrapyrimidines,

quinophthalones, isoviolanthrones, pyranthrones, and any combination thereof.

15.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment comprises a vat or disperse dye or insoluble salt or complex of acid,
direct, reactive, mordant, solvent, natural, basic (cationic), sulfur, fluorescent, or optical
brightener, a mixture of organic pigment, inorganic pigment or extenders or solid solutions
thereof, shell type pigments with inorganic nuclei covered with organic shell, or dispersed

polymer particles or any combination thereof.

16.  The surface modified pigment particles claim 15, wherein the pigment
further comprises a pigment selected from among carbon black, titanium dioxide, zinc
oxide, silica, iron oxide, antimony yellow, lead chromate, lead chromate sulfate, lead
molybdate, ultramarine blue, cobalt blue, manganese blue, chrome oxide green, hydrated
chrome oxide green, cobalt green, metal sulfides, cadmium sulfoselenides, zinc ferrite,

bismuth vanadate, and derivatives and any combinations thereof.

17.  The surface modified pigment particles of claim 15 or claim 16, wherein
the pigment further comprises a pigment selected from among C.I. Pigment Black 6, 7, 9,
11,12, 14, 15, 22, 26, 27, 28, 29, 30, 33, 34 and 35; C.I. Pigment Green 18, 20, 21, and
22; C.I1. Pigment Blue 27, 30, and 73; C.I. Pigment Red 265 and 275; C.1. Pigment Yellow
38, 40, 53, 119, 157,158, 160, 161, 162, and 184; C.I. Pigment White 4, 5, 6, 6:1, 7, 8, 9,
10,12, 13, 14, 15, 18, 18:1, 19, 21, 22, 23, 24, 25, 26, 27, 28, 32, 33, and 36 and any
combination thereof.

18.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment is C.1. Pigment Black 7.

19.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment is a mixture of two or more organic pigments, carbon black and/or

inorganic pigments, dyes, solid solution or product of reaction thereof.
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20.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment comprises a near infra-red (NIR) reflecting, NIR transmissive or

fluorescent pigment.

21.  The surface modified pigment particles of any one of claims 1 to 13,
wherein the pigment is an NIR reflecting or NIR transmissive pigment or a mixture of two
or more NIR reflecting or NIR transmissive inorganic and/or organic pigments, dyes, solid

solution or product of reaction thereof.

22.  The surface modified pigment particles of any one of claims 1 to 21,
wherein the pigment is a black colorant comprising a pigment or dye or combination

thereof.

23.  The surface modified pigment particles of any one of claims 1 to 22,
wherein the modifying compound M is present in an amount of from at or about 0.1% to

at or about 95% based on the weight of the surface modified particles.

24.  The surface modified pigment particles of any one of claims 1 to 23,

wherein the pigment particles have a mean weight diameter of from 10 nm to 5 um.

25. A pigment dispersion composition, comprising the surface modified

pigment particles of any one of claims 1 to 24.

26.  The dispersion composition of claim 25, further comprising one or more of
a polar solvent, non-polar solvent, additional organic pigment, additional inorganic
pigment, surfactant, synergist, additive for electrical conductivity control, polymeric

dispersant, plasticizer, resin, defoamer and charge director and any combination thereof.

27.  The dispersion composition of claim 26, wherein the polar solvent is
selected from among water, a glycol, a polyglycol, an alcohol, a polyol, an ether, an ester,
a ketone, a lactam, a pyrrolidone, a carbonate, a sulfone, a sulfoxide, an amide, a
heterocyclic amine, a nitrile, an aliphatic acid acetal, a carbamate, an aldehyde and a
chlorinated hydrocarbon and any combination thereof.

28.  The dispersion composition of claim 26, wherein the polar solvent
comprises a combination of functions selected from among alcohol, ketone, ether, ester,

amine, nitrile, amide, sulfoxide, carboxylic acid, aldehyde and halogen.

29.  The dispersion composition of claim 26, wherein the polar solvent is

selected from among water, ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
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1,4-butylene glycol, diethylene glycol, dipropylene glycol, glycerin, ethylene carbonate,
propylene carbonate, 1,2-butylene carbonate, 1,2- cyclohexane carbonate, glycerin
carbonate, dimethyl carbonate, diethyl carbonate, acetophenone, pyridine, dimethyl
malonate, diacetone alcohol, hydroxypropyl carbamate, beta-hydroxyethyl carbamate, N-
methyl formamide, N-methyl acetamide, dimethylsulfoxide, sulfolane, 2-pyrrolidone, N-
methyl-2-pyrrolidone, N-cyclohexyl-2-pyrrolidone, acetonyl acetone, cyclohexanone,
ethyl acetoacetate, ethyl-L-lactate, pyrrole, N-methyl pyrrole, N-ethyl pyrrole, 4H-pyran-4-
one, 1,3-dimethyl-2-imidazolidinone, morpholine, N-methylmorpholine, N-ethyl-
morpholine, N-formylmorpholine, beta-propiolactone, beta-valerolactone, beta-hexa-
lactone, gamma-butyrolactone, gamma-valerorolactone, gamma-hexalactone, gamma-
heptalactone, gamma-octalactone, gamma-nonalactone, gamma-decalactone, delta-valero-
lactone, delta-hexalactone, delta-heptalactone, delta-octalactone, delta-nonalactone, delta-

decalactone, delta-tetradecalactone and delta-octadecolactone and any combination thereof.

30.  The dispersion composition of claim 26, wherein the non-polar solvent is
selected from among one or a combination of non-substituted, substituted, linear, branched
and cyclic compounds including one or more silicon and/or germanium atoms, aliphatic or
aromatic hydrocarbons, partially hydrogenated aromatic hydrocarbons, alicyclic or
aromatic heterocyclic compounds and derivatives thereof containing a halogen, nitro,
nitroso, epoxy, phosphate, or cyano group, a fatty alcohol, a carboxylic acid, and ethers,

esters, and amides thereof.

31.  The dispersion composition of claim 26, wherein the non-polar solvent is
selected from among decane, dodecane, tetradecane, cyclohexane, decalin, tetralin,
octadecanol, a silicone oil, a linear siloxane, a cyclic siloxane, a branched aliphatic
hydrocarbon, a petroleum solvent, kerosene, a mineral spirit, tetradecane epoxide and

fluorinated hydrocarbons and combinations thereof.

32.  The dispersion composition of any one of claims 25 to 31, wherein the
amount of surface modified pigment is in the amount of from 1% to 60% based on the

weight of the dispersion composition.

33.  The dispersion composition of any one of claims 25 to 32, wherein the
amount of surface modified pigment is in the amount of from 5% to 30% based on the

weight of the dispersion composition.
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34.  The dispersion composition of any one of claims 25 to 33 having a dynamic
viscosity of from at or about 0.5 cP to at or about 2,000 cP at 25°C at a rotational speed of
30 rpm.

35. A compound of Formula (1):

R
®-L—E-Si-(R?),

Formula (1)
wherein:

& is a linear, branched or dendritic polymeric chain having a molecular weight
from about 100 to about 5,000,000;

L is -NR*C(O)NH-, -OC(O)NH-, -C(0)OCH,CH(OH)CH,-,
-OCH,CH(OH)CH,-, -NHCH,CH(OH)CH,-, -alkylene-, -C(0)O-, -C(O)NR*-,
-S0,NR*-, -SO»-, -NR*-, =N-, =N'-, -0- or -S-;

cach E independently is alkylene, arylene, alkylarylene, arylalkylene,
alkyleneamino, alkyleneimino, alkylenecoxyalkylene, aryleneoxy,
arylencoxyalkylene, oxaalkylene, oxyalkylene, dioxyalkylene or oxyarylene;

cach R independently is H, hydroxyl, oxyalkyl, oxyalkylencaryl, halogen,
acetate or amine;

cach R?independently is alkyl, cycloalkyl, cycloheteroalkyl, aryl or
alkylenearyl;

R*is H, alkyl, aryl or alkylaryl;

m=1to 3;

n=0to2;

m-+n = 3; and

x=1or2.

36. A method of preparing surface modified pigment particles, comprising:

a) synthesizing a compound of Formula (1):
( D
o-L E-Sl (RZ)n

¢ is a linear, branched or dendritic polymeric chain having a molecular

weight from about 100 to about 5,000,000,

Formula (1)
wherein:
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L is -NR*C(O)NH-, -OC(O)NH-, -C(0)OCH,CH(OH)CH,-,
-OCH,CH(OH)CH,-, -NHCH,CH(OH)CH,-, -alkylene-, -C(O)O-,
-C(O)NR-, -SO,NR*-, -SO»-, -NR*-, =N-, =N'-, -O- or -S-;

cach E independently is alkylene, arylene, alkylarylene, arylalkylene,
alkyleneamino, alkyleneimino, alkyleneoxyalkylene, aryleneoxy,
arylencoxyalkylene, oxaalkylene, oxyalkylene, dioxyalkylene or oxyarylene;

cach R independently is H, hydroxyl, oxyalkyl, oxyalkylencaryl,
halogen, acetate or amine;

cach R?independently is alkyl, cycloalkyl, cycloheteroalkyl, aryl or
alkylenearyl;

R*is H, alkyl, aryl or alkylaryl;

m=1to 3;

n=0to2;

m-+n = 3; and

x=1or2;

by reacting a compound of Formula (2):
F-[E-Si(RYHm(R)ulx Formula (2)
wherein:
F is selected from among -NCO, NR*R’, -N'R*R°RS, -SO*, -OH, -SH, R,
-COOH, -COR’, -SO,R’, epoxy, acrylate and vinyl; and
cach of E, R, R> m, n and x are as described above;
with a compound of Formula (3):
FHed Formula (3)
wherein:
F 1is selected from among -NCO, NR*R’, -N'R*R°RS, -SO*, -OH, -SH, R,
-COOH, -COR’, -SO,R’, epoxy, acrylate and vinyl;
each of R4, R® and R® independently is H or C;-Cy alkyl;
R’is F, Cl or Br;
q=1 to 100; and

& is as defined above;
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b) treating the pigment particles with the compound of formula (1) to form a
surface treated pigment; and
¢) isolating the surface treated pigment by: (i) filtration to form a press-cake and

drying the press-cake or (ii) direct drying of the surface treated pigment without filtration.

37.  The method of claim 36, wherein step b) is carried out at a temperature in
the range of 0°C to 200°C for a period of time of from 0.5 hours to 24 hours with or
without pigment milling.

38.  The method of claim 36 or 37, further comprising purifying the surface

treated pigment.

39.  The method of claim 38, wherein the purifying is achieved by extraction,
sublimation, centrifugation, distillation, re-crystallization, fractional crystallization,

ultrafiltration or reverse osmosis or any combination thereof.

40.  Use of the surface modified pigment particles of any one of claims 1 to 24
or a dispersion of any one of claims 25 to 34 for the preparation of a color filter, a liquid
toner, an ink, a coating, a paint, a cosmetic, a plastic or a color imaging fluid for an

electronic display.
41.  The use of claim 40, wherein the ink is an inkjet ink.

42. A color imaging fluid for electrowetting and/or electrophoresis electronic
displays, comprising the surface modified pigment particles of any one of claims 1 to 24
or the dispersion of any one of claims 25 to 34, wherein the amount of surface modified
pigment particles is in the range of at or about 0.01% to at or about 30% by weight of the
color imaging fluid.

43.  The color imaging fluid of claim 42, wherein the amount of surface
modified pigment particles is in the range of at or about 0.2% to at or about 20% by

weight of the color imaging fluid.

44.  The color imaging fluid of claim 42 or 43, wherein the surface modified
pigment particles have a mean weight diameter of from at or about 10 nm to at or about 5
um, or from at or about 20 nm to at or about 500 nm, or from at or about 30 nm to at or

about 300 nm.
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45.  The color imaging fluid of any one of claims 42 to 44 having a dynamic
viscosity of from at or about 0.5 cP to at or about 2,000 cP at 25°C measured at a

rotational speed of 30 rpm.

46.  An electronic display or electronic device that operates by principles of
electrowetting, electrofluidics, and/or electrophoresis, wherein the device comprises the
surface modified pigment particles of any one of claims 1 to 24 or the imaging fluid of any
one of claims 41 to 45.

47. A cosmetic composition, comprising the surface modified pigment particles
of any one of claims 1 to 24 or the dispersion of any one of claims 25 to 34.

48.  Anink or coating, comprising the surface modified pigment particles of
any one of claims 1 to 24 or the dispersion of any one of claims 25 to 34.

49.  The ink of claim 48 that is an inkjet ink.
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